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Editorial on the Research Topic

From randomized clinical trials to real-world data and big data sciences:

Generating evidence-based medicine for value in western and herbal

medicines

Evidence-based medicine (EBM) differs from traditional medical practices in that it places

emphasis on the use of published evidence and rigorous evaluation (1). The main idea of EMB is

that medical decisions should be based on objective research findings as much as possible (1, 2),

and EBM is increasingly accepted in clinical practice and has a wide range of implementation

(3). The goal of this Research Topic is to provide evidence-based medicine by assessing the

effectiveness, safety, and economics of medicines that matter to patients, where we have collected

a series of studies related to the topic. The collected studies under this topic cover a wide range

of evidence-based studies related to clinical effectiveness, including comparative effectiveness

research using real-world data, research related to the coronavirus disease of 2019 (COVID-

19) pandemic, and systematic reviews and meta-analysis to summarize the best evidence-based

medicine available in the literature.We expect that the research on this topic or the evidence they

provide will act an informative role in clinical practice, to guide clinical treatment or formulate

intervention measures.

Most clinical interventions that aremarketed or approved have undergone a rigorous process

of the gold standard of EBM, i.e., the randomized controlled trial (RCT), to measure clinical

efficacy (4–7). However, in RCTs, the setting is rigorous, and the strict inclusion and exclusion

criteria for patients may affect the external study of their findings (6, 8). Therefore, evidence

derived from real-world studies or clinical effectiveness is warranted to guide day-to-day clinical

practice (9). Meanwhile, many alternative treatments, such as herbal medicine and traditional

medicine, are used in clinical practices, however, with a lack of evidence on efficacy from RCTs

(10). As such, evidence of their clinical effectiveness is crucial. Therefore, being able to obtain

more evidence about these studies is of great significance for informing practice.

Although EBM informing clinical practice and public health policy decision-making is well-

documented in the literature, the role of EBM in some aspects of clinical effectiveness, such

as clinical trial designs, medication use, quality of life, and the economic burden has received

less attention. Several articles under this Research Topic may complement this point. First,

for clinical trial designs, Iglesias-Lopez et al. conducted a systematic review, which found that

most authorized advanced therapy medicinal products (ATMPs) are based on small, open-label,
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uncontrolled, and single-arm trials. The findings of this research

suggest that in future studies, more methodologically sound

randomized-controlled trials for ATMPs are needed. Meanwhile, a

case study by Rui et al. found a relationship between short-term

surrogate endpoint indicators and median progression-free survival

(mPFS) and median overall survival (mOS) in clinical trials of

malignant tumors. Second, for medication use, based on the hospital

database with 3,422,710 outpatient and emergency visits and 26, 118,

436 inpatient hospitalizations from 2016 to 2019, Zhu et al. studied

the trends and patterns of use of antibiotics in China, which might

help inform clinical guidance in the future. Finally, in terms of quality

of life and economic burden, Zou H. et al. systematically reviewed the

economic burden and quality of life of patients with hepatocellular

carcinoma (HCC) in Greater China, and found that HCC had a

negative impact on the quality of life among the patients, mainly

related to the aspects of physical, cognitive, and social functions.

At the same time, this study revealed the impact of HCC on the

economic burden of patients, which showed that HCC significantly

increased patients’ health-related costs (Zou H. et al.).

As the highest-level evidence in EBM that is able to integrate

the results of multiple studies, meta-analysis can implement the

generalization of RCTs and enhance the guidance of medical practice

(11, 12). This Research Topic includes several systematic reviews

and studies of meta-analysis that can help inform clinical practice.

Specifically, these studies provide clinical evidence for several chronic

conditions. Chen X. et al. systematically reviewed the clinical efficacy

of conservative treatments on lumbar spinal stenosis, which found

that limaprost might have better efficacy. In another review about

the safety of fostamatinib among patients with rheumatoid arthritis,

Chen Y. et al. found that compared to the placebo, fostamatinib

was associated with a higher risk of malignant neoplasms at 52

weeks, with an odds ratio of 4.49 (95% CI 1.03–19.60). In a study

with more than 1,000 patients with Peyronie’s disease by Cao et

al., the authors found that collagenase clostridium histolyticum

has a significant effect on treating Peyronie’s disease. In addition

to chronic diseases, this topic has collected several studies on

evidence generated in systematic reviews for patients with cancer.

Based on five trials with more than 3,000 patients, Chen J. et

al. found that cabazitaxel is effective in post-docetaxel settings

but associated with a high risk of serious adverse events (SAEs).

Using meta-analysis with 13 studies, Zou X. et al. found that a

poorer socioeconomic status was associated with an increased risk

of lung cancer in adulthood, with an OR of 1.25 (95% CI 1.10–

1.43).

In the context of the pandemic, this Research Topic also

collects a study about the evidence on the effectiveness of using

oral anticoagulation for coronavirus disease 2019 (COVID-19).

Specifically, Dai et al. conducted a systematic review and meta-

analysis and found that chronic oral anticoagulation could not reduce

mortality or intensive care unit (ICU) admission rate for patients

with COVID-19. This Research Topic also contains a research

protocol for a further clinical trial to assess the efficacy of integrative

acupuncture and moxibustion treatment in patients with major

depressive disorder (MDD; Zhang et al.).

We believe that the studies included in this Research Topic

can serve as a clinical guide to a certain extent, especially as a

supplement to randomized clinical trials. At the same time, we also

believe that these studies can serve as amethodological inspiration for

future research. Ultimately, we hope this Research Topic can support

research on the value of health in evidence-based medicine.
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Background: Medication non-adherence is an important healthcare issue and a

common problem. Many predictors of non-adherence have been found in different

settings and cohorts.

Objective: Evaluate the impact of the health locus of control (HLC) on

unintentional/intentional non-adherence in primary care.

Methods: In this observational, cross-sectional study, 188 patients (mean age 63.3

± 14.9 years) were recruited from three primary care practices in Jena, Germany, over

4 months. The study assessed demographic data, self-reported adherence (German

Stendal adherence to medication score, SAMS), HLC, and depression.

Results: According to the SAMS total score, 44 (27.5%) were fully adherent, 93 (58.1%)

were moderately non-adherent, and 23 (14.4%) were clinically significantly non-adherent.

The most common reasons for non-adherence were forgetting to take the medication or

lacking knowledge about the prescribed medication. Multiple linear regression revealed

that adherence was good in people with external HLC and poor in internal HLC. In

particular, intentional non-adherence was positively associated with internal HLC and

negatively with fatalistic external HLC. Depression had a negative influence on both

intentional and unintentional non-adherence.

Conclusion: HLC is an independent predictor of medication non-adherence and is a

promising target for interventions that enhance adherence.

Keywords: adherence, depression, community-dwelling population, locus of control, drugs, compliance

INTRODUCTION

Health locus of control (HLC) refers to whether individuals think they can take responsibility for
their health or not. It reflects the degree to which someone attributes the consequences of their
behavior to internal or external factors. The original concept was developed in 1954 by Julian B.
Rotter in his Social Learning Theory (1) and expanded by Wallston et al. (2). HLC is considered
internal (a belief that one can control one’s health) or external (a belief that external factors control

1011

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2021.705202
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2021.705202&domain=pdf&date_stamp=2021-08-16
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:Tino.prell@med.uni-jena.de
https://doi.org/10.3389/fmed.2021.705202
https://www.frontiersin.org/articles/10.3389/fmed.2021.705202/full


Gerland and Prell HLC and Adherence

health). External factors are external social control (control by
other persons, physicians) and fatalistic external control (control
by fate, god, chance). Therefore, people with a high internal
HLC should be more likely to engage in health-promoting
and -sustaining activities. In contrast, people who believe that
their health is beyond their control are probably less likely to
implement recommended health behavior (3).

HLC also plays an important role in medication adherence
(3). Adherence describes the extent to which patients take their
medication as agreed with their health care providers (4). Patient-
related factors, condition-related factors, and therapy-related
factors influence adherence (5, 6). Non-adherence is common
in patients with chronic disorders and contributes to higher
morbidity, highermortality, and increased healthcare costs. Non-
adherence can be intentional (e.g., if a patient deliberately decides
not to take medication) or unintentional (e.g., forgetting to take
medication) (7).

However, HLC’s contribution to non-adherence in general,
and intentional or unintentional non-adherence, needs
clarification. One study of women on hormone therapy
reported that patients who deliberately missed their medication
viewed themselves as having less influence over their health
than patients who reported forgetting their medication.
Moreover, women who reported forgetting their medication
also had a stronger belief that powerful others (such as health
professionals, family, friends) are relevant to improving
their health than patients who intentionally chose not
to take their hormones (8). However, this study’s results
cannot be generalized; therefore, we aimed to explore the
relationship between HLC and unintentional/intentional
non-adherence in a community-dwelling population. We
hypothesized that internal HLC is associated with intentional
non-adherence and that external HLC is associated with less
intentional non-adherence.

METHODS

Study Design and Participants
The ethics committee of Jena University Hospital (5290-
10/17) and the Landesärztekammer Thüringen approved the
study. In this cross-sectional study, several questionnaires were
distributed to three randomly selected family doctors’ practices
in Jena, Germany, between September 2019 and December
2019. Patients completed the questionnaires anonymously in
the waiting room and placed them in a box. Of the 200
questionnaires distributed, 188 were completed. The inclusion
criteria were (1) age over 18, (2) at least one permanent
medication, and (3) the absence of dementia according
to medical records, and (4) the ability to fill out the
questionnaires independently.

Questionnaires
The self-reported demographic data included age, gender, marital
status (single, divorced/widowed or married), and level of
education (high: German Abitur or university; medium: German
Realschule or General Certificate of Secondary Education; low:
German Hauptschule or no school). Additionally, patients

were asked about their diseases and the total daily number
of medications administered. Adherence was assessed using
the German Stendal adherence to medication score (SAMS)
(9), which is based on 18 items forming a cumulative
scale (0–72), where 0 represents complete adherence and 72
complete non-adherence (10). The SAMS allows assessment
of three common patterns or reasons for non-adherence:
modification of medications, forgetting to take the medications,
and lacking knowledge about the medications (7). The entire
SAMS and the manual are available online (CC BY NC
3.0 license; https://data.mendeley.com/datasets/ny2krr3vgg/1)
(9, 11).

To examine the patients’ perceptions of their autonomy
support through the doctor and assess the patient-physician
relationship, the German version of the Health Care Climate
Questionnaire (HCCQ) was used. Autonomy support consists of
providing patients with effective treatment options, supporting
patient initiatives, eliciting and considering patients’ views, and
minimizing control and judgment. The HCCQ consists of 15
items on a seven-point Likert scale ranging from 1 = strongly
disagree to 7= strongly agree. Only item 13 is reverse-coded. The
individual score is calculated with the mean score after reversing
item 13. Higher mean scores indicate a higher level of perceived
autonomy support (12).

To determine the patients’ HLC, we used the German
questionnaire “Kontrollüberzeugung zu Krankheit und
Gesundheit” (KKG), which assessed the overall control belief
for disease and health. It is based on the Multidimensional
HLC Scale (MHLC). Its 21 items are statements with a six-point
Likert scale from “Does not apply at all” (value 1) to “Very much
applies” (value 6). From the item response, a cumulative score
is formed for three subscales (from min. 7 to max. 42): internal,
social external, and fatalistic external HLC. High sum values
indicate high HLC and low sum values low HLC. Internality
represents the belief in their self-control of health-related
events. Social externality means that a person thinks that their
physical condition depends largely on the actions of others (e.g.,
physicians). A fatalistic externality is a conviction that fate and
chance influence their state of health.

The Patient Health Questionnaire (PHQ)-9 questionnaire was
used to detect depression. Its 9 items cover DSM-IV criteria for
the diagnosis of depression. The cumulative score can range from
0 to 27 and assigns patients to the categories “no depression”
(<10), “mild depression” (10–19), and “manifest depression”
(20–27) (13, 14).

Due to severely incomplete or uncompleted questionnaires (n
= 14) and contradictory response behavior (n = 14), 28 patients
were excluded from the analysis. Excluded patients tended to
be younger (median = 59, IQR = 25.75), most had a high
educational level (N = 13, 46.5%), and took an average of 3
medications per day (IQR = 2). The number of drugs per day
in the excluded patients did not significantly differ from the
included patients (median = 4, IQR = 4; p = 0.23). The central
tendency of the KKG andHCCQ questionnaire responses did not
differ from the included patients. The median sum score of the
PHQ-9 was 6.0 (IQR = 5.25) in the excluded patients, slightly
higher than in the included patients (median= 4.0, IQR= 6.0).
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Statistics
SPSS version 23.0 (IBM Corporation, Armonk, NY, USA) and R
statistics version 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria were used for the statistical analyses. Descriptive
analyses were used to describe the cohort. The cut-off for
clinically significant non-adherence was set at a total SAMS of
9 points (80th percentile). Generally, non-adherence becomes
clinically significant when <80% of a prescribed medication is
taken (15, 16). The cohort was categorized study and sample-
specific into adherent (SAMS = 0), moderately non-adherent
(SAMS= 1–8), and non-adherent (SAMS ≥ 9) patients. Patients
were categorized according to the main reason/factor of non-
adherence: medication modifications, missing knowledge about
medication, and forgetfulness (7, 9). For this purpose, the items
that belonged to a factor were summed and divided by the
number of items resulting in three SAMS factors. In the factor’
modifications’, medications were changed by the patients without
consulting their doctors about either experiencing side effects or
health improvement. The factor’ missing knowledge’ included
patients who were unaware of the purpose and/or dosage of
their medication. The factor’ forgetfulness’ included patients who
forgot their medication frequently.

In addition, patients were categorized into three HLC
groups: internal, social external, and fatalistic external HLC.
The groups’ clinical and sociodemographic parameters were
compared by analysis of variance, the Kruskal–Wallis test, and
the chi-square test. Four linear regressions were performed
with the (1) SAMS total, (2) the SAMS modification factor,
(3) the SAMS missing knowledge factor, and (4) the SAMS
forgetting factor as the dependent variables and age, gender,
education level, number of medications per day, internal
HLC subscore, social external HLC subscore, fatalistic external
HLC subscore, the HCCQ average score, and the PHQ9
sum score as independent variables (backward selection). The
significance levels for variables entering the linear regression
model and for removing from the model were set at 0.05
and 0.1, respectively. Autocorrelation (Durbin–Watson) and
multicollinearity (variance inflation factor and tolerance) were
excluded. However, residuals were not normally distributed
for the models with the SAMS factors as dependent variables.
Although the multiple linear regression is mostly robust to
violations of the normal distribution assumption, we computed
additional elastic net models to test the results (17). Elastic net
regularization leads to parsimonious models, which are easier
to interpret. Variable selection is performed by shrinking the
parameters toward zero and attenuating overfitting. Ten-fold
cross validation was performed to choose the best model with
the lowest mean cross-validated error. Within the elastic net
algorithm, variables remain in the model if the prediction error
averaged over the ten-fold cross validation samples is reduced.
The elastic net algorithm performs well in highly correlated
variables, either including all variables with similar regression
coefficients or excluding all variable from the best model. Elastic
net regularization was performed using the package glmnet in R
version 3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria). Again using elastic net, four models were calculated

TABLE 1 | Characteristics of the cohort.

Characteristic n % Missing

Gender

Female 98 61.3 0

Male 62 38.8

Education

Low 32 20.0 0

Middle 65 40.6

High 63 39.4

Marital status

Not married 54 34.2 2

Married 104 65.8

Mean SD Median IQR Missing

Age 63.3 14.9 67.0 23 0

SAMS sum score 4.3 4.9 3 4.9 0

HCCQ mean value 6.3 1.0 6.6 0.73 27

PHQ-9 sum score 5.7 4.8 4 6 4

Subtotal score internal HLC 24.94 6.148 26 8 12

Subtotal score social external HLC 23.89 5.209 24 7.25 18

Subtotal score fatalistic external HLC 18.59 6.684 18 10 20

SAMS, Stendal adherence to medication score; HCCQ, Health Care Climate

Questionnaire; PHQ-9, Patient Health Questionnaire-9; HLC, Health locus of control.

with the (1) SAMS total, (2) the SAMS modification factor,
(3) the SAMS missing knowledge factor, and (4) the SAMS
forgetting factor as the dependent variables and age, gender,
educational level, number of medications per day, internal HLC
subscore, social external HLC subscore, fatalistic external HLC
subscore, the HCCQ average score, and the PHQ9 sum score as
independent variables.

Normally distributed values are expressed as means and
standard deviation (SD); other values are expressed as medians
and interquartile range (IQR). All categorical variables are
presented as numbers and percentages. Statistical significance
was set at a p-value < 0.05.

RESULTS

Descriptive Statistics
Data from 160 patients were used for the following analyses.
Most patients were 60 years or older (65%), female, married,
pensioned, and had a middle or higher education level
(Table 1). The self-reported diseases comprised a wide spectrum;
hypertension, diabetes, and thyroid diseases were the most
common. The number of medications taken daily was 4.4 (SD
= 3.0) (Table 1). According to the PHQ-9, 123 (78.8%) reported
no, 24 (15.4%) reported mild, 6 (3.8%) moderate, and 3 (1.9%)
severe depression (4 missing data). The HCCQ indicated that the
patient’s perceived support for autonomy through the doctor was
very high.
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FIGURE 1 | Distribution of Stendal Adherence to Medication Score (SAMS) total score.

Adherence
According to the SAMS, 44 (27.5%) reported being fully adherent
(SAMS = 0), 93 (58.1%) reported moderate non-adherence
(SAMS = 1–8), and 23 (14.4%) clinically significant non-
adherence (SAMS≥ 9). Figure 1 displays the SAMS distribution.
The main reasons for non-adherence were forgetting (n = 55,
47.4%), missing knowledge about prescribed medication (n= 39,
33.6%), and modifying prescribed medication (n = 22, 19.0%)
(refers to the 116 participants with a SAMS > 1). The partial
correlation between the SAMS total score and the PHQ-9 score,
adjusted for the influence of the variable age, was positive with an
r = 0.201 (p= 0.012).

HLC Beliefs
Table 1 lists the mean sum scores of the three HLC subscales. The
highest subscale was determined for every patient; consequently,
30 (18.8%) participants had predominantly fatalistic external
HLC, 70 (43.8%) social external HLC, and 11 (6.9%) internal
HLC. Furthermore, 28 (17.5%) overlapped with equal values for
2 subscales; 21 subjects could not be categorized due to missing
data (a total of 139 analyzed KKG questionnaires).

The three HLC groups did not differ in PHQ-9 (p = 0.20),
HCCQ (p = 0.79), sex (p = 0.13), and marital status (p =

0.09) (Table 2). Patients with internal HLC were younger than
patients with external social HLC (p = 0.024). Age showed a
weak negative correlation with internal HLC (r = −0.265, p
= 0.01). Age did not correlate with social external or fatalistic
external HLC.

Adherence and HLC Beliefs
The overall adherence (SAMS total score) did not differ between
the three HLC groups (p = 0.52) (Table 2). The SAMS did not
correlate with the sum scores of the three HLC domains. Vice
versa, the sum scores of the HLC domains did not differ between
adherent (SAMS = 0), moderately non-adherent (SAMS 1 to
8), and clinically significant non-adherent patients (SAMS ≥ 9)
(Table 3).

Multiple Linear Regression
Regression analyses examined the influence of clinical variables
on (1) SAMS total, (2) factor SAMS modification, (3) factor
SAMS knowledge, and (4) factor SAMS forgetting. Age, gender,
education level, number of medications per day, internal HLC
subscore, social external HLC subscore, fatalistic external HLC
subscore, the HCCQ average score, and the PHQ9 sum score
were entered as independent variables (backward selection).

The PHQ-9, internal HLC, and fatalistic external HLC
predicted the total SAMS total score (the final models
after backward selection are given in Table 4, the detailed
models are given as Supplementary Tables 1–4). Depression
and internal HLC were associated with non-adherence.
Fatalistic external HLC was associated with better adherence
(Supplementary Table 1). However, the explained variance
was low. The influence of depression and HLC on the SAMS
total score was also demonstrated in the elastic net model
(Supplementary Table 5). Overall, the strongest influence had
depression on the SAMS total.
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TABLE 2 | Characteristics of people with predominantly internal, social external, and fatalistic external health locus of control.

Characteristic Internal health locus of control Social-external health locus of control Fatalistic-external health locus of control

n % n % n %

Gender

Female 9 81.8 36 51.4 19 63.3

Male 2 18.2 34 48.6 11 36.7

Education

Low 1 9.1 9 12.9 8 26.7

Middle 6 54.5 23 32.9 16 53.3

High 4 36.4 38 54.3 6 20.0

Marital status

Not married 2 20.0 18 26.1 14 46.7

Married 8 80.0 51 73.9 16 53.3

Mean 95% CI Mean 95% CI Mean 95% CI

Age 52.45 44.32 60.59 65.19 61.79 68.58 63.53 57.65 69.42

SAMS sum score 6.36 0.52 12.21 4.47 3.33 5.62 4.27 2.30 6.24

HCCQ mean value 6.43 6.02 6.83 6.21 5.94 6.48 6.17 5.66 6.67

PHQ-9 sum score 5.82 1.93 9.71 5.14 4.14 6.15 7.03 4.91 9.15

Subscore internal HLC 32.09 30.38 33.80 24.51 23.04 25.98 23.40 21.50 25.30

Subscore social external HLC 19.70 18.01 21.39 26.76 25.68 27.83 20.45 18.64 22.25

Subscore fatalistic external HLC 13.00 9.78 16.22 16.70 15.23 18.16 25.40 23.76 27.04

SAMS, Stendal adherence to medication score; HCCQ, Health Care Climate Questionnaire; PHQ-9, Patient Health Questionnaire-9; HLC, Health locus of control.

SAMS modification was positively associated with
internal HLC and depression and negatively associated
with fatalistic external HLC. This finding indicates external
HLC is related to less intentional non-adherence (Table 4,
Supplementary Table 2). The elastic net model confirmed
the influence of depression on the SAMS modification
(Supplementary Table 6). In addition lower age was associated
with more modification of medication. However, HLC was not a
relevant predictor in the elastic net model. Considering the two
models with low coefficients and low explained variance, one
can conclude that HLC plays only a minor role for self-reported
intentional non-adherence/modification.

The SAMS missing knowledge was associated with depression,
lower educational level, a higher number of drugs per day, and
fatalistic external HLC (Table 4, Supplementary Table 3). The
relevance of fatalistic external HLC and the number of drugs per
day on the self-reported knowledge about medication could also
be confirmed in the elastic net model (Supplementary Table 7).
To a lesser extent, gender, depression, and education level were
also relevant factors for SAMSmissing knowledge here.

Forgetting to take medication was more likely reported in
young and male persons (Table 4, Supplementary Table 4).
This was in line with the findings in the elastic net model
(Supplementary Table 8). However, the explained variance
was low.

DISCUSSION

This cross-sectional study aimed to analyze the frequency
and reasons for non-adherence in patients from general

practices and explore the relationship between HLC and
unintentional/intentional non-adherence. We hypothesized that
internal HLC is associated with intentional non-adherence.
Furthermore, we assumed that external HLC is associated with
less intentional non-adherence.

In our cohort, about three-quarters (72.5%) reported
different degrees of non-adherence. Most were moderately
non-adherent, and only a minority were clinically significant
non-adherent. The reasons for non-adherence were mostly
unintentional (e.g., forgetting to take medication, 47.4%). The
prevalence of non-adherence strongly depends on the method of
measurement (objective or subjective). Various reviews reported
non-adherence ranging from 20 to 80% of cases for certain
chronic diseases, especially hypertension and diabetes (5, 18, 19).
Our findings are consistent with previous studies showing that
forgetting is the primary self-reported behavior identified among
non-adherent participants (20). In this survey, forgetting to take
medication was the most frequent reason for non-adherence,
followed by a lack of knowledge about the prescribed medication
andmodification of medication.

In our study, we also assessed the patients perceived autonomy
support through the doctor using the HCCQ. The mean score
was very high, implying that patients feel strongly supported by
their family doctor. Another reason for the high mean value
of HCCQ might be the traditionally close relationship between
general practitioners and patients in Germany, which might
discourage patients from criticizing their family doctor (with
whom they have a long-standing relationship). But how does the
doctor-patient relationship affect adherence? With correction for
demographic factors, depression, and HLC, we did not observe
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TABLE 3 | Characteristics of people with different degrees of non-adherence.

Characteristic Adherent Moderately non-adherent Non-adherent

n % n % n %

Gender

Female 30 68.2 53 57.0 15 65.2

Male 14 31.8 40 43.0 8 34.8

Education

Low 11 25.0 19 20.4 2 8.7

Middle 21 47.7 32 34.4 12 52.2

High 12 27.3 42 45.2 9 39.1

Marital status

Not married 19 45.2 29 31.2 6 26.1

Married 23 54.8 64 68.8 17 73.9

Mean 95% CI Mean 95% CI Mean 95% CI

Age 66.16 62.25 70.07 63.61 60.54 66.68 56.83 49.48 64.17

SAMS sum score 0.00 0.00 0.00 4.00 3.53 4.47 13.52 11.40 15.64

HCCQ mean value 6.39 6.07 6.70 6.19 5.95 6.42 6.38 6.17 6.59

PHQ-9 sum score 5.21 3.60 6.82 5.53 4.58 6.49 7.26 5.34 9.18

Subscore internal HLC 23.18 20.70 25.66 25.43 24.22 26.64 26.09 24.13 28.04

Subscore social-external HLC 22.61 20.77 24.44 24.37 23.23 25.51 24.30 22.32 26.29

Subscore fatalistic-external HLC 18.87 16.53 21.21 18.29 16.84 19.73 19.23 16.18 22.28

SAMS, Stendal adherence to medication score; HCCQ, Health Care Climate Questionnaire; PHQ-9, Patient Health Questionnaire-9; HLC, Health locus of control.

a relevant association between overall adherence (SAMS total)
and HCCQ. On the one hand, a trusting relationship could
ensure that patients do not modify the prescribed medication
regimen and are less intentionally non-adherent. On the other
hand, patients might feel uncomfortable reporting medication
modification because of this special relationship between the
patient and the general practitioner. This is why we used the
anonymous design of the study.

In the DEGS-1 study in Germany, between 2008 and 2011,
almost 8,000 people were surveyed with the PHQ-9 questionnaire
about current depressive symptoms using the same cut-off values
as we did. According to self-disclosure, approximately 8% of the
German population between 18 and 79 suffer from depressive
symptoms (21). In our cohort, 21.2% of the respondents
reported depressive symptoms, which is higher than the general
prevalence in Germany. Depressive symptoms impair adherence
(22), as indicated in our study with a weak effect strength.
However, patients with depressive symptoms might be more
self-critical when reporting their adherence (22).

HLC was assessed by the German KKG questionnaire. The
KKG is a modification of the “multidimensional HLC” (MHLC)
(2) questionnaire. It is based on the same theoretical and
methodological concept. Still, the KKG has a unique aspect in the
formulation of its items: Patients are asked about their perceived
ability to influence their physical conditions (physical complaints,
physical well-being). In contrast, the MHLC uses the terms illness
and health. Yet, chronically ill patients might find it difficult
to use the term health referring to their situation. Therefore,
the rather neutral terms of the KKG questionnaire are more

suited for heterogeneous patient populations, as they are found
in general practices. Most patients in our survey had an external
social control belief. The external social HLC includes all persons
who influence his or her physical condition according to the
respondent’s perception. Therefore, all that can be said is that a
high proportion of patients in our study believe that other people
strongly influence their physical condition.

There are conflicting results in terms of the relationship
betweenHLC and adherence. Nafradi et al. (3) published a review
of 154 studies on the relationship between self-efficacy, HLC, and
adherence. Of these, 71 studies refer to the relationship between
HLC and adherence. The studies applying subjective adherence
measures reported more association either in a positive or
negative direction (58.5%) between the HLC dimensions and
adherence compared to the studies applying mixed (14.3%) or
objective (40%) adherence measures. More than half of the
studies report no link between HLC and medication adherence.
Doctors’ HLC was most likely to show a positive association with
adherence (3).

Regarding the link between internal HLC and adherence,
which is considered the most predictive HLC dimension in the
literature, only 10 studies out of 26 (38%) showed a positive
association; 15 studies (58%) showed no association. We found
that adherence was better in people with external HLC and
worse in people with internal HLC. In particular, modification
of prescribed drugs without physician consultation was positively
associated with internal HLC and negatively with fatalistic
external HLC. However, one has to keep in mind that the
explained variance in the model was low. This indicates that
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TABLE 4 | Summary of multiple linear regressions (final models after backward selection).

Std. coefficient B Std. Err p Overall model

SAMS total (dependent variable)

Subtotal score internal HLC 0.146 0.080 0.072 p 0.003

corrected R2

0.096

Subtotal score fatalistic external HLC −0.132 0.078 0.093

PHQ-9 sum score 0.339 0.101 0.001

SAMS modification (dependent variable)

Subtotal score internal HLC 0.016 0.008 0.053 p 0.012

corrected R2

0.076

Subtotal score fatalistic external HLC −0.016 0.008 0.037

PHQ-9 sum score 0.025 0.010 0.012

SAMS missing knowledge (dependent variable)

Education level (1 = low, 2 = middle, 3 = high) −0.109 0.052 0.038 p 0.007

corrected R2

0.094

Number of medications per day 0.028 0.013 0.031

Subtotal score fatalistic external HLC −0.013 0.006 0.027

PHQ-9 sum score 0.016 0.008 0.049

SAMS forgetting (dependent variable)

Gender (0= female, 1= male) 0.216 0.109 0.052 p 0.025

corrected R2

0.080

Age −0.008 0.003 0.017

SAMS, Stendal adherence to medication score; PHQ-9, Patient Health Questionnaire-9; HLC, Health locus of control.

HLC plays a role for adherence, but its influence should not
be overestimated.

Some methodological aspects clarify these findings. The
German KKG questionnaire that we used to measure HLC is
a modification of the MHCL questionnaire by Wallston et al.
(2). However, Wallston himself questioned HLC as a predictor
of health behavior (23). In a summary of several studies using
his MHCL questionnaire, he described that the loci of control
could explain on average < 10% of the variance of specific health
behavior (23). Locus of control is a generalized expectancy, a
belief that one can control one’s health. It is a kind of personality
trait. In contrast, self-efficacy is the belief that one can manage
a certain situation or behavior. It is state-related instead of trait-
related. It is possible to have an internal locus of control regarding
one’s health. Still, if the conviction in one’s capabilities to carry
out a specific behavior is missing (as in adherence to a certain
medication), one is not likely to engage in that behavior. In
this example, there could be a high level of internal HLC and
simultaneously low self-efficacy regarding medication adherence
(23). Medication adherence means the reliable and correct intake
of prescribed medication as agreed by doctor and patient. It is
a situational health behavior. Therefore, we suggest that in the
context of adherence research, the situation-specific self-efficacy
belief should be studied in addition to HLC. Future studies
incorporating the locus of control concept should also ask how
important adherence and the resulting better outcome are to
the respondents.

Moreover, for further studies, it would be interesting to
study the relationship between adherence and HLC after
subdividing external social HLC into 1. physicians and 2. other
influencing persons (24). This relationship could also help
to understand the influence of this scale on adherence. The
review mentioned above on HLC and adherence by Nafradi
et al. also reported that physicians tend to influence adherence
(3) positively. Other people, such as family and friends, have
an ambivalent influence, depending on whether these others
support or discourage the patients to adhere (3). Future research
should divide external social HLC into two subgroups so
that a total of four dimensions of locus of control can be
assessed; i.e., internality, formal help (=physicians), informal
help (=other people), and chance to investigate these beliefs
appropriately. Furthermore, the formal help dimension would
need a broader assessment since it is covered by only two
items (24).

Our study has certain limitations. The cross-sectional design
does not allow causal statements. The study design creates
the possibility of self-report bias in terms of socially desirable
answers. We aimed to reduce this bias by using an anonymous
design of the study. In addition, the HCCQ questionnaire showed
limited informative value due to the very high mean values
and their reduced variability. Only patient-related predictors
of non-adherence were investigated in our study. In addition,
however, there are various other reasons for non-adherence
that we did not record with the anonymous design. Thus,
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there is a risk of presenting the complex construct of non-
adherence in a simplified way. Although it is widely accepted
and common to use a threshold of 80% to determine non-
adherence, this approach remains arbitrary when there is no
objective measure of adherence or other measurable clinical
outcome. Therefore, we incorporated group comparisons and
correlation analyses in our study to overcome the problem of
arbitrary adherence cut-offs. Finally, we cannot make precise
statements about the cognition of the patients who participated
in our study. The practice staff was asked to distribute the
questionnaires according to our inclusion criteria, but this
cannot be verified afterward in an anonymous study. Also an
analysis taking underlying main disorders and disease durations
as well as social networks into account would be a promising
approach to study the interaction between adherence and HLC
in detail.

CONCLUSIONS

The complex reasons for non-adherence will not be measured or
represented in their entirety in any study and cannot be assessed
with single questionnaires. It is helpful to obtain and evaluate
empirical data on adherence. However, equally important is
the willingness in a trusting doctor-patient relationship to
work together on an individualized concept of illness and
recovery. In this context, patient decision-making also requires
adequate health literacy, and not every patient wants to be
transferred this competence. Further research is needed to
find the right amount of control adjusted to different physical
conditions and stages of the disease. For this, qualitative
research could also play an important role, as it manages
to go into depth and capture complexity by interviewing
individual cases.
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Background: Multimorbidity is defined as the existence of two or more chronic

health conditions in the same individual. While patients with tuberculosis commonly

have multiple conditions at diagnosis, such as HIV, diabetes, and depression, to the

authors’ knowledge, there is limited information on the patterns of multimorbidity, and

how the types and combinations of conditions could impact the healthcare utilization,

expenditure, and TB outcomes.

Methods: An observational cohort study of adult patients diagnosed with tuberculosis

was conducted using the Chinese Center for Disease Control and Prevention (CDC)’s

National TB Information System (NTBIS) linked to the Ningbo Regional Health Care

Database (NRHCD) (2015–2020). Latent class analysis was used to identify comorbidity

groups among the subset with ≥2 conditions including TB. Group-level health care

use, expenditure, and treatment outcomes were compared with patients without chronic

conditions using multivariate regression models.

Results: A total of 9,651 patients with TB were identified, of whom approximately 61.4%

had no chronic conditions, 17.4% had 1 chronic condition, and 21.3% had ≥2 chronic

conditions. Among those with≥1 chronic condition other than TB, 4 groups emerged: (1)

general morbidity (54.4%); (2) cardiovascular morbidity without complications (34.7%);

(3) cardiovascular morbidity with complications (5.0%); (4) respiratory morbidity (5.9%).

The respiratory morbidity group experienced the highest expenditures, at 16,360 CNY

more overall (95% CI, CNY 12,615–21,215) after adjustment compared with TB patients

without chronic conditions. The respiratory morbidity and cardiovascular morbidity with

complications group also had the lowest odds of favorable TB outcomes [adjusted odds

ratio (aOR), 0.68; 95% CI, 0.49–0.93] and (aOR 0.59, 95% CI 0.42–0.83), respectively.

The cardiovascular morbidity without complications group had the highest odds of

successful TB treatment (aOR, 1.40; 95% CI, 1.15–1.71).
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Conclusions: Multimorbidity is common among patients with TB. The current study

identified four distinct comorbidity subgroups, all of which experienced high, yet

differential, rates of health care use. These findings highlight the need for urgent reforms

to transform current fragmented TB care delivery and improve access to other specialists

and financial assistance.

Keywords: tuberculosis, delivery of health care, health expenditures, multimorbidity—coordination of care—

general practitioner, latent class analysis

INTRODUCTION

Tuberculosis (TB) is a serious threat to global public health. The
World Health Organization (WHO) has estimated that over 10.4
million people are infected by Mycobacterium tuberculosis, and
that 1.67million deaths are attributable to TB (1).Multimorbidity
is defined as the co-existence of two or more chronic conditions
within an individual (2). Due to the nature of chronic infection
with TB, patients who are diagnosed with TB may already
have chronic conditions such as HIV infection. The presence of
multimorbidity has important implications on patient outcomes
and healthcare costs.

Chronic communicable diseases such as HIV and hepatitis
virus infection are common in TB patients. The risk of developing
TB is significantly higher among patients living with HIV
infection. Hepatitis B co-infection with TB is common in China,
and hepatitis B virus surface antigen (HBsAg)-positive people
account for over 7.8% of the population (3). Additionally,
the ongoing COVID-19 pandemic is likely to disrupt TB
management and lower TB treatment success rates. A recent
meta-analysis on the first wave of COVID-19 patients has found
that the prevalence of TB ranged between 0.47 and 4.47%, and TB
infection was associated with more severe COVID-19 cases (4).

In addition to chronic communicable conditions, global TB
eradication initiatives have been hampered by the increasing
burden of non-communicable diseases (NCD), especially in low-
and middle-income countries. Population aging, urbanization,
and unhealthy lifestyles all contribute in a high comorbid disease
pattern among patients with TB. A cross-sectional study based
on a medical chart review found that ∼1.14% of TB subjects had
multimorbidity. Patients with multimorbidity tend to be older,
female sex, and to have higher mortality risks (5). Nevertheless,
the prevalence of multimorbidity could be underestimated due
to poor record-keeping, lack of standardized multimorbidity
classification methods, and limited sample size (6).

Traditionally, studies have focused on single conditions such
as HIV co-infection, diabetes, and alcohol use disorders that
affect the clinical outcomes of TB treatment. There is a need
for additional information on chronic condition profiles, as well
as care patterns and associated expenditures. Coordination of
specialty care and primary services is essential for managing
TB patients with multimorbidity. A better understanding of
the comorbidity profile could facilitate early detection, improve
care coordination, and inform the decision-making relating to
patients at greater risk of unfavorable TB treatment outcomes.
Until now, no study has compared clinical outcomes and

healthcare expenditure in TB patients with varying degrees
of multimorbidity.

The objective of this study was to identify and describe chronic
morbidity groups among patients with tuberculosis in real-world
settings, and to explore differences in demographic and clinical
characteristics across subgroups. Finally, we aim to assess the
impact of multimorbidity on healthcare utilization, expenditure,
and clinical outcomes in real-world settings.

METHODS

Study Design
We performed a population-based retrospective cohort study
among patients with TB aged 18 years old or above in
Ningbo city, in the People’s Republic of China. Tuberculosis
cases were confirmed based on the NTBIS. Patients whose
diagnosis changed or with insufficient clinical information of
healthcare utilization during the baseline period (1 year prior
to TB diagnosis) or during the follow-up period were excluded.
During the baseline period (1 year preceding their index
date, which is the TB diagnosis date), important confounders,
namely lifestyle, comorbidities, and TB-related characteristics
were defined. The current study was approved by the Institutional
Review Board (IRB) of Ningbo Municipal Center for Disease
Control and Prevention and the requirement for informed
consent was waived. The data were fully de-identified and
sensitive information such as patients’ names and national ID
numbers were anonymized. We thus made re-identification
impossible to safeguard patients’ privacy. The quality of reporting
in the included studies was assessed using the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
checklist (7), which are commonly used for reporting the quality
of observational studies.

Data Sources and Data Linkage
Ningbo is a coastal city in the eastern region of the People’s
Republic of China, with a population of nearly 8.2 million
residents in 2018. Since 2005, Ningbo Health and Family
Planning Commission initiated a Health Information System
covering all healthcare facilities within its jurisdiction. Electronic
health records from hospitals and community clinics were
collected and integrated to form a comprehensive administrative
healthcare database. All records are linked deterministically using
the personal identity code. This code is unambiguously assigned
to all Chinese citizens as well as registered foreign citizens. The
linked records are deidentified before they are further processed
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and analyzed. By 2020, the system covered all 65 public hospitals
and 154 community health centers or township health centers,
including all 12 TB designated hospitals and TB centers of
excellence (Ningbo Hwa Mei Hospital).

Information regarding subject lifestyle, vital signs, laboratory
results, inpatient and outpatient records, and pharmacy use
were available. The outpatient, inpatient, and pharmacy records
comprised patient identity code, date of diagnosis, diagnosis
name, and diagnosis code (International Classification of
Diseases, Tenth Revision, ICD-10), as well as procedure codes,
costs, and prescription dispensing details. The data content is
updated on a daily basis.

The TB registry provides information on TB diagnosis,
treatment, and outcomes. The TB registry records the TB
patients’ personal identity code, the date of diagnosis, TB clinical
classification, and genetic determinants of drug resistance,
sputum, and culture results at diagnosis and follow-up were
recorded using a standard electronic form by trained staff. TB
outcomes were ascertained using standard WHO outcomes
definitions for tuberculosis: cure, treatment completion,
treatment failure, death from any cause, default, and transfer
out. We defined successful outcomes as cure or completion of
treatment and unfavorable outcomes such as treatment failure
or death. All death records including date of death and causes
of death were further confirmed by linkage to the mortality
database of the Ningbo Municipal Public Security Bureau.

Cohort Description
The cohort selection is shown in Figure 1. Patients were required
to be aged ≥ 18 years at TB diagnosis. In addition, eligible
subjects were required to have at least two healthcare encounters
during the baseline period to ensure capturing of important
demographic and clinical information prior to TB diagnosis.
The reason for requiring eligible subjects to have at least two
encounters is to exclude patients who are not continuously
followed within the Ningbo health system, which could lead to
underestimation of morbidity burdens. Subject characteristics,
including chronic condition profiles, were measured over the
baseline period. Subjects were followed up from date of TB
diagnosis to date of treatment completion, death, end of study (30
June 2020), or loss to follow-up, whichever came first. Healthcare
use and expenditure were measured in both the baseline period
and follow-up period.

Identification of Chronic Conditions and
Generation of Morbidity Groups
ICD-10 diagnosis codes from all inpatient discharge summaries
and outpatient encounters were collected and categorized using
the Chronic Condition Indicator (CCI) algorithms (v2021.1)
developed by Healthcare Cost and Utilization Project (HCUP)
(8). The algorithms systematically scan all diagnosis fields
and generated classification of distinct chronic conditions (9).
Identified chronic conditions that appeared in two outpatient

FIGURE 1 | Patient flow diagram documenting the application of selection criteria to arrive at the final analytical cohort.
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encounters on different dates or in 1 inpatient hospitalization
during the baseline period were retained in the analysis. Patients
were categorized as having 0, 1, or multiple (2 and above) chronic
conditions, excluding TB.

Latent class analysis (LCA) was performed on the subset
of patients with ≥2 chronic conditions. LCA is a data-driven,
model-based clustering method that is capable of identifying
underlying subgroups of patients with similar multimorbidity
patterns. We included all chronic conditions with a prevalence
of 1% and above. A series of models were developed and the final
model was selected based on statistical convergence, the goodness
of fit, interpretability, and parsimony (10–12). A subject-level
latent class multimorbidity group was assigned based on the
highest predicted probability of membership, calculated from
individual chronic condition profiles (13).

Variables
We measured four outcomes during the follow-up period:
(1) hospital admission; (2) outpatient visit; (3) monthly total
healthcare expenditures; and (4) monthly patient out-of-
pocket payment. Total expenditures were calculated based on
overall inpatient, outpatient and pharmacy expenditures from
a healthcare system’s perspective. Estimates were adjusted for
inflation using the consumer price index (CPI) and presented in
2014 Chinese Yuans (U). A hundred CNY was equivalent to 16.3
USD in 2014.

Additional demographic, lifestyle habits, insurance type, TB-
related variables, prior resource use were measured during
the baseline period. Demographic variables included age, sex,
ethnicity, occupation, education level, and marital status.

Statistical Analysis
Patients in each of the morbidity groups were compared with
patients without pre-existing chronic conditions at baseline.
Categorical variables were compared using chi-square tests
and continuous variables were compared using non-parametric
Kruskal-Wallis tests accounting for non-normal distribution of
variables. Missing data were addressed using missing indicators.

We compared the utilization of inpatient services across
latent chronic condition groups using a multivariate logistic lasso
regression model, with excess risk for admission expressed in
adjusted odds ratio (OR) and 95% Confidence intervals (CIs).
We classified healthcare expenditure into 3 types: outpatient
expenditure, inpatient expenditure, and outpatient pharmacy
expenditure. To account for excess zeros and the skewed non-
zero distribution nature of healthcare expenditure data, we used
a 2-part regression model to identify the association between
morbidity groups and healthcare expenditure. We first fitted a
logistic model to estimate the association between morbidity
groups with none vs. any utilization of healthcare. Among
patients with non-zero expenditure, a second model of the
generalized linear model (GLM) using gamma distribution
with a log link function (14, 15). We used GLM in the
second stage rather than the ordinary least squares of log-
transformed healthcare expenditure because the former relaxes
the homoscedastic error assumption, which is essential for
retransformation to the raw scale (16).

TABLE 1 | Baseline characteristics of tuberculosis patients cohort (N = 9,651).

Characteristics N %

Age

Mean age at TB diagnosis (SD), y 48.8 18.7

Median age (IQR), y 49 32–63

Age group, y

18–40 3,641 37.7

41–50 1,465 15.2

51–60 1,603 16.6

61–70 1,570 16.3

71+ 1,372 14.2

Female sex 3,073 31.8

Insurance type

UEBMI 4,128 42.8

URRMI 771 8.0

Other 4,752 49.2

Retreatment status

Newly diagnosed 8,998 93.2

Retreatment 653 6.8

TB clinical types

III 8,998 93.2

II 653 6.8

IV 8,758 90.7

I 54 0.6

Extra pulmonary TB 795 8.2

HIV positive 30 0.31

Chronic conditions

Mean, SD 1.02 1.99

None 5,924 61.4

1 1,676 17.4

2+ 2,051 21.3

Charlson comorbidity index

0 3,152 32.7

1 1,389 14.4

2 1,314 13.6

3 1,323 13.7

4+ 2,473 25.6

TB, tuberculosis; SD, standard deviation; IQR, interquartile range; UEBMI, urban

employee basic medical insurance; URRMI, urban and rural resident medical insurance;

HIV, human immunodeficiency virus.

Analyses were conducted using SAS 9.4 statistical software
(SAS Institute Inc., Cary, NC, USA), and open-source statistical
software R 4.0.3 (poLCA package, https://CRAN.R-project.org).
Two-side P < 0.05 was considered as statistically significant.

RESULTS

Sample Description
A total of 9,651 eligible patients with TB were included
in the present cohort study, the patient flow diagram is
shown in Figure 1. The final analytical cohort consisted of
3,073 (31.8%) females, with a mean age of 48.8 years (SD,
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18.7) (Table 1). Approximately 30.5% of patients were aged
above 60 years and 4,128 (42.8%) patients were covered
by urban employee basic medical insurance schemes at the
time of TB diagnosis. The prevalence of HIV infection was
0.31% and the majority had newly registered TB. Pre-existing
chronic conditions were observed in 38.6% of TB patients.

The average number of chronic conditions was 1.02 (SD<

1.99), and 2,051 (21.3%) had ≥2 chronic conditions. Essential
primary hypertension was the most common chronic condition
(14.3%), followed by hyperlipidemia (4.0%), chronic obstructive
pulmonary disease (COPD) (2.2%), and atherosclerotic heart
disease (2.2%).

TABLE 2 | Characteristics of model-driven chronic condition groups among eligible patients with tuberculosis.

Respiratory

morbidity

Cardiovascular morbidity

with complications

Cardiovascular morbidity

without complications

General

morbidity

P-value

Class name

Sample size 220 5.9% 185 5.0% 1,292 34.7% 2,030 54.5% –

Mean age (SD) 73.6 10.5 74.5 10.5 65.2 12.1 51.4 16.3 <0.0001

Age group

18–40 2 0.9% 0 0.0% 34 2.6% 558 27.5% <0.0001

41–50 3 1.4% 3 1.6% 109 8.4% 368 18.1%

51–60 12 5.5% 20 10.8% 269 20.8% 465 22.9%

61–70 60 27.3% 43 23.2% 444 34.4% 376 18.5%

71+ 143 65.0% 119 64.3% 436 33.7% 263 13.0%

Female sex 36 16.4% 51 27.6% 409 31.7% 673 33.2% <0.0001

Insurance type

UEBMI 114 51.8% 64 34.6% 635 49.1% 875 43.1% <0.0001

URRMI 8 3.6% 19 10.3% 80 6.2% 149 7.3%

Other 98 44.5% 102 55.1% 577 44.7% 1,006 49.6%

Retreatment status 34 15.5% 24 13.0% 91 7.0% 166 8.2% <0.0001

Smoking status

Current Smoker 16 7.3% 22 11.9% 139 10.8% 156 7.7% <0.0001

Former smoker 28 12.7% 19 10.3% 113 8.7% 89 4.4%

No smoker 89 40.5% 69 37.3% 521 40.3% 715 35.2%

Unknown 87 39.5% 75 40.5% 519 40.2% 1,070 52.7%

Alcohol consumption status

Drinker 18 8.2% 10 5.4% 68 5.3% 81 4.0% <0.0001

Non-drinker 115 52.3% 99 53.5% 691 53.5% 864 42.6%

Unknown 87 39.5% 76 41.1% 533 41.3% 1,085 53.4%

Chronic conditions

Mean, SD 4.0 4.0 8.6 8.5 3.0 2.6 2.5 2.0 <0.0001

Atherosclerotic heart disease 24 10.9% 98 53.0% 87 6.7% 0 0.0% <0.0001

Cardiac arrhythmia 28 12.7% 40 21.6% 82 6.3% 13 0.6% <0.0001

Chronic obstructive pulmonary disease 177 80.5% 36 19.5% 2 0.2% 0 0.0% <0.0001

Chronic pharyngitis 5 2.3% 4 2.2% 48 3.7% 113 5.6% 0.0098

Chronic viral hepatitis B infection 1 0.5% 7 3.8% 13 1.0% 175 8.6% <0.0001

Emphysema 44 20.0% 8 4.3% 0 0.0% 101 5.0% <0.0001

Essential primary hypertension 69 31.4% 159 85.9% 1,106 85.6% 43 2.1% <0.0001

Gastric ulcer 7 3.2% 22 11.9% 36 2.8% 50 2.5% <0.0001

Gout 0 0.0% 23 12.4% 50 3.9% 39 1.9% <0.0001

Heart failure 46 20.9% 78 42.2% 12 0.9% 0 0.0% <0.0001

Hyper lipidemia 8 3.6% 110 59.5% 262 20.3% 10 0.5% <0.0001

Non-toxic single thyroid nodule 6 2.7% 26 14.1% 42 3.3% 88 4.3% <0.0001

Other disorders of glycoprotein metabolism 12 5.5% 42 22.7% 17 1.3% 95 4.7% <0.0001

Sarcoidosis of lung 4 1.8% 11 5.9% 20 1.5% 88 4.3% <0.0001

Sequelae of respiratory and unspecified tuberculosis 15 6.8% 21 11.4% 2 0.2% 100 4.9% <0.0001

Presence of ≥1 mental health condition 2 0.9% 8 4.3% 27 2.1% 51 2.5% 0.1261

SD, standard deviation; UEBMI, urban employee basic medical insurance; URRMI, urban and rural resident medical insurance scheme.
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TABLE 3 | Association between chronic condition groups and clinical outcomes.

Outcomes Overall No chronic

conditions

Respiratory

morbidity

Cardiovascular morbidity

with complications

Cardiovascular morbidity

without complications

General

morbidity

Sample size 9,651 5,924 220 185 1,292 2,030

Overall successful treatment 8,182 84.8% 5,155 87.0% 158 71.8% 122 65.9% 1,066 82.5% 1,681 82.8%

Cured 2,857 29.6% 1,660 28.0% 105 47.7% 52 28.1% 426 33.0% 614 30.2%

Treatment completed 5,325 55.2% 3,495 59.0% 53 24.1% 70 37.8% 640 49.5% 1,067 52.6%

MDR-TB 121 1.3% 69 1.2% 3 1.4% 1 0.5% 11 0.9% 37 1.8%

ADR 40 0.4% 10 0.2% 3 1.4% 0 0.0% 16 1.2% 11 0.5%

Loss to follow-up 945 9.8% 539 9.1% 27 12.3% 37 20.0% 139 10.8% 203 10.0%

Non-TB death 165 1.7% 47 0.8% 15 6.8% 19 10.3% 37 2.9% 47 2.3%

Treatment failure 150 1.6% 87 1.5% 5 2.3% 3 1.6% 15 1.2% 40 2.0%

TB death 48 0.5% 17 0.3% 9 4.1% 3 1.6% 8 0.6% 11 0.5%

TB, tuberculosis; MDR-TB, multi-drug-resistant tuberculosis; ADR, adverse drug reaction.

Identification of Morbidity Groups
The LCA of patients with at least one chronic condition (N
= 3,727) identified 4 morbidity subgroups. Demographic and
clinical characteristics are presented in Table 2. The general
morbidity group accounted for the largest percentage of TB
patients with chronic conditions (54.5%), with an average of
2.5 chronic conditions. The mean age of patients in this
group was 54.5 years (SD, 16.3), which is the youngest
among all latent class subgroups. The most prevalent chronic
condition in this group was chronic viral hepatitis B infection
(8.62%) and chronic pharyngitis (5.57%). The cardiovascular
morbidity without complications group (34.7% of the current
study cohort) experienced a high prevalence of hypertension
(85.6%) and hyperlipidemia (20.3%). The mean age was
65.2 years (SD, 12.1 years). The cardiovascular morbidity
with complications group (5.0% of the current study group)
was among the oldest groups, with a mean age of 74.5
years (SD, 10.5 years) at the time of TB diagnosis. Patients
in this group experienced primarily hypertension (85.9%),
hyperlipidemia (59.5%), atherosclerotic heart disease (53.0%),
and heart failure (42.2%). In this group, the percentage
of patients with mental health conditions was the highest
(4.3%). Finally, the respiratory morbidity subgroup accounted
for 220 (5.9%) of patients, and was predominantly male
(83.6%). The mean age was 73.6 years (SD, 10.5 years)
and had the highest percentage of patients with retreatment
status (15.5%). The most prevalent condition was chronic
obstructive pulmonary disease (80.5%) and essential primary
hypertension (31.4%).

Association of Morbidity Groups With TB
Treatment Outcome
As shown in Table 3, a total of 8,182 (84.8%) had successful TB
treatment outcomes, with 29.6% cured and 55.2% completing
TB treatment. The overall treatment success rate was higher
in patients with no chronic conditions (87%), compared with
morbidity subgroups. The cardiovascular morbidity without
complications group and general morbidity group had overall
TB treatment success rates of 82.5 and 82.8%, respectively.

Cardiovascular morbidity with complications had the lowest
TB treatment success rate of 65.9%, while 71.8% of the
patients in the respiratory morbidity group had favorable
outcomes overall.

Among the types of unfavorable outcomes, 9.8% of patients
were lost to follow-up and 2.2% died during TB treatment.
Among the 213 patients who died, 48 death events were
attributable to TB, and 165 (1.7%) died from causes other than
TB. Approximately 1.3% of patients developed MDR-TB, the
percentage of patients who developedMDR-TB were comparable
across all subgroups.

After adjusting for age and sex, patients in the cardiovascular
morbidity with complications group had a 41% (95% CI
0.46–0.77) lower odds for achieving successful TB treatment
outcomes, when compared with patients without chronic
conditions. Conversely, patients in the cardiovascular morbidity
without complications group had a 27% (95% CI 1.10–
1.47) higher odds for achieving successful TB treatment
outcomes. After adjusting for additional insurance type, TB
retreatment status, and lifestyle variables, patients in the
respiratory morbidity group (OR 0.68, 95% CI 0.49–0.93)
and cardiovascular morbidity with complications group (OR
0.59, 95% CI 0.42–0.83) were less likely to have favorable TB
outcomes. On the other hand, patients from the cardiovascular
morbidity without complications group were more likely to
achieve successful outcomes (OR 1.40, 95% CI 1.15–1.71)
(Supplementary Table 1).

Health Resource Use Across Morbidity
Groups
Overall healthcare expenditure was assessed from TB diagnosis
date until TB treatment termination, death, end of the study
period (June 30, 2020), or loss-to-follow-up, whichever came
first. The univariate summary of overall healthcare expenditure
is presented in Supplementary Table 2. On average, the all-
cause total cost during TB treatment was 10,052 CNY (SD,
20,976 CNY, in 2014 terms). Differences were also observed with
regard to latent class subgroups. Patients with no pre-existing
chronic conditions experienced the lowest overall costs at 4,691
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FIGURE 2 | Distribution of average overall individual healthcare expenditures among patients with tuberculosis, stratified by types of services.

CNY, while patients from the cardiovascular morbidity with
complications group had the highest expenditure of 19,839 CNY
(SD, 40,835 CNY). The excessive healthcare spending in this
group was driven by inpatient expenditure.

To account for differential treatment durations, individual
monthly healthcare expenditures according to chronic condition
groups are presented in Figure 2. Monthly average and median
healthcare expenditures were higher in the cardiovascular
morbidity with complications group, followed by the respiratory
morbidity group. However, monthly out-of-pocket (OOP)
expenditures ranged between 237 and 531 CNY, with the
share of OOP payment ranging between 20.0 and 36.9%
(Supplementary Table 3).

Inmultivariable analysis, as shown in Supplementary Table 4,
after adjusting for relevant demographic and clinical
characteristics, patients in the respiratory morbidity group
on average incurred an additional of 16,360 CNY (95%
CI 12,615–21,215), compared with patients without any
chronic conditions. Patients in cardiovascular morbidity
with and without complication groups had incremental costs
of 10,987 CNY (95% CI 9,542–12,651 CNY) and 10,279
CNY (95% CI 8,999–11,741 CNY), respectively. Patients in
the general morbidity group had lower overall expenditure
when compared with the reference group (7,832 CNY,
95% CI 6,928–8,853 CNY).

Patients with chronic conditions incurred statistically
significantly greater OOP expenditures. Over the course of
TB treatment, patients in the respiratory morbidity group
had higher expenditure (4,543 CNY, 95% CI 3,163–6,525
CNY), when compared to patients without chronic conditions.
Patients in the general morbidity group had a lower adjusted

increase in OOP expenditure, costing 3,136 CNY (95% CI
2,632–3,736 CNY) more than the non-chronic condition group
(Supplementary Table 4).

DISCUSSION

In this retrospective cohort analysis of 9,651 patients

with TB, there were three notable findings. First, older

patients have higher rates of multimorbidity, compared to
previous publications. Second, we identified four distinct
latent subgroups based on concurrent diagnoses, and
these groups are predictive of TB treatment outcomes.
Third, healthcare utilization and expenditure were highly
correlated with latent subgroups, thereby such findings are
informative in identifying potential targets of continuous care
quality improvement.

TB patients with multimorbidity accounted for ∼40% of
eligible subjects in this population-based cohort. We successfully
linked a majority of patients from the National TB registry
with healthcare encounter records. By examining over 10
years’ regional electronic health records, we employed a
systematic approach in identifying chronic conditions using
validated algorithms (9). This method not only enabled us
to characterize concurrent conditions at the time of TB
diagnosis but also estimate the healthcare use patterns and
associated expenditure from both healthcare systems and
patients’ perspectives. We found significant variability in both
acute care utilization, outpatient services, and pharmaceutical
products. While patients with cardiovascular conditions and
respiratory morbidity experienced worse outcomes, these
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patients incurred substantially higher monthly overall and
OOP expenditure. The TB treatment success rates were lower
among patients with greater comorbidity burdens compared
with patients without multimorbidity or within the general
morbidity group.

Interestingly, we found that after adjusting for relevant
covariates, patients in the cardiovascular morbidity without
complications group had higher treatment success rates relative
to the non-chronic condition group. A higher proportion of
patients in this group achieved cured outcomes (33.0% vs.
28.0%), despite a higher morbidity burden and older age.
On the other hand, we found that patients without any
comorbid conditions were more likely to be younger patients
of the floating population of migrant workers without health
insurance coverage. We hypothesized that these patients from
the cardiovascular morbidity without complications group were
more likely to be covered by a more generous UEBMI scheme
and living in Ningbo (17). Thus, patients from this subgroup
experienced more continuous health services, allowing for more
swift care transitions (18).

Another strength of this study is the use of LCA in providing
information regarding clinically meaningful subgroups (19).
More simplistic methods employed a fixed list of chronic
conditions in defining chronic condition groups, our data-
driven approach allowed inclusion of all observed diagnoses to
identify distinct subgroups (20–22). This approach takes account
for potentially joint comorbidity patterns between more severe
chronic conditions such as heart failure and common illnesses
like hypertension and gout, our study is capable of elucidating
more detailed condition combinations. Although LCA has been
widely used to identify clusters of patient-reported symptoms
or trajectories of healthcare utilization, to the best of our
knowledge, no prior study to date has examined multimorbidity
in TB patients using a population-based, real-world dataset.
We distinguished subgroups of cardiovascular morbidity with
and without complications, has to our knowledge, not been
previously reported. The complex comorbidity combinations in
a sample subset of patients (respiratory morbidity group 5.9%,
and cardiovascular morbidity with complications, 5.0%), with
on average 4.0 and 8.6 concurrent chronic conditions warrant
further investigation. Patients in this group experienced greater
risks for treatment discontinuation due to loss-to-follow-up and
death, suggestive of multispecialty care plan in meeting the needs
of these patients.

While the overall prevalence of mental health disorders
is low, we observed higher psychological burdens in the
cardiovascular morbidity with complication subgroup. This is
likely an underestimating of actual psychological burdens since
patients could develop mental health conditions like depression
and anxiety disorders, substance use disorders over the course
of TB treatment (23). Our findings highlighted psychological
support, active case finding, and early intervention of mental
health disorders.

Despite the difference in overall costs, the share of OOP
expenditure was much lower in subgroups that incurred more
overall expenditure. We found that inpatient services as well as
the number of chronic conditions may be the primary driver

of expenditures. Since the reimbursement rates tend to be
more generous for hospitalization than outpatient services, the
OOP expenditures have been offset by insurance reimbursement,
which could have a positive impact on care continuation and
relieving financial burdens that patients face. However, the one-
size-fits-all approach of the current reimbursement schemes
oftentimes fails to account for the disparate needs of patients
with varying chronic condition profiles. Recent health services
research on catastrophic expenditure among patients with TB
from the Ningbo region found that 37.1% of TB patients
and their households faced catastrophic economic risks (24),
therefore, reimbursement rates should be tailored to provide
additional support for financially vulnerable patients with greater
healthcare needs.

Our study has several limitations. First, we relied on recorded
administrative data to identify chronic conditions, which
are subject to coding errors and potentially, misclassification
bias. Second, our findings may not be generalizable to TB
patients in other settings, such as those in HIV endemic
countries. Third, our estimates on healthcare expenditure
adopted a healthcare system and patients’ perspective, which
could be different from a payers’ perspective. Lastly, there
are unmeasured confounding factors that are due to the
inherent limitations of our retrospective design, preclude us from
establishing a causal relationship between chronic comorbidity
combinations and meaningful clinical outcomes, healthcare use,
and expenditure.

CONCLUSION

In conclusion, the results of the current study offered much-
needed evidence on comorbidity patterns in TB patients from a
real-world perspective. The distinct patterns of multimorbidity
highlight opportunities to better personalize TB care for patients
with pre-existing conditions and a tailored, multidisciplinary
approach to managing an increasing older TB population facing
multifaceted health requirements.
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Objectives: This study aimed to identify the trends in antibiotics utilization and patients
costs, evaluating the effect of the policy and exploring factors associated with the irrational
use of antibiotics.

Methods: Based on the Cooperation Project Database of Hospital Prescriptions, data
were collected from 89 tertiary hospitals in nine cities in China during 2016–2019. The
study sample consisted of prescription records with antibiotics for 3,422,710 outpatient
and emergency visits and 26, 118, 436 inpatient hospitalizations.

Results: For outpatients, the proportion of treated with antibiotics declined from 14.72 to
13.92% significantly (p < 0.01). The proportion of antibiotic costs for outpatients
decreased from 5.79 to 4.45% significantly (p < 0.01). For emergency patients, the
proportion of treated with antibiotics increased from 39.31 to 43.45% significantly
(p < 0.01). The proportion of antibiotic costs for emergency patients decreased from
36.44 to 34.69%, with no significant change (p � 0.87). For inpatients, the proportion of
treated with antibiotics increased from 23.82 to 27.25% significantly (p < 0.01). The
proportion of antibiotic costs for outpatients decreased from 18.09 to 17.19% with no
statistical significance (p � 0.89). Other β-lactam antibacterials (1,663.03 ten thousand
DDD) far exceeded other antibiotics categories. Stablely ranked first, followed by
Macrolides, lincosamide and streptogramins (965.74 ten thousand DDD), Quinolone
antibacterials (710.42 ten thousand DDD), and β-lactam antibacterials, penicillins
(497.01 ten thousand DDD).

Conclusions: The proportion of treated with antibiotics for outpatients and inpatients
meet the WHO standards. The antibiotics use varied by different survey areas, clinical
departments, patient gender, patient age and antibiotics categories. More efforts should
focus on improving the appropriateness of antibiotics use at the individual level.
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INTRODUCTION

Antibiotics are medicinal products that kill or inhibit the growth
of living microorganisms (European Centre for Disease
Prevention and Control, 2018). As one of the most important
discoveries in pharmaceuticals, antibiotics have saved millions of
lives worldwide. However, when antibiotics are used the
emergence of antimicrobial resistance (AMR) is inevitable.
Statistically, the consumption of antibiotics increased by 36%
from 2000 to 2010 (Van Boeckel et al., 2014). Meanwhile, the
number of new antibiotics approved for the market worldwide is
decreasing (Liu, 2018). AMR is regarded as one of the greatest
threats to global health by the World Health Organization
(WHO) (World Health Organization, 2015), which has the
potential to affect anyone, of any age, in any country (World
Health Organization, 2018). We have now reached a crisis where
many antimicrobials are no longer effective against previously
curable infectious diseases. As well as the emergence of AMR,
prolonged hospitalization, more substantial social and economic
burden, increased human suffering, and more premature deaths
are the results of inappropriate antibiotics (Gandra et al., 2014; Li
et al., 2019). According to a review chaired by the English
Economist JIM O’NEILL, if AMR is not curtailed, 10 million
people will die of drug-resistant bacterial infection every year by
2050 worldwide, with cumulative economic loss up to 100 trillion
USD in total (Jim, 2015). In 2015, the WHO Global Action Plan
on AMR was adopted by the member states at the 68th World
Health Assembly, which aimed to promote the use of antibiotics
(World Health Organization, 2016).

China is one of the largest consumers of antibiotics globally
(Van Boeckel et al., 2014), and the abuse of antibiotics is relatively
severe in this country (Yin et al., 2013; Wang et al., 2014). In an
attempt to optimize the appropriate use of antimicrobial agents,
the Chinese government has issued a series of policies and
regulations in the last few years. In 2011, China initiated the
National Special Rectification Campaign (NSRC) by its ministry
of health targeting AMR and rational use of antimicrobial agents
at secondary and tertiary hospitals (Chinese Ministry of Health,
2011), which achieved significant effects after several years of
implementation (Bao et al., 2015; Xiao, 2018). On August 1, 2012,
the strictest regulation yet for antimicrobial stewardship in China
was formally taken into effect, which clearly defined all aspects of
antibiotic use in health-care institutions (Xiao and Li, 2013). To
ensure sustainable progress towards antibiotics’ rational use, China
also launched its National Action Plan to Curve Antimicrobial
Resistance (2016–2020) in 2016. The critical intervention of the
action plan for health-care institutions, including 1) to standardize
management of the use of antibacterial agents; 2) to optimize the
AMR surveillance network in clinics; 3) to enhance the training of
professional personnel in the rational use of antibiotics and AMR
(National Health and Family Plan Commission of China, 2016;
Xiao and Li, 2016).

Although there have been many studies of antibiotic use
worldwide, a few studies were multicenter based on
continuous data, especially in China. Furthermore, only a few
studies on antibiotic prescribing patterns in health-care
institutions have been conducted in China, using national or

provincial data. Of these, two studies surveys focused on
antibiotic prescribing patterns in primary health-care
institutions before 2012 (Dong et al., 2008; Wang et al., 2014);
one analyzed antibiotic use in specialized hospitals during
2011–12 (Zou et al., 2014), and two focused on antibiotic
prescribing and costs in secondary and tertiary health-care
institutions before 2016 (Bao et al., 2015; Li et al., 2019). Bao
et al. conducted a comparative analysis of antimicrobial use in 65
general public hospitals in China, which found that the National
Action Plan for antibiotic stewardship targeting antibiotic misuse
had a positive effect in reducing antibiotic consumption and
expenditure (Bao et al., 2015). A study based on the Center for
Antibacterial Surveillance also demonstrated a significant
downward trend in antibiotic use in general hospitals in two
provinces of China after implementing restriction. The policy
intervention might optimize the use of the antibiotic (Li et al.,
2019).

None of these studies conducted a comparative analysis of
antibiotic use after implementing the strictest regulation in 2016.
Further research is required to identify the effectiveness of policy
interventions in China. Former studies demonstrated that most of
the antibiotics were procured and consumed by secondary and
tertiary hospitals, especially in tertiary hospitals (Lin et al., 2016;
Yin et al., 2018). Besides, a few studies focused on comparable
antibiotic use data at a population level in tertiary hospitals. Thus,
based on the retrospective data from 89 tertiary hospitals in nine
cities in China during 2016–2019. We focused on identifying the
trends in antibiotics utilization and patients costs, evaluating
the effect of the policy and exploring factors associated with the
irrational use of antibiotics. We expected that this study’s findings
could provide a basis for future antibiotic stewardship by policy-
makers and health-care institutions.

METHODS

Data Sources
A convenient sampling method was used in this study included
89 tertiary hospitals in China. Information pertaining to the use
of antibiotics, including sample city, patient characteristic
(gender and age), visit time, type of care (Outpatient/
Emergency/Inpatient), clinical department, the number of all
Outpatient/Emergency prescriptions or inpatient records with
antibiotics, prescribed antibiotics (dosage form, strength,
packaging specifications, pharmaceutical manufacturer, and
cost) and additional information (the number of all
prescriptions/records on each day of sampling, the cost of all
pharmaceuticals on each day of sampling) was gathered from the
Cooperation Project Database of Hospital Prescriptions
(CPDHP). The CPDHP is an extensive database with medicine
records procurement covering public tertiary hospitals in nine
cities, China (including Beijing, Chengdu, Guangzhou,
Hangzhou, Harbin, Shanghai, Shenyang, Tianjin and
Zhengzhou). 44.44% of cities total gross domestic product
(GDP) was over 15 ten thousand RMB (∼21.8 thousand USD)
in 2019, and 33.33% was below 10 ten thousand RMB (∼14.5
thousand USD). A total of 89 tertiary hospitals were included in
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the current study. Beijing accounted for the largest number of
survey hospitals (13 out of 89), and Tianjing was the lowest (6 of
89). The value of Gross Domestic Product varied among the
different survey cities, which was highest in Beijing (16.40 ten
thousand yuan in 2019) and lowest in Harbin (5.52 ten thousand
yuan in 2019). We included the clinical data from the first quarter
of 2016 (2016Q1) to the fourth quarter of 2019 (2019Q4). A
random sample of 10-days outpatient and emergency
prescriptions and inpatient records quarterly in 89 sample
tertiary hospitals in nine cities, 2016–19, were aggregated and
standardized by engineers for research and decision-making. The
events without complete information were excluded, as well as
prescription/records without antibiotics (Figure 1).

All antibiotics prescribed were coded using Anatomical
Therapeutic Chemical (ATC) classification system, which was
divided into subgroups: Tetracyclines (J01A); β-lactam
antibacterials, penicillins (J01C); Other β-lactam antibacterials
(J01D); Macrolides, lincosamide and streptogramins (J01F);
Quinolone antibacterials (J01M); Other antibiotics in J01; and
antimycotics for systemic use (J02A). According to the guidelines
for clinical governance, the antibiotics were categorized into three
categories: non-restricted, restricted and controlled antibiotics. In
the current study, we focused on systemic agents per oral or
parenteral administration route and did not include topical
agents such as skin creams, ophthalmic ointments, etc.

Indicators and Definitions
The significant indicators were selected in accordance with the
standardized method of rational drug use developed by theWHO

and International Network (WHO, 1993). Antibiotics prescribing
was analyzed using seven indicators as follows:

1)Proportion of treated with antibiotics � numbers of
prescriptions or records that included at least one
antibiotic/total numbers of prescriptions or records × 100%;
2)Proportion of prescribed with muti-antibiotics � numbers of
prescriptions or records that included greater than or equal to
two antibiotics with different ATC codes/numbers of
prescriptions or records that included at least one antibiotic
× 100%;
3)Proportion of prescribed with parenteral antibiotics
� numbers of prescriptions or records that included at least
one injection/numbers of prescriptions or records that
included at least one antibiotic × 100%;
4)Average drugs expenditure per visit � total drug
expenditure/numbers of prescriptions or records;
5)Average antibiotics expenditure per visit � antibiotic
expenditure/numbers of prescriptions or records that
included at least one antibiotic;
6)Proportion of antibiotics expenditure � antibiotic
expenditure/total drug expenditure;
7)Defined daily doses (DDDs) of antibiotics � total volume
of medicine consumed (i)/DDDi (DDDi is a unit of measure
that refers to the average maintenance dosage of each
medicine used for its main indication in adults daily, which
was obtained from the WHO DDD index web page)
(The WHO Collaborating Centre for Drug Statistics
Methodology, 2019).

FIGURE 1 | Flow diagram showing the process of selecting prescriptions and records with antibiotics based on the Cooperation Project Database of Hospital
Prescriptions.
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Statistical Analysis
The quantitative data were analyzed by mean value each
quarter to assess trends in the overall number or rate of
indicators during the study period. We used the Cochran-
Armitage trend test was used to examine the trend of
categorical variables over time and linear regression analysis
was applied to test the trend of continuous variables
over time. The Cochran-Armitage test emphasizes the
dichotomous data of occurrence, which can be applied to
evaluate the trend in the rates such as disease incidence,
symptom Occurrence and etc (Bieler and Williams, 1993;
Wang et al., 2017). Besides, the test was performed in
one survey focused on the trend in antibiotics prescription
rates in general hospitals in two provinces of China (Li
et al., 2019). In this study, one of the classified variables is
whether a prescription contained antibiotics or not, and the
other variable is quarter. R 4.0.4 and IBM SPSS (version 22.0;
Chicago, IL, United States) was used to perform the above
analysis, and the p-value <0.05 was considered statistically
significant.

RESULTS

General Information of the Sampled
Prescriptions/Records With Antibiotics
In the nine cities selected, we collected all 89 public hospitals
prescribing data for 4 years consecutively. A total of 5,601,377
outpatient prescriptions, 1,527,034 emergency prescriptions and
6,402,287 inpatient records included at least one antibiotic were
obtained in the current study. Among them, 50.74% were male
patients, and 49.26% were female patients. Among 13, 530, 698
sample data, 35.06% were patients between the age of 18 and
49 years old. Internal medicine (24.15%) and Surgery (23.09%)
were the top two clinical departments where patients received
prescriptions containing antibiotics. The details of the annual
data are shown in Table 1.

Overall Pharmaceuticals Consumption
Trends in the usage of pharmaceuticals are shown in Figure 2
and Figure 3. The average amount of all drugs prescriptions
for outpatients was 251.43 ten thousand, and it increased

TABLE 1 | Patient-related associated with antibiotic prescribing in health-care institutions in nine cities, 2016–19.

Characteristics 2016 2017 2018 2019

Total antibiotic-containing prescriptions(n) 3,162,377 3,315,731 3,411,229 3,641,361
Patient gender — — — —

Male 1,602,436 (50.67) 1,681,661 (50.72) 1,735,374 (50.87) 1,846,230 (50.70)
Female 1,559,941 (49.33) 1,634,070 (49.28) 1,675,855 (49.13) 1,795,131 (49.30)
Patient age — — — —

<5 years 251,576 (7.96) 264,135 (7.97) 263,248 (7.72) 278,383 (7.65)
5–17 years 213,394 (6.75) 223,776 (6.75) 221,732 (6.50) 265,223 (7.28)
18–49 years 1,121,451 (35.46) 1,161,607 (35.03) 1,193,072 (34.97) 1,267,680 (34.81)
50–64 years 725,602 (22.94) 753,637 (22.73) 784,684 (23.00) 819,011 (22.49)
≥65 years 850,354 (26.89) 912,576 (27.52) 948,493 (27.81) 1,011,064 (27.77)
Care type — — — —

Outpatient 1,347,105 (42.60) 1,358,617 (40.97) 1,395,468 (40.91) 1,500,187 (41.20)
Emergency 318,918 (10.08) 368,358 (11.11) 392,639 (11.51) 447,119 (12.28)
Inpatient 1,496,354 (47.32) 1,588,756 (47.92) 1,623,122 (47.58) 1,694,055 (46.52)
Clinical department — — — —

Emergency internal medicine 263,085 (8.32) 307,436 (9.27) 329,825 (9.67) 374,524 (10.29)
Emergency surgery 55,833 (1.77) 60,922 (1.84) 62,814 (1.84) 72,595 (1.99)
Internal medicine 787,401 (24.90) 800,498 (24.14) 819,174 (24.01) 860,962 (23.64)
Surgery 731,658 (23.14) 768,100 (23.17) 795,327 (23.31) 829,376 (22.78)
Stomatology 100,235 (3.17) 111,921 (3.38) 113,132 (3.32) 117,115 (3.22)
Respiratory medicine 347,636 (10.99) 356,565 (10.75) 372,205 (10.91) 391,078 (10.74)
Infectious disease 81,314 (2.57) 93,313 (2.81) 96,588 (2.83) 112,126 (3.08)
Obstetrics and gynecology 212,919 (6.73) 216,299 (6.52) 211,487 (6.20) 210,909 (5.79)
Pediatrics 365,991 (11.57) 383,804 (11.58) 380,064 (11.14) 431,723 (11.86)
ICU 56,938 (1.80) 59,688 (1.80) 61,880 (1.81) 65,569 (1.80)
Other 159,367 (5.04) 157,185 (4.74) 168,733 (4.95) 175,384 (4.82)
Survey region — — — —

Beijing 380,342 (12.03) 375,927 (11.34) 380,944 (11.17) 398,830 (10.95)
Chengdu 517,728 (16.37) 530,832 (16.01) 515,394 (15.11) 533,951 (14.66)
Shenyang 194,648 (6.16) 199,419 (6.01) 205,098 (6.01) 213,693 (5.87)
Tianjin 199,067 (6.29) 233,805 (7.05) 250,094 (7.33) 269,587 (7.40)
Zhengzhou 194,049 (6.14) 204,359 (6.16) 218,265 (6.40) 230,066 (6.32)
Guangzhou 570,311 (18.03) 579,717 (17.48) 604,075 (17.71) 659,371 (18.11)
Hangzhou 430,645 (13.62) 467,655 (14.10) 519,215 (15.22) 566,629 (15.56)
Harbin 182,713 (5.78) 190,673 (5.75) 179,559 (5.26) 200,107 (5.50)
Shanghai 492,874 (15.59) 533,344 (16.09) 538,585 (15.79) 569,127 (15.63)

Unless otherwise indicated, values shown are n(%).
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significantly throughout the study period (p < 0.01); the average
amount of prescriptions containing antibiotics was 35.01 ten
thousand, and it increased significantly throughout the study

period (p < 0.05). In contrast, the average proportion of treated
with antibiotics and proportion of prescribed with muti-
antibiotics for outpatients was 13.92 and 12.21%, respectively,

FIGURE 2 | (A) Changes in prescriptions of drugs in Outpatients, 2016–19. (B) Changes in prescriptions of drugs in Emergency, 2016–19. (C) Changes in
prescriptions of drugs in Inpatients, 2016–19.
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which dropped from 2016Q1 to 2019Q4 (p < 0.01). The average
amount of all drugs prescriptions for patients of emergency
department was 22.39 ten thousand, and it increased

significantly throughout the study period (p < 0.01); the
average amount of prescriptions containing antibiotics was
9.54 ten thousand, and it increased significantly throughout

FIGURE 3 | (A)Changes in antibiotics prescribing rates in Outpatients, 2016–19. (B)Changes in antibiotics prescribing rates in Emergency, 2016–19. (C)Changes
in antibiotics prescribing rates in Inpatients, 2016–19.
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the study period (p < 0.01). The average proportion of treated
with antibiotics and proportion of prescribed with parenteral
antibiotics in emergency department was 42.44 and 70.50%,
respectively, which increased from 2016Q1 to 2019Q4 (p <
0.01). For inpatients, the number of all drugs records was
163.24 ten thousand on average, with no significant changes
during the study period (p � 0.14); the average amount of records
containing antibiotics was 40.98 ten thousand, and it increased
significantly throughout the study period (p < 0.01). The

proportion of treated with antibiotics was 25.19% on average,
showing significant uptrend over the 16 quarters (p < 0.01).
Figure 4 shows the changes in antibiotics expenditure. As for the
expenditure of the drugs, the cost of antibiotics for outpatients
increased from 201.91 yuan to 216.11 yuan (p < 0.01), and
the proportion of antibiotics cost dropped from 5.79 to 4.45%
(p < 0.05); but there was no significant change in the cost of all
drugs (p � 0.31). The cost of all drugs in emergency departments
increased from 201.91 yuan to 216.11 yuan (p < 0.05), and the
cost of antibiotics cost in dropped from 187.18 yuan to 172.56
yuan (p < 0.01); but there was no significant change in the
proportion of antibiotics cost (p � 0.31). For inpatients, the
cost of antibiotics showed a linear downward trend over time,
with a decrease of 30.09 yuan (p < 0.01), but no significant change
was observed in the cost of all drugs (p � 0.14) and the proportion
of antibiotics cost (p � 0.75).

Antibiotics Prescribing Patterns
Table 2 shows the quarterly trend in the proportion of antibiotics
from 2016 to 2019 in different clinical departments. For
outpatients, the proportion of treated with antibiotics in
Infectious disease (p < 0.01) and Other (p < 0.01) increased
over time; the proportion of treated with antibiotics in Obstetrics
and gynecology (p < 0.01), Respiratory medicine (p < 0.01),
Stomatology (p < 0.01), Internal medicine (p < 0.01) and Surgery
(p < 0.01) were opposite. For patients in emergency departments,
there was an uptrend in the proportion of treated with antibiotics
in the Emergency internal medicine (p < 0.01) and Emergency
surgery (p < 0.01). For inpatients, the proportion of treated with
antibiotics in the Pediatrics (p < 0.01), Obstetrics and gynecology
(p < 0.01), Infectious disease (p < 0.01), Respiratory medicine
(p < 0.01), Stomatology (p < 0.01), Internal medicine (p < 0.01),
Surgery (p < 0.01), ICU (p < 0.01) and Other (p < 0.01) increased
from 2016Q1 to 2019Q4. In terms of the muti-antibiotics usage,
the percentage in Internal medicine (p < 0.01) for outpatients
increased from 2016Q1 to 2019Q4, which in contrast to the
percentage in Pediatrics (p < 0.01), Infectious disease (p < 0.01),
Respiratory medicine (p < 0.01), Surgery (p < 0.01) and Other
(p < 0.01). For patients in emergency departments, there was an
uptrend in the proportion of muti-antibiotics in the Emergency
internal medicine (p < 0.01), but the proportion of muti-
antibiotics in Emergency surgery was opposite (p < 0.01). For
inpatients, the proportion of prescribed with muti-antibiotics in
the Pediatrics (p < 0.01), Obstetrics and gynecology (p < 0.01),
Respiratory medicine (p < 0.01), Internal medicine (p < 0.01),
ICU (p < 0.01) and Other (p < 0.01) increased over time, but the
proportion of prescribed with muti-antibiotics in Surgery
(p < 0.01) was opposite (Table 3). In terms of the parenteral
antibiotics usage, the percentage in Pediatrics (p < 0.01),
Obstetrics and gynecology (p < 0.01), Respiratory medicine
(p < 0.01), Internal medicine (p < 0.01) and Surgery (p < 0.01)
for outpatients dropped from 2016Q1 to 2019Q4. For patients in
emergency departments, there was an uptrend in the proportion of
prescribed with parenteral antibiotics in the Emergency internal
medicine (p < 0.01) and Emergency surgery (p < 0.01). For
inpatients, the proportion of prescribed with parenteral
antibiotics in Obstetrics and gynecology (p < 0.01) increased

FIGURE 4 | (A) Changes in antibiotics expenditure in Outpatients,
2016–19. (B) Changes in antibiotics expenditure in Emergency, 2016–19. (C)
Changes in antibiotics expenditure in Inpatients, 2016–19.
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TABLE 2 | Changes in proportion of treated with antibiotics in different clinical departments, 2016–19.

Care type Clinical department 16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Pediatrics 45.96 46.08 41.8 48.97 44.58 46.92 42 47.67 43.16 47.26 42.17 47.81 44.14 46.52 43.41 46.47 −1.511
Obstetrics and gynecology 23.25 22.47 22.21 22.34 22.82 22.64 22.46 22.37 22.2 22.35 21.8 21.26 21.37 21.35 20.85 20.77 −11.717**
Infectious disease 21.22 18.87 20.4 16.81 20.24 20.13 24.79 18.7 24.68 19.21 20.91 17.84 26.53 22.31 23.18 19.66 10.493**
Respiratory medicine 52.29 49.26 46.22 48.18 50.24 48.31 44.48 45.99 49.47 45.19 42.36 45.86 50.29 46.87 43.23 45.21 −19.759**
Stomatology 53.64 52.74 53.32 54 53.16 51.93 52.51 52.67 53.76 52.35 51.43 49.76 49.65 50.68 49.35 48.96 −13.615**
Internal medicine 6.12 5.85 5.8 5.75 5.55 5.37 5.82 5.56 5.7 5.27 5.51 5.39 5.83 5.4 5.51 5.42 −16.503**
Surgery 24.58 24.58 24.55 23.72 23.76 23.9 23.72 22.5 22.1 21.99 22.14 21.39 21.4 21 21 20.67 −37.848**
Other 8.92 8.42 8.51 8.86 8.18 8.15 8.95 9 10.54 9.56 9.31 9.56 11.01 9.43 8.66 9.49 16.714**

Emergency prescriptions
Emergency internal medicine 40.45 38.6 40.08 39.41 43.87 42.71 44.5 41.78 46.58 43.75 42.54 42.83 49.28 45.59 44.18 42.92 33.050**
Emergency surgery 34.11 35.81 38.61 36.66 35.39 37.66 36.89 37.02 37.77 37.91 37.41 44.62 47.53 45.62 44.98 46.29 33.521**

Inpatient records
Pediatrics 39.39 39.5 38.05 43.01 41.36 40.9 38.94 41.42 39.74 41.4 39.96 52.47 51.01 52.4 49.56 51.46 47.203**
Obstetrics and gynecology 36.28 36.55 36.32 37.06 36.17 36.42 36.14 36.27 35.51 36.35 35.94 41.11 41.11 41.29 40.58 39.74 18.951**
Infectious disease 35.27 34.97 34.91 33.7 36.16 36.26 37.8 36.45 38.08 36.22 36.77 39.02 42.25 43.3 42.7 40.54 20.799**
Respiratory medicine 52.49 52.34 52.69 54.33 54.96 53.31 52.45 51.43 52.91 52.12 52.74 60.11 61.32 59.27 58.58 57.73 28.821**
Stomatology 45.82 44.76 49.58 49.61 50.74 51.36 54.7 51.8 52.28 52.4 56.83 63.4 64.98 64.86 65.47 61.51 24.124**
Internal medicine 15.53 14.45 14.81 14.84 15.11 14.38 14.63 14.16 15.79 14.15 14.95 16.22 17.82 16.39 16.56 16.19 34.522**
Surgery 30.89 30.95 31.8 32.13 31.39 31.22 32.14 31.04 32.28 32.76 34.23 38.61 39.08 38.81 39.04 38.03 84.067**
ICU 27.41 26.83 27.77 28.88 28.01 30.29 31.45 30.42 31.35 30.42 31.15 36.02 38.93 36.96 36.48 35.11 36.336**
Other 12.95 11.6 12.03 12.16 12.89 11.98 12.29 12.17 13.78 11.84 12.37 16.11 18.97 16.41 16.03 16.01 37.138**

aThe Cochran-Armitage trend test was applied to calculate p values.
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TABLE 3 | Changes in proportion of prescribed with muti-antibiotics in different clinical departments, 2016–19.

Care type Clinical department 16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Pediatrics 6.15 5.94 5.76 6.33 6.25 5.78 5.23 5.39 5.56 5.33 4.98 5.78 5.92 5.92 5.98 5.33 -3.812**

Obstetrics and gynecology 13.23 12.51 12.62 13.53 14.18 14.54 14.92 15.41 14.78 15.05 15.17 13.93 12.75 12.22 12.98 12.88 -0.706
Infectious disease 15.37 17.74 13.78 13.89 15.15 17.4 16.21 16.34 13.35 13.79 13.93 14.81 12.14 13.95 14.7 15.02 -4.391**

Respiratory medicine 10.01 10.43 9.31 8.45 9.04 8.52 8.76 7.28 7.24 7.52 6.98 6.12 7.22 7.59 7.67 7.7 -16.134**

Stomatology 38.46 36.92 37.54 36.98 36.66 36.45 37.68 38.65 38.94 37.87 38.84 37.1 38.08 37.67 38.04 38.33 1.952
Internal medicine 14.75 15.94 15.66 16.51 15.89 15.78 15.94 16.64 14.63 16.35 17.55 18.25 16.63 17.59 18.76 19.64 19.379**

Surgery 7.48 7.58 7.38 7.28 6.59 6.99 7.1 6.16 6.1 6.65 7.12 6.31 6.15 5.88 6.19 5.86 -11.327**

Other 8.37 9.5 10.05 8 7.99 8.63 9.43 7.76 8.07 8.55 8.67 8.01 7.68 7.98 8.59 7.96 -3.945**

Emergency prescriptions
Emergency internal medicine 16.77 18.06 18.94 17.75 18.6 19.51 18.65 17.8 18.32 19.15 19.52 19.17 18.64 19.18 19.84 18.57 6.765**

Emergency surgery 23.86 23.57 22.93 23.94 26.56 25.23 23.43 22.42 23.3 24.77 23.4 23.64 22.86 23.32 22.32 21.66 -3.624**

Inpatient records
Pediatrics 17.71 17.57 19.1 19.37 18.09 17.6 17.55 18.45 16.94 17 19.34 21.13 19.52 19.28 21.37 19.9 7.345**

Obstetrics and gynecology 28.11 28.33 29.85 29.15 29.42 29.28 28.89 28.32 27.48 28.5 28.32 31.44 30.77 30.98 29.93 29.82 4.508**

Infectious disease 29.37 29.64 29.79 27.11 29.76 29.36 29.01 28.49 30.35 29.04 28.69 29.54 28.87 30.26 29.47 26.96 -0.788
Respiratory medicine 25.41 25.6 26.05 25.28 26.15 25.37 25.24 24.86 27.27 25.52 25.55 26.38 28.65 27.11 27.36 26.17 6.318**

Stomatology 25.98 30.1 25.9 27.54 28.25 29.37 25.61 29.21 26.55 27.49 26.22 30.71 30.73 29.46 26.23 26.39 0.6
Internal medicine 17.73 18.53 18.86 18.34 18.22 18.57 18.87 17.86 17.7 17.94 18.14 18.65 19.04 18.83 18.82 18.3 2.411*
Surgery 20.3 20.99 20.66 21.03 20.76 20.56 20.4 20.01 20 19.51 19.78 20.01 19.66 19.89 18.88 17.98 -13.240**

ICU 35.91 34.6 36.04 36.43 37.66 36.5 37 35.59 38.63 36.18 35.67 36.61 39.24 37.43 37.41 36.09 2.700**

Other 18.41 17.59 18.51 19.8 19.52 18.49 20.04 18.73 21.31 20.03 20.05 21.75 22.95 22.44 21.58 20.66 9.403**

aThe Cochran-Armitage trend test was applied to calculate p values.
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TABLE 4 | Changes in proportion of prescribed with parenteral antibiotics in different clinical departments, 2016–19.

Care type Clinical department 16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Pediatrics 39.84 35.91 34.03 39.21 38.12 35.35 34.52 36.5 35.66 31.8 30.59 35.31 35.01 30.91 31.04 34.15 -7.345**

Obstetrics and
gynecology

9.44 9.57 8.53 8.5 8.64 8.61 7.55 7.03 6.41 6.04 6.99 6.19 5.88 5.44 5.41 4.9 -4.508**

Infectious disease 45.83 43.17 43.49 41.06 47.15 45.69 48.07 46.94 42.85 40.44 41.28 41.72 39.51 38.11 40.6 42.3 -0.788
Respiratory medicine 17.78 14.25 13.61 13.2 14.38 11.76 11.6 9.48 10.08 7.77 7.16 7.33 8.21 7.47 6.16 5.61 -6.318**

Stomatology 10.11 9.98 10.35 9.27 9.74 10.8 10.96 10.55 10.57 11.98 12.61 12.2 11.28 12.63 12.21 12.19 0.6
Internal medicine 13.32 12.84 12.69 11.92 11.72 12.15 12.54 11.04 10.27 10.25 9.85 8.88 9.99 9.95 9.91 9.66 -2.411*
Surgery 13.86 14.06 14.19 12.69 11.76 11.83 11.59 9.87 8.39 9.24 9.53 7.94 8.05 8.54 9.12 8.12 -13.240**

Other 7.22 5.98 6.43 5.4 6.01 6.18 6.38 4.43 9.13 8.05 7.52 6.73 8.95 8.1 7.3 7.49 9.403**

Emergency prescriptions
Emergency internal medicine 67.47 65.63 68.43 67.8 69.91 68.04 68.82 67.85 69.05 68.13 69.93 68.94 69.16 68.88 70.85 70.83 11.738**

Emergency surgery 79.85 78.57 76.52 77.76 80.38 78.49 77.65 81.4 83.04 80.41 78.18 78.52 82.13 80.6 78.18 79.64 3.384**

Inpatient records
Pediatrics 95.15 94.76 94.82 95.33 95.59 95.65 95.62 95.64 95.62 95.48 95.58 95.86 95.39 95.3 94.79 95.05 0.398
Obstetrics and gynecology 91.68 91.62 91.73 92.82 91.73 91.57 92.05 92.07 93.09 92.86 92.62 92.57 92.29 92.85 92.35 91.86 3.258**

Infectious disease 91.1 91.19 91.42 91.56 91.77 91.36 90.7 91.3 90.66 89.91 89.08 88.8 89.24 90.05 89.61 89.61 -6.427**

Respiratory medicine 94.58 94.6 94.66 94.72 94.56 94.37 94.63 94.67 93.97 94.03 94.02 94.34 94.43 94.38 94.07 94.23 -3.244**

Stomatology 95.39 94.93 96.53 95.86 95.33 95.26 96.13 96.53 96.72 97.15 96.74 95.24 95.95 95.32 95.27 94.64 -0.804
Internal medicine 90.05 89.65 89.48 89.65 89.96 89.67 89.61 89.88 89.97 89.95 89.34 89.52 89.99 89.75 89.63 89.61 -0.762
Surgery 93.88 94.13 94.17 94.17 94.25 94.08 93.95 94.28 94.35 94.43 94.4 94.26 94.42 94.29 94 93.95 1.309
ICU 95.83 96.46 96.07 96.1 95.94 95.87 95.77 95.95 95.64 96.12 97.03 96.53 96.31 96.38 97.07 95.37 1.595
Other 89.82 89.21 89.88 90.03 90.15 89.29 90.07 89.63 88.86 88.25 88.37 88.32 89.16 87.78 88.21 88.36 -5.880**

aThe Cochran-Armitage trend test was applied to calculate p values.
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over time; the proportion of prescribed with parenteral antibiotics
in Infectious disease (p < 0.01), Respiratory medicine (p < 0.01),
and Other (p < 0.01) (Table 4).

As shown in Figure 5, we found that the proportion of treated
with antibiotics, the proportion fo prescribed with muti-
antibiotics and the proportion of prescribed with parenteral
antibiotics for male patients (p < 0.01) and female patients
(p < 0.01) in emergency departments increased significantly
from 2016Q1 to 2019Q4. There was the opposite change for
outpatients and inpatients among male patients and female
patients. As for the antibiotics use by age group, the overall
proportion of treated with antibiotics for patients 5–17 years age
(p < 0.01), 18–49 years age (p < 0.01), 50–64 years age (p < 0.01)
and ≥65 years age (p < 0.01) in outpatient departments decreased
over time. The overall proportion of treated with antibiotics for
patients <5 years age (p < 0.01), 18–49 years age (p < 0.01),
50–64 years age (p < 0.01) and ≥65 years age (p < 0.01) in
emergency departments showed an increasing trend over time,
which was similar with he overall proportion of treated with
antibiotics for all age group of patients in inpatient departments
(p < 0.01) (Table 5). The overall proportion of prescribed with
muti-antibiotics for patients 18–49 years age (p < 0.01) in
emergency departments showed an upward trend over time,
which was contrast to <5 years age (p < 0.01), 5–17 years age
(p < 0.01) and ≥65 years age (p < 0.01). The overall proportion
of prescribed with muti-antibiotics for patients <5 years age
(p < 0.01), 5–17 years age (p < 0.01) and 18–49 years age (p < 0.01)
in emergency departments increased over time. For outpatients,
the overall proportion of prescribed with muti-antibiotics for
patients 50–64 years age (p < 0.01) in emergency departments
showed an downward trend over time, which was contrast to
<5 years age (p < 0.01) and 5–17 years age (p < 0.01) (Table 6).
The overall proportion of prescribed with parenteral antibiotics

for all age groups of patients showed a downward trend over
time, which was contrast to patients in emergency departments.
No significant change was observed in the proportion of
prescribed with parenteral antibiotics among all age groups
in inpatient departments (Table 7).

Antibiotics Category Patterns
Figure 5 presents the quarterly average consumption of
antibiotics classes. The consumption amounts of Tetracyclines
(p < 0.01), β-lactam antibacterials, penicillins (p < 0.01),
Macrolides, lincosamide and streptogramins (p < 0.01),
Quinolone antibacterials (p < 0.01), Other antibiotics in J01
(p < 0.01), and Antimycotics for systemic use (p � 0.03)
increased each quarter over the study period. The
consumption amounts of restricted antibiotics (p < 0.01) and
non-restricted antibiotics (p < 0.01) increased over time
(Figure 6).

Figure 7 shows the proportion of antibiotics classes from 2016
to 2019. Other β-lactam antibacterials (1,663.03 ten thousand
DDD, 36.08%) far exceeded other antibiotics categories. Stablely
ranked first, followed by Macrolides, lincosamide and
streptogramins (965.74 ten thousand DDD, 20.95%),
Quinolone antibacterials (710.42 ten thousand DDD, 15.41%),
and β-lactam antibacterials, penicillins (497.01 ten thousand
DDD, 10.78%). In terms of individual medicines, the most
frequently used antibiotics were levofloxacin (J01MA12),
followed by clarithromycin (J01FA09), cefuroxime (J01DC02),
amoxicillin (J01CA04) and azithromycin (J01FA10). The
proportion of restricted antibiotics, non-restricted antibiotics
and controlled antibiotics was 50.00, 38.41 and 9.04%,
respectively (Table 8).

DISCUSSION

Based on the prescribing data from the CPDHP during 2016–19,
this multi-center study analyzed 3,422,710 outpatient and
emergency prescriptions and 26, 118, 436 inpatient records
from 89 tertiary hospitals in nine cities. Results showed that
the reasonable use of antibiotics in outpatient and emergency
departments was superior to inpatient departments. The overall
status of antibiotics use for inpatients in China rebounded during
2016–19 is noteworthy, showing a significant upward trend in
treating with antibiotics. A close association exists between AMR
and the amount of antibiotics used (Bell et al., 2014), which
indicates a severe need to promote antibiotic consumption.
Furthermore, the antibiotics use varied by different survey
areas, clinical departments, patient gender, patient age and
antibiotics categories.

Because the sampled 89 hospitals were from nine different
administrative provinces, there may be inter-drug supply
variation resulting from differences in various drug
procurement policy. However, the preliminary test in our
study demonstrated that there were no obvious differences in
antibiotics consumption and cost in nine cities. As a consequence,
differences in drug supply varieties, specifications and prices in
different cities may have slight influence on the results in this

FIGURE 5 | Changes in antibiotics use by ATC classification, 2016–19.
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TABLE 5 | Changes in proportion of treated with antibiotics by patient characteristics, 2016–19.

Care
type

Patient
characteristics

16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Patient gender
Male 14.82 14.21 13.35 14.50 13.85 13.92 13.79 14.62 14.32 13.65 13.02 13.84 14.85 13.96 13.02 13.81 -12.461**
Female 14.64 13.81 13.21 14.27 13.71 13.73 13.64 14.52 14.39 13.57 13.02 13.87 14.84 13.84 12.91 14.02 -5.881**
Patient age
<5 years 39.71 39.14 35.16 41.97 37.07 38.54 35.22 40.91 36.55 39.82 35.59 40.83 37.66 39.24 36.30 39.99 -0.633
5–17 years 36.85 36.43 27.86 41.43 34.20 37.80 28.13 40.81 34.09 35.46 27.12 38.93 35.25 37.08 28.25 38.70 -3.696**
18–49 years 18.18 17.19 17.01 17.12 17.33 17.00 17.37 17.14 18.00 16.88 16.64 16.77 18.27 17.02 16.46 16.72 -10.145**
50–64 years 10.27 9.74 9.57 9.66 9.79 9.52 9.73 9.50 10.37 9.21 9.25 9.15 10.34 9.33 9.03 9.06 -13.578**
≥65 years 8.53 7.79 7.63 7.85 8.01 7.64 7.81 7.80 8.49 7.46 7.29 7.31 8.39 7.43 7.07 7.26 -16.611**

Emergency prescriptions
Patient gender
Male 38.29 37.17 39.16 37.87 41.20 40.83 42.35 39.59 44.54 41.60 40.58 42.49 47.73 44.46 43.66 42.19 31.365**
Female 40.34 39.02 40.46 40.02 43.63 42.70 43.65 42.19 45.88 43.78 42.52 43.77 50.31 46.76 45.02 44.73 31.545**
Patient age
<5 years 31.38 36.05 30.63 34.01 34.01 36.59 33.94 36.49 28.24 33.83 30.40 32.14 38.18 39.54 40.08 32.22 2.625**
5–17 years 45.35 44.68 41.79 46.33 47.28 44.73 40.89 46.56 43.19 43.21 37.88 43.70 45.98 45.52 44.17 45.55 -0.421
18–49 years 45.43 44.04 45.51 45.47 47.81 46.95 47.67 46.46 50.63 47.89 47.12 49.54 54.06 50.86 50.05 50.24 27.829**
50–64 years 35.34 33.63 35.61 34.36 37.93 37.66 39.86 36.77 42.49 38.62 37.65 39.07 46.33 42.26 40.29 39.54 23.703**
≥65 years 34.83 32.58 35.11 34.00 39.35 38.01 39.66 36.71 42.44 39.60 38.35 39.38 45.66 41.26 39.89 38.60 26.900**

Inpatient records
Patient gender
Male 23.90 23.20 23.73 24.16 24.02 23.46 23.92 23.29 24.64 23.67 24.73 28.14 29.54 28.24 28.18 27.69 83.270**
Female 23.73 22.82 23.30 23.83 23.78 22.91 23.17 22.77 24.22 23.08 23.77 26.95 28.35 27.03 26.96 26.72 63.077**
Patient age
<5 years 39.36 38.58 37.61 41.81 40.70 40.06 38.95 40.93 40.48 41.85 40.00 48.44 47.41 48.01 44.91 47.51 31.012**
5–17 years 35.65 35.66 36.36 38.84 37.69 37.25 36.66 37.43 36.02 36.40 37.58 47.15 46.75 48.41 44.78 46.46 32.678**
18–49 years 26.08 26.31 26.20 27.16 26.23 26.17 26.59 25.98 26.27 26.46 27.25 30.98 31.62 31.07 31.12 30.36 54.780**
50–64 years 20.82 20.27 21.02 21.06 20.76 20.50 20.71 20.18 21.21 20.82 21.84 23.98 24.84 24.03 24.27 23.70 14.132**
≥65 years 22.58 21.02 21.53 21.74 22.58 21.26 21.59 21.01 23.72 21.37 22.09 25.38 28.04 25.85 25.56 25.28 65.867**

aThe Cochran-Armitage trend test was applied to calculate p values.
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TABLE 6 | Changes in proportion of prescribed with muti-antibiotics by patient characteristics, 2016–19. prescribed with parenteral antibiotics (c).

Care
type

Patient
characteristics

16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Patient gender
Male 11.76 12.07 12.30 11.74 11.84 11.78 12.47 11.12 11.12 11.70 12.46 11.53 11.45 11.83 12.56 11.89 -0.088
Female 12.00 12.60 12.77 12.18 12.46 12.39 13.10 12.05 11.54 12.24 13.14 12.04 11.40 11.95 13.23 12.21 -1.651
Patient age
<5 years 5.67 5.74 5.21 5.96 5.70 5.12 4.55 5.03 5.15 5.05 4.35 5.25 5.49 5.27 5.29 4.82 -4.037**

5–17 years 6.69 6.34 6.14 6.60 6.81 6.51 6.19 6.13 5.89 5.72 5.69 6.29 6.12 6.37 6.28 5.81 -3.273**

18–49 years 13.90 14.30 14.60 14.49 14.21 14.49 15.09 14.61 13.39 14.44 15.53 14.73 13.63 14.28 15.64 15.41 5.609**

50–64 years 14.44 15.29 14.80 14.83 14.68 14.58 15.34 14.42 13.27 14.71 15.28 14.26 13.36 14.70 15.56 15.36 -0.097
≥65 years 11.81 12.52 12.00 11.55 11.73 12.04 12.30 11.49 11.21 11.72 11.76 11.20 11.51 11.64 11.50 11.54 -3.263**

Emergency prescriptions
Patient gender
Male 18.68 19.62 20.28 19.43 20.63 21.03 20.34 19.27 20.03 20.79 20.60 20.43 20.14 20.46 20.38 19.59 2.110*
Female 17.09 18.52 19.13 18.16 18.89 19.94 18.57 17.97 17.94 19.38 19.84 19.45 18.39 19.26 20.20 18.61 4.162**

Patient age
<5 years 6.11 7.40 5.26 5.98 3.61 5.39 5.88 3.98 4.03 5.84 6.13 5.76 8.54 12.97 10.58 14.04 6.836**

5–17 years 9.94 12.02 13.13 9.77 10.62 12.07 11.95 10.22 11.01 12.03 13.19 11.88 12.57 13.86 14.43 11.58 3.285**

18–49 years 14.66 16.71 17.28 15.97 17.08 17.51 16.89 16.34 15.59 17.52 18.32 17.37 16.00 16.96 18.08 16.60 3.709**

50–64 years 18.55 20.11 21.38 20.54 21.05 22.25 20.40 20.52 19.43 21.40 20.74 21.36 20.03 20.59 20.84 19.60 0.098
≥65 years 24.43 25.49 25.05 24.80 25.02 26.84 25.07 23.67 24.67 25.64 24.88 25.49 24.64 25.58 24.84 23.81 -1.056

Inpatient records
Patient gender
Male 21.37 21.80 22.05 21.84 21.93 21.78 21.81 21.41 21.97 21.25 21.46 22.11 22.43 22.24 21.84 21.08 0.435
Female 21.23 21.81 22.23 22.13 22.00 21.71 21.81 21.07 21.17 21.04 21.30 22.40 22.59 22.21 21.89 20.99 0.143
Patient age
<5 years 15.40 15.26 15.84 15.78 14.98 14.84 15.07 15.30 14.69 14.84 16.25 17.32 16.37 16.43 17.70 16.70 5.425**

5–17 years 19.50 20.48 19.64 24.48 21.80 22.01 18.70 23.13 19.91 21.17 20.66 25.66 22.13 23.05 21.33 22.47 4.318**

18–49 years 22.39 23.04 23.31 23.64 23.36 23.42 22.97 23.09 22.59 22.51 22.58 23.87 23.90 23.58 22.71 22.44 -0.17
50–64 years 22.15 22.52 22.95 22.64 22.96 22.31 22.63 21.69 22.10 21.48 21.82 22.46 22.77 22.47 22.15 20.94 -4.258**

≥65 years 21.01 21.43 21.68 21.04 21.39 21.16 21.65 20.42 21.79 20.92 20.95 21.41 22.35 21.89 21.63 20.71 1.739

aThe Cochran-Armitage trend test was applied to calculate p values.
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TABLE 7 | Changes in proportion of prescribed with parenteral antibiotics by patient characteristics, 2016–19.

Care
type

Patient
characteristics

16Q1 16Q2 16Q3 16Q4 17Q1 17Q2 17Q3 17Q4 18Q1 18Q2 18Q3 18Q4 19Q1 19Q2 19Q3 19Q4 Za

Outpatient prescriptions
Patient gender
Male 20.97 19.01 17.68 19.79 18.53 18.43 17.93 18.67 16.80 16.15 14.97 16.52 16.73 16.04 15.29 16.99 -31.456**

Female 18.38 16.58 15.27 17.06 16.50 15.91 15.24 16.00 14.60 13.34 12.75 14.20 14.63 13.46 12.69 14.25 -35.986**

Patient age
<5 years 38.76 34.83 31.26 37.31 36.26 33.78 32.12 34.94 35.15 30.91 27.80 33.82 34.83 28.66 28.09 31.95 -19.134**

5–17 years 34.80 31.50 27.93 35.49 33.01 31.22 28.07 33.12 29.77 27.51 25.84 31.55 29.52 28.94 26.58 31.56 -12.961**

18–49 years 14.64 13.67 14.08 12.75 13.10 12.98 13.48 11.51 11.26 10.64 11.01 9.62 10.62 10.43 10.78 9.80 -38.410**

50–64 years 14.40 12.79 12.82 11.45 12.50 11.83 12.89 10.42 11.21 9.82 10.15 8.82 10.51 9.47 9.62 9.04 -27.070**

≥65 years 14.42 12.63 12.16 11.34 12.58 11.99 12.92 10.08 11.39 10.08 10.21 9.14 10.99 10.26 10.18 9.30 -20.658**

Emergency prescriptions
Patient gender
Male 69.95 68.54 70.49 70.03 71.80 70.12 70.68 70.47 71.62 70.95 71.52 70.98 71.67 71.49 72.66 73.24 9.238**

Female 68.87 67.47 69.48 68.94 71.04 69.54 69.97 69.98 70.13 69.38 71.31 70.17 70.35 70.11 71.68 71.44 7.607**

Patient age
<5 years 21.09 18.70 16.34 14.35 11.81 14.67 14.35 11.23 11.28 10.58 13.66 13.98 22.62 24.06 21.17 23.05 3.396**

5–17 years 41.14 39.20 42.00 38.02 38.92 39.17 41.74 37.66 39.88 37.20 40.82 38.29 40.58 41.65 43.16 43.48 2.299*
18–49 years 59.81 61.21 63.27 61.43 62.37 61.96 62.45 62.50 59.92 61.98 64.02 62.64 59.75 61.81 64.13 63.34 3.780**

50–64 years 74.88 75.03 75.41 76.99 77.77 76.61 76.19 78.26 76.56 77.58 77.22 77.81 77.53 78.49 77.87 78.01 5.910**

≥65 years 88.31 87.17 86.57 87.60 88.57 87.97 86.87 87.99 87.67 88.03 87.39 88.25 88.53 88.39 88.14 88.36 2.854**

Inpatient records
Patient gender
Male 92.74 92.82 92.84 93.02 93.01 92.87 92.75 93.13 92.93 92.95 92.80 92.88 92.96 92.88 92.66 92.67 -1.19
Female 92.25 92.08 92.09 92.38 92.35 92.06 92.22 92.28 92.27 92.44 92.16 92.21 92.34 92.27 92.04 91.95 -0.88
Patient age
<5 years 95.00 94.58 94.89 95.36 95.67 95.12 95.29 95.39 95.30 95.42 95.90 95.71 95.43 94.98 94.87 94.73 0.41
5–17 years 92.93 92.93 92.84 93.24 93.09 93.33 92.81 93.45 92.94 93.68 92.77 93.43 92.77 93.18 92.45 92.25 -1.343
18–49 years 91.94 92.04 92.08 92.33 92.15 91.95 92.05 92.16 92.26 92.37 92.14 91.98 91.97 92.01 91.88 91.61 -1.924
50–64 years 92.34 92.41 92.45 92.40 92.37 92.42 92.40 92.66 92.53 92.62 92.32 92.27 92.52 92.33 92.32 92.19 -0.88
≥65 years 92.64 92.52 92.53 92.74 92.85 92.49 92.52 92.71 92.54 92.54 92.45 92.60 92.84 92.80 92.47 92.58 0.105

aThe Cochran-Armitage trend test was applied to calculate p values.
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study. One possible reason is that most of the surveyed antibiotics
were included in the National Reimbursement Drug List (NRDL)
or Chinese National Essential Medicine List (NEML). The prices
and dosage forms or specifications of surveyed antibiotics are set
in a relatively uniform level. WHO recommended that the
proportion of treated with antibiotics should not be over 30%

(WHO, 2006). Except for emergency departments, the percentage
use of antibiotics in the current study (16.05% for outpatients,
25.19% for inpatients) was lower than this recommended level
and lower than in many other countries. For example, the average
proportion of prescribed antibiotics in some developing countries
was 40–50%. The proportion of prescribed antibiotics for
outpatients was 60–70% in some low-and-middle-income
countries such as Pakistan, Indonesia and Mozambique
(WHO, 2004; WHO, 2009).

The percentage of antibiotics use under effective control may
be related to a series of antimicrobial administration policies
adopted by the Chinese government. China has developed
Antimicrobial Stewardship Programs (ASPs) to promote
antibiotics use. It’s important to note that a part of the
provinces has implemented restrictions of antimicrobial use

FIGURE 6 | Changes in antibiotics use by different usage levels, 2016–19.

FIGURE 7 | Percentage of antibiotic classes used by ATC classification, 2016–19.

TABLE 8 | Percentage of antibiotic classes used by different usage levels,
2016–19.

Usage level DDDs (ten thousand) Usage ratio (%)

Restricted 2,304.87 50.00
Non-restricted 1770.74 38.41
Controlled 416.86 9.04
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for outpatient in recent years. Previous studies also revealed that
antimicrobial stewardship could reduce the consumption of
antibiotics (Hou et al., 2014; Uda et al., 2019; Walker et al., 2019).

Several issues are still noteworthy even though the use of
antibiotics in China has been controlled to some extent. First,
the average proportion of treated with antibiotics in Stomatology
was high (over 50%). More than one-third of dental patients
received antibiotic combination treatment, and the percentage
of prescribing parenteral antibiotics increased with time.
Second, the percentage of antibiotics used for adults
(>18 years) increased during the study period is noteworthy.
The percentage of prescribing parenteral antibiotics for
patients 5–17 years age and 18–49 years of age exceeded 50%.
This finding may be related to young children’s low immunity
and the pressure from patients who insist on antibiotics therapy.
As the primary breadwinners of a family, young people want to be
cured as fast as people in most cases when they fall ill (Lin et al.,
2016). Third, co-prescription of at least two antibiotics for
patients ≥65 years of age and in ICU may result from the
severity and complexity of those patients. Finally, this study
revealed that most categories of antibiotics use increased
with time.

The above finding suggests that nationwide education and
prescription control of antibiotics to treat common but not severe
infectious should be reinforced (Kim et al., 2019). In fact, different
antibiotic classification catalogs may have different influence on
the management of antibiotics use in health-care institutions.
Hence, a unitary classification of antibiotic is urgently needed to
make for easier administration. Besides, the medical decision-
making surrounding antibiotic use is very complex and the size
and types of medical care are varied, which can lead to the
flexibility of implementation of ASPs in Chinese urban
hospitals. Thus, the institutionalized ASPs should be
implemented at the hospital level to improve the utilization
of antibiotics. Individual hospitals should implement
ASPs, which reflects their environment. To design effective
interventions to improve antibiotics use, it is significant to
understand patients’ characteristics and obstacles for
antibiotics prescribing from physicians or hospitals
perspectives (Wang et al., 2016).

There are several limitations to our study. First, due to data
collection difficulties, we cannot link antibiotics records with
patients medical records or laboratory results. Second, primary
health-care institutions and secondary hospitals were not
considered in this study, which might not represent the
situation of antibiotics consumption comprehensively. Third,
our study mainly focused on the patterns of antibiotic use and
expenditure. Other factors that may influence our indicators were
not considered in the current study, which needed further
exploration. Despite these limitations, this study still revealed
crucial new information on antibiotics use and how these changes

in antibiotic consumption changed in tertiary hospitals from nine
cities, providing evidence for policy-makers to improve antibiotic
stewardship interventions.

CONCLUSION

In conclusion, this study found that the proportion of treated with
antibiotics meet the WHO standards, suggesting the ASP was
effective in China. This study also demonstrated that the
reasonable use of antibiotics in outpatient and emergency
departments was superior to inpatient departments. The
antibiotics use varied by different survey areas, clinical
departments, patient gender, patient age and antibiotics
categories. Further research is required to obtain more detailed
information on the inappropriate use of antibiotics in China. To
better facilitate proper antibiotics use, the next stage of policy
should focus on improving the appropriateness of antibiotics uses
at the individual level.
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Background: Acupuncture shows benefits for patients with melasma, although no

optimal number of sessions have been determined.

Methods: The prospective observational study was conducted in melasma patients

who were treated with acupuncture procedures two times a week and were evaluated

after the 5th and the 10th sessions of acupuncture, with a 1-week follow-up after the

last session. Participants Groups A and B received five and 10 acupuncture sessions,

respectively. Melasma was assessed by using the melanin index (MI), melasma area and

severity index (MASI), patient-reported improvement scores, and acupuncture-related

adverse events.

Results: Out of 113 participants, 67 received five sessions of acupuncture treatment

while 39 received 10 sessions. At 1 week after five sessions of acupuncture in Group

A, the mean MI decreased by 28.7 (95% CI −38.5 to −18.8, p < 0.001), whereas the

median MASI decreased by 3.4 (95% CI −6.9 to −1.2, p < 0.001) points. At 1 week

after ten sessions of acupuncture in Group B, the mean MI decreased by 31.3 (95% CI

−45 to −17.6, p < 0.001), whereas the median MASI decreased by 5.4 (95%CI −9.9 to

−3, p < 0.001) points. The first five sessions of acupuncture had a higher incremental

effect than the last five sessions, although there was no statistically significant difference.

Twenty-nine participants reported minor side effects. Group B had a risk ratio (RR) of

having adverse events 1.8 times (95% CI 1.0–3.4, p = 0.05) compared with Group A.

Conclusion: Short acupuncture regimens of 5–10 sessions in melasma seem to be

effective and practical with minor side effects.
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SUMMARY BOX

What is already known about this subject?

- Acupuncture has effectively improved melasma conditions at
low cost with minimal side effects.

- Traditionally, one acupuncture course comprises 10 sessions
for a chronic condition but dose-response evidence of
acupuncture for melasma has been lacking.

- The number of acupuncture sessions performed in various
randomized controlled trials varied from 21 to 60 over 4–
16 weeks.

What are the new findings?

- Five sessions of acupuncture improved the melanin index
(MI) by 28.7 and melasma area and severity index (MASI) by
3.4 points.

- About 10 sessions of acupuncture improved MI by 31.3 and
MASI by 5.4 points, of which the improvement was mainly
from the first five sessions.

- Short acupuncture regimens of 5–10 sessions inmelasma seem
to be effective and practical with minor side effects.

Howmight it impact clinical practice in the foreseeable future?

- The dose-response study has not been common but could have
clinical and financial implications.

INTRODUCTION

Melasma is acquired hyperpigmentation characterized by
ill-defined light to dark brownish macules and patches,
typically affecting photo-exposed areas of the face (1–3). The
most commonly implicated etiological factors are chronic
ultraviolet exposure, female hormone stimulation, and genetic
predisposition (4–6). Its appearance negatively impacts the
quality of life, emotional wellbeing, and may even lead to
psychiatric consequences (7, 8).

In the last decade, there was a paradigm shift in the
pathophysiology of melasma which is now considered to be
a more complex interplay between epidermal and dermal
components including the proliferation of dermal vessels and
oxidative damage by reactive oxygen species (ROS) (4, 5). Apart
from conventional treatments such as hydroquinone, triple-
combination cream (hydroquinone, tretinoin, and fluocinolone
acetonide), and other bleaching agents, many new emerging
therapies which target vascular components such as tranexamic
acid or vascular targeting laser and light treatment (such as
pulsed dye laser and intense pulsed light) have shown benefits in
lightening the melasma area (9–12).

Acupuncture has shown benefits for patients with melasma.
The effective rate of acupuncture for melasma has been reported
to be around 87–96% (13–15). In Chinese medicine theory,
acupuncture can promote blood and qi circulation, reducing
blood stasis, rebalance and regulate various internal systems in
the body to promote the metabolism of epidermal cells, as well
as regulate several hormones and antioxidants thus improving
the melasma (13, 16, 17). Another randomized control trial
(RCT) found that after the acupuncture treatment for melasma,

blood estrogen level decreased while progesterone increased,
which corresponds to the association of increasing estrogen
and decreasing progesterone level in melasma patients (14).
Moreover, acupuncture for melasma has been shown to be
effective at low cost with minimal side effects which is beneficial
for this chronic recurrent skin disease. However, it requires
multiple frequent treatments, which can be inconvenient for
the patients. Traditionally, one course of acupuncture treatment
for a chronic disease consists of 10 sessions (18), but the
acupoints used and the optimal number of treatment sessions for
acupuncture for melasma have been inconclusive. Therefore, this
study aims to investigate and compare a short-fixed regimen of
acupuncture between 5 and 10 sessions by body acupuncture with
encircling and intralesional needling methods.

METHODS

Study Design and Population
This prospective observational cohort was conducted at the
Acupuncture Clinic, King Chulalongkorn Memorial Hospital,
Bangkok, Thailand, from September–December 2018. We
recruited all the melasma patients who came to the clinic
for acupuncture treatment and were willing to participate in
this observational study. We excluded participants who were
pregnant, had severe underlying disease or psychosis, had a
bleeding tendency, or had skin infections in the acupoints area.
All participants were directed to maintain their usual behavior,
such as using the same frequency and amount of sunscreen
protection or continuing to not use sunscreen regularly.

Acupuncture Procedure
All the patients were treated with fixed acupoints: encircling
the melasma area (Figures 1, 2), Fengchi (GB20), Hegu (LI4),
Xuehai (SP10), Jusanli (ST36), Sanyinjiao (SP6), and Taichong
(LR3). All acupoints were performed bilaterally except those
encircling the melasma area. The acupoints were carefully
selected from the literature review of standard teaching materials
in China (18) and those frequently used in previous studies
(13, 19). We used sterile disposable stainless steel needles
sized.25mm × 40mm (EACUtm, Maanshan Bond Medical
Instruments Co., Ltd., China). Acupuncture was done two
times a week by well-trained acupuncturists, licensed with
acupuncture Master degrees certified from China. The “De Qi”
sensation in every acupoint was mandatory, and the needles
were retained 30min each time. Only manual needle-stimulation
was used. The participants were evaluated at every fifth session
of acupuncture. Since this was an observational study, we used
the usual protocol used in our acupuncture clinic. If the first
five sessions of acupuncture did not yield satisfactory results
and the patients were willing to continue the treatment, we
continued the acupuncture treatment for five more sessions.
Therefore, participants were divided into two groups: Group A
received five acupuncture sessions and Group B received ten
acupuncture sessions.

Outcome Measurements
The participants were evaluated at the first visit, every five
sessions of acupuncture, and 1 week after their last session.
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The primary outcome was the change in the melanin index
(MI) measured by Mexameter R© MX 18 (Courage+Khazaka
electronic GmbH, Köln, Germany) on the melasma affected part
of the face. The MI was calculated as the average of a triplicate
measurement in the area where the melasma was darkest.

The secondary outcomes consisted of the change in the
melasma area and severity index (MASI), patient-reported
improvement scores, and related adverse events from
acupuncture. The MASI was developed by Kimbrough-Green
et al. (20) and assesses three factors—area (A) of involvement,
darkness (D), and homogeneity (H)—at four locations: the
forehead (f), right malar region (rm), left malar region (lm)
and chin (c). The MASI score can be calculated using the
following formula:

MASI score = 0.3Af(Df + Hf) + 0.3Arm(Drm + Hrm) +

0.3Alm(Dlm +Hlm)+ 0.1Ac(Dc +Hc)

FIGURE 1 | Encircle acupuncture of a facial melasma lesion.

The area of involvement is rated from 0 to 6 while the darkness
and homogeneity of pigmentation are rated from 0 to 4; thus, the
MASI score ranges from 0 (none) to 48 (severe melasma).

The subjective improvement scores were measured by
the 6-point Likert Scale, from−1 to +4 (-1, worsening;
0, no improvement; +1, slight improvement; +2, moderate
improvement; +3, marked improvement; +4, almost cured
or completely cured). The adverse events due to acupuncture
were recorded by interviewing the participants and physical
examinations by physicians each visit.

All participants were also photographed at every evaluation
visit. The MI, MASI, and satisfactory scores were evaluated by
the same evaluator who has been trained by a dermatologist.

Statistical Analysis
The baseline characteristics and data at each time point were
analyzed by descriptive statistics. The data after treatment
compared with the baseline in each group was analyzed by
using a Student’s paired t-test or Wilcoxon signed-rank tests as
appropriate. Linear regression was used to compare the results
between Group A and Group B after adjusting for unequal
baselines. Linear regression was also used to see if any baseline
factors are affecting the outcome. For Group B, a mixed model
with the subject as a random effect was used to compare the
result of the first five sessions (1st−5th) and the last five sessions
(6th−10th). Pairwise comparison between the first and last five
sessions was made using Scheffe’s Test. If the data did not meet
the assumptions to use the mixed model or linear regression,
the nonparametric test was used. The data were analyzed using
the Stata/MP 15.1 (StataCorp LLC, College Station, TX, USA)
software package.

Trial Registration
The study was registered on August 19, 2018, before recruiting
the first case, with the Thai Clinical Trials Registry, Identification
Number TCTR20180824002.

FIGURE 2 | Cross-sectional view of angle and direction of the encircle acupuncture.
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Ethics Approval
The study was approved by the Institutional Review Board
(IRB), Faculty of Medicine, Chulalongkorn University
(IRB No.544/2559). Each participant provided written
informed consent.

RESULTS

One hundred and thirteen melasma patients came for
acupuncture treatment during September–December 2018. The
baseline characteristics are shown in Table 1. The acupuncturists
finished the course of treatment after five sessions for 67
participants due to the significant improvement achieved.
The other 39 participants continued until 10 sessions. Seven
participants did not complete at least five sessions of acupuncture
and thus, were not evaluated.

Melanin Index (MI)
The average baseline MI for all the participants in the darkest
area was 298.9 (SD 79.7). Table 2 shows the baseline MI and
measurements at each time-point for Groups A and B.

In Group A, after the 5th session of acupuncture, the MI
decreased by 25 (95% CI −34 to −16.1, p < 0.001): from 287.4
(SD 64.8) to 262.3 (SD 62.5). At 1 week after completing five
sessions, the meanMI decreased by 28.7 (95% CI−38.5 to−18.8,
p < 0.001) to 258.7 (SD 61.4) from the baseline. In Group B, after
the fifth session of acupuncture, the MI decreased by 22.5 (95%
CI −35.5 to −9.5, p = 0.001): from 315.9 (SD 98.5) to 293.4 (SD
90.6). After the 10th session of acupuncture, the MI decreased
by 30.3 (95% CI −42.4 to −18.2, p < 0.001) to 285.6 (SD 94.7)
from the baseline. At 1 week after completing 10 sessions of
acupuncture, the mean MI decreased by 31.3 (95% CI −45 to
−17.6, p < 0.001) to 284.6 (SD 89.2) from the baseline.

Comparing the efficacy of the first five sessions (1st to 5th) to
the last five sessions (6th to 10th) in Group B, the MI decreased
by 22.5 (95%CI −35.5 to −9.5) and 7.8 (95% CI −20.5 to
4.8) respectively. However, there was no statistically significant

TABLE 1 | Characteristics of the participants.

Group A: Group B:

Five sessions of Ten sessions of

acupuncture treatment acupuncture treatment

(n = 67) (n = 39)

Female [n (%)] 64 (95.5) 37 (94.9)

Age [mean (SD)]

(years)

44.3 (9.7) 52.5 (9.7)

Duration of

melasma [mean

(SD)] (years)

7.4 (6.8) 8.3 (6.2)

Prior acupuncture

experience [n (%)]

18 (26.9) 13 (33.3)

Family history of

melasma [n (%)]

48 (71.6) 22 (56.4)

difference between these two periods (p-value from Scheffe’s
Test= 0.44).

From the linear regression analysis of the post-fifth-session
treatment outcomes, apart from the different baseline MI
between the groups, other factors including the duration of
melasma, prior acupuncture experience, and family history of
melasma did not affect the treatment outcome (see Appendix 1).

Between the two groups at 1-week follow-up post-treatment,
after adjusting for the unequal baseline, there was no significant
difference between the two groups (p = 0.67) (refer to
Appendix 2).

Melasma Area and Severity Index (MASI)
The baseline median MASI scores for the overall participants
were 6 (2.6, 11.4). Group B had a higher baselineMASI score than
Group A, as shown inTable 3with the details of theMASI at each
time point.

In Group A, after completing five sessions of acupuncture, the
median change of the MASI score was −2.9 (-5.3, −0.9) scores.
Moreover, at 1 week post-fifth session, the median change of the
MASI score compared with the baseline was −3.4 (−6.9, −1.2)
scores. In Group B, after completing five sessions of acupuncture,
themedian change of theMASI score was−3.3 (−6,−0.7) scores.
After completing 10 sessions of acupuncture, the median change
of the MASI score compared with the baseline was −5.1 (−8.9,
−2.5) scores. The median change of the MASI score between the
6th−10th sessions was −1.2 (−3, −0.6) scores. At 1 week after
completing 10 sessions of acupuncture, the median change of the
MASI score was−5.4 (−9.9,−3) scores.

Due to the non-normal distribution of the MASI scores, the
Wilcoxon rank-sum test was used to compare the change of the
MASI score between the two groups (p= 0.08).

The frequency distribution of patient-reported improvement
scores at each time point is shown in Table 4. After the full
treatment in both groups, 95.5% of Group A and 97.4% of Group
B felt markedly improved or cured.

Related Adverse Events From Acupuncture
There were no major adverse events. Of 106 participants,
29 (27.4%) participants reported minor side effects, wherein
14 (20.9%) participants were from group A and 15 (38.5%)
participants were from group B. Five patients reported two
symptoms: two had hematoma and pain, two had pain and
dizziness, and the last had headache and sweating. The other 24
participants had one discomfort symptom. Group B had a risk
ratio (RR) of having adverse events 1.8 times (95% CI 1–3.4, p
=0.05) compared with group A. All the participants were willing
to continue the treatment despite the adverse events.

DISCUSSION

Acupuncture has shown clinical benefits for melasma through
MI, MASI, and patient-reported improvement. Both the MI and
MASI scores of the groups showed significant improvement after
five sessions of acupuncture treatment. More than 95% of all the
participants subjectively reported marked improvement, which
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TABLE 2 | Mean melanin index (MI) at each evaluation visit.

Melanin index Group A (n = 67) p-value Group B (n = 39) p-value

mean (SD) mean (SD)

Baseline 287.4 (64.8) Reference 315.9 (98.5) Reference

After the 5th session 262.3 (62.5) < 0.001* 293.4 (90.6) 0.001*

One week after the 5th session 258.7 (61.4) < 0.001*

After the 10th session 285.6 (94.7) < 0.001*

One week after the 10th session 284.6 (89.2) < 0.001*

*p-value calculated using Student’s paired t-test.

TABLE 3 | Median melasma area and severity index (MASI) changes from baseline.

MASI Group A (n = 67) p-value Group B (n = 39) p-value

median (IQR) median (IQR)

Baseline 5.2 (2.4, 9.0) Reference 8.1 (4.8, 14.4) Reference

After the 5th session 1.5 (1.2, 3.0) < 0.001* 4.8 (1.8, 8.0) < 0.001*

One week after the 5th session 1.2 (0.6, 2.1) < 0.001*

After the 10th session 1.8 (1.2, 4.6) < 0.001*

One week after the 10th session 1.4 (1.1, 4.4) < 0.001*

*p-value from Wilcoxon signed-rank test.

Patient-Reported Melasma-Improvement.

TABLE 4 | Patient-reported improvement scores.

Satisfactory score Group A % Group B %

(n = 67) (n = 39)

n N

After the 5th session

Worsening - - - -

No improvement - - - -

Slight improvement - - 2 5.7

Moderate improvement 3 4.5 4 11.4

Marked improvement 23 34.3 9 25.7

Almost or completely cured 41 61.2 20 57.1

After the 10th session

Worsening - -

No improvement - -

Slight improvement - -

Moderate improvement 1 2.6

Marked improvement 7 18.0

Almost or completely cured 31 79.5

corroborates the high effective rate of acupuncture treatment for
melasma from other previous studies’ (13, 14).

The MASI and MI in our study were significantly reduced
in both Groups A and B by 3.4 and 5.4 points, respectively for
MASI, and 28.7 and 31.3, respectively for MI, at 1 week after the
last session, which suggested a significant clinical magnitude of
acupuncture in melasma. Recent systematic reviews and meta-
analyses of oral tranexamic acid, a novel effective melasma
therapy that modulates the vascular component of melasma

demonstrated a decrease in MASI (1.60–1.78 points) and MI
(0.69 points) (21, 22). Similarly, a meta-analysis of intense pulsed
light combination therapy ranged from one to six treatment
sessions in melasma reduced the MASI score only by 0.61
points (23). Furthermore, the two times per week interval
of acupuncture established the shorter course of treatment
compared with laser and light-based therapy. Our proposed short
regimen of acupuncture is perhaps a practical and worthwhile
treatment in melasma.

Since melasma is a chronic recurrent skin disease, the short

practical regimen of acupuncture has many positive clinical and
financial implications as in other chronic diseases. White et al.

(24) mentioned the adequate dosage for acupuncture, and some

meta-analysis studies proposed the adequacy criteria of at least

six acupuncture sessions for low back pain (25) and chronic knee
pain (26). Sangtin et al. applied a survival analysis technique

in their retrospective observational data and found that 50% of
stroke patients had significant improvement after eight sessions

of acupuncture and reached peak improvement by 16 sessions
(27). For melasma, a previous systematic review of 8 RCTs found
that the number of acupuncture sessions varied from 21 to 60
over 4–16 weeks (two to seven times weekly) (19). In real practice,
coming to the hospital multiple times per week for a long period
is not practical both for the patients and hospital staff. In our
study, the MI and MASI scores significantly decreased after 5–
10 sessions with more than 95% of patients reported markedly
improved or cured. Moreover, the first five sessions seem to have
more magnitude of improvement than the 6th−10th sessions,
although without statistically significant difference. Thus, given
our setting, our protocol of 5–10 sessions is more practical
than the protocol of other studies of >20 sessions (19), while
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still being effective with high patient satisfaction. The melasma
lesion initially assessed at the first visit was more severe than at
the subsequent sessions of the treatment. This might affect the
outcomes that are greater in the first five sessions compared with
the 6th−10th sessions. Moreover, the renewal of the epidermis
takes around 28 days which is the sum of the turnover time of
each compartment (28–30). Timing for the first five acupuncture
sessions is approximately equal to the shedding time of the upper
part of epidermis. This may result in the obvious improvement
after first five sessions.

We realized that from Chinese medicine theory, one of
the important basic theories is syndrome differentiation and
treatment according to each syndrome. However, we found that
our short fixed regimen of acupoints yielded effective results
for the majority of patients, also making the treatment easier to
train and perform. The treatment was likely effective because our
selected acupoint included encircling and intralesional melasma
area, resulting in a local increase of blood flow (31). This
correlates with the evidence from the findings of an RCT that
acupuncture can increase skin blood perfusion (31). Moreover,
a recent systematic review of melasma treatment targeting
vascular components by tranexamic acid and laser/light therapies
showed promising evidence (3, 9, 11). Apart from the blood
circulation and vascular component which are the recent target
treatment in melasma, the latest evidence revealed that melasma
is a photoaging disorder (5, 6) which is related to oxidative
damage by ROS (4). Antioxidant properties of acupuncture in
melasma also correlates with promising evidence for the use
of antioxidants to deal with melasma in modern medicine (13,
32). Apart from the local effects, acupoints in the rest of the
body acupoint—Fengchi (GB20), Hegu (LI4), Xuehai (SP10),
Jusanli (ST36), Sanyinjiao (SP6), and Taichong (LR3)—have
already been established to improve commonly seen syndromes
of melasma patients: liver-qi stagnation, spleen-deficiency, and
kidney-yin/yang-deficiency (17, 33).

In our study, the minor yet frequent adverse events of
acupuncture were pain and hematoma in the facial area.
Therefore, when conducting acupuncture on the facial area,
clinicians should apply pressure after taking off the needles for
a longer period. Higher sessions of treatment seemed to have a
higher rate of adverse events.

This observational study has several limitations. The data was

collected pragmatically, based on the clinical practice protocol

of our acupuncture clinic. The patients would receive at least

five sessions as the standard short regimen and could decide

whether they were willing to continue the treatment. Hence, our
study could not be generalized in terms of a direct comparison

of clinical efficacies between the two groups. However, the

findings from our observations could be suggestive of the dose-
response relationship of the acupuncture treatment for melasma.
Some factors including duration of melasma, prior acupuncture

experience, and family history of melasma did not affect the
clinical outcome of the treatment according to the regression
result. Also, this study had a relatively short follow-up time
so further research should be conducted to see how long the
effects last.

CONCLUSIONS

A short acupuncture regimen of 5–10 sessions in melasma seems
to be effective and practical with minor side effects.
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Several advanced therapy medicinal products (ATMPs) have been approved in the
European Union (EU). The aim of this study is to analyse the methodological features
of the clinical trials (CT) that supported the marketing authorization (MA) of the approved
ATMPs in the EU. A systematic review of the characteristics of pivotal CT of ATMPs
approved in the EU until January 31st, 2021 was carried out. A total of 17 ATMPs were
approved and 23 CT were conducted to support the MA (median, 1, range, 1–3). Of those
studies, 8 (34.78%) were non-controlled and 7 (30.43%) used historical controls. Only 7
(30.4%) were placebo or active-controlled studies. Among all CT, 21 (91.3%) were open-
label and 13 (56.52%) had a single-arm design. To evaluate the primary endpoint, 18
(78.26%) studies used an intermediate and single variable. The median (IQR) number of
patients enrolled in the studies was 75 (22–118). To date, ATMPs’ approval in the EU is
mainly supported by uncontrolled, single-arm pivotal CT. Although there is a trend toward
an adaptive or a life cycle approach, a switch to more robust clinical trial designs is
expected to better define the benefit and the therapeutic added value of ATMPs.

Keywords: drug development, drug approval, research design,methods, clinical trials, advanced therapies, cell- and
tissue-based therapy, genetic therapy

INTRODUCTION

Advanced therapy medicinal products (ATMPs) are a medicinal class that includes gene, cell and
tissue therapies. The success of ATMP development and the approval of these therapies in the
European Union (EU) has been crucial to the growth of clinical research during the last few years in
this field, particularly for gene therapy.

Multiple indications are being targeted, most of them being refractory and recurrent stages of
a disease that lacks effective therapeutic alternatives, and a significant proportion of them
affecting the paediatric population (Alamo et al., 2019). With the introduction of ATMPs that
can cover unmet needs and have the potential to cure life-threatening diseases, biological
therapies initiated a shift from traditional clinical development pathway to an accelerated and
highly product-specific one. The adaptive pathway concept and Priority Medicines scheme
(PRIME) were launched in the EU specifically to speed the access of products targeting a
significant unmet medical need. Several approved ATMPs were granted a PRIME designation
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and accelerated marketing authorisation application assessment
during their development, allowing early access to these
medicines (Iglesias-Lopez et al., 2021a).

Due to the type of target diseases, the inherent complexity of
these products, and their accelerated developments, less
comprehensive clinical data might be generated. These
characteristics may lead to uncertainties in the benefit/risk
profile for the product at the time of marketing authorization
(MA). The aim of this study is to further analyse the clinical
development of the current approved ATMPs’. Here, we
describe the methodological features of the clinical trials that
have driven ATMPs to their European approval and we
compare the gene therapy trials versus the cell and tissue
engineered trials.

METHODS

A systematic review of the pivotal trials’ features that supported
the MA of the ATMPs approved in the EU was carried out using
the following approach:

1) Search strategy: Data collection was primarily extracted from
European Public Assessment Reports on the European
Medicines Agency (EMA) website (www.ema.europa.eu).
The search was carried out until January 31st, 2021. In
addition, a search for the main clinical trials of the
approved ATMPs was conducted using ClinicalTrials.gov
database and the related publications.

2) Eligibility criteria: Only products classified as ATMPs
according to the EMA criteria (European Medicines
Agency, 2010; Iglesias-Lopez et al., 2019) and authorised
under centralised procedure in the EU have been
considered. Combined ATMPs class, i.e., ATMP combined
with a medical device, have been grouped according to the
main ATMP category: gene therapy medicinal product,
somatic cell therapy medicinal products or tissue
engineered products. Only those trials identified or
referenced as pivotal, and therefore, decisive for the MAA
were analysed.

3) Data extraction and collected variables: The authors
designed specific data extraction forms using Excel 2019
(Microsoft Corporation, Redmond, WA, United States) to
collect information. For each ATMP the following variables
were collected: type of ATMP, pharmacotherapeutic group,
ATC code, therapeutic area (according to MeSH terms),
diseases and other circumstances for its use (according to
chapter’s title from the international version of the ICD-
10), number of assessed clinical indications and pivotal
clinical trials conducted. For each pivotal clinical trial, the
following variables were selected: phase, design, type of
randomization, type of control, type of study blinding,
number of arms, participating centres, type of hypothesis
and primary endpoint, presence and type of health-related
quality of life (HRQoL) endpoints, presence of pre-
specified analysis, duration of the main phase of the
study, pivotal trial ongoing at the time of MAA, overall

number of patients that participated in the study (enrolled,
on intervention arm or control arm and safety set), age and
sex of population, existence or absence of previous
treatments, and geographic location of the pivotal trial.
To determine if the study was ongoing at the time of the
submission, the MAA submission date and the final data
collection date for the primary outcome measure of the
pivotal clinical trial were reviewed. Standard definitions of
analysis set were used to classify among intended to treat
(ITT), modified ITT (mITT) and per protocol set (PP)
following ICH (E9) and EMA guidelines (ICH, 1998b;
European Medicnes Agency, 2007). To assign the type of
hypothesis in the case of two variables being used to
evaluate the primary endpoint, the most robust variable
was selected, i.e., final versus surrogate variables.

4) Statistical analysis: Statistical analysis for categorical and
continuous variables was made using means of proportions,
mean, standard deviation (SD), median, quartiles 25 and 75
(Q25, Q75), and range (minimum and maximum). The
statistical analysis was performed using SAS® 9.4 (SAS
Institute Inc., Cary, NC, United States).

RESULTS

A total of 17 ATMPs have been approved in the EU (Table 1) and
23 main trials were conducted to support the MA for these
products (median, 1, range, 1–3). The ATMPs trials by disease
area, according to ICD-10 classification, included: neoplasms (7),
endocrine, nutritional and metabolic diseases (2), diseases of the
blood and blood-forming organs and certain disorders involving
the immune mechanism (2), diseases of the eye and adnexa (2),
diseases of the nervous system (1), diseases of the musculoskeletal
system and connective tissue (3), diseases of the digestive system
(1). In addition, there were 6 ATMPs for rare inherited disorders
and 6 for neoplasms in which 4 were indicated for haematological
malignancies and 2 for solid tumours. The detailed results of this
study are presented in Table 2 by type of ATMP, in Table 3 for
gene therapy studies and in Table 4 for cell and tissue therapy
studies.

Regarding the design of the studies, 13 (56.52%) were Phase 2/
3 and Phase 3 trials, 9 (39.13%) were Phase 1/2 or Phase 2 trials,
and 1 (4.35%) was a retrospective study. For all types of therapies,
8 (34.78%) trials were non-controlled, 7 (30.44%) where active- or
placebo-controlled, and 7 (30.43%) used an historical control as
comparator. Differences were observed between gene and non-
gene therapies (Supplementary Table S1 in Supplementary
material). Six (42.87%) gene therapy studies were non-
controlled and 6 (42.87%) used a historical control, whilst cell
and tissue therapies studies were mainly controlled (66.66%). A
total of 14 (60.87%) studies were not randomized. Similarly,
differences in the existence of randomization between gene
and non-gene therapies studies were also observed. Most of
the studies for gene products lacked randomisation (85.71%),
whereas this was present in 75% of the cell therapies studies and
80% of the tissue therapies studies. A total of 21 (91.30%) were
open-label studies; all gene and tissue therapy studies were open-

Frontiers in Pharmacology | www.frontiersin.org November 2021 | Volume 12 | Article 7737122

Iglesias-Lopez et al. Current Clinical Development of ATMPs

5455

http://www.ema.europa.eu/
http://ClinicalTrials.gov
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


label, and this was also the approach for 50% of cell products
trials. However, there is a difference in the blinding evaluation of
the relevant endpoints between gene and non-gene therapy

studies, as such evaluation is mostly absent in the case of gene
therapies (85.71%) but is present in the case of cell and tissue
engineered therapies (50% for cell therapy studies and 100%

TABLE 1 | Approved ATMPs in the European Union and therapeutic indication.

Trade name International non-proprietary name
(INN) or common name

Pharmacotherapeutic
group/ATC code

Therapeutic area
(MeSH)

Chapter’s title from
the international version

of the ICD-10

Gene therapy medicinal products

Kymriah® Tisagenlecleucel Antineoplastic agents/L01XX71 Precursor B-Cell
Lymphoblastic Leukemia-
Lymphoma

Neoplasms

Kymriah® Tisagenlecleucel Antineoplastic agents/L01XX71 Lymphoma, Large-B-cell,
Diffuse

Neoplasms

Yescarta® Axicabtagene ciloleucel Antineoplastic agents/L01XX70 Lymphoma, Large-B-cell,
Diffuse

Neoplasms

Tecartus® Autologous peripheral blood T cells CD4
and CD8 selected and CD3 and CD28
activated transduced with retroviral vector
expressing anti-CD19 CD28/CD3-zeta
chimeric antigen receptor and cultured

Antineoplastic agents/L01X Lymphoma, Mantle-Cell Neoplasms

Imlygic® Talimogene laherparepvec Antineoplastic agents/L01XX51 Melanoma Neoplasms
Glybera® Alipogene tiparvovec Lipid modifying agents/C10AX10 Hyperlipo-proteinemia

type I
Endocrine, nutritional and metabolic
diseases

Strimvelis® Autologous CD34 + enriched cell fraction
that contains CD34 + cells transduced
with retroviral vector that encodes for the
human ADA cDNA sequence

Immunostimulants/L03 Severe combined
immunodeficiency

Diseases of the blood and blood-
forming organs and certain disorders
involving the immune mechanism

Luxturna® Voretigene neparvovec Ophthalmologicals, other
ophthalmologicals/S01XA27

Leber congenital
amaurosis Retinitis
Pigmentosa

Diseases of the eye and adnexa

Zynteglo® Betibeglogene autotemcel Other haematological agents/
B06AX02

Beta-Thalassemia Diseases of the blood and blood-
forming organs and certain disorders
involving the immune mechanism

Zolgensma® Onasemnogene abeparvovec Other drugs for disorders of the
musculoskeletal system/M09AX09

Muscular Atrophy Spinal Diseases of the nervous system

Libmeldy® Atidarsagene autotemcel Other nervous system drugs/N07 Leukodystrophy,
Metachromatic

Endocrine, nutritional and metabolic
diseases

Somatic-cell therapy medicinal products

Provenge® Autologous peripheral-blood
mononuclear cells activated with prostatic
acid phosphatase granulocyte-
macrophage colony-stimulating factor
(Sipuleucel-T)

Other immunostimulants/L03AX17 Prostatic Neoplasms Neoplasms

Zalmoxis® Allogeneic T cells genetically modified with
a retroviral vector encoding for a truncated
form of the human low affinity nerve
growth factor receptor (ΔLNGFR) and the
herpes simplex I virus thymidine kinase
(HSV-TK Mut2)

Antineoplastic agents/L01 Hematopoietic Stem Cell
Transplantation

Neoplasms
Factors influencing health status and
contact with health servicesGraft vs Host disease

Alofisel® Darvadstrocel Immunosuppressants/L04 Rectal Fistula Diseases of the digestive system

Tissue-engineered medicinal products

Chondrocelect®
Characterised viable autologous cartilage
cells expanded ex vivo expressing specific
marker proteins/

Other drugs for disorders of the
musculoskeletal system/M09AX02

Cartilage Diseases Diseases of the musculoskeletal
system and connective tissue

MACI® Matrix-applied characterised autologous
cultured chondrocytes

Other drugs for disorders of the
musculoskeletal system/M09AX02

Fractures, Cartilage Diseases of the musculoskeletal
system and connective tissue

Spherox® Spheroids of human autologous matrix-
associated chondrocytes

Other drugs for disorders of the
musculoskeletal system/M09AX02

Cartilage Diseases Diseases of the musculoskeletal
system and connective tissue

Holoclar® Ex vivo expanded autologous human
corneal epithelial cells containing stem
cells

Ophthalmologicals/S01XA19 Stem Cell Corneal
Diseases

Diseases of the eye and adnexa
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TABLE 2 | Design features of pivotal clinical trials for the approved advanced therapy medicinal products in the European Union.

ATMP clinical development Gene therapy
medicinal products

Somatic cell
therapy medicinal

products

Tissue engineered
therapies

All types
of therapies

Number of products N 10 3 4 17

Number of indications per product Mean (SD) 1.10 (0.32) 1 (0) 1 (0) 1.06 (0.24)
Total number of pivotal trials and studies N 14 4 5 23
— Mean (SD) 1.27 (0.65) 1.33 (0.58) 1.25 (0.5) 1.28 (0.57)
— (min, Max) (1, 3) (1, 2) (1, 2) (1, 3)
Clinical trials — — — — —

Phase 1 N (%) 0 (0) 0 (0) 0 (0) 0 (0)
Phase 1/2 N (%) 4 (28.57) 1 (25) 0 (0) 5 (21.74)
Phase 2 N (%) 3 (21.43) 0 (0) 1 (20) 4 (17.39)
Phase 2/3 N (%) 3 (21.43) 0 (0) 0 (0) 3 (13.04)
Phase 3 N (%) 4 (28.57) 3 (75) 3 (60) 10 (43.48)

Observational retrospective studies N (%) 0 (0) 0 (0) 1 (20) 1 (4.35)
Randomization — — — — —

No N (%) 12 (85.71) 1 (25) 1 (20) 14 (60.87)
Yes 1:1 N (%) 0 (0) 1 (25) 4 (80) 5 (21.74)
Yes ≥2:1 N (%) 2 (14.29) 2 (50) 0 (0) 4 (17.39)

Control — — — — —

Not controlled N (%) 6 (42.87) 0 (0) 2 (40) 8 (34.78)
Placebo controlled N (%) 0 (0) 2 (50) 0 (0) 2 (8.70)
Active controlled N (%) 1 (7.14) 1 (25) 3 (60) 5 (21.74)
Historical control N (%) 6 (42.87) 1 (25) 0 (0) 7 (30.43)
Other N (%) 1 (7.14) 0 (0) 0 (0) 1 (4.35)

Blinding — — — — —

Open label N (%) 14 (100) 2 (50) 5 (100) 21 (91.30)
Single blind N (%) 0 (0) 0 (0) 0 (0) 0 (0)
Double blind N (%) 0 (0) 2 (50) 0 (0) 2 (8.70)

Blinding evaluation — — — — —

Yes N (%) 2 (14.28) 2 (50) 5 (100) 19 (82.61)
No N (%) 12 (85.71) 2 (50) 0 (0) 4 (17.39)

Multicentric — — — — —

No N (%) 4 (28.57) 0 (0) 0 (0) 4 (17.39)
Yes N (%) 10 (71.43) 4 (100) 5 (100) 19 (82.60)

Number of arms — — — — —

1 arm N (%) 11 (78.57) 1 (25) 1 (20) 13 (56.52)
2 arms N (%) 2 (14.29) 3 (75) 3 (60) 8 (34.78)
3 arms N (%) 1 (7.14) 0 (0) 1 (20) 2 (8.70)

Design — — — — —

Parallel groups N (%) 2 (14.29) 3 (75) 3 (60) 8 (34.78)
Single arm N (%) 11 (78.57) 1 (25) 1 (20) 13 (56.52)
Other N (%) 1 (7.14) 0 (0) 1 (20) 2 (8.70)

Main Outcomes — — — — —

Final variable N (%) 2 (14.28) 2 (50) 1 (20) 5 (21.74)
Intermediate variable N (%) 12 (85.71) 2 (50) 4 (80) 18 (78.26)
Co-primary N (%) 2 (14.28) 1 (25) 1 (20) 4 (17.39)
Composite variable N (%) 1 (7.14) 0 (0) 0 (0) 1 (4.35)
Single variable N (%) 11 (78.57) 3 (75) 4 (80) 18 (78.26)

Type of variable for main outcome — — — — —

Qualitative N (%) 13 (92.85) 3 (75) 1 (20) 17 (73.91)
Quantitative (discrete and continuous) N (%) 2 (14.28) 1 (25) 4 (80) 7 (30.43)

Health related quality of life — — — — —

No N (%) 7 (50) 2 (50) 1 (20) 10 (43.48)
General questionnaires N (%) 5 (35.71) 1 (25) 1 (20) 7 (30.43)
Specific questionnaires N (%) 4 (28.57) 1 (25) 4 (80) 9 (39.13)

Prespecified previous analysis — — — — —

Interim analysis N (%) 11 (78.57 3 (75) 3 (75) 17 (73.91)
Final analysis type (primary analysis) — — — — —

ITT N (%) 10 (71.43) 3 (75) 5 (100) 18 (78.26)
mITT N (%) 2 (14.28) 0 (0) 0 (0) 2 (8.69)
PP N (%) 2 (14.28) 0 (0) 0 (0) 2 (8.69)

Hypothesis — — — — —

Superiority N (%) 1 (7.14) 3 (75) 1 (20) 5 (21.74)
Non-inferiority N (%) 0 (0) 0 (0) 2 (40) 2 (8.7)

(Continued on following page)
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tissue engineered therapy studies). A total of 13 (56.52%) studies
were single-arm trials and 10 (43.48%) had two or more arms. A
difference in the number of arms between gene and non-gene
therapy studies was also observed, where single-arm studies
comprised 78.57% of total trials for gene therapy products
versus the two- or three-arm designs present in 75% of cell
therapy studies and 80% of tissue therapy studies.
Accordingly, there are some differences in the design between
gene and non-gene therapies studies, mainly in the parallel
designs for cell and tissue engineered therapy studies versus
single-arm designs for gene therapy studies. Of all studies
analysed, 19 (82.60%) were multicentric.

Regarding the methodology used in these pivotal studies, 16
(69.56%) of the studies did not use a superiority or non-inferiority
hypothesis but an alternative premise, e.g., comparison with

historical controls. There is a difference between gene and
non-gene therapies studies, where this type of alternative
premises was mainly used for gene therapies trials (92.85%),
while standard superiority or non-inferiority tests were used
more frequently for cell and tissue engineered therapies trials
(75 and 60%, respectively). To evaluate the primary objective, 18
(78.26%) of the trials used an intermediate and single main
variable, which was mainly qualitative (73.91%). Final and
quantitative variables were used in 5 (21.74%) and 7 (30.43%),
respectively, which represents a smaller proportion (Table 5). Of
these confirmatory studies, 18 (78.26%) used the intention-to-
treat (ITT) principle in assessing the primary efficacy, 2 (14.28%)
gene therapy trials usedmodified intention-to-treat (mITT) and 2
(14.28%) used per protocol set (PP). A total of 16 (69.56%)
analysed studies included HRQoL questionnaires, 9 (39.13%) of

TABLE 2 | (Continued) Design features of pivotal clinical trials for the approved advanced therapy medicinal products in the European Union.

ATMP clinical development Gene therapy
medicinal products

Somatic cell
therapy medicinal

products

Tissue engineered
therapies

All types
of therapies

Number of products N 10 3 4 17

Other N (%) 13 (92.85) 1 (25) 2 (40) 16 (69.56)
Mean time for the main phase (months) Mean (SD) 11.5 (9.30) 70.50 (91.22) 24 (9.80) 35.33 (31.08)
Ongoing at the time of the MAA
submission (final data for primary outcome
measure)

— — — — —

Yes N (%) 8 (57.14) 3 (75) 1 (25) 12 (57.14)
No N (%) 6 (42.86) 1 (25) 3 (75) 10 (47.62)

Population — — — — —

Population randomized/enrolled N 1,065 798 543 2,406
— Median (Q25 - Q75) 22 (18.75–106.5) 134.5 (27–437) 104 (88.50–131) 75 (22–118)
— (min, Max) (5, 437) (17, 512) (75, 144) (5, 512)
Population on intervention arm N 797 495 254 1,546
— Median (Q25 - Q75) 21.5 (11.5–93.75) 68.5 (20.25–282.5) 64.5 (53.25–72.75) 41 (16.25–93.75)
— (min, Max) (5, 296) (17, 341) (52, 73) (5, 341)
Population on control arm N 151 416 183 750
— Median (Q25, Q75) 75.5 (NA) 140 (105–171) 61 (50–72) 88.50 (27.5–140.5)
— (min, Max) (10, 141) (105, 171) (50–72) (10, 171)
Population on safety set N 933 780 439 2,152
— Median (Q25 -Q75) 22.5 (13.5, 93.75) 128.5 (25.75–430.75) 110 (81.75–137.5) 63.5 (20–118)
— (min, Max) (5, 419) (17, 506) (75, 144) (5, 419)
Age of adult population (years) Mean (SD) 54.29 (9.24) 52.77 (16.67) 37.14 (5.56) 47.84 (18.45)
Age of paediatric population (years) Mean (SD) 6.15 (8.26) NA NA 6.15 (8.26)
Sex — — — — —

Female N (%) 443 (47) 191 (30.31) 231 (42.54) 865 (37.53)
Male N (%) 498 (53) 630 (76.73) 312 (57.45) 1,440 (62.47)

Location of the pivotal clinical trial — — — — —

United States N (%) 9 (64.28) 1 (25) 0 (0) 10 (43.48)
Europe N (%) 10 (71.42) 3 (75) 5 (100) 18 (78.26)
Canada N (%) 5 (35.71) 1 (25) 0 (0) 6 (26.09)
Others N (%) 7 (50) 3 (75) 0 (0) 10 (43.48)

Previous treatments — — — — —

Yes and No N (%) 1 (7.14) 0 (0) 0 (0) 1 (4.35)
No N (%) 3 (21.74) 0 (0) 2 (40) 5 (21.74)
Yes N (%) 10 (65.21) 2 (50) 3 (60) 15 (65.22)

ITT: intended to treat; mITT: modified intended to treat; NA: not applicable; PP: per protocol set; Zynteglo pooled analysis (Studies HGB-204, HGB-205 and LFT-303) was counted as one
pivotal study; Holoclar retrospective study was counted as a pivotal study, since it was considered the main study which lead to the Marketing Authorisation of the product; The final
analysis type (primary analysis) for TK0008 study of Zalmoxis was not available; The mean time for the main phase excludes Provenge (defined as ¨until disease progression or death¨) and
TK0008 study for Zalmoxis; Age of adult population: data not available for TK0008 study for Zalmoxis; Age of paediatric population: data only available for Tecartus, Libmeldy, Kymriah and
Strimvelis; Previous treatments: not applicable for Zalmoxis. For the Health related quality of life outcomes, the percentages can exceed 100% given that there might be multiple
questioners for the same product (i.e., generic and disease-specific).
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TABLE 3 | Design features of pivotal clinical trials for the approved gene therapy medicinal products in the European Union.

Gene
therapies

Glybera® Imlygic® Strimvelis® Yescarta® Kymriah® Luxturna® Zynteglo® Zolgensma® Tecartus® Libmeldy®

CHMP Positive
Opinion date

Jun-23-11 Oct-22-15 Apr-01-16 Jun-28-18 Jun-29-18 Set-20-18 Apr-26-19 Mar-26-20 Oct-15-20 Oct-15-20

Authorisation
status/type

Withdrawn Authorised Authorised Authorised Authorised Authorised Authorised Authorised Authorised Authorised

Type of
authorisation

Under exceptional circumstances Standard Standard Standard Standard Standard Conditional Conditional Conditional Standard

Clinical trial
Acronym

CT-AMT-
011–01

CT-AMT-
011–02

CT-AMT-
010–01

Study
005/05

Study
AD1115611/
Gene-ADA

ZUMA-1 Study B2202 Study C2201 AAV2-
hRPE65v2-
301/302

Studies
HGB-204,
HGB-205
and LFT-303

Studies HGB-
207,
HGB-212

Study CL-303
(STR1VE)

ZUMA-2 Study
201,222

Phase II/III II/III II/III III I/II I/II II II III I/II III III II I/II
Randomization No No No 2:1 No No No No 2:1 No No No No No
Control Non-

controlled
Non-
controlled

Non-
controlled

Active control Historical
control

Historical
control

Historical
control

Historical
control

Delayed-
intervention
control
group

Non-
controlled

Non-
controlled

Historical
control

Non-
controlled

Historical
control

Blinding
design

Open label Open label Open label Open label Open label Open label Open label Open label Open label Open label Open label Open label Open label Open label

Blinding
evaluation

No No No No No No No No Yes No No No Yes No

Multicentric Single-
centre

Dual-centre Single-
centre

Multicentric Single-
centre

Multicentric Multicentric Multicentric Dual-centre Multicentre Multicentre Multicentre Multicentre Single-centre

Number of
arms

Three One One Two One One One One Two One One Two One One

Design Parallel arms
(dose range)

Single arm Single arm Parallel arms Single arm Single arm Single arm Single arm Parallel arms Single arm Single arm Single arm Single arm Single arm

Main
Outcomes

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and
composite
variable

Intermediate
and single
variable

Final and
single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Final and co-
primary
variable

Intermediate
and single
variable

Intermediate
and co-
primary
variable

Type of
variable for
main outcome

Qualitative Qualitative Qualitative Qualitative Qualitative Qualitative Qualitative Qualitative Quantitative Qualitative Qualitative Qualitative Qualitative Qualitative
and
Quantitative

Health related
quality of life

No General
questionnaire

No Specific
questionnaire

Noa No General
questionnaire

General and
specific
questionnaires

No No General and
specific
questionnaires

No General
questionnaire

Specific
questionnaire

Prespecified
previous
analysis

Interim
analysis

Interim
analysis

N/A Interim
analysis

None Interim
analysis

Interim
analysis

Interim
analysis

None Interim
analysis

Interim
analysis

Interim
analysis

Interim
analysis

Interim
analysis

Final analysis
type (primary
efficacy
analysis)

ITT ITT ITT ITT ITT mITT PP PP ITT ITT ITT ITT mITT ITT

Hypothesis Description
of efficacy of
intervention

Description
of efficacy of
intervention

Description
of efficacy of
intervention

Superiority
over an
active control

Superiority
over
historical
control
group

Intervention
compared to
historical
control

Description
of efficacy of
intervention

Intervention
compared to
historical
control

Intervention
compared
non-
intervention
(natural
history)

Description
of efficacy of
intervention

Description of
efficacy of
intervention

Superiority
versus natural
observation
study

Description
of efficacy of
intervention

Superiority
versus
natural
history
cohort (or
untreated
sibling when
available)

(Continued on following page)
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TABLE 3 | (Continued) Design features of pivotal clinical trials for the approved gene therapy medicinal products in the European Union.

Gene
therapies

Glybera® Imlygic® Strimvelis® Yescarta® Kymriah® Luxturna® Zynteglo® Zolgensma® Tecartus® Libmeldy®

Mean time for
themain phase
(months)

3 3 3 12 36 12 3 12 12 12 12 14 3 24

Ongoing at the
time of the
MAA
submission
(final data for
primary
outcome
measure)

Yes Yes No No No Yes Yes Yes No Two studies
ongoing

Yes Yes No No

Population — — — — — — — — — — — — — —

Population
randomised/
enrolled

22 5 18 437 12 111 92 147 31 22 19 22 105 22

Population
on
intervention
arm

14 5 8 296 12 101 75 99 21 22 10 22 92 20

Population
on control arm

NA NA NA 141 NA NA NA NA 10 NA NA NA NA NA

Population
on safety set

14 5 8 419 12 101 75 99 29 23 14 22 92 20

Age of
population
(years)

— — — — — — — — — — — — — —

Mean 45.6 41.8 N/A 63.07 1.7 56.3 12 54 N/A N/A N/A 0.31 65 3.6
Sex
Female 9 1 N/A 250 5 33 32 36 18 15 6 12 15 11
Male 5 4 N/A 187 7 68 43 63 13 7 5 10 77 9

Geographic
region

— — — — — — — — — — — — — —

North
America

X X — X — X X X X X X X X —

Europe — — X X X X X X — X X — X X
Others — — — X X X X X — X X — — —

Previous
treatments

Yes Yes Yes Yes/No Yes Yes Yes Yes No Yes Yes No Yes No

ITT: intended to treat; mITT: modified intended to treat; NA: not applicable; N/A: not available; PP: per protocol set.
aNot at the time of the submission. The HRQoL objective applied to the long-term follow-up (4–8 years after gene therapy) only.
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TABLE 4 | Design features of pivotal clinical trials for the approved cell and tissue engineered therapy medicinal products in the European Union.

Cell therapies Tissue therapies

Provenge® Zalmoxis® Alofisel® ChondroCelect® Holoclar® MACI® Spherox®

CHMP Positive
Opinion date

Jun-12-13 Jun-23-16 Dec-14-17 Jun-25-09 Mar-06-13 Apr-25-13 May-18-17

Authorisation
status

Withdrawn Withdrawn Authorised Withdrawn Authorised Withdrawn Authorised

Type of
authorisation

Standard Conditional marketing
authorisation

Standard Standard Conditional Standard Standard

Clinical trial
Acronym

9902B
(IMPACT)

TK007 TK008 ADMIRE-CD TIG/ACT/01&EXT′ HLSTM01 SUMMIT Cod 16
HS 14

Cod 16
HS 13

Phase III I/II III III III Observational
retrospective
study

III II III

Randomization 2:1 No 3:1 1:1 1:1 No 1:1 1:1:1 1:1
Control Placebo Historical

controla
Active
treatment

Placebo Active treatment Non-
controlled

Active
treatment

Non-
controlled

Active
treatment

Blinding Double-blind Open-label Open-label Double-blind Open-label Open-label Open-label Open-label Open-label
Blinding
evaluation

Yes No No Yes Yes Yes Yes Yes Yes

Multicentric Multicentric Multicentric Multicentric Multicentric Multicentric Dual-centre Multicentric Multicentric Multicentric
Number of
arms

Two One Two Two Two One Two Three Two

Design Parallel
groups

Single arm Parallel
groups

Parallel
groups

Parallel groups Retrospective
case-series

Parallel
groups

Single arm
(three doses)

Parallel
groups

Main
Outcomes

Final and
single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Final and co-
primary
variable

Intermediate and
co-primary
variable

Final and
single variable

Intermediate
and single
variable

Intermediate
and single
variable

Intermediate
and single
variable

Type of variable
for main
outcome

Qualitative Qualitative Quantitative Qualitative Quantitative Qualitative Quantitative Quantitative Quantitative

Health related
quality of life

No No General
questionnaire

Specific
questionnaire

Specific
questionnaire

No General and
Specific
questionnaire

Specific
questionnaire

Specific
questionnaire

Prespecified
previous
analysis

Interim
analysis

None Interim
analysis

Interim
analysis

None NA Interim
analysis

Interim
analysis

Interim
analysis

Final analysis
type (primary
efficacy
analysis)

ITT ITT NA ITT ITT ITT ITT ITT ITT

Hypothesis Superiority
over placebo

Description
of efficacy of
intervention

NA Superiority
over placebo

Non-inferiority
vs SOC

Exploratory Superiority
over SOC

Superiority
over baseline
for the three
dose groups

Comparison
with baseline
and non-
inferiority/
superiority
with SOC

Duration of the
main phase
(months)

Until disease
progression
or death

135 NA 6 36 NA 24 12 24

Ongoing at the
time of the
MAA
submission
(primary
completion)

No No Yes No No NA Yes Yes Yes

Population — — — — — — — — —

Population
enrolled

512 57 17 212 118 NA 144 75 102

Population
on
intervention
arm

341 30 17 107 57 104 72 73 52

Population
on control arm

171 140 Not known 105 61 NA 72 NA 50

Population
on Safety set

506 52 17 205 118 NA 144 75 102

(Continued on following page)
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those being disease-specific. No differences were observed in the
type of HRQoL questionnaires between gene and non-gene
products studies, i.e., generic versus disease-specific variables.

The mean (SD) time for the main phase of the trial was 35.33
(31.08) months, approximately 1 year for the gene therapies and
more than 2 years for cell and tissue engineered therapies. A total
of 12 (57.14%) studies were ongoing at the time of submission,
meaning that the final data collection for primary outcome
measuring was not completed. Globally, 17 (73.91%) of the
studies had a prespecified interim analysis, with similar
proportion among the three types of ATMPs (75–78.57%).

Regarding the overall population size and location of these
studies, the median (IQR 25–75) number of patients enrolled in
the analysed ATMPs pivotal clinical trials was 75 (22–118). The
mean ± SD age of the adult population included in these
confirmatory trials was 48 ± 18.45 years old. There is no
sufficient data to establish a mean ± SD age for paediatric
populations. The sex distribution is higher for males (62.47%)
than for women (37.53%). The analysed clinical trials were
equally performed in both women and men, but the overall sex
distribution was higher for males due to Provenge®’s indication,
i.e., treatment of metastatic castration-resistant prostate cancer. The
median (IQR 25–75) sample size in the intervention arm was 41
(16–94) patients and 63 (20–118) for the safety set.More than half of
participants in these clinical trials had received previous treatments
(65.22%). From the 23 pivotal studies analysed, 18 included sites
located in the EU (78.26%), and 10 (43.48%) in the United States of
America (US) or in other regions, such as Israel, Japan or Australia.

DISCUSSION

Clinical research on ATMPs has increased during the last few
years (Alamo et al., 2019). The introduction of ATMPs and the
long-term expectancy of their benefit adds a new challenge for the

regulatory agencies. In the present study, we aimed to describe the
most relevant methodological features of the clinical trials that
have driven ATMPs to their approval. The major findings reveal
that the pivotal studies of currently approved advanced therapies
typically share the following characteristics: 1) they are small,
open-label, non-randomised, single-arm studies without control
or using historical ones, and 2) intermediate and single variables
are used to evaluate the primary efficacy outcome. In addition,
this type of designs is more common for gene therapies than for
cell and tissue therapies.

Hanna et al previously reported the methodological characteristics
of clinical trials assessingATMPs in an early development phase based
on clinical trials registries (Hanna et al., 2016). The results showed very
similar characteristics to those found in this study such as small sample
size, non-randomised trials, single-arm trials, surrogate endpoints, and
adaptive designs. Coppens et al., also reported that the level of
scientific evidence required for the approval might differ among
different regulatory agencies (Coppens et al., 2018). Elsallab et al.
showed that clinical trials of ATMPs did not meet the same strict
standards for clinical evidence that were applied to other biologicals
submissions (Elsallab et al., 2020). This previously reported data,
together with the results of the present study, highlight the limited
clinical evidence upon which the authorisation of most ATMPs is
based. Of these approved ATMPs, it was considered that eleven
(64.70%) had sufficient data for a full MA, while for the remaining six
products, five (29.41%) obtained a conditional approval and one
(5.88%) was granted with a MA under exceptional circumstances.

The low disease prevalence, the disease severity and burden,
the lack or scarce availability of disease-modifying treatments, the
patient population’s heterogeneity and the strong presence of
paediatric patient populations comprise some of the factors that
could contribute to this type of designs.

The type of target diseases has been one of the key factors
that might have given more flexibility in terms of level of
evidence required for the MA. Our analysis shows that these

TABLE 4 | (Continued) Design features of pivotal clinical trials for the approved cell and tissue engineered therapy medicinal products in the European Union.

Cell therapies Tissue therapies

Provenge® Zalmoxis® Alofisel® ChondroCelect® Holoclar® MACI® Spherox®

Age of
population

— — — — — — — — —

Mean 71 49 N/A 38.3 33.9 46.8 34 34 37
Sex — — — — — — — — —

Female NA 30 N/A 161 42 24 51 53 61
Male 512 22 N/A 96 76 80 93 22 41

Geographic
region

— — — — — — — — —

North
America

X — — — — — — — —

Europe — X X X X X X X X
Others — X X X — — — — —

Previous
treatments

Yes NA NA Yes Yes Yes No No No

ITT: intended to treat; NA: not applicable; N/A: not available; SOC: standard of care.
aUpon assessment of the TK007 data and as only limited data from the TK008 study were available, the applicant was asked to perform a comparison of the MM-TK treated patients
(TK007 and TK008 combined) with results from suitable historical controls.
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TABLE 5 | Primary clinical variables of pivotal clinical trials for the approved ATMPs in the European Union.

Type of
product

Product Type
of target disease

Intermediate (I)
or

final (F) variable

Primary variable description

GTMP Kymriah (ALL) Haematological malignancies I Overall remission rate, which included CR and CR with incomplete
blood count recovery

Kymriah
(DLBCL)

Haematological malignancies I Overall response rate defined as the proportion of patients with a
BOR of CR or PR, where the BOR was defined as the best disease
response recorded from tisagenlecleucel until progression disease
or start of new anticancer therapy

Yescarta Haematological malignancies I Objective response rate, defined as a CR or PR per the revised
International Working Group Response Criteria for Malignant
Lymphoma as determined by study investigators

Tecartus Haematological malignancies I Objective response rate, defined as CR or PR using central
assessment per Lugano Classification

Imlygic Solid tumour I Durable response rate was defined as the percentage of
participants with a CR or PR maintained continuously for at least
6 months from the time the objective response was first observed
and initiating within 12 months of starting therapy as assessed by
the Endpoint Assessment Committee

SCTMP Provenge Solid tumour F Overall survival defined as time from randomization to death due to
any cause was analysed for the ITT population

GTMP Glybera Inherited monogenic diseases I Reduction in fasting plasma triglycerides (median of baseline vs
median of week 3–12 post AMT-011) ≥ 40%
Achievement of 40% reduction of median fasting triglycerides
concentrations 12 weeks after treatment with AMT-011
Reduction in individual median fasting plasma triglyceride levels of
≤10 mmol/L concurrent with a low-fat diet, or 40% reduction,
concurrent with a low-fat diet

Strimvelis Inherited monogenic diseases F Survival at 3 years post-gene therapy
Luxturna I Subject’s bilateral performance (no eye patching) on the mobility

test, as measured by a change score, 1 year following vector
administration as compared to a subject’s Baseline bilateral mobility
test performance

Zynteglo Inherited monogenic diseases I The proportion of subjects who meet the definition of transfusion
independence (TI). TI is defined as a weighted average Hb ≥ 9 g/dl
without any packed red blood cells transfusions for a continuous
period of ≥12 months at any time during the study after drug
product infusion

Zolgensma Inherited monogenic diseases F/Co-primary Proportion of patients that achieve functional independent sitting for
at least 30 s at the 18 months of age study visit. It is defined by the
Bayley Scales of Infant and Toddler Development (Version 3),
confirmed by video recording, as a patient who sits up straight with
head erect for at least 30 s
Survival at 14 months of age

Libmeldy Inherited monogenic diseases I/Co-primary Total Gross Motor Function Measure score 2 years after treatment
was the primary endpoint
The co-primary endpoint was the ARSA activity

TEP Chondrocelect Condrophaties I/Co-primary Histomorphometry on end point biopsies at 12 months post-
surgery and overall Histology Assessment on First Subscale of ICRS
II Score
Change from Baseline in Overall Knee Injury and Osteoarthritis
Outcome Score at 12–18 Months

MACI Condrophaties I Change from Baseline to Week 104 for the Participant’s Knee Injury
and Osteoarthritis Outcome Score Pain and Function (Sports and
Recreational Activities) Scores

Spherox Condrophaties I Change of overall Knee Injury and Osteoarthritis Outcome Score
from baseline to final assessment determined for each dosage
group and between the dosage groups
Change of overall Knee Injury and Osteoarthritis Outcome Score
from baseline to final assessment compared between intervention
arm and comparator

(Continued on following page)
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designs are more commonly used for the development of gene
therapy products, which target orphan diseases such as
hematologic cancers or rare inherited monogenic disorders
(40 and 60% of approved gene therapies, respectively), usually
with unmet medical needs. Gene therapies were mainly
authorised after conducting a single open-label study,
usually non-randomised and non-controlled or using
historical controls, and only few of them being Phase III
studies. By contrast, tissue therapies trials consisted of
Phase III studies controlled with the standard of care, and
two out of three cell therapy trials conducted placebo-
controlled studies. The approved tissue therapies primarily
cover products for articular cartilage damage or prostate
cancer, which are relatively common among the overall
population and with several treatments available. Moreover,
the target population might have also contributed to these
alternative designs for gene therapies products, given that 60%
of approved gene therapies target paediatric population, while
all of the tissue and cell therapies target adults. The targeted
paediatric diseases are life-threatening or with a huge impact
on patients’ and caregivers’ quality-of-life, and randomised,
controlled trials could have posed ethical concerns, as well as
recruitment issues.

It is noteworthy to mention that different types of historical
controls were used to compare the efficacy of the intervention:
historical references from retrospective studies and retrospective
databases, prospective natural history cohorts’ studies, untreated
sibling data and within-subject comparison between pre- and
post-treatment assessments (Hassan et al., 2012; European

Medicines Agency, 2021; Maude et al., 2018; Crump et al.,
2017). The current EMA guideline states that orphan products
are assessed according to the same standards as those for other
products but considering their limitations due to low patient
recruitment (European Medicnes Agency, 2006). While the same
guideline states that most orphan drugs and paediatric
indications submitted for regulatory approval are based on
randomised controlled trials and deviation from such
standards is uncommon, in the case of the current approved
ATMPs, alternative approaches as historical controls were
frequently used, i.e., Strimvelis®, Kymriah®, Luxturna®,
Zolgensma® and Libmeldy®.

On the other hand, the line of treatment is another factor that
might have justified these types of designs so far. As an example of
the approved ATMPs, CAR-T therapies are indicated at least as a
third-line therapy for relapsed or refractory cancer patients. The
four pivotal studies conducted for these products were non-
controlled, open-label, Phase II studies where the intervention
arm was compared to a historical control. After the approval of
the aforementioned therapies, the EMA has published
recommendations on clinical considerations on CAR-T-cell
product development (European Medicnes Agency, 2020),
where it is stated that randomized controlled trial design
should be followed even for those cases of late-stage refractory
disease. It will be interesting to see how these recommendations
are implemented in the near future.

Another important factor observed in the studied designs is
the use of surrogate variables instead of a clinically relevant final
endpoint. Intermediate endpoints can be used as a primary

TABLE 5 | (Continued) Primary clinical variables of pivotal clinical trials for the approved ATMPs in the European Union.

Type of
product

Product Type
of target disease

Intermediate (I)
or

final (F) variable

Primary variable description

SCTMP Zalmoxis Adjunctive treatment in haploidentical
haematopoietic stem cell transplantation

I Proportion of patients who achieved immune reconstitution,
empirically defined a priori as an absolute CD3+ cell count of 100/μL
or more for two consecutive observations (and/or CD4+ cells ≥50/
μL and/or CD8+ cells ≥50/μL)
Disease-free survival measured from the date of randomization until
the date of relapse (or progression), or death from any cause,
whichever occurs first

Alofisel Complex perianal fistula(s)—Crohn’s disease F/Co-primary Combined remission of perianal fistulising Crohn’s disease and
absence of collections >2 cm of the treated fistula confirmed by MRI
images, at week 24. Remission was defined as clinical closure of
external openings that were draining at baseline despite gentle
finger compression

TEP Holoclar Limbal stem cell deficiency F Composite endpoint of the rate of patients with a successful
transplantation at 12 months post-intervention, based on the co-
presence of clinical signs

Intermediate variable: a clinical endpoint such as measure of a function or of a symptom (disease-free survival, angina frequency, exercise tolerance) but is not the ultimate endpoint of
the disease, such as survival or the rate of irreversible morbid events (stroke, myocardial infarction).
Final variable: describes a valid measure of clinical benefit due to treatment: the impact of treatment on how a patient feels, functions and survives. It is clinically relevant, sensitive
(responsive to change) and is both accepted and used by physicians and patients. Clinical endpoints may be a clinical event (e.g. mortality) a composite of several events, a measure of
clinical status, or health related quality of life (HRQoL) [Ref: EUnetHTA, 2015a, b). Guideline on Endpoints used for Relative Effectiveness Assessment of pharmaceuticals: Clinical
endpoints. https://www.eunethta.eu/wp-content/uploads/2018/01/Clinical-endpoints.pdf].
ARSA, arysulfatase A enzyme; CR, complete response; GTMP, gene therapy medicinal product; ITT, intended to treat; PR, partial response; SCTMP, somatic cell therapy medicinal
product; TEP, tissue engineered medicinal product.
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endpoint for MA, especially when there is a high unmet need,
when clinical events are rare/delayed in slowly progressive
diseases and a very long follow-up is needed for their
assessment, and for rare and/or life-threatening diseases with
no therapeutic alternative available (EUnetHTA, 2015b; ICH,
1998a). In the case of all approved gene therapies that target
cancer diseases, the proportion of patients with objective overall
response rate (ORR) was used as the intermediate primary
variable, unlike cell therapy trials that used overall survival
(OS) as a final endpoint. OS analysis usually requires a large
sample size, a long follow-up and should be evaluated in a
randomised, control trial to avoid cofounding factors due to
the switch-over of control to intervention or subsequent therapies
(Gutman et al., 2013; Pazdur, 2008). However, ORR has been the
most commonly used surrogate endpoint in support of
accelerated/conditional approvals, but also of standard
approvals, since it is directly attributable to a drug’s effect,
providing an accurate assessment in single-arm trials
conducted in patients with refractory tumours (Food and
Drug Administration, 2018a). On the other hand, for gene
therapies targeting inherited monogenic diseases, biomarkers
were commonly used to predict changes in the desired clinical
endpoints, and at least one of the pivotal studies included HRQoL
outcomes. Exceptionally for other products, a novel clinical
meaningful endpoint, i.e. Luxturna® (Russell et al., 2017), or
survival as a final primary outcome were used, i.e. Zolgensma®
(Del Rosario et al., 2020; Cech et al., 2012).

These types of non-robust designs for new drugs in areas of
high unmet medical need are mainly justified on the basis of
ethical reasons, based on the potential life-saving opportunities
or quality of life improvement for patients who may not survive
or will progress rapidly until robust clinical data is available. On
the other hand, the difficulties of conducting standard clinical
developments with orphan drugs are well-recognised, and single
small trials using alternative approaches have been the basis for
numerous MAA in the recent years (Blin et al., 2020; Micallef
and Blin, 2020; Picavet et al., 2013; Pontes et al., 2018). This
regulatory flexibility sometimes comes at the cost of having a
less comprehensive clinical data, and in consequence, greater
uncertainty about the product’s benefit-risk balance at the time
of MA (Iglesias-Lopez et al., 2021b). In addition, since the
introduction of the adaptive pathway concept, the shift
towards accelerated clinical developments has also been
associated with an intrinsic uncertainty on effectiveness and
safety, which can result in promising Phase II results but an
unsuccessful Phase III or post-marketing studies (Pharma
Intelligence, 2019; Novartis press release, 2021a, b). This
highlights the possibility for a patient to receive an early-
authorised treatment without meaningful clinical benefits and
with exposure to its adverse effects, missing clinical
opportunities, and wasting healthcare system resources
(Ermisch et al., 2016).

The speeding up access to new drugs is achieved by putting
aside traditional Phase III clinical trials in favour of post-
marketing evidence generation. This fact is translated into the
need to perform long and extensive post-marketing studies,
where the costs of evidence generation as well as the costs of

therapy are likely to be transferred from the MA holder to
healthcare systems (Ermisch et al., 2016; Joppi et al., 2016). It
is known, that this post-authorisation commitments can be
challenging due to the long-term follow-up, which may lead to
delays to complete the studies, and given that patients are more
reluctant to participate in a post-marketing trial with all its
constraints, if the medicine is already available, above all in
those cases where the trial includes randomization (Joint
briefing paper, 2015).

Costly treatments with high uncertainties in regard to its
benefits, translates to a complex evaluation by the Health
Technology Assessment bodies (HTAb), as well as there is
industry pressure for corporate pharma and its investors to
ensure sustainability in drug development.

Several detailed methodological recommendations for
clinical trial designs have been launched to address the
shortcomings of carrying out studies in small population
(Day et al., 2018; ASTERIX project, 2021; IDEAL project,
2021; Friede et al., 2018) and examples of effective use of a
historical control have also been reported (Mulberg et al.,
2019). Multi-arm designs and platform designs sharing
where a common control is shared have been raised as a
potential solution (International Rare Diseases Research
Consortium, 2016; Food and Drug Administration, 2018b).
Comparator data can also be taken from pragmatic trials,
observational studies or registries, but ensuring its quality
(EUnetHTA, 2015a). In addition, real world data plays a
key role to provide sufficient therapeutic evidence for these
type of therapies and efforts are being made for a better use of
registries (European Medicines Agency, 2017).

Methodological and clinical guidelines for a specific medical
condition is an effective manner of obtaining regulatory guidance
and providing a predictable decision-making regulatory
framework. Given that ATMPs are innovative and more
complex than traditional pharmaceuticals or other biological
drugs, some specific requirements related to the study design
and methodology, study population, safety, dose selection, as well
as preclinical and product controls need to be considered for the
development of these therapies. The FDA has launched several
guidelines for the development of ATMPs aimed at certain types
of conditions based on the acquired experience of the current
approved advanced therapies. These guidelines address the point
of uncontrolled designs and the need of more robust study
designs in order to provide proper evidence of efficacy (Food
and Drug Administration, 2020a; Food and Drug
Administration, 2020b; Food and Drug Administration, 2021).
Although still limited, with the current experience of the
approved ATMPs in the EU, the EMA has started to launch
new recommendations on the types of study designs and
methodologies that can support the MA more robustly
(European Medicnes Agency, 2020). This fact might lead to a
switch on the current trend used in clinical designs based on
uncontrolled pivotal studies or with historical control
comparisons to randomised-controlled trials.

The limitations of this study are the small sample size and
the fact that further analysis, once more therapies are
approved, is required to determine with greater accuracy
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the most common clinical design and methodology for
ATMPs, as well as to elucidate the potential differences
between gene therapy trials versus cell and tissue therapy
trials. Another limitation is that approved ATMPs have not
been compared to other approved medicines. Nevertheless,
this is an exhaustive study that evaluates the pivotal trials for
approved ATMPs.

CONCLUSION

The results of our study show that most authorised ATMPs are
based on small, open-label, uncontrolled and single-arm pivotal
trials using single and intermediate variables to evaluate
outcomes. ATMPs are innovative therapies that mainly target
orphan diseases and high unmet medical needs. This fact has led
to certain methodological. weaknesses in their pivotal clinical
trials, which in turn has resulted in limited data to robustly assess
the benefit/risk of the product. A gradual shift towards the
production of more methodologically sound randomized-
controlled trials is expected to better define the benefit and the
therapeutic added value of ATMPs.
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The Transition From Ambrisentan to
Macitentan in PatientsWith Pulmonary
Arterial Hypertension: A Real-word
Prospective Study
Yusi Chen1, Jun Luo1, JingyuanChen1, Eugene Kotlyar2, Zilu Li 1, Wenjie Chen1 and Jiang Li1*

1Department of Cardiovascular Medicine, The Second Xiangya Hospital of Central South University, Changsha, China, 2St.
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Background: In a long-term event-driven trial, macitentan has demonstrated beneficial
time to clinical worsening in patients with pulmonary arterial hypertension (PAH) and
reduced PAH-related hospitalization rates compared with placebo. Macitentan is the most
recently approved endothelin receptor antagonist (ERA) and is the first ERA that has shown
efficacy for morbidity and mortality in PAH patients; therefore, patients and physicians may
consider converting treatment from ambrisentan to macitentan. Our study evaluated the
safety, efficacy, and quality of life in PAH patients transitioning from ambrisentan to
macitentan.

Methods: This was a real-world, prospective study with a 12-month follow-up. PAH
patients who had received stable doses of ambrisentan for over 3 months, were within the
World Health Organization Functional Class II/III, and 6-min walk distance ≥ of 250 m were
enrolled. The study included a screening period, followed by a transition phase, after which
patients entered the long-term follow-up. Clinical data and treatment satisfaction
outcomes were collected to assess and monitor the safety and efficacy of the
transition. The trial was registered at the Chinese Clinical Trial Registry (www.chictr.
org.cn; No. ChiCTR2000034898).

Results: One hundred and fifty-seven enrolled PAH patients completed the transition. All
criteria for continuous treatment transition were met by 145 patients (92.4%). Results
showed improvements in exercise capacity, cardiac function, and hemodynamics
compared with baseline. During the process, 4 patients discontinued macitentan due
to adverse events. There was no statistical difference in the overall incidence of adverse
events before and after the transition.

Conclusion: Transition to macitentan from ambrisentan was successful and well-
tolerated by PAH patients, and was associated with greater efficacy and satisfaction.

Keywords: pulmonary arterial hypertension, macitentan, ambrisentan, endothelin receptor antagonist, real-word
study
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a progressive
pulmonary vascular disease associated with high mortality,
characterized by pulmonary vascular remodeling and increased
pulmonary vascular resistance (PVR) (Boucherat et al., 2017).
Without timely treatment, PAH eventually leads to right
ventricular failure and even death. Over the past several
decades, advances in targeted therapies have significantly
improved the prognosis of PAH patients. Medications
targeting the endothelin pathway play an important role in the
treatment of PAH. Endothelin 1 (ET-1), a potent vasoconstrictor
that modulates pulmonary vascular remodeling, is overexpressed
within the remodeled pulmonary arteries and results in vascular
narrowing (Benza et al., 2015a; Dai et al., 2019). ET-1 binds to two
receptors, endothelin type A (ET-A) and endothelin type B (ET-
B) to mediate its effects. Endothelin receptor antagonists (ERA)
that inhibit either ET-A or ET-A and ET-B receptors are used as
monotherapy or as a component of combination regimens to
treat PAH.

At present, approved ERA medications for PAH include
bosentan, ambrisentan, and macitentan, all of which are
available in China. Bosentan was the first available ERA;
however, it has been shown to increase the incidence of dose-
dependent increases in liver aminotransferase concentrations
(Markova et al., 2013). More recently, two other ERAs,
macitentan and ambrisentan, which have rare hepatotoxicity,
have been approved for the treatment of PAH.

Ambrisentan, the only available selective ERA, is developed
theoretically to inhibit the vasoconstrictor function of ET-A while
not damaging the vasodilatory and clearance effects of ET-B
(Hitzerd et al., 2020). The ARIES-1 (Ambrisentan in Pulmonary
Arterial Hypertension, Randomized, Double-Blind, Placebo-
Controlled, Multicenter, Efficacy Study) and ARIES-2 trials
had shown that ambrisentan alleviates exercise intolerance and
improves World Health Organization Functional Class (WHO
FC) and hemodynamics in PAH patients (Galiè et al., 2008) after
12 weeks of therapy. Furthermore, the AMBITION trial
demonstrated that an upfront combination of ambrisentan
with tadalafil, a phosphodiesterase type 5 inhibitor (PDE-5i),
was associated with a 63% reduction in risk of PAH-related
hospitalization compared with monotherapy (Vachiéry et al.,
2019) and delayed clinical deterioration in PAH when used
initially (Hoeper et al., 2016). However, no large-scale studies
to date have demonstrated that ambrisentan monotherapy results
in improved long-term morbidity and mortality in PAH patients
(Oudiz et al., 2009; Hoeper et al., 2016).

Macitentan is the most recently developed ERA to be approved
for management of PAH, and has favorable pharmacokinetics,
without necessitating monthly monitoring hepatic risk. In the
early stages of research and development, macitentan exhibited
better tissue penetration and receptor affinity than did bosentan
and ambrisentan. In an event-driven 100 week-long trial,
compared with placebo, macitentan demonstrated a significant
reduction in clinical worsening in PAH, first PAH-related events,
or all-cause mortality in patients with WHO FC II and III, and
significantly reduced PAH-related hospitalization rates

(Pulido et al., 2013). Macitentan is the first ERA that has
been approved to reduce morbidity and mortality in patients
with PAH. SERAPHIN found that among the 64% of PAH
patients who had received background-targeted drug therapy,
macitentan significantly improved the primary endpoint by
38% (Pulido et al., 2013). Furthermore, in a hemodynamic sub-
study of SERAPHIN, macitentan therapy was associated with
the improved cardiac index, right atrial pressure, mean
pulmonary artery pressure (mPAP), PVR, and N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels (Galie
et al., 2017). The multicenter randomized controlled trial
phase III Macitentan in Eisenmenger Syndrome to Restore
Exercise Capacity study revealed that NT-proBNP levels and
PVR decreased in patients with Eisenmenger syndrome who
received macitentan compared with those who received
placebo, although it did not show superiority over placebo
on the primary endpoint of change from baseline to week 16 in
the 6-min walk test (Gatzoulis et al., 2019).

With the wide medications options available to physicians
managing PAH patients, there is often a solid pharmacological
and clinical reason for patients switching to a newer agent from
ambrisentan to reduce adverse effects (AEs) or achieve greater
efficacy. Additionally, ambrisentan has not been fully covered by
insurance in China since 2019, and the financial burdens of the
patient and the health care systemmay be reduced by at least 60%
with macitentan therapy. Given these benefits, it is anticipated
that many patients and clinicians will choose to transition from
ambrisentan to macitentan therapy. However, clinical experience
in switching patients from ambrisentan to macitentan is rarely
reported. Although these drugs share a common mode of action,
there are likely differences in individual patients’ responses in
terms of clinical effectiveness and tolerance. Furthermore, side
effects, such as liver toxicity and drug interactions differ between
the two ERA. Moreover, although there is a pharmacokinetic
basis for different efficacy of macitentan, no trials have been
performed to directly compare the efficacy and safety of the
two ERAs.

Since physicians and patients may consider converting from
ambrisentan to macitentan, this open-label, prospective study
(ChiCTR2000034898), was carried out to resolve whether such
transition could be reasonably and safely accomplished, the
proportion of patients that successfully transition, the
frequency and severity of AEs during and after transition, and
various clinical parameters. The study was also aimed at
providing a reference for cautious, carefully supervised, safe,
and efficient therapeutic transitions within the endothelin
pathway and to monitor the process of this approach.

MATERIALS AND METHODS

Study Design
This trial was a 12-month follow-up, real-world, prospective,
open-label cohort study. The main objective was to evaluate the
safety, tolerability, and efficacy of replacing ambrisentan with
macitentan therapy in patients with PAH using a rapid switch
protocol. Additionally, the impact of the change in therapy on
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treatment satisfaction was assessed by the patients’ quality of life
(QOL) questionnaire. The trial received approval from the ethics
committee at Second Xiangya Hospital of Central South
University and was undertaken under the Declaration of
Helsinki. All enrolled subjects provided informed consent
before the entry into the study. The trial was registered at the
Chinese Clinical Trial Registry (www.chictr.org.cn; No.
ChiCTR2000034898).

Selection Process and Criteria
The study consisted of a screening period, followed by a
transition phase (the first 1 month), after which patients
proceed to long term follow-up phase (12 months). All PAH
patients voluntarily tried to change the ERA to macitentan due
to the unsatisfactory treatment effect of ambrisentan, the desire
to obtain better drug treatment effects, or the desire to reduce
the financial burden. Patients who wish to switch must also
undergo a rigorous assessment by doctors to ensure they are
suitable for drug transition. Patients were enrolled in the study if
they met the following criteria: 1) aged over 18 years; 2) stable
for more than 3 months, defined as no worsening of WHO FC
within 3 months, no clinical evidence of heart failure, and
diuretic dose increase less frequently than once per month;
3) PAH diagnosis was confirmed by right heart catheterization:
mPAP ≥ 25 mmHg; pulmonary capillary wedge pressure ≤
15 mmHg; PVR ≥ 3 Wood units; 4) ambrisentan used for at
least 6 months before transition, and a stable dose for no less
than 3 months; 5) 6-min walk distance (6 MWD) of ≥250 m; 6)
function class is no worse than WHO FC III; 7)women required
to use at least one method of contraception during the study; 8)
idiopathic PAH (IPAH), PAH associated with connective tissue
disease (CTD-PAH), or PAH due to congenital heart disease
(CHD-PAH), drugs, or toxins use.

Transitioning Protocol
The decision to change to macitentan was at the discretion of the
clinicians and patients during clinic visits, and the strategy for
changing drugs was negotiated with the patients. During the visit,
the cardiologist explained the revised dosing scheme and
potential AEs and ensured that patients understood how they
could contact our team. On receipt of the medication, patients
were guided to take their last dose of ambrisentan at the regular
time of their transition date and to take a new ERA the next day.
Patients were able to contact the clinical team via telephone
whenever they had any questions. The patient could withdraw
permission and discontinue participation at any point in
the study.

Outcome Measures
To evaluate the safety and efficacy of the transition, AEs and their
relationship to the medication were monitored throughout the
study, as well as any changes in concomitant therapies. However,
to facilitate analyses, we reported the absolute number and
incidence of AEs at baseline and months 1, 3, 6, and 12 for
the statistical analysis stage. Serum levels of transaminases and
hemoglobin were measured after transition at months 1, 3, 6,
and 12.

To assess whether patients maintained clinical stability,
efficacy assessment was conducted at baseline and months 6
and 12 and included a physical examination, vital signs, 6 MWD,
WHO FC, NT-proBNP, echocardiography, and REVEAL 2.0 risk
score calculator (Benza et al., 2015b). Absolute change in 6 MWD
from baseline, and the proportion of patients with an increased
(>15%), maintained (±15%), and decreased (>15%) 6 MWD
from baseline were calculated. A cut-off value of 15% was
selected to take account of the instability of the 6 MWD
results. Echocardiographic parameters measured the diameter
of the right atrium (RA) and ventricle, the diameter of the
pulmonary artery (PA), the tricuspid annular plane systolic
excursion (TAPSE), the systolic velocity of the tricuspid
annulus (S′), the right ventricular area change rate (RVFAC),
and the estimated pulmonary artery systolic pressure (sPAP). The
echocardiography was elucidated by cardiologists blinded to the
study procedures. Risk stratification was assessed by the REVEAL
2.0 risk score calculator. The correspondence between the low-,
intermediate-, and high-risk groups, as defined by the REVEAL
2.0 calculator, were as follows: low risk � REVEAL score ≤ 6,
intermediate risk � REVEAL score 7 and 8, and high risk �
REVEAL score ≥ 9 (Hoeper et al., 2017). Preceding right heart
catheterizations were necessitated to confirm the diagnosis of
PAH and were collected as a baseline characteristic but were not
used to monitor patients during the transition. QOL was assessed
by a medicines questionnaire (Lopez et al., 2021) at baseline and
at the final follow-up to evaluate patients’ perceptions of
treatment effectiveness, convenience, and satisfaction.

Statistical Analysis
Quantitative data (age, 6 MWD, NT-proBNP, and
echocardiography parameters) were described as means and
standard deviations (normal or approximately normal

FIGURE 1 | Flow chart of patients selection.
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distribution) or medians and interquartile ranges (IQR) (non-
normal distribution). Normally distributed data were compared
using a one-way analysis of variance for repeated measurement
data, and non-normal distributions were compared using
Friedman’s M test. Qualitative data (AEs) and ranked data
(WHO FC and REVEAL score) were described by the
number and percentage. Ranked data were compared using
Friedman’s M test, and qualitative data were compared using
Cochran’s Q test. Differences with a p-value of < 0.05 were
considered significant.

RESULTS

Patients’ Clinical Characteristics
389 PAH patients were screened for participation in the study, 232
were excluded; 36 were less than 18 years of age; 68 were unstable;
51 had non-group 1 Pulmonary Hypertension; 72 were not on
ambrisentan therapy for at least 6 months; 5 female patients were
not willing to use any contraception (details in Figure 1). Patients
were mostly female (74.5%) and WHO FC II at baseline (58.6%;
details in Table 1). The majority of patients were CHD-PAH
(60.7%), followed by IPAH (22.1%) and CTD-PAH (14.4%). Most

patients (87.6%) were receiving a PDE-5i, or riociguat in addition
to ambrisentan at baseline. Patients had been receiving
ambrisentan for a median of 1.5 years (IQR, 1.0–2.9 years)
before participating in the study. Sixty-one patients (42.1%)
were receiving 10 mg once per day, whereas eighty-four patients
(57.9%) were receiving 5 mg once daily.

Treatment Transition
Of the 157 enrolled patients, all patients switched safely and
stably from ambrisentan to macitentan within the first month of
the study. All patients were stable when they ceased taking
ambrisentan. At the time of conversion, all patients were on
10 mg of macitentan once daily, and most (145 of 157)
participants were on a drug regimen throughout the study and
completed the whole study from January 2020 to July 2021. One
hundred and forty-five patients (92.4%) met all preplanned
criteria for constant transition at month 12, and 12 patients
were excluded from analyses due to early discontinuation. Of the
12 excluded patients, 2 (1.3%) patients transitioned to
ambrisentan of Chinese manufacture for poor financial
reasons; 3 (1.9%) transitioned back to ambrisentan due to
psychological dependence; 4 (2.5%) female patients suspended
macitentan due to AEs; 2 (1.3%) patients required the addition of
a parenteral treprostinil due to disease progression; one patient
died at the 37-week follow-up. The death was likely due to the
sudden cessation of subcutaneous treprostinil therapy and was
not considered related to the ERA treatment.

Safety
One or more AEs occurred in 107 subjects (73.8%) during the
trial. Table 2 compared AEs that occurred in only ≥ 5% of the
study population. Most AEs commenced at the transition phase.
The most frequent AEs were headache, peripheral edema, and
anemia, consistent with ERA class effects. Despite the high
incidence, most AEs were mild to moderate. Most AE profiles
were similar before and after the drug transition, the exceptions
being anemia and menstrual disorder after 6 months. The
number of subjects with anemia gradually increased from 10
(6.9%) at baseline to a peak of 29 (20.0%) at 6 months (p < 0.001)
and increased to 22 (15.2%) at 12 months (p � 0.024).

Among the 112 transitioned female patients, 13 (15.7% of the
83 in reproductive age) patients experienced menstrual disorders,
and the most common symptoms were menorrhagia and
metrorrhagia. The number of subjects with menstrual disorder
gradually increased from one (1.3%) to nine (11.4%) (p < 0.001)
at month 6. Four women experienced severe anemia after
2–4 months of transition that was felt to be due to
menorrhagia associated with the new therapy. The macitentan
was discontinued on the patients’ request and iron
supplementation was instituted for at least 3 months. No other
patients discontinued the macitentan due to AEs.

Clinical Outcomes
WHO FC, 6 MWD, and NT-proBNP assessments at baseline and
months 6 and 12 are displayed in Table 3. From baseline to
month 6, WHO FC stayed unchanged in 100 patients (69%) and
ameliorated in 34 patients (23.4%; Figure 2A). Nine patients

TABLE 1 | Baseline characteristics.

Characteristic All patients (N = 145)

Age, yearsa 32.0 (26.0, 42.0)
Sex, n (%)
Female 108 (74.5)
Male 37 (25.5)

Duration of ambrisentan treatment before transition,
yearsa

1.5 (1.0, 2.9)

mPAP, mmHgb,c 61.4 ± 18.6
PVR, Wooda,c 14.4 (8.0, 22.1)
mRAP, mmHgb,c 10.0 ± 5.8
mRVP, mmHgb,c 41.7 ± 12.4

Etiology of PAH, n (%)
Idiopathic 32 (22.1)
Drug or toxin-induced 4 (2.8)
Associated with connective tissue disease 21 (14.4)
Associated with congenital heart disease 88 (60.7)

Ambrisentan dose, mg, QD
5 n (%) 84 (57.9)
10 n (%) 61 (42.1)

WHO FC, n (%)
II 85 (58.6)
III 60 (41.4)

BMI (kg/m2)b 21.0 ± 3.2
PAH medications in addition to taking ambrisentan, n (%)
Monotherapy 18 (12.4)
PDE-5i 122 (84.1)
Riociguat 4 (2.8)
Riociguat and PDE-5i 1 (0.7)

aData are described as medians and interquartile ranges (non-normal distribution).
bData are described as means and standard deviations (normal or approximately normal
distribution).
cHistorical data from the most recent right heart catheterization before enrollment.
mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance; mRAP,
mean right atrial pressure; mRVP, mean right ventricular pressure; QD, once per day;
PAH, pulmonary arterial hypertension; WHO FC, World Health Organization functional
class; BMI, body mass index; PDE-5i, phosphodiesterase type 5 inhibitor.
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ameliorated fromWHO FC II to FC I, and 25 (17.2%) fromWHO
FC III to FC II, whereas 11 patients deteriorated fromWHO FC II
to FC III. From baseline to month 12, WHO FC stayed
unchanged in 93 patients (64.1%) and ameliorated in 41
patients (28.3%; Figure 2B). Twelve patients ameliorated from
WHO FC II to FC I, 28 fromWHO FC III to FC II, and one from
WHO FC III to FC I, whereas 11 patients declined fromWHO FC
II to FC III. From months 6–12, WHO FC stayed unchanged in
137 patients (94.5%), and four patients each ameliorated from
WHO FC II to FC I and from WHO FC III to FC II.

The 6 MWD improved from 424.74 ± 82.34 m at baseline to
435.92 ± 75.03 m at month 6 (p � 0.016) and 440.59 ± 77.57 m at

month 12 (p � 0.004). The median change in 6 MWD from
months 6 to 12 was 1.00 m (IQR, −29.50 to 23.50 m; p � 0.714).
In 101 (69.7%) patients, 6 MWD was maintained, and in 33
(22.8%) patients it was increased at month 6 (Figure 3). Eleven
patients showed a decrease in 6 MWD from baseline at
month 6. In 136 patients (93.8%), 6 MWD was either
maintained or increased at month 12 (Figure 3). Nine
patients showed a decrease in 6 MWD from baseline to
month 12. Compared with month 6, only two patients
showed a decrease in 6 MWD at month 12, others remained
stable or increased. There was a clinically significant change
in NT-proBNP levels from baseline to months 6 and 12 after

TABLE 2 | Adverse events.

Baseline Month 1 Month 3 Month 6 Month 12 p-value

Patients with ≥ 1 AE, n (%) 67 (46.2) 73 (50.3) 73 (50.3) 65 (44.8) 64 (44.1) 0.431ǂ

Headache, n (%) 27 (18.6) 27 (18.6) 27 (18.6) 24 (16.6) 20 (13.8) 0.101ǂ

Peripheral edema, n (%) 32 (22.1) 33 (22.8) 35 (24.1) 29 (20.0) 28 (19.3) 0.467ǂ

Anemia, n (%) 10 (6.9) 14 (9.7) 20 (13.8) 29 (20.0) 22 (15.2) 0.004ǂ, 0.451¶, 0.06§, <0.001ɠ, 0.024ɣ, 0.187ɥ
Menstrual disorder, n (%)* 1 (1.3) 1 (1.3) 5 (6.3) 9 (11.4) 4 (5.1) <0.001ǂ, 1.0¶, 0.057§, <0.001ɠ, 0.15 ɣ

ALT, mean ± SD 18.3 ± 16.2 18.6 ± 16.2 19.7 ± 23.6 15.8 ± 12.27 15.9 ± 12.8
AST, mean ± SD 22.9 ± 13.34 21.1 ± 13.1 26.3 ± 24.9 24.9 ± 22.6 25.1 ± 18.9
ALT > ULN, n (%) 7 (4.8) 10 (6.9) 11 (7.6) 5 (3.4) 4 (2.8) 0.070ǂ

ALT > 3ULN, n (%) 1 (0.7) 0 (0) 1 (0.7) 0 (0) 0 (0) 0.558ǂ

AST > ULN, n (%) 13 (9.0) 10 (6.9) 8 (5.5) 16 (11) 7 (4.8) 0.051ǂ

AST > 3ULN, n (%) 1 (0.7) 0 (0) 2 (1.4) 3 (2.1) 1 (0.7) 0.316ǂ

*The proportionwas calculated only in women of reproductive age (n � 79). ǂFive groups (Baseline, Month 1,Month 3,Month 6, andMonth 12) of data were compared. Once the difference
(p < 0.05) was significant, other groups were compared with baseline. ¶Month 1 versus Baseline, §Month 3 versus Baseline, ɠMonth 6 versus Baseline, ɣMonth 12 versus Baseline, ɥMonth
6 versus Month 12. AE: adverse event; ALT: alanine aminotransferase; AST: aspartate aminotransferase; SD: standard deviation; ULN: normalized upper limit.

TABLE 3 | Parameters at the baseline and months 6 and 12 assessments.

Baseline Month 6 Month 12 p-value

Echocardiography
RA (mm)ǂ 40.33 ± 8.54 39.35 ± 8.90 39.09 ± 8.81 0.114§

RV (mm)ǂ 41.61 ± 9.06 40.23 ± 10.44 39.31 ± 9.42 0.006§, 0.056ɠ, 0.003ɥ

LA (mm)ǂ 32.17 ± 6.94 32.69 ± 6.21 33.18 ± 6.03 0.155§

LVEDD (mm)ǂ 40.39 ± 8.04 41.15 ± 7.50 40.98 ± 7.82 0.494§

PA (mm)ǂ 31.31 ± 5.91 31.23 ± 5.86 30.97 ± 5.54 0.802§

sPAP (mmHg)ǂ 86.10 ± 26.56 74.72 ± 21.23 77.14 ± 22.69 <0.001§, <0.001ɠ, <0.001ɥ, 0.566ɣ
TAPSE (mm) 13.98 ± 2.91ǂ 14.00 (12.00–17.75)¶ 14.5 (13.00–17.75)¶ 0.001§, 0.226ɠ, 0.001ɥ

S′ (cm/s)¶ 11.00 (10.00–13.00) 13.00 (11.00–14.00) 13.00 (11.00–15.00) <0.001§, 0.004ɠ, <0.001ɥ, 0.102ɣ
RVFACǂ 33.12 ± 7.65% 34.59 ± 7.81% 34.61 ± 8.06% 0.023§, 0.020ɠ, 0.022ɥ, 1.0ɣ

6 MWD (meters)ǂ 424.74 ± 82.34 435.92 ± 75.03 440.59 ± 77.57 0.004§, 0.016ɠ, 0.004ɥ, 0.714ɣ

NT-proBNP (pg/ml)¶ 443.00 (140.90–1,143.5) 253.90 (110.0–1,009.00) 234.80 (108.95–939.50) <0.001§, 0.045ɠ, <0.001ɥ, 0.005ɣ
SpO2 92.14 92.29 93.08 0.798
WHO FC, n (%) <0.001§, 0.046ɠ, 0.008ɥ, 0.499ɣ

I 0 9 (6.2) 13 (9.0)
II 85 (58.6) 90 (62.1) 90 (62.1)
III 60 (41.4) 46 (31.7) 42 (29.0)

Quality of lifeǂ 74.10 ± 6.74 - 79.76 ± 13.66 <0.001§
REVEAL score, n (%) <0.001§, <0.001ɠ, <0.001ɥ, 1.00ɣ
≤6 13 (9.0) 33 (22.8) 37 (25.5)
7–8 42 (28.9) 58 (40.0) 51 (35.2)
≥9 90 (62.1) 54 (37.2) 57 (39.3)

ǂData are described as means and standard deviations (normal or approximately normal distribution). ¶Data are described as medians and interquartile ranges (non-normal distribution).
§Three groups (Baseline, Month 6, and Month 12) of data were compared. Once the difference (p < 0.05) was significant, other groups were compared with baseline. ɠMonth 6 versus
Baseline, ɥMonth 12 versus Baseline, ɣMonth 6 versus Month 12 (only when months 6 and 12 compared with baseline both were statistically significant, the two groups would be
compared.). RA: right atrium; RV: right ventricle; LA: left atrium, LVEDD: left ventricular end-diastolic dimension; PA: pulmonary artery; TAPSE: tricuspid annular plane systolic excursion; S’:
systolic velocity of the tricuspid annulus; RVFAC: right ventricular area change rate; 6 MWD: 6-min walking distance; NT-proBNP, N-terminal pro-brain natriuretic peptide; SpO2: pulse
oxygen saturation; WHO FC: world health organization functional class.
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the transition, the median decreased from baseline of 443.00 pg/
ml (IQR, 140.90–1,143.5 pg/ml) to 253.90 pg/ml (IQR,
110.0–1,009.00 pg/ml; p � 0.045) and 234.80 pg/ml (IQR,

108.95–939.50 pg/ml; p < 0.001), respectively. The difference
between month 6 and month 12 remained statistically
significant (p � 0.005).

Regarding echocardiography parameters, no significant
differences were found between diameters of the right atrium
(RA), left atrium (LA), and left ventricular end-diastolic
dimension (LVEDD) and pulmonary artery (PA) width.
However, the basal diameter of the right ventricle (RV) was
reduced from 41.61 ± 9.06 mm to 39.31 ± 9.42 mm (p � 0.003) at
month 12, and sPAP was lowered from 86.10 ± 26.56 mmHg
to 74.72 ± 21.23 mmHg (p < 0.001) at month 6 and to 77.14 ±
22.69 mmHg (p < 0.001) at month 12. TAPSE, S′, and RVFAC
were used for the evaluation of RV function. TAPSE
increased from 13.98 ± 2.91 mm to 14.5 (13.00–17.75) mm
(p � 0.001) at month 12, the median change S′ from 11.00
(10.00–13.00) cm/s to 13.00 (11.00–14.00) cm/s (p � 0.004) at
month 6 and to 13.00 (11.00–15.00) cm/s (P < 0.001) at
month 12, and RVFAC from 33.12 ± 7.65%–34.59 ± 7.81%
(p � 0.020) at month 6 and to 34.61 ± 8.06% (p � 0.022)
at month 12, respectively. Of note, for those differences
observed between baseline and months 6 or 12, no significant
difference was found between months 6 and 12. The data
on TAPSE, S’ and RVFAC was only available in 75 patients
as most echocardiography did not focus on the parameters
of RV.

The REVEAL 2.0 calculator was used to assess risk
stratification at baseline and months 6 and 12 (Figure 4).
At baseline, there were 13 patients with REVEAL risk scores ≤
6, 42 patients with REVEAL risk scores between 7 and 8, and
90 patients with REVEAL risk scores ≥ 9. There were 33
patients with REVEAL risk scores ≤ 6 at 6 months after
transition and 37 patients 12 months after the transition.
There were 58 patients with REVEAL risk scores between 7
and 8 at 6 months after transition and 51 patients 12 months
after the transition. There were 54 patients with REVEAL risk
scores ≥ 9 at 6 months after transition and 57 at 12 months
after the transition.

FIGURE 2 | (A)Change inWorldHealthOrganization Functional Class (WHO
FC). from baseline to Month 6. (B) Change in WHO FC from baseline to Month 12.

FIGURE 3 | Change in 6-min walk distance (6 MWD) from baseline to Month 6 and Month 12.
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Satisfaction and QOL
QOL scale was collected from 157 patients to assess treatment
satisfaction. The data were not available for 12 patients who
discontinued macitentan before month 12. QOL questionnaire
contained therapeutic effects, the convenience of taking, impact
on routine activities, overall satisfaction, and AEs (Lopez et al.,
2021). The QOL scale score was 74.10 ± 6.74 at baseline and
79.76 ± 13.66 at month 12 (p < 0.001). There were no significant
differences in items of AEs and convenience between time points,
but there was a significant improvement in the activities of daily
living and on the overall satisfaction.

DISCUSSION

The current evidence on the safety and efficacy of drug
transition from one PAH-specific therapy to another
includes the transition involving prostacyclin and its
analogs (Hoeper et al., 2002; Gomberg-Maitland et al., 2005;
Ewert et al., 2007; Rubenfire et al., 2007; Sitbon et al., 2007;
Shlobin et al., 2012; Bourge et al., 2013; Minai et al., 2013;
Shapiro et al., 2013; Tamura et al., 2013; Frantz et al., 2014;
Frantz et al., 2015; Fukumoto et al., 2015; Lichtblau et al., 2015;
Chakinala et al., 2017; Frost et al., 2019) or PDE-5i (Tay et al.,
2008; Verlinden et al., 2020), but minimal data on the switch
between ERA. A study reported that the switch from bosentan
or sitaxentan to ambrisentan in patients with liver
abnormalities is safe and can offer clinical improvement
(McGoon et al., 2009). Two studies found that switching
from sitaxentan to bosentan or ambrisentan is safe and
tolerable as monitored by NT-proBNP levels,
echocardiography, hemodynamic parameters, and side
effects (Safdar, 2011; Fox et al., 2013). An observational
study in 2018 showed that most PAH patients taking
bosentan showed good safety and tolerance after
replacement with ambrisentan or macitentan (Dawson
et al., 2018). Moreover, a retrospective study in 2019

showed that after replacing bosentan or ambrisentan with
macitentan, 6 MWD was increased and right ventricular
function was improved in most patients (Cadenas-
Menéndez et al., 2019). However, to date, no studies have
especially explored the replacement of ambrisentan with
macitentan. Thus, the evidence for the safety and efficacy of
the transition from ambrisentan to macitentan in PAH
patients needs to be considered.

In our study of 157 patients, the transition from ambrisentan
to macitentan was successfully achieved in most patients, was
well-tolerated, and without deterioration of clinical status. All
enrolled patients (n � 157) continued to receive macitentan or at
least 1 month after discontinuation of ambrisentan, and 145
patients complied with all prespecified criteria for the
sustained switch. After study completion, 148 patients
continued with macitentan. Patients were carefully selected
and assessed throughout the study to prevent disease
deterioration and to monitor for AEs.

Although most patients underwent some AEs, there were no
differences in the overall incidence of AEs before and after the
switch, but we need to take cautious of anemia and menstrual
disorder in females. When taking ambrisentan, most AEs were
peripheral edema and headache. After the transition, the
incidence of peripheral edema and headache was not
significantly changed, although there was a trend to less
headache. Anemia and menstrual disorder, however,
increased significantly. The proportion of patients with
anemia at month 6 was higher in our study than that in the
SERAPHIN trial (Pulido et al., 2013), and the most severe
anemia occurred in females of reproductive age. Such anemia
may not only be directly caused by macitentan but indirectly
caused by metromenorrhagia associated with macitentan. Four
female patients experienced severe anemia, shown by a decline
in hemoglobin to 73, 75, 78, and 83 g/L, with associated
menstrual disorder. They had to discontinue macitentan
and receive iron therapy. After at least three months of
therapy, hemoglobin normalized, and the menstrual
disorder gradually recovered. Three of the women that
stopped the macitentan did not have a recurrence of anemia
after re-introduction of the macitentan and they remained
stable. One of the women did not wish to restart the
macitentan therapy. Although the mechanism by which
macitentan causes anemia is unknown, our experience
suggests that anemia can be associated with menstrual
disorders in women. In addition, anemia can aggravate the
symptoms of palpitation, chest tightness, and shortness of
breath, resulting in patients’ noncompliance for prescribe.
Thus, patients must monitor hemoglobin monthly. Once an
abnormality is found, patients need to contact the doctors to
evaluate it in time.

Regarding clinical stability, we used a strict definition and
included multiple clinical parameters. Although several patients
experienced a deterioration in WHO FC, 6 MWD, and NT-
proBNP, most patients demonstrated stable or improved
6 MWD and WHO FC and thus, transitioned successfully. We
observed 36 patients who moved from REVEAL 2.0 high-risk
score to intermediate or low risk after the transition, and 33

FIGURE 4 |Change in risk stratification (assessed by REVEAL score 2.0)
from baseline to Month 6 and Month 12.
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patients maintained their condition 12 months later. Six months
after the transition, the number of PAH patients (n � 91, 62.8%)
in the low- or intermediate-risk groups reached a peak. Risk
stratification score ameliorated, which indicates a better
prognosis in our cohort of PAH patients. But our study was
not professionally designed or powered to demonstrate
superiority or non-inferiority over ambrisentan because of
lacking a control group. The improvement observed may not
be strongly reasoned to suggest that macitentan has better efficacy
than ambrisentan. However, it is only suggested that patients
taking macitentan do have a better effect, at least better than the
baseline. Eleven patients experienced a worsening from baseline
to month 6 in 6 MWD and nine patients at month 12. Eleven
patients underwent deterioration in WHO FC, but none declined
to WHO FC IV. The cause for the clinical worsening in a small
proportion of patients was likely multifaceted and may include
progressive deterioration of PAH together with the initiation of
intravenous prostacyclin and the sudden withdrawal of the
medication.

The hemodynamic parameters as assessed by
echocardiography were comparable between pre-and post-
transition, and there were no marked changes in the
diameters of the RA, LA, LVEDD, and PA. However, we did
observe significant decreases in the diameter of the RV and
sPAP as well as increases in TAPSE, S′, and RVFAC from
baseline to post-transition. These echo markers indicate
improvement in RV function and may provide additional
prognostic information in PAH (Augustine et al., 2018). The
improvements in the mean diameter of RV and TAPSE were
seen after 12 months, whereas the mean S’ and RVFAC
significantly improved after 6 months. The improvement
after transition may be attributable to optimized drug
exposure by eliminating the drug interaction of ambrisentan
or the possible advantage of dual ETA and ETB receptor
antagonism. Nonetheless, these echocardiographic parameters
were only obtained from 75 patients (52%), which may lead to
bias due to the incomplete data and should only be considered
exploratory in nature, and requires further validation with
additional studies. Invasive hemodynamic measurements
before and after the switch would also lend further strength
to our data.

Treatment with macitentan may offer several benefits over
ambrisentan therapy for Chinese patients. In China, although
treatment decisions are based on the PAH guidelines, they are
also largely influenced by patients’ financial situations (Zhang
et al., 2011; Zhai et al., 2017). Both ambrisentan and macitentan
are expensive in China. However, on April 1st, 2020, macitentan
has been added to the list of medical insurance in Hunan
province. After being reimbursed by 60–70% by the medical
insurance, monthly out-of-pocket expenses of macitentan are
about $187–249, while that of ambrisentan is $624 due to the
withdrawal of medical insurance for the latter. Thus, ambrisentan
therapy results in a substantial pill burden, which can increase
non-adherence. Overall, the transition from ambrisentan to
macitentan results in a cost-saving of approximately $14.5 per
day. Hence, the transition enhanced overall treatment satisfaction
and life happiness (QOL).

Our study is the first clinical study to demonstrate that
converting from ambrisentan to macitentan can be completed
safely in clinically stable patients. Limitations of this study are the
open-label nature of the trial with no placebo or active
comparator. In addition, the patient-reported QOL and
treatment administration time data were inherently subjective,
and long-term data were limited by missing data and might have
been affected by completer bias of patients who may have
discontinued the trial for reasons such as treatment
dissatisfaction. As such, the clinical correlation of observed
changes is not fully elucidated and the data should be
cautiously interpreted. Despite these limitations, this study
provides useful insight into the safety and efficacy of
converting PAH patients from ambrisentan to macitentan
therapy in a real-world clinical setting. The strengths of the
study include the large size of the cohort, strict inclusion
criteria, and 12-month follow-up.

CONCLUSION

In summary, we have reported the sustained transition of a
carefully selected cohort from ambrisentan to macitentan
in PAH patients. These data indicate that the transition is
safe and compared with baseline, the switch to macitentan
therapy was associated with improvements in exercise
capacity, NT-pro BNP, and right ventricular function
(assessed by echocardiography) in the majority of PAH
patients. However, the increase in the incidence of
menstrual disorder and anemia requires careful monitoring
and may lead to further intervention in younger women.
We found that macitentan was associated with good
compliance and maybe a good alternative to ambrisentan
if the switch is required due to side effects or accessibility
issues.
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A Corrigendum on

The Transition From Ambrisentan to Macitentan in Patients With Pulmonary Arterial
Hypertension: A Real-Word Prospective Study
by Chen, Y., Luo, J., Chen, J., Kotlyar, E., Li, Z., Chen, W. and Li, J. (2022). Front Pharmacol. 12:
811700. doi:10.3389/fphar.2021.811700

In the original article, there was a mistake in Table 1 and in the Section Results, Patients’ Clinical
Characteristics as published. “There were errors in the values for the ‘Ambrisentan dose’ as it was
reported that one hundred and twenty-eight patients (88.3%) were receiving 10 mg once per day,
whereas seventeen patients (11.7%) were receiving 5 mg once daily. This was corrected to sixty-one
patients (42.1%) were receiving 10 mg once per day, and eighty-four patients (57.9%) were receiving
5 mg once daily.” The corrected Table 1 appears below and the text in the Section Results, Patients’
Clinical Characteristics has been updated.

The authors apologize for this error and state that this does not change the scientific conclusions
of the article in any way. The original article has been updated.
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TABLE 1 | Baseline characteristics.

Characteristic All patients (N = 145)

Age, yearsa 32.0 (26.0, 42.0)
Sex, n (%)
Female 108 (74.5)
Male 37 (25.5)

Duration of ambrisentan treatment before transition, yearsa 1.5 (1.0, 2.9)
mPAP, mmHgb,c 61.4 ± 18.6
PVR, Wooda,c 14.4 (8.0, 22.1)
mRAP, mmHgb,c 10.0 ± 5.8
mRVP, mmHgb,c 41.7 ± 12.4

Etiology of PAH, n (%)
Idiopathic 32 (22.1)
Drug or toxin-induced 4 (2.8)
Associated with connective tissue disease 21 (14.4)
Associated with congenital heart disease 88 (60.7)

Ambrisentan dose, mg, QD
5 n (%) 84 (57.9)
10 n (%) 61 (42.1)

WHO FC, n (%)
II 85 (58.6)
III 60 (41.4)

BMI (kg/m2) b 21.0 ± 3.2
PAH medications in addition to taking ambrisentan, n (%)
Monotherapy 18 (12.4)
PDE-5i 122 (84.1)
Riociguat 4 (2.8)
Riociguat and PDE-5i 1 (0.7)

aData are described as medians and interquartile ranges (non-normal distribution).
bData are described as means and standard deviations (normal or approximately normal distribution).
cHistorical data from the most recent right heart catheterization before enrollment.
mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance; mRAP, mean right atrial pressure; mRVP, mean right ventricular pressure; QD, once per day; PAH,
pulmonary arterial hypertension; WHO FC, World Health Organization functional class; BMI, body mass index; PDE-5i, phosphodiesterase type 5 inhibitor.
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Comparison of Systemic Treatments
for Metastatic Castration-Resistant
Prostate Cancer After Docetaxel
Failure: A Systematic Review and
Network Meta-analysis
Junru Chen†, Yaowen Zhang†, Xingming Zhang, Jinge Zhao, Yuchao Ni, Sha Zhu, Ben He,
Jindong Dai, ZhipengWang, Zilin Wang, Jiayu Liang, Xudong Zhu, Pengfei Shen*, Hao Zeng*
and Guangxi Sun*

Department of Urology, Institute of Urology, West China Hospital, Sichuan University, Chengdu, China

Background: Lacking head-to-head trial, the optimal treatment for patients with
metastatic castration-resistant prostate cancer (mCRPC) after docetaxel failure is
unclear. This study is to compare the efficacy and safety of systemic treatments in
patients who progressed after docetaxel to aid clinical decision-making.

Methods: Databases including MEDLINE, EMBASE, and the Cochrane Library were
searched from inception to June 15th, 2021. The outcomes of interest include overall
survival (OS), biochemical progression-free survival (bPFS), and serious adverse events
(SAEs). The Cochrane risk of bias tools were used to assess study quality. Indirect
comparisons of competing treatments were performed via Bayesian network meta-
analysis.

Results: Five trials with 3,862 patients comparing four treatments (abiraterone,
enzalutamide, cabazitaxel, and radium-223) were identified. All the four treatments
were associated with improved OS and bPFS relative to best supportive care. Among
them, enzalutamide (hazard ratio [HR] � 0.58, 95% credible interval [Crl]: 0.49–0.69) had
the highest probability of ranking first in terms of OS, followed by cabazitaxel (HR � 0.70,
95% Crl: 0.59–0.83), radium-223 (HR � 0.71, 95% Crl: 0.56–0.90) and abiraterone (HR �
0.73, 95% Crl: 0.63–0.84). Similarly, enzalutamide (HR � 0.25, 95% Crl: 0.20–0.31)
showed the greatest improvement of bPFS, followed by abiraterone (HR � 0.60, 95% Crl:
0.51–0.71) and cabazitaxel (HR � 0.75, 95%Crl: 0.63–0.89). In terms of safety, treatments
ranked from the safest to the least safe were radium-223 (OR � 0.58, 95%Crl: 0.20–1.68),
enzalutamide (OR � 0.80, 95% Crl: 0.28–2.29), abiraterone (OR � 0.94, 95% Crl:
0.39–2.27) and cabazitaxel (OR � 2.50, 95% Crl: 0.84–7.44).

Conclusion: For patients with mCRPC who progressed after docetaxel, enzalutamide
may offer the most significant survival benefits and satisfying safety. Cabazitaxel is effective
in post-docetaxel settings but associated with a high risk of SAEs. Although network meta-
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analysis provides indirect comparisons and ranking probabilities, the results should be
treated with caution as it cannot replace randomized direct comparison.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID�CRD42020223040, identifier CRD42020223040.
Keywords: metastatic castration-resistant prostate cancer, network meta-analysis, docetaxel (DOC), enzalutamide
(ENZ), abirateron, radium-223 (Ra) 223

1 INTRODUCTION

Prostate cancer (PCa) is the most common malignancy in men in
America accounting for 26% of cancer diagnoses (Siegel et al., 2021).
Although most patients with metastatic PCa are initially hormone-
sensitive and controlled by androgen-deprivation therapy (ADT),
diseases progression is inevitable and patients eventually develop
castration-resistant diseases (Galletti et al., 2017). Metastatic
castration-resistant prostate cancer (mCRPC) is highly aggressive
with a median survival ranging from 17.5 to 34.7 months (Petrylak
et al., 2004; Berthold et al., 2008; Beer et al., 2014; Ryan et al., 2015).
Docetaxel combined with prednisone is the first to show survival
benefits in patients with mCRPC and remains one of the standard
first-line treatments for this setting (Cornford et al., 2021). However,
most patients receiving docetaxel progress within 1 year (Petrylak
et al., 2004; Berthold et al., 2008). Based on survival improvements
compared to best supportive care, several regimens including
abiraterone, enzalutamide, cabazitaxel, and radium-223 are
recommended after docetaxel treatment failure (de Bono et al.,
2010; de Bono et al., 2011; Fizazi et al., 2012; Scher et al., 2012;
Parker et al., 2013; Sun et al., 2016).

Due to the lack of head-to-head trials comparing these drugs, the
optimal treatment for patients with mCRPC who progress after
docetaxel is unclear. As such, the current guidelines do not
recommend one treatment over the others (Cornford et al., 2021;
J Natl Compr Canc Netw, 2021). One preliminary analysis has
attempted to compare these active treatments indirectly but was
limited by a few number of included studies and the exclusion of
radium-223 (Fryzek et al., 2018). In addition, the costs and treatment
courses of these drugs vary widely (Pollard et al., 2017). This study
aimed to compare the efficacy and safety of systemic treatments for
mCRPC after upfront docetaxel failure to assist clinical practice.

2. MATERIALS AND METHODS

2.1 Search Strategy and Eligibility Criteria
The protocol of this study was developed following Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) reporting guideline (Tricco et al., 2018) and
prospectively registered in PROSPERO (CRD42020223040).
Bibliographic databases including MEDLINE (OVID interface),
EMBASE (OVID interface), and the Cochrane Central Register of
Controlled Trials were searched from inception to June 15th,
2021. The full search strategy was available in the protocol. The
eligibility criteria included: 1) randomized controlled trials
(RCTs) or cohorts; 2) patients who received first-line docetaxel

for mCRPC and progressed; 3) interventions of interest were
abiraterone, enzalutamide, cabazitaxel and radium-223; 4)
comparators of interest were best supportive care (BSC) or
active drugs; 5) studies reporting survival and safety outcomes.
Prednisone alone and prednisone plus mitoxantrone were both
regarded as BSC as a recent study showed similar survival
outcomes for these two treatments (Green et al., 2015).
Reviews, case reports, cohorts, study protocols, abstracts, and
dose-escalation trials were excluded.

2.2 Study Selection and Data Extraction
Two investigators (JRC and YWZ) screened the titles and
abstracts independently using Endnote X9. Full texts of
potentially eligible studies were further evaluated to identify
the final included studies. Data extraction was performed by
two investigators (JRC and YWZ) and double-checked.
Disagreements were reconciled by discussion or a third
investigator (XMZ). The following data were extracted: study
design, recruitment period, follow-up time, sample size,
interventions, baseline characteristics, efficacy, and safety
outcomes. For trials with multiple publications, the most
recent data were extracted. The primary efficacy outcome of
interest was overall survival (OS), defined as the time from
randomization to death due to any cause. The secondary
efficacy outcome was biochemical progression-free survival
(bPFS), defined as the time from randomization to prostate-
specific antigen (PSA) progression or death due to any cause,
whichever occurred first. The safety outcome of interest was any
serious adverse event (SAE).

2.3 Risk of Bias Assessment
Two investigators (JRC and YWZ) assessed the risk of bias of
included studies independently. Disagreements were resolved
through consensus. The following five domains were evaluated
for RCTs according to the Cochrane framework (Sterne et al.,
2019): randomization process, deviation from intended
interventions, missing outcome data, measurement of the
outcome, selection of reported results. The overall risk of bias
of a trial was determined by the worst risk of bias in any of the
domains. If multiple concerns were raised for one trial, it was
judged as at high risk of bias overall.

2.4 Statistical Analysis
We performed the indirect comparisons using the Bayesian
framework as recommended by the National Institute for
Health and Care Excellence (NICE) of the United Kingdom
(Shim et al., 2019). For survival outcomes, hazard ratios (HRs)
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from individual trials were used to estimate overall HRs and
corresponding 95% credible intervals (CrIs). The ALSYMPCA
trial included patients with and without previous use of docetaxel,
and only data from patients who had received docetaxel were
used for analysis. For safety outcomes, the incidence of SAE in
each treatment arm was used to estimate the overall odds ratios
(ORs) with 95% CrIs. We fitted the consistency model and
evaluated heterogeneity using I2 statistic. A fixed-effect model
was used if I2 > 50%. lMarkov chain Monte Carlo (MCMC)
algorithms were applied to estimate treatment effects with
100,000 samples after a 10,000-sample burn-in. Treatment
ranking probability was assessed via the surface under the
cumulative ranking curve (SUCRA). SUCRA ranges from 0 to
1, with score 1 being the best (Salanti et al., 2011). Subgroup
analyses were performed based on patient age, ECOG score, and
the absence of visceral metastasis. All analyses were performed
using the gemtc and rjags packages within R program.

3 RESULTS

3.1 Characteristics of Include Studies
A total of 6,262 studies were identified and screened via titles
and abstracts. The flowchart showing the selection process is

presented in Figure 1. Five trials involving 3,862 patients met
our eligibility criteria and were included in this systematic
review (de Bono et al., 2010; de Bono et al., 2011; Fizazi
et al., 2012; Scher et al., 2012; Parker et al., 2013; Sun et al.,
2016). All the included trials were multicenter phase 3 RCTs.
The median sample size was 755 (range:214–1,199). The median
follow-up duration was 13.7 months (range: 12.8–20.8). The
network plot of treatment comparisons is shown in Figure 2.

FIGURE 1 | PRISMA flowchart of study selection.

FIGURE 2 | Network plot of treatment comparisons.
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Two trials compared abiraterone + prednisone with prednisone
+ placebo (de Bono et al., 2011; Fizazi et al., 2012; Sun et al.,
2016), one compared enzalutamide with placebo with no
requirement of glucocorticoids (Scher et al., 2012), one compared
cabazitaxel + prednisone with prednisone + mitoxantrone (de Bono
et al., 2010), and one compared radium-223 with placebo (Parker
et al., 2013). The ALSYMPCA trial only included patients with bone
metastases and no visceral metastases (Parker et al., 2013). The
characteristics of included trials and patients are summarized in
Tables 1, 2, respectively.

3.2 Risk of Bias
As shown in Table 3, the overall risk of bias was low in three trials
(COU-AA-301, Sun et al., 2016 and AFFIRM) (de Bono et al.,
2011; Scher et al., 2012; Sun et al., 2016), but some concerns have
been raised for the other two trials (TROPIC and ALSYMPCA)
(de Bono et al., 2010; Parker et al., 2013). Specifically, deviations
from intended interventions might be a concern of bias for the
TROPIC trial (de Bono et al., 2010), as patients and treating
physicians were not masked to the treatment allocation and there
was no information on whether there were deviations from

TABLE 1 | Characteristics of included trials.

Trial Study design Recruitment period Median follow-
up

(month)

Interventions Sample size

COU-AA-301 Phase 3, multicenter, double-
blind, RCT

May 2008 to Jul 2009 20.2 Abiraterone + prednisone vs. placebo +
prednisone

797 vs. 398

Sun et al. (2016) Phase 3, multicenter, double-
blind, RCT

Aug 2012 to Nov
2013

12.9 Abiraterone + prednisone vs. placebo +
prednisone

143 vs. 71

AFFIRM Phase 3, multicenter, double-
blind, RCT

Sep 2009 to Nov
2010

14.4 Enzalutamide vs. placebo 800 vs. 399

TROPIC Phase 3, multicenter, open-
label, RCT

Jan 2007 to Oct 2008 12.8 Cabazitaxel + prednisone vs. mitoxantrone +
prednisone

378 vs. 377

ALSYMPCA Phase 3, multicenter, open-
label, RCT

Jun 2008 to Feb 2011 NA Radium-223 vs. placebo 325a vs. 174a

Abbreviations: RCT, randomized controlled trial; NA, not available.
aData of patients with previous docetaxel use.

TABLE 2 | Baseline characteristics of included patients.

Characteristic COU-AA-301 Sun et al. (2016) AFFIRM TROPIC ALSYMPCAa

Abi Placebo Abi Placebo Enza Placebo Caba Placebo Ra-223 Placebo

Median age (years) 69 69 Mean: 68.2 Mean: 67.7 69 69 68 67 71 71
Median PSA (ng/ml) 128.8 137.7 Mean: 800.0 Mean: 527.8 107.7 128.3 143.9 127.5 146 173
Gleason score<8 49% 46% 36% 28% 50% 48% NA NA NA NA
Gleason score ≥8 51% 54% 64% 72% 50% 52% NA NA NA NA
Bone metastasis 89% 90% 95% 94% 92% 92% 80% 87% 100% 100%
Lung metastasis 13% 11% 8% 13% 15% 15% Visceral: 25% Visceral: 25% 0% 0%
Liver metastasis 11% 8% 4% 3% 12% 9% 0% 0%
ECOG score<2 90% 89% 92% 93% 91% 92% 93% 91% 87% 87%
ECOG score≥2 10% 11% 8% 7% 9% 8% 7% 9% 13% 13%

Abbreviations: Abi, abiraterone; Caba, cabazitaxel; Enza: enzalutamide; NA, not available; Ra-223, radium-223.
aData of overall population.

TABLE 3 | Risk of bias of included trials.

Trial Randomisation
process

Deviations from
intended interventions

Missing outcome
data

Measurement of
the outcome

Selection of
the reported

result

Overall bias

COU-AA-301 Low Low Low Low Low Low
Sun et al. (2016) Low Low Low Low Low Low
AFFIRM Low Low Low Low Low Low
TROPIC Low Some concerns Low Some concerns Low Some concerns
ALSYMPCA Low Low Low Some concerns Some concerns Some concerns
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intended intervention because of the trial context. There were
concerns of bias regarding measurement of the outcome for the
TROPIC and ALSYMPCA trial (de Bono et al., 2010; Parker et al.,

2013). In these trials, the outcome assessors were unblinded to
intervention status, which might influence the outcome
assessment. Additionally, the selection of the reported result

FIGURE 3 | Relative effects of systemic treatments compared to best supportive care and treatment ranking on (A) overall survival, (B) biochemical progression-
free survival, and (C) serious adverse events.

TABLE 4 | Relative effect estimates for all pairwise treatment comparisons.

Outcomes Comparator Intervention

OS, HR (95%CrI) Abiraterone
Enzalutamide 1.30 (1.06–1.59) Enzalutamide
Cabazitaxel 1.04 (0.83–1.30) 0.83 (0.65–1.06) Cabazitaxel
Radium-223 1.05 (0.78–1.41) 0.82 (0.61–1.10) 0.99 (0.73–1.34) Radium-223
BSC 0.73 (0.63–0.84) 0.58 (0.49–0.69) 0.70 (0.59–0.83) 0.71 (0.56–0.90) BSC

bPFS, HR (95%CrI) Abiraterone
Enzalutamide 2.40 (1.80–3.20) Enzalutamide
Cabazitaxel 0.80 (0.63–1.02) 0.33 (0.25–0.44) Cabazitaxel
BSC 0.60 (0.51–0.71) 0.25 (0.20–0.31) 0.75 (0.63–0.89) BSC

SAE, OR (95%CrI) Abiraterone
Enzalutamide 1.10 (0.29–4.20) Enzalutamide
Cabazitaxel 0.39 (0.09–1.62) 0.33 (0.07–1.51) Cabazitaxel
Radium-223 1.60 (0.39–6.56) 1.40 (0.31–6.32) 1.72 (0.59–5.01) Radium-223
BSC 0.94 (0.39–2.27) 0.80 (0.28–2.29) 2.50 (0.84–7.44) 0.58 (0.20–1.68) BSC
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raised concerns for the ALSYMPCA trial (Parker et al., 2013), as
the protocol was finalized after interim analysis and unblinded
outcome data were available for analysis.

3.3 Efficacy Outcomes
All the included studies reported outcomes of OS. Compared to
BSC, abiraterone (HR � 0.73, 95% Crl: 0.63–0.84), enzalutamide
(HR � 0.58, 95% Crl: 0.49–0.69), cabazitaxel (HR � 0.70, 95% Crl:
0.59–0.83), and radium-223 (HR � 0.71, 95% Crl: 0.56–0.90)
showed significantly improved OS (Figure 3A). There was no
significant heterogeneity (I2 � 0). Furthermore, enzalutamide was
associated with the highest probability of ranking first, followed
by cabazitaxel, radium-223, and abiraterone, and the
corresponding SUCRAs were 0.96, 0.56, 0.53, 0.45. The
relative effect estimates for all pairwise treatment comparisons
are summarized in Table 4.

The bPFS data of patients with prior docetaxel were not
available in the ALSYMPCA trial. Thus, radium-223 was
excluded from the treatment comparisons with respect to
bPFS. The network meta-analysis showed obvious
improvements in bPFS of abiraterone (HR � 0.60, 95% Crl:
0.51–0.71), enzalutamide (HR � 0.25, 95% Crl: 0.20–0.31) and
cabazitaxel (HR � 0.75, 95% Crl: 0.63–0.89) relative to BSC
(Figure 3B). No significant heterogeneity was observed (I2 �

20%). Additionally, as shown in Figure 3B; Table 4,
enzalutamide was associated with superior bPFS outcomes
compared to abiraterone (HR � 0.42, 95% Crl: 0.32–0.55) and
cabazitaxel (HR � 0.33, 95% Crl: 0.25–0.44) with a 100%
probability of being the best treatment. The corresponding
SUCRAs were 1, 0.66, and 0.34.

Subgroup analyses on OS were conducted according to patient
baseline characteristics including age, ECOG score, and the
presence of visceral metastasis. The results are summarized in
Figure 4. Overall, patients with non-visceral metastasis or an
ECOG score<2 were more likely to benefit from treatments. On
the contrary, none of the treatments (abiraterone, enzalutamide,
cabazitaxel) showed significantly improved survival compared to
BSC in patients with visceral metastasis or a high ECOG score. In
patients with younger age (<65 years), non-visceral metastasis, or
an ECOG score<2, enzalutamide was associated with the highest
probability of ranking first. However, in patients older than
65 years, cabazitaxel showed a superior ranking to other
treatments.

3.4 Safety Outcomes
The data of SAEs were available in all the included studies. SAE
outcomes of the COU-AA-301 and TROPIC trials were extracted
from clinicaltrials.gov (NCT00638690 and NCT00417079).

FIGURE 4 | Treatment ranking and relative effects of systemic treatments from subgroup analyses on overall survival. (A) patient age≥65 years, (B) patient
age<65 years, (C) patients with an ECOG score<2, (D) patients with a ECOG score≥2, (E) patients without visceral metastases, (F) patients with visceral metastases.
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Treatments ordered from the safest to the least safe based on the
risk of SAEs were radium-223 (OR � 0.58, 95% Crl: 0.20–1.68),
enzalutamide (OR � 0.80, 95% Crl: 0.28–2.29), abiraterone (OR �
0.94, 95% Crl: 0.39–2.27) and cabazitaxel (OR � 2.50, 95% Crl: 0.
84–7.44). The corresponding SUCRAs were 0.85, 0.65, 0.52, and
0.04 (Figure 3; Table 4).

4 DISCUSSION

Currently, there is a lack of evidence regarding the preferred
treatment for patients with mCRPC after docetaxel failure. In this
study, we included five eligible RCTs and conducted a Bayesian
network meta-analysis to comprehensively compare and rank
four systemic treatments based on their efficacy and safety. All the
drugs including abiraterone, enzalutamide, cabazitaxel, and
radium-223 were associated with prolonged OS and bPFS
relative to BSC. Among them, enzalutamide showed relatively
superior survival benefits and higher ranking than others in the
overall population andmost of the subgroups. For safety, radium-
223 was associated with the lowest risk of SAEs, enzalutamide and
abiraterone with intermediate risk of SAEs, and cabazitaxel with
the highest risk of SAEs.

Compared to the previous review (Fryzek et al., 2018), our
study provides several novel findings. First, radium-223 was
included in the network analysis. Approximately 90% of
patients with mCRPC present with bone metastases
(Tannock et al., 2004; Sun et al., 2016). Radium-223 could
selectively bind to bone metastases and emit high-energy
alpha particles to target areas (Bruland et al., 2006). In
overall comparison, radium-223 was associated with
prolonged OS. Considering that the ALSYMPCA trial
excluded patients with visceral metastasis, we further
performed subgroup analysis for patients without visceral
metastasis. Consistently, radium-223 showed improved
survival compared to BSC and similar efficacy with
abiraterone and enzalutamide in this setting. Second, the
prior indirect analysis used PFS as one of the efficacy
outcomes, while the definitions of PFS were different cross
trials (Fryzek et al., 2018). In this study, we compared the
bPFS outcomes, which were measured more consistently in
the included trials.

Moreover, patients with mCRPC are clinically
heterogeneous, we performed subgroup analyses based on
patient baseline characteristics to inform decision-making
in specific populations. Across treatments, better efficacy
was observed in patients with better performance status
(ECOG<2) and in patients without visceral metastasis.
Across patient subgroups, enzalutamide had the highest
probability of being the best treatment for the most time.
Patient age seemed to have little impact on the efficacy of
enzalutamide and abiraterone, while older (≥65 years)
patients might benefit more from cabazitaxel treatment. A
recent study suggested abiraterone plus apalutamide
combination therapy was associated with improved survival
outcomes compared to abiraterone alone in older mCRPC
patients who were chemotherapy-naïve (Saad et al., 2021).

Thus, AR-targeted combination therapy may also be a
potential option in post-chemotherapy setting. In terms of
patients with higher ECOG scores, all treatments failed to
yield significant survival improvements. It is possible that
these patients may be less tolerant to AEs and have higher probability
of treatment discontinuation (Honecker et al., 2018). For patients
with visceral metastasis, neither abiraterone nor enzalutamide was
associated with significantly prolonged survival relative to BSC, which
was consistent with the situation in the chemotherapy-naive mCRPC
setting (Beer et al., 2014; Ryan et al., 2015). Emerging evidence has
suggested that variant histology subtypes and molecular aberrations
in visceral metastasis were associated with treatment resistance
(Pouessel et al., 2007; Akfirat et al., 2013). In the TROPIC trial,
cabazitaxel was not analyzed in this subgroup, as patients were
divided by measurable disease rather than visceral disease.
However, a recent retrospective study demonstrated visceral
metastasis was also an independent predictor for poor survival in
patients treatedwith cabazitaxel (Kosaka et al., 2018). Furthermore, in
the CARD trial, no difference in survival was observed between
cabazitaxel and abiraterone/enzalutamide in heavily treated patients
harboring visceral metastasis (de Wit et al., 2019). Thus, visceral
metastasis remains a challenge in the treatment ofmCRPCand future
trials are needed to further address this issue.

In treatment selection, safety should also be taken
sufficiently into consideration. Among the four treatments,
radium-223 had the lowest risk of SAEs, followed by
enzalutamide and abiraterone. Cabazitaxel was associated with
the highest risk of SAEs. Specifically, hematological AEs were
extremely common in patients with cabazitaxel. Combined with
the survival outcomes, enzalutamide seemed to have the optimal
efficacy and safety profile among the four systemic treatments.

Our findings should be interpreted with caution as this
review is not devoid of limitations. First, the BSC for patients
in the control arm varied across trials. Prednisone was used as
BSC in most trials, while the TROPIC trial administered
mitoxantrone plus prednisone as control. Although
mitoxantrone plus prednisone showed comparative
effectiveness with prednisone alone in mCRPC after
docetaxel failure, the inconsistent comparators could still
bias the results against cabazitaxel (Green et al., 2015).
Second, with a follow-up duration of 12.9 months, median
survival was not reached in either treatment arm in the Sun
et al. (2016) trial. However, the relative effects and ranking
probability of abiraterone remained nearly unchanged in the
sensitivity analysis in which this trial was excluded (data not
shown). Third, our results are limited by the potential bias of
the TROPIC and ALSYMPCA trials, which also reflects the
opportunities for future trials to improve study design.
Finally, in the era of precision oncology, several biomarkers
have emerged to predict treatment response, such as androgen
receptor splice variant 7 (AR-V7) (Scher et al., 2018;
Armstrong et al., 2019). A recent study showed that
patients with nuclear-localized AR-V7 protein in
circulating tumor cells might have longer survival if treated
with taxane chemotherapy than AR signaling inhibitors.
However, the relevant information was not feasible in the
included trials.
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5 CONCLUSION

This interactive network meta-analysis provides the best
current evidence on the efficacy and safety profiles of
multiple second-line treatments after docetaxel failure in
patients with mCRPC. Our findings demonstrate that
enzalutamide may provide optimal efficacy and a relatively
low risk of SAEs. Cabazitaxel is also effective in post-docetaxel
settings but associated with a high risk of SAEs. This study
offers important implications for patients and clinicians.
However, the results should be used with caution due to the
inherent biases across the comparisons. Further head-to-head
trials are needed to confirm our findings.
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Methylxanthine Treatment in Patients
Hospitalized for Acute Exacerbation of
Chronic Obstructive Pulmonary
Disease in China: A Real-World Study
Using Propensity Score Matching
Analysis
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Background: Although medical guidelines discourage the use of methylxanthines in
patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD),
they are still widely used in clinical practice. This study investigated the real-world use of
methylxanthines in the management of AECOPD.

Methods: Patient data from the Acute exacerbation of Chronic obstructive pulmonary
disease Using REgistry data (ACURE, NCT02657525) study database were screened.
Enrolled patients were divided into treatment and control groups. Propensity score (PS)
matching and Cox regression analyses were used to minimize confounding factors and
determine the association between methylxanthine treatment and the length of stay (LOS).

Results: Among the 2088 eligible patients, 1,563 (74.9%) were in the methylxanthine
treatment group. Patients treated with methylxanthines had more severe respiratory
symptoms and worse lung function than those in the control group. Doxophylline was
themost commonly usedmethylxanthine in both secondary and tertiary hospitals. After PS
matching, 966 patients were equally divided into two groups. The LOS of patients in the
two groups was similar [median: 8 days, interquartile range (IQR): 7–11 days, p = 0.730].
Patients in the treatment group (median: 8, IQR: 4–12) had a more significant decrease in
the COPD Assessment Test score from admission to discharge than those in the control
group (median: 6, IQR: 2–10, p < 0.001). Among all matched patients, the LOS was not
significantly associated with methylxanthine treatment [adjusted hazard ratio (HR): 1.02,
95% confidence intervals (CIs): 0.89–1.16]. However, in the subgroup analysis,
methylxanthines were significantly associated with a short LOS in patients with blood
eosinophil count >4% (adjusted HR: 1.56, 95% CIs: 1.12–2.17).
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Conclusion: This study revealed that methylxanthines, especially doxophylline, are widely
used in China. Methylxanthines were effective in improving symptoms in AECOPD
patients. Higher blood eosinophil count may be associated with a better efficacy of
methylxanthine treatment.

Keywords: chronic obstructive pulmonary disease, acute exacerbation, hospitalization, methylxanthine, length of
stay

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is characterized
by chronic respiratory symptoms and persistently inadequate
airflow. COPD is highly prevalent worldwide and is associated
with high disability and mortality according to the Global Burden
of Disease study, making it a major public health challenge. In
2017, 299.4 million COPD cases and 3.2 million COPD-related
deaths were reported worldwide (GBD 2017 Causes of Death
Collaborators, 2018; GBD 2017 Disease and Injury Incidence and
Prevalence Collaborators, 2018). In China, 99.9 million cases
were reported, and COPD was the third leading cause of death in
2015 (Zhou et al., 2016; Wang et al., 2018). Acute exacerbation of
COPD (AECOPD) is a significant event in the course of the
disease, and develops in patients approximately 0.5–3.5 times
annually. Further, AECOPD is associated with an accelerated
decline of lung function, worse quality of life, and increased risk
of mortality (Seemungal et al., 1998; Donaldson et al., 2002; Cai
et al., 2014; Müllerova et al., 2015). Therefore, effective
pharmacological treatments are required to minimize the
impact of this condition on patients’ health and well-being.
Methylxanthines, such as theophylline, have been used in the
treatment of COPD and asthma for more than 80 years. They are
known to promote bronchodilation and enhance inspiratory
muscle function (Barnes, 2013). In addition, theophylline has
an anti-inflammatory effect and can reverse corticosteroid resistance
(Ito et al., 2002; Cosio et al., 2004). However, previous randomized
control trials on methylxanthine treatment for AECOPD have
indicated frequent side effects and drug interactions (Barr et al.,
2003; Duffy et al., 2005). Based on these results, the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) does not
recommend the use of methylxanthines in AECOPD patients.
Similarly, the Chinese expert consensus recommended the use of
methylxanthines only in selected patients who have an insufficient
response to short-acting bronchodilators or in some severe
AECOPD patients (Cai et al., 2014; Global, 2019).

However, methylxanthines, especially doxophylline, which is a
methylxanthine derivative, are still widely used for AECOPD in
actual clinical settings in China. It has been reported that
doxophylline has better efficacy and safety than other types of
methylxanthines, such as theophylline and aminophylline
(Cazzola et al., 2018). However, the current use of
methylxanthines in China and their efficacy and safety in real-
world settings have not been described.

In this study, we first described important aspects of current
usage of methylxanthines in hospitalized AECOPD patients in
China and subsequently analyzed the efficacy of methylxanthine
use in such settings.

METHODS

Data Source
Data for this multicenter retrospective cohort study were
obtained from the Acute exacerbation of Chronic obstructive
pulmonary disease Using REgistry (ACURE, NCT02657525)
database (Pei et al., 2020). The ACURE study is an ongoing,
nationwide, multicenter, prospective study that is investigating
the demographic characteristics, clinical features, diagnosis,
treatments, disease prognosis, and economic costs associated
with hospitalized patients with exacerbations of COPD in real-
world settings. Additional details of the ACURE study have been
described elsewhere (Pei et al., 2020). The study discussed herein
was approved by the Ethics Committee of the China-Japan
Friendship Hospital (2015-88) and was conducted in
accordance with the ethical standards stated in the Helsinki
Declaration.

Patient Selection
We used data from the ACURE database starting from January
2018 to December 2019 for patients with AECOPD hospitalized
at 163 secondary or tertiary hospital sites. The inclusion criteria
for patients were the following: patients who 1) were not less than
40 years old; 2) had spirometry test results and met the diagnostic
criteria according to the 2020 GOLD report (Global, 2019), which
is a ratio of the post-bronchodilator forced expiratory volume in
one second (FEV1) and forced vital capacity (FVC) of less than
0.7; and 3) were hospitalized due to AECOPD. Patients were
excluded if they: 1) refused or withdrew informed consent; 2) had
enrolled in other interventional studies; 3) had a diagnosis of
pneumonia or chronic respiratory disease other than COPD,
including asthma, lung cancer, bronchiectasis, and pulmonary
fibrosis; and 4) were allergic to methylxanthines.

Measurements and Outcomes
We extracted baseline characteristics of enrolled patients
including demographic data, hospital sites of admission,
smoking history, body mass index (BMI), AECOPD symptoms
at admission, comorbid disease (cardiovascular disease,
cerebrovascular disease, and diabetes) history, scores of the
modified British Medical Research Council (mMRC)
questionnaire, and COPD Assessment Test (CAT)
questionnaire at admission, COPD severity, hospitalization
history in the previous year, spirometry test results, and blood
eosinophil counts. Dyspnea in AECOPD patients was assessed
using the mMRC questionnaire, and other symptoms were
assessed using the PEACE questionnaire from the Effect of
Carbocisteine on Acute Exacerbation of chronic obstructive
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Pulmonary disease study (Zheng et al., 2008). The severity of COPD
was assessed according to the GOLD staging system given in the
2020 GOLD report (Global, 2019). A history of pharmacological
treatments undertaken during hospitalization, including the use of
methylxanthines, bronchodilators, and corticosteroids, were also
extracted. We divided the enrolled patients into treatment and
control groups based on the use of methylxanthines.

The primary outcome was the length of stay (LOS), and the
secondary outcomes were a change in the CAT score from
admission to discharge, total direct costs, intensive care unit
(ICU) admission and mortality during hospitalization, the CAT
score at the 30-days follow-up visit, all-cause readmissions, and
AECOPD-related readmissions within 30 days after discharge.
Total direct costs were converted to United States dollars using
the average exchange rate in 2019 (1 United States dollar was
equivalent to 6.90 Yuan) because most patients were enrolled in
this year.

Statistical Analysis
Continuous variables with normal distributions have been
presented as a mean with standard deviation, whereas non-
normally distributed continuous variables have been presented
a median and interquartile range (IQR). Categorical variables
have been presented as frequency and percentage. To compare
variables in the two groups, Student’s t-test or the Wilcoxon rank
sum test were used for continuous variables and the Chi-square
test or Fisher’s exact test were used for categorical variables.

To reduce the effect of confounding factors in this non-
experimental study, a propensity score (PS) matching was
performed, using the “MathIt” package in R software (Brookhart
et al., 2013; Zhang, 2017). We calculated the PS using multivariable
logistic regression. Demographic characteristics, including the age,
sex, and other baseline variables with a p-value <0.1 in univariable
analysis were included in the model. In addition, we used the
“nearest” method and a caliper equal to 0.05 to conduct the PS
match with a 1:1 ratio.

We used the Cox proportional hazards model to estimate the
hazard ratio (HR) between methylxanthine treatment and the
LOS. The outcome of the event was defined as hospital discharge.
Both univariate and multivariate analyses were performed. All
factors with a p-value <0.05, following a univariable analysis, were
included in the multivariable analysis. HRs > 1 represented early
discharge and a short LOS, while HRs < 1 represented late
discharge and a long LOS.

In addition, we performed a subgroup analysis to examine the
association between methylxanthine treatment and the LOS in
subsets of the population. Patients were divided into subgroups
according to the age, sex, smoking history, severity of AECOPD
symptoms (cough, sputum, dyspnea, and wheezing), CAT score,
GOLD stage, hospitalization in the previous year, and blood
eosinophil counts. Cough symptoms were considered to be light if
patients had no cough or only morning cough, whereas severe
cough symptoms were considered to be episodes of cough during
the day or nearly continuous cough.

Statistical analyses were performed using the R software
(version 4.0.2). All statistical tests were two-sided tests, with
significance set at p < 0.05.

RESULTS

Baseline Characteristics
A total of 2088 patients met all the eligibility criteria (Figure 1).
Among them, 247 patients were from secondary hospitals and
1841 patients were from tertiary hospitals. The median age of the
included patients was 70 (IQR: 64–76) years, and 1,679 (80.4%)
patients were male. A total of 589 (28.2%) patients were current
smokers, 913 (43.7%) were former smokers, and 586 (28.1%)
were non-smokers. Among the included patients, 1,563 (74.9%)
patients received methylxanthine treatment during
hospitalization (treatment group) and 525 (25.1%) patients did
not receive methylxanthine treatment (control group).

Demographic characteristics and clinical factors at admission
of all enrolled patients before and after PS matching are given in
Table 1, and treatment course during hospitalization has been
summarized in Table 2.

The groups were imbalanced for the smoking history,
AECOPD symptoms, including cough, wheezing, and dyspnea,
comorbid cardiovascular disease, post-dose FEV1/FVC, GOLD
stage, and use of bronchodilators, antibiotics and corticosteroids.
Patients who received methylxanthines seemed to have severe
AECOPD; they had severe cough (p = 0.002), dyspnea (p < 0.001),
and wheezing (p = 0.010) at admission. Patients in the treatment
group had a history of smoking (p = 0.029) and comorbid
cardiovascular disease (p = 0.034). Spirometry test results
showed that patients in the treatment group had a severe
deterioration of lung function, as characterized by the FEV1/
FVC (p < 0.001) and GOLD stage (p < 0.001). The CAT score in
the treatment group (median: 20, IQR: 15–25) was slightly higher
than that in the control group (median: 19, IQR: 15–23); however,
the difference was statistically insignificant (p = 0.075). Among all
AECOPD patients, 1,562 (74.8%) received either short-acting
muscarinic antagonists (SAMA) or short-acting beta-antagonists
(SABA). Further, 1,233 of the 1,563 (78.9%) patients in the
treatment group received either SAMA or SABA; this proportion
was significantly higher than that in the control group (329, 62.7%)
(p < 0.001). Nearly half of the enrolled AECOPD patients received
SABA during hospitalization, and there was no significant
difference between groups; however, more patients in the
treatment group (591, 37.8%) received SAMA than in the
control group (135, 25.7%) (p < 0.001). Corticosteroids were
commonly used for patients in the treatment group, regardless
of the administration route. Methylxanthines were commonly used
in both secondary and tertiary hospitals, and doxophylline was the
most popular methylxanthine drug (63.49% in secondary hospitals
and 57.92% in tertiary hospitals; Figure 2). The type of
methylxanthine use was not significantly different between the
two hospital levels (p = 0.226).

After PS matching, a total of 966 patients were divided equally
into two groups, and all baseline characteristics were balanced. A
total of 772 (79.9%) patients in the matched cohort were male,
and the median age was 70 years (IQR: 64–76).

Clinical Outcomes During Hospitalization
After PS matching, the median LOS for both the treatment and
control groups was approximately 8 days (IQR: 7–11), without
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any significant difference (p = 0.730). However, a significant
decrease was observed in the CAT score between the groups
(treatment: median, 8; IQR: 4–12 vs. control: median: 6, IQR:
2–10; p < 0.001). The CAT score at discharge was also lower in the
treatment group (median: 10, IQR: 8-14) than the control group
(median 12, IQR: 8–16) (p < 0.001). There was no significant
difference in the total cost, ICU admission, and in-hospital
mortality between the groups (Table 3).

In the univariable Cox regression analysis, the use of
methylxanthines was not significantly associated with the LOS
(HR 0.97, 95% CI: 0.86–1.10, p = 0.644). After adjusting for the
age, sex, BMI, sputum history, wheezing history, mMRC score,
CAT score, comorbid cardiovascular and cerebrovascular
diseases, history of hospitalization in the previous year, post-
dose FEV1/FVC, use of antibiotics, and use of oral and
transvenous corticosteroids, the use of methylxanthines was
not significantly associated with the LOS (adjusted HR 1.02,
95% CI: 0.89–1.16, p = 0.783) (Table 4).

Clinical Outcomes up Till the 30-days
Follow-up Visit
Among the 2088 enrolled patients, 30-days follow-up data was
available for 1,246 (59.7%) patients after discharge. Baseline
characteristics were similar between patients with and without
30-days follow-up data (Supplementary Table S1). After PS
matching, 5 of 273 (1.8%) patients were readmitted to the
hospital within 30 days with any cause in the treatment group.
Only 1 of 300 (0.3%) patients were readmitted to the hospital

within 30 days with any cause in the control group, and there was
no significant difference between these groups (p = 0.107). Four of
273 (1.5%) patients were readmitted to the hospital because of
AECOPD within 30 days in the treatment group, and there were
no cases in the control group that had 30-days AECOPD-related
readmission. However, there was no significant difference in
AECOPD-related readmissions between the two groups (p =
0.051). The CAT score of the treatment group (median, 10,
IQR: 8–14) at 30 days after discharge was still significantly
lower than that of the control group (median, 12, IQR: 8–17,
p = 0.006).

Subgroup Analysis
In the subgroup analysis of the matched cohort for LOS, the
association between the use of methylxanthines and LOS
remained insignificant in AECOPD patients across different
categories of the age, sex, smoking history, severity of
AECOPD symptoms, CAT score, GOLD stage, and history of
hospitalization in the previous year. The use of methylxanthines
was significantly associated with a short LOS only in patients with
blood eosinophil counts >4% (adjusted HR: 1.56, 95% CI:
1.12–2.17) (Figure 3).

DISCUSSION

To the best of our knowledge, this is the first multicenter study
that describes methylxanthine use in China and investigates the
efficacy of methylxanthine treatment for hospitalized AECOPD

FIGURE 1 | The flowchart of patient enrollment process. AECOPD, acute exacerbations of chronic obstructive pulmonary disease, FEV1/FVC, forced expiratory
volume in one second/forced vital capacity.
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patients. In our study, we found that a large number of
hospitalized AECOPD patients around China received
methylxanthine treatment. Among the commonly used
methylxanthine drugs, doxophylline was the most common in
both secondary and tertiary hospitals. Patients receiving add-on
methylxanthine treatment tend to have severe disease as indicated
by severe symptoms, spirometry tests, and comorbid diseases. We
performed a 1:1 PS matching analysis to estimate the efficacy of
methylxanthines. The matched cohort analysis showed

significant symptomatic relief in patients who received
methylxanthines during hospitalization. However, we did
not find significant differences in the LOS, total cost of
hospitalization, ICU admission, and in-hospital mortality.
To investigate the subgroup of AECOPD patients who
could benefit from methylxanthine treatment, we performed
a subgroup analysis between methylxanthine treatment and
the LOS in a subset of patients across categories of
variables of interest. Interestingly, we found that patients

TABLE 1 | Baseline characteristics of hospitalized acute exacerbation of chronic obstructive pulmonary disease patients at admission.

Variables
Unmatched groups p-Value Matched groups p-Value

Treatment group
(n = 1,563)

Control group
(n = 525)

Treatment group
(n = 483)

Control group
(n = 483)

Age (year) 69 (63–76) 70 (64–76) 0.245 70 (64–76) 70 (64–76) 0.953
Sex, male 1,262 (80.7) 417 (79.3) 0.512 385 (79.7) 387 (80.1) 0.872
Race, han 1,483 (94.9) 500 (95.2) 0.746 460 (95.2) 461 (95.4) 0.879
Smoking history 0.029* 0.718
Current smokers 451 (28.9) 138 (26.3) - 123 (25.5) 133 (27.5) -
Former smokers 697 (44.6) 216 (41.1) - 206 (42.7) 205 (42.4) -
Non smokers 415 (26.6) 171 (32.6) - 154 (31.9) 145 (30.0) -

BMI (kg/m2) 22.0 (19.5–24.4) 22.0 (19.4–24.7) 0.473 22.0 (19.6–24.6) 22.2 (19.3–24.8) 0.618
Symptoms
Cough 0.002* 0.933
None 27 (1.7) 16 (3.0) - 11 (2.3) 14 (2.9) -
Morning only 576 (36.9) 233 (44.4) - 207 (42.9) 205 (42.4) -
Episodes during day 767 (49.1) 223 (42.5) - 219 (45.3) 216 (44.7) -
Nearly continuous 193 (9.2) 53 (10.1) - 46 (9.5) 48 (9.9) -

Sputum quantity 0.542 0.638
<10 ml 137 (8.8) 47 (9.0) - 51 (10.6) 44 (9.1) -
10–50 ml 789 (50.5) 278 (53.0) - 251 (52.0) 255 (52.8) -
50–100 ml 560 (35.8) 181 (34.5) - 158 (32.7) 167 (34.6) -
>100 ml 77 (3.7) 19 (3.6) - 23 (4.8) 17 (3.5) -

Wheezing 1,347 (86.2) 428 (81.5) 0.010* 405 (83.9) 398 (82.4) 0.548
Dyspnea (mMRC score) <0.001* 0.720
0 13 (0.8) 14 (2.7) 7 (1.4) 10 (2.1) -
1 205 (13.1) 81 (15.4) 64 (13.3) 74 (15.3) -
2 477 (30.5) 163 (31.0) 166 (34.4) 150 (31.1) -
3 581 (37.2) 205 (39.0) 185 (38.3) 188 (38.9) -
4 287 (18.4) 62 (11.8) 61 (12.6) 61 (12.6) -

CAT score 20 (15-25) 19 (15-23) 0.075 20 (15-24) 19 (15-23) 0.420
Comorbidities
Cardiovascular disease 777 (49.7) 233 (44.4) 0.034* 212 (43.9) 218 (45.1) 0.698
Cerebrovascular disease 69 (4.4) 34 (6.5) 0.059 24 (5.0) 25 (5.2) 0.883
Diabetes 145 (9.3) 46 (8.8) 0.723 43 (8.9) 43 (8.9) 1.000

Previous year admission 0.079 0.914
None 769 (49.2) 272 (51.8) - 251 (52.0) 244 (50.5) -
Once 384 (24.6) 135 (25.7) - 119 (24.6) 127 (26.3) -
Twice 257 (16.4) 86 (16.4) - 79 (16.4) 81 (16.8) -
More than twice 153 (9.8) 32 (6.1) - 34 (7.0) 31 (6.4) -

Spirometry
Post-dose FEV1 (l) 0.96 (0.72–1.34) 0.99 (0.74–1.45) 0.058 0.98 (0.73–1.38) 0.99 (0.74–1.44) 0.616
Post-dose FEV1/FVC 0.49 (0.41–0.58) 0.52 (0.43–0.60) <0.001* 0.50 (0.42–0.59) 0.52 (0.43–0.60) 0.239

GOLD stage <0.001* 0.634
I (mild) 98 (6.3) 63 (12.0) - 47 (9.7) 47 (9.7) -
II (moderate) 436 (27.9) 140 (26.7) - 120 (24.8) 136 (28.2) -
III (severe) 649 (41.5) 213 (40.6) - 213 (44.1) 196 (40.6) -
IV (very severe) 380 (24.3) 109 (20.8) - 103 (21.3) 104 (21.5) -

Eosinophil count 0.770 0.754
Eos ≤ 2% n (%) 912 (58.8) 305 (59.6) - 282 (58.8) 282 (59.7) -
Eos > 2% n (%) 638 (41.2) 207 (40.4) - 198 (41.2) 190 (40.3) -

Data are presented as n (%) or median (interquartile range). Abbreviations: BMI, body mass index; CAT, COPD assessment test; Eos, eosinophil; FEV1, forced expiratory volume in one
second; FVC, forced vital capacity; mMRC, modified british medical research council.
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with higher blood eosinophil counts may be associated with
a shorter LOS and could benefit from methylxanthine
treatment.

The methylxanthine family of drugs includes theophylline,
aminophylline, diprophylline, and doxophylline. Theophylline
is a classic type of methylxanthine, and several molecular

TABLE 2 | In-hospital treatment of acute exacerbation of chronic obstructive pulmonary disease patients with or without methylxanthines.

Before PSM p-Value After PSM p-Value

Treatment group
(n = 1,563)

Control group
(n = 525)

Treatment group
(n = 483)

Control group
(n = 483)

Short-bronchodilators
SAMA 591 (37.8) 135 (25.7) <0.001* 119 (24.6) 132 (27.3) 0.340
SABA 839 (53.7) 265 (50.5) 0.203 257 (53.2) 252 (52.2) 0.747
Antibiotics 1,419 (90.8) 416 (79.2) <0.001* 421 (87.2) 400 (82.8) 0.059

Corticosteroids
Inhaled CS 280 (17.9) 69 (13.1) 0.011 * 69 (14.3) 68 (14.1) 0.926
Oral CS 60 (3.8) 10 (1.9) 0.033 * 13 (2.7) 9 (1.9) 0.388
Transvenous CS 500 (32.0) 119 (22.7) <0.001 * 121 (25.1) 118 (24.4) 0.823
Nebulized CS 965 (61.7) 227 (43.2) <0.001 * 212 (43.9) 221 (45.8) 0.560

Methylxanthines
Doxophylline 1,264 (80.9) NA - 384 (79.5) NA -
Aminophylline 153 (9.8) NA - 42 (8.7) NA -
Diprophylline 147 (9.4) NA - 46 (9.5) NA -
Theophylline 69 (4.4) NA - 26 (5.4) NA -

Data are presented as n (%) or median (interquartile range). Abbreviations: CS, corticosteroid; PSM, propensity score matching; SAMA, short-acting muscarinic antagonist; SABA, short-
acting beta-antagonists; NA, not applicable.

FIGURE 2 | The distribution of methylxanthines used in two hospital levels.
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mechanisms have been proposed for its therapeutic effect. It may
inhibit phosphodiesterase (PDE) non-selectively, be antagonistic
to adenosine receptors, and activate certain histone acetylases
(Barnes, 2013). Recently, researchers have investigated the
potential use of low-dose theophylline to reverse corticosteroid
resistance (Cosio et al., 2004). Several randomized control trials
using theophylline as an add-on therapy to corticosteroids for
stable COPD patients have been conducted. However, the efficacy
of low-dose theophylline add-on therapy is limited (Devereux
et al., 2018; Devereux et al., 2019; Jenkins et al., 2020). As for
management of acute exacerbations, an early meta-analysis
revealed that treatment with theophylline or aminophylline
did not improve the FEV1 during hospitalization and LOS.
Inversely, some side effects such as nausea and vomiting were
observed in patients in the treatment group (Barr et al., 2003). As
a result, the GOLD report did not recommend theophylline or
aminophylline for the management of AECOPD patients.
Consistent with guidelines, our study found limited use of
theophylline or aminophylline at both secondary and tertiary
hospitals.

Doxophylline is another xanthine derivative with anti-
inflammatory and bronchodilator effects. The molecular
mechanisms of doxophylline are partially different from those
of theophylline. It has decreased affinity toward adenosine A1
and A2 receptors, which may contribute to its better safety profile
(Matera et al., 2017; Cazzola and Matera, 2020). Studies
comparing the safety profile of doxophylline with other types
of methylxanthines revealed fewer side effects than those with
theophylline and aminophylline in COPD patients. In addition, it
seems that doxophylline has significant efficacy in improving
lung function, similar to the therapeutic effects of theophylline
and aminophylline (Cazzola et al., 2018). Furthermore, although
doxophylline has no significant effect on activation of certain
histone acetylases, a recent study using a combination of
doxophylline and dexamethasone in a murine model of lung
inflammation indicated a corticosteroid-sparing effect at a low
dose (Riffo-Vasquez et al., 2018). Thus, because of its good safety

profile and promising efficacy, doxophylline was the most
common drug used among the hospitalized AECOPD patients
receiving methylxanthine treatment in our study. Similar to our
study findings, methylxanthines in COPD patients are also widely
used in Korea. In 2013, 63.4% of patients with COPD prescribed
methylxanthines in Korea. However, the researchers did not
analyze the type of methylxanthine and the disease stage for
COPD patients (Lee et al., 2017).

In our study, we also designed a PS-matched cohort to
investigate the efficacy of methylxanthines in real-world
conditions. Unlike the results of a previous meta-analysis that
indicated a non-significant change in symptom scores for
theophylline and aminophylline treatment in AECOPD
patients (Barr et al., 2003), we found significant symptomatic
relief in patients who were administered methylxanthine
treatment, as assessed by the CAT score. However, these
patients did not show a significant reduction in the LOS.
Interestingly, further subgroup analysis revealed a significant
reduction in LOS for patients with blood eosinophil count >4%.

Eosinophils were recently regarded as an essential biomarker
in COPD (Bafadhel et al., 2017). High eosinophils either in blood,
sputum or airway were independently associated with frequent
exacerbation, worse quality of life, and mortality (Hospers et al.,
1999; Hospers et al., 2000; Hastie et al., 2017). It was argued that
patients with high eosinophils share some common features with
asthma, such as more reversibility to bronchodilators, increased
FENO, and better treatment response to corticosteroids (Barnes,
2019). There were several well-designed randomized control
trials investigating the role of eosinophils in corticosteroid
treatment. For example, when comparing with dual
bronchodilator therapy, a randomized clinical trial showed
inhaled triple therapy adding beclomethasone dipropionate
was associated with a significant reduction of moderate to
severe exacerbation in patients with blood eosinophils >2%
(Papi et al., 2018). Another hoc analysis of three randomized
trials also indicated the exacerbation rate was significantly
reduced in the group with blood eosinophils >100 cells/ul,

TABLE 3 | Outcomes of hospitalized AECOPD patients treated with or without methylxanthines.

Before PSM p-Value After PSM p-Value

Treatment group
(n = 1,563)

Control group
(n = 525)

Treatment group
(n = 483)

Control group
(n = 483)

Length of stay, days 9 (7–12) 8 (7–11) 0.061 8 (7–11) 8 (7–11) 0.730
CAT score at discharge 11 (8-15) 12 (8-16) <0.001* 10 (8-14) 12 (8-16) <0.001*
Change in CAT score 8 (4–12) 6 (2–10) <0.001* 8 (4–12) 6 (2–10) <0.001*
Total cost, US dollars 1,323 (971–1850) 1,259 (985–1791) 0.227 1,267 (927–1738) 1,262 (994–1793) 0.280
Oxygen therapy 1,232 (78.8) 390 (74.3) 0.031* 376 (77.8) 367 (76.0) 0.492
NPPV 51 (3.3) 6 (1.1) 0.010* 7 (1.4) 6 (1.2) 0.780
IPPV 1 (0.1) 0 (0) 1.000 0 0 1.000
ICU admission 11 (0.7) 3 (0.6) 1.000 2 (0.4) 3 (0.6) 1.000
In-hospital mortality 2 (0.1) 0 1.000 1 (0.2) 0 1.000
30-days follow-up available 921 (58.9) 325 (61.9) 0.229 273 (56.5) 300 (62.1) 0.077
30-days CAT score 11 (8–15) 12 (8–17) 0.012* 10 (8–14) 12 (8–17) 0.006*
30-days all-cause readmission 34 (3.7) 2 (0.6) 0.003* 5 (1.8) 1 (0.3) 0.108
30-days AECOPD readmission 24 (2.6) 1 (0.3) 0.009* 4 (1.5) 0 0.051

Data are presented as n (%) or median (interquartile range). Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CAT, COPD assessment test; ICU,
intensive care unit; IPPV, invasive positive pressure ventilation; NPPV, non-invasive positive pressure ventilation; PSM, propensity score matching.
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while the efficacy increased at higher blood eosinophil level
(Bafadhel et al., 2018). A meta-analysis including 5
randomized control trials indicated 17% reduction in
exacerbation rate in patients with blood eosinophils >2%
(Cheng, 2018).

Corticosteroids were widely used potent anti-inflammatory
agents. They have been reported to induce eosinophil apoptosis
through inhibiting the effects of IL-5 and GM-CSF on eosinophil
survival and production of cytokines from cytokine-producing
cells, such as T cells by means of apoptosis. Interestingly,
theophylline, one typical type of methylxanthine, showed some
addictive effect on induction of eosinophil apoptosis by
functioning as a PDE inhibitor to increase intracellular cyclic
adenosine monophosphate on activated eosinophils, the latter
can induce apoptosis in eosinophils with some cytokines, such as
IL-5 and GM-CSF (Hallsworth et al., 1992; Ohta and Yamashita,
1999). Even though there was no previous studies which
investigated the role of methylxanthines in eosinophilic

COPD, there was one study about the association between
roflumilast, a selective PDE4 inhibitor, and eosinophils which
revealed an improved efficacy in high blood eosinophil groups
(Martinez et al., 2018). It was also reported that treatment with
roflumilast reduced sputum neutrophil and eosinophil numbers
by targeting PDE4 (Grootendorst et al., 2007). Thus, it was
reasonable to infer that methylxanthines may have a better
efficacy in patients with higher blood eosinophils.

An important concern regarding methylxanthine use is the
risk of adverse effects. However, the ACURE study lacked data on
side effects experienced by patients. Therefore, we could not
analyze the side effects that occurred in real-world conditions.
There were also other limitations to our study. First, follow-up
data after 30 days was not available for all patients in our study.
However, we compared the baseline characteristics between those
with and those without follow-up data, and we did not find a
significant difference, which reduced potential selective bias.
Second, since the ACURE study is ongoing we did not have

TABLE 4 | Cox proportional hazards regression model for length of stay.

Variables Univariable analysis Multivariable analysis

HR (95% CIs) p Value aHR (95% CIs) p Value

Use of methylxanthines 0.97 (0.86–1.10) 0.644 1.02 (0.89–1.16) 0.783
Age, years 0.99 (0.98–1.00) 0.003* 0.99 (0.99–1.00) 0.155
Male (vs. female) 0.81 (0.69–0.95) 0.009* 0.80 (0.68–0.94) 0.008*
Race, han (vs. others) 0.87 (0.64–1.17) 0.358 - -
Smoking history (vs. never smokers) - - - -
Current smokers 0.94 (0.80–1.11) 0.477 - -
Former smokers 0.87 (0.80–1.01) 0.068 - -

BMI, kg/m2 1.00 (1.00–1.00) <0.001* 1.00 (1.00–1.00) <0.001*
Cough (vs. none) - - - -

Morning only 0.82 (0.55–1.23) 0.332 -
Episodes during day 0.70 (0.47–1.05) 0.088 -
Nearly continuous 0.67 (0.43–1.04) 0.074 -

Wheezing (yes vs. no) 0.79 (0.67–0.94) 0.008* 0.95 (0.79–1.14) 0.567
Sputum (vs. < 10 ml) - - - -

10–50 ml 0.89 (0.71–1.11) 0.288 0.92 (0.73–1.16) 0.486
50–100 ml 0.77 (0.61–0.97) 0.024* 0.84 (0.66–1.08) 0.178
>100 ml 0.80 (0.55–1.16) 0.244 0.89 (0.61–1.31) 0.568

mMRC score 0.88 (0.82–0.94) <0.001* 0.92 (0.85–1.00) 0.043*
CAT score 0.98 (0.97–0.99) <0.001* 1.00 (0.99–1.01) 0.681
Comorbidities - - - -
Cardiovascular disease (yes vs. no) 0.72 (0.64–0.82) <0.001* 0.77 (0.67–0.88) <0.001*
Cerebrovascular disease (yes vs. no) 0.64 (0.48–0.86) 0.003* 0.68 (0.51–0.92) 0.011*

Previous year admission (vs. None) - - - -
Once 0.86 (0.74–1.00) 0.050* 0.90 (0.77–1.05) 0.170
Twice 0.85 (0.71–1.02) 0.084 0.99 (0.82–1.19) 0.920
More than twice 0.81 (0.62–1.05) 0.106 0.93 (0.72–1.22) 0.612

Post-dose FEV1, l 1.02 (0.99–1.04) 0.149 - -
Post-dose FEV1/FVC 1.91 (1.09–3.37) 0.025* 1.93 (1.06–3.54) 0.032*
Use of antibiotics 0.68 (0.56-0.81) <0.001* 0.69 (0.57–0.84) <0.001*
Eosinophil percent (≥2% vs. <2%) 1.03 (0.90–1.17) 0.696 - -
Use of SAMA 0.93 (0.80–1.08) 0.332 - -
Use of SABA 0.95 (0.84–1.08) 0.451 - -
Use of inhaled CS 0.89 (0.75–1.07) 0.226 - -
Use of oral CS 0.61 (0.40–0.95) 0.027* 0.66 (0.43–1.04) 0.073
Use of transvenous CS 0.77 (0.67–0.89) 0.001* 0.87 (0.75–1.02) 0.085
Use of nebulized CS 1.01 (0.89–1.14) 0.921 - -

Variables increase the length of stay if HR < 1, whereas variables reduce the length of stay if HR > 1. Abbreviations: aHR, adjusted hazard ratio; BMI, body mass index; CIs, confidence
intervals; CS, corticosteroid; CAT, COPD assessment test; Eos, eosinophil; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; HR, hazard ratio; mMRC, modified
british medical research council; SAMA, short-acting muscarinic antagonist; SABA, short-acting beta-antagonists.
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long-term follow-up data. This information will be available in
the future and then analyzed. Third, the number of cases with 30-
days readmission was limited, and the impact of methylxanthines
on short-term readmission needs further study. Finally, for some
sub-group analyses, the number of enrolled patients was limited,
and further studies for particular AECOPD patients should be
conducted.

CONCLUSION

This study revealed that methylxanthines, especially
doxophylline, are widely used in China for the treatment of
AECOPD. Methylxanthines were found to be effective in
improving AECOPD symptoms. Higher blood eosinophil
levels may be associated with better efficacy of methylxanthine
treatment. Further studies are needed to determine the
association between eosinophil count and the efficacy of
methylxanthines in a large population.
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variables reduce the length of stay if HR > 1.

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 13 | Article 8021239

Zhan et al. Methylxanthine Treatment in AECOPD Patients

9697

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


ACKNOWLEDGMENTS

We would like to thank all participants in the ACURE
study that provided consent for the data used in this clinical
study.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.802123/
full#supplementary-material

REFERENCES

Bafadhel, M., Pavord, I. D., and Russell, R. E. K. (2017). Eosinophils in COPD: Just
Another Biomarker?. Lancet Respir. Med. 5, 747–759. doi:10.1016/S2213-
2600(17)30217-5

Bafadhel, M., Peterson, S., De Blas, M. A., Calverley, P. M., Rennard, S. I., Richter,
K., et al. (2018). Predictors of Exacerbation Risk and Response to Budesonide in
Patients with Chronic Obstructive Pulmonary Disease: a post-hoc Analysis of
Three Randomised Trials. Lancet Respir. Med. 6, 117–126. doi:10.1016/S2213-
2600(18)30006-7

Barnes, P. J. (2019). Inflammatory Endotypes in COPD. Allergy 74, 1249–1256.
doi:10.1111/all.13760

Barnes, P. J. (2013). Theophylline. Am. J. Respir. Crit. Care Med. 188 (8), 901–906.
doi:10.1164/rccm.201302-0388pp

Barr, R. G., Rowe, B. H., and Camargo, C. A., Jr (2003). Methylxanthines for
Exacerbations of Chronic Obstructive Pulmonary Disease: Meta-Analysis of
Randomised Trials. BMJ 327 (7416), 643. doi:10.1136/bmj.327.7416.643

Brookhart, M. A., Wyss, R., Layton, J. B., and Stürmer, T. (2013). Propensity Score
Methods for Confounding Control in Nonexperimental Research. Circ.
Cardiovasc. Qual. Outcomes 6 (5), 604–611. doi:10.1161/CIRCOUTCOMES.
113.000359

Cai, B. Q., Cai, S. X., Chen, R. C., Cui, L. Y., Feng, Y. L., Gu, Y. T., et al. (2014).
Expert Consensus on Acute Exacerbation of Chronic Obstructive Pulmonary
Disease in the People’s Republic of China. Int. J. Chron. Obstruct Pulmon Dis. 9,
381–395. doi:10.2147/COPD.S58454

Cazzola, M., Calzetta, L., Barnes, P. J., Criner, G. J., Martinez, F. J., Papi, A., et al.
(2018). Efficacy and Safety Profile of Xanthines in COPD: a Network Meta-
Analysis. Eur. Respir. Rev. 27 (148). doi:10.1183/16000617.0010-2018

Cazzola, M., and Matera, M. G. (2020). The Effect of Doxofylline in Asthma and
COPD. Respir. Med. 164, 105904. doi:10.1016/j.rmed.2020.105904

Cheng, S. L. (2018). Blood Eosinophils and Inhaled Corticosteroids in Patients with
COPD: Systematic Review and Meta-Analysis. Int. J. Chron. Obstruct Pulmon
Dis. 13, 2775–2784. doi:10.2147/COPD.S175017

Cosio, B. G., Tsaprouni, L., Ito, K., Jazrawi, E., Adcock, I. M., and Barnes, P. J.
(2004). Theophylline Restores Histone Deacetylase Activity and Steroid
Responses in COPD Macrophages. J. Exp. Med. 200 (5), 689–695. doi:10.
1084/jem.20040416

Devereux, G., Cotton, S., Fielding, S., McMeekin, N., Barnes, P. J., Briggs, A., et al.
(2018). Effect of Theophylline as Adjunct to Inhaled Corticosteroids on
Exacerbations in Patients with COPD: A Randomized Clinical Trial. JAMA
320 (15), 1548–1559. doi:10.1001/jama.2018.14432

Devereux, G., Cotton, S., Fielding, S., McMeekin, N., Barnes, P. J., Briggs, A., et al.
(2019). Low-dose Oral Theophylline Combined with Inhaled Corticosteroids
for People with Chronic Obstructive Pulmonary Disease and High Risk of
Exacerbations: a RCT. Health Technol. Assess. 23 (37), 1–146. doi:10.3310/
hta23370

Donaldson, G. C., Seemungal, T. A., Bhowmik, A., and Wedzicha, J. A. (2002).
Relationship between Exacerbation Frequency and Lung Function Decline in
Chronic Obstructive Pulmonary Disease. Thorax 57 (10), 847–852. doi:10.
1136/thorax.57.10.847

Duffy, N., Walker, P., Diamantea, F., Calverley, P. M., and Davies, L. (2005).
Intravenous Aminophylline in Patients Admitted to Hospital with Non-
acidotic Exacerbations of Chronic Obstructive Pulmonary Disease: a
Prospective Randomised Controlled Trial. Thorax 60 (9), 713–717. doi:10.
1136/thx.2004.036046

Global (2019) Global Strategy for the Diagnosis, Management, and Prevention
of Chronic Obstructive Pulmonary Disease 2019 Report. Available from:
http://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020- REPORT-ver1.
1wms.pdf. Accessed Dec 6, 2019.

GBD 2017 Causes of Death Collaborators (2018). Global, Regional, and National
Age-sex-specific Mortality for 282 Causes of Death in 195 Countries and
Territories, 1980-2017: a Systematic Analysis for the Global Burden of Disease
Study 2017. Lancet 392 (10159), 1736–1788. doi:10.1016/S0140-6736(18)
32203-7

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators (2018).
Global, Regional, and National Incidence, Prevalence, and Years Lived with
Disability for 354 Diseases and Injuries for 195 Countries and Territories, 1990-
2017: a Systematic Analysis for the Global Burden of Disease Study 2017. Lancet
392 (10159), 1789–1858. doi:10.1016/S0140-6736(18)32279-7

Grootendorst, D. C., Gauw, S. A., Verhoosel, R. M., Sterk, P. J., Hospers, J. J.,
Bredenbröker, D., et al. (2007). Reduction in Sputum Neutrophil and
Eosinophil Numbers by the PDE4 Inhibitor Roflumilast in Patients with
COPD. Thorax 62, 1081–1087. doi:10.1136/thx.2006.075937

Hallsworth, M. P., Litchfield, T. M., and Lee, T. H. (1992). Glucocorticoids Inhibit
Granulocyte-Macrophage colony-stimulating Factor-1 and Interleukin-5
Enhanced In Vitro Survival of Human Eosinophils. Immunology 75, 382–385.

Hastie, A. T., Martinez, F. J., Curtis, J. L., Doerschuk, C. M., Hansel, N. N.,
Christenson, S., et al. (2017). Association of Sputum and Blood Eosinophil
Concentrations with Clinical Measures of COPD Severity: an Analysis of the
SPIROMICS Cohort. Lancet Respir. Med. 5, 956–967. doi:10.1016/S2213-
2600(17)30432-0

Hospers, J. J., Rijcken, B., Schouten, J. P., Postma, D. S., and Weiss, S. T. (1999).
Eosinophilia and Positive Skin Tests Predict Cardiovascular Mortality in a
General Population Sample Followed for 30 Years. Am. J. Epidemiol. 150,
482–491. doi:10.1093/oxfordjournals.aje.a010037

Hospers, J. J., Schouten, J. P., Weiss, S. T., Postma, D. S., and Rijcken, B. (2000).
Eosinophilia Is Associated with Increased All-Cause Mortality after a Follow-
Up of 30 Years in a General Population Sample. Epidemiology 11, 261–268.
doi:10.1097/00001648-200005000-00006

Ito, K., Lim, S., Caramori, G., Cosio, B., Chung, K. F., Adcock, I. M., et al. (2002). A
Molecular Mechanism of Action of Theophylline: Induction of Histone
Deacetylase Activity to Decrease Inflammatory Gene Expression. Proc. Natl.
Acad. Sci. U S A. 99 (13), 8921–8926. doi:10.1073/pnas.132556899

Jenkins, C. R., Wen, F.-Q., Martin, A., Barnes, P. J., Celli, B., Zhong, N.-S., et al.
(2020). The Effect of Low Dose Corticosteroids and Theophylline on the Risk of
Acute Exacerbations of COPD. The TASCS Randomised Controlled Trial. Eur.
Respir. J. 57 (6), 2003338. doi:10.1183/13993003.03338-2020

Lee, J., Lee, J. H., Kim, J. A., and Rhee, C. K. (2017). Trend of Cost and Utilization of
COPD Medication in Korea. Int. J. Chron. Obstruct Pulmon Dis. 12, 27–33.
doi:10.2147/COPD.S121687

Martinez, F. J., Rabe, K. F., Calverley, P. M. A., Fabbri, L. M., Sethi, S., Pizzichini, E.,
et al. (2018). Determinants of Response to Roflumilast in Severe Chronic
Obstructive Pulmonary Disease. Pooled Analysis of Two Randomized Trials.
Am. J. Respir. Crit. Care Med. 198, 1268–1278. doi:10.1164/rccm.201712-
2493OC

Matera, M. G., Page, C., and Cazzola, M. (2017). Doxofylline Is Not Just Another
Theophylline!. Int. J. Chron. Obstruct Pulmon Dis. 12, 3487–3493. doi:10.2147/
COPD.S150887

Müllerova, H., Maselli, D. J., Locantore, N., Vestbo, J., Hurst, J. R., Wedzicha, J. A.,
et al. (2015). Hospitalized Exacerbations of COPD: Risk Factors and Outcomes
in the ECLIPSE Cohort. Chest 147 (4), 999–1007. doi:10.1378/chest.14-065

Ohta, K., and Yamashita, N. (1999). Apoptosis of Eosinophils and Lymphocytes in
Allergic Inflammation. J. Allergy Clin. Immunol. 104, 14–21. doi:10.1016/s0091-
6749(99)70107-7

Papi, A., Vestbo, J., Fabbri, L., Corradi, M., Prunier, H., Cohuet, G., et al. (2018).
Extrafine Inhaled Triple Therapy versus Dual Bronchodilator Therapy in
Chronic Obstructive Pulmonary Disease (TRIBUTE): a Double-Blind,
Parallel Group, Randomised Controlled Trial. Lancet 391, 1076–1084.
doi:10.1016/S0140-6736(18)30206-X

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 13 | Article 80212310

Zhan et al. Methylxanthine Treatment in AECOPD Patients

9798

https://www.frontiersin.org/articles/10.3389/fphar.2022.802123/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.802123/full#supplementary-material
https://doi.org/10.1016/S2213-2600(17)30217-5
https://doi.org/10.1016/S2213-2600(17)30217-5
https://doi.org/10.1016/S2213-2600(18)30006-7
https://doi.org/10.1016/S2213-2600(18)30006-7
https://doi.org/10.1111/all.13760
https://doi.org/10.1164/rccm.201302-0388pp
https://doi.org/10.1136/bmj.327.7416.643
https://doi.org/10.1161/CIRCOUTCOMES.113.000359
https://doi.org/10.1161/CIRCOUTCOMES.113.000359
https://doi.org/10.2147/COPD.S58454
https://doi.org/10.1183/16000617.0010-2018
https://doi.org/10.1016/j.rmed.2020.105904
https://doi.org/10.2147/COPD.S175017
https://doi.org/10.1084/jem.20040416
https://doi.org/10.1084/jem.20040416
https://doi.org/10.1001/jama.2018.14432
https://doi.org/10.3310/hta23370
https://doi.org/10.3310/hta23370
https://doi.org/10.1136/thorax.57.10.847
https://doi.org/10.1136/thorax.57.10.847
https://doi.org/10.1136/thx.2004.036046
https://doi.org/10.1136/thx.2004.036046
http://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-%20REPORT-ver1.1wms.pd
http://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-%20REPORT-ver1.1wms.pd
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1136/thx.2006.075937
https://doi.org/10.1016/S2213-2600(17)30432-0
https://doi.org/10.1016/S2213-2600(17)30432-0
https://doi.org/10.1093/oxfordjournals.aje.a010037
https://doi.org/10.1097/00001648-200005000-00006
https://doi.org/10.1073/pnas.132556899
https://doi.org/10.1183/13993003.03338-2020
https://doi.org/10.2147/COPD.S121687
https://doi.org/10.1164/rccm.201712-2493OC
https://doi.org/10.1164/rccm.201712-2493OC
https://doi.org/10.2147/COPD.S150887
https://doi.org/10.2147/COPD.S150887
https://doi.org/10.1378/chest.14-065
https://doi.org/10.1016/s0091-6749(99)70107-7
https://doi.org/10.1016/s0091-6749(99)70107-7
https://doi.org/10.1016/S0140-6736(18)30206-X
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Pei, Z., Sun, Y., Wang, S., Chen, Y., Yang, T., Huang, K., et al. (2020). Estimating
Mortality Among Inpatients with Acute Exacerbation of Chronic Obstructive
Pulmonary Disease Using Registry Data.NPJ Prim. Care Respir. Med. 30 (1), 28.
doi:10.1038/s41533-020-0186-y

Riffo-Vasquez, Y., Venkatasamy, R., and Page, C. P. (2018). Steroid Sparing
Effects of Doxofylline. Pulm. Pharmacol. Ther. 48, 1–4. doi:10.1016/j.pupt.
2017.10.008

Seemungal, T. A., Donaldson, G. C., Paul, E. A., Bestall, J. C., Jeffries, D. J., and
Wedzicha, J. A. (1998). Effect of Exacerbation on Quality of Life in Patients with
Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 157 (5
Pt 1), 1418–1422. doi:10.1164/ajrccm.157.5.9709032

Wang, C., Xu, J., Yang, L., Xu, Y., Zhang, X., Bai, C., et al. (2018). Prevalence and
Risk Factors of Chronic Obstructive Pulmonary Disease in China (The China
Pulmonary Health [CPH] Study): a National Cross-Sectional Study. Lancet 391
(10131), 1706–1717. doi:10.1016/S0140-6736(18)30841-9

Zhang, Z. (2017). Propensity Score Method: a Non-parametric Technique to
Reduce Model Dependence. Ann. Transl Med. 5 (1), 7. doi:10.21037/atm.
2016.08.57

Zheng, J. P., Kang, J., Huang, S. G., Chen, P., Yao, W. Z., Yang, L., et al. (2008).
Effect of Carbocisteine on Acute Exacerbation of Chronic Obstructive
Pulmonary Disease (PEACE Study): a Randomised Placebo-Controlled
Study. Lancet 371 (9629), 2013–2018. doi:10.1016/S0140-6736(08)60869-7

Zhou, M., Wang, H., Zhu, J., Chen, W., Wang, L., Liu, S., et al. (2016). Cause-
specific Mortality for 240 Causes in China during 1990-2013: a Systematic
Subnational Analysis for the Global Burden of Disease Study 2013. Lancet 387
(10015), 251–272. doi:10.1016/S0140-6736(15)00551-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhan, Ma, Huang, Liang, Mao, Zhang, Ren, Lei, Chen, Yang and
Wang. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 13 | Article 80212311

Zhan et al. Methylxanthine Treatment in AECOPD Patients

9899

https://doi.org/10.1038/s41533-020-0186-y
https://doi.org/10.1016/j.pupt.2017.10.008
https://doi.org/10.1016/j.pupt.2017.10.008
https://doi.org/10.1164/ajrccm.157.5.9709032
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.21037/atm.2016.08.57
https://doi.org/10.21037/atm.2016.08.57
https://doi.org/10.1016/S0140-6736(08)60869-7
https://doi.org/10.1016/S0140-6736(15)00551-6
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Effect of 0.01% Atropine on
Accommodation in Myopic Teenagers
Huixia Li 1†, Liying Zhang2†, Hong Tian3†, Song Zhang4†, Xueyan Zhang1†, Han Zhang1†,
Yujing Chen2, Wenping Qi5, Xiaoying Wu5, Hongmei Jiang6, Hailong Yang1, Yajun Yang5,
Lei Liu7,8* and Guisen Zhang1*

1Department of Retina, Inner Mongolia Chaoju Eye Hospital, Hohhot, China, 2Department of Cataract, Ulanqab Chaoju Eye
Hospital, Ulanqab, China, 3Department of Cataract, Baotou Kunlun Chaoju Eye Hospital, Baotou, China, 4Department of
Graduate School, China Medical University, Shenyang, China, 5Department of Cataract, Baotou Chaoju Eye Hospital, Baotou,
China, 6Department of Myopia, Chifeng Chaoju Eye Hospital, Chifeng, China, 7Department of Ophthalmology, Guangdong Eye
Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences, School of Medicine, South China
University of Technology, Guangzhou, China, 8Department of Ophthalmology, The First Affiliated Hospital of China Medical
University, Shenyang, China

Purpose: The purpose of the study is to evaluate the effects of 0.01% atropine eye drops
on accommodative system parameters among teenagers with low myopia.

Methods: Ninety-five myopic teenagers [39 boys (8.69 ± 2.473) and 56 girls (8.54 ±
2.054) aged 5–17 years] with no history of eye disease were enrolled. Biometric and
accommodative system parameters were evaluated before and at 1 week, 1 month,
3 months, and 6 months of 0.01% atropine eye drop instillation.

Results: Participants without accommodative demand at 6 months demonstrated
insignificant changes after the atropine instillation (all p > 0.05). Nevertheless, there
were significant differences in accommodative sensitivity, accommodative amplitude,
accommodative responsiveness, and negative relative accommodation (NRA) at
3 months compared with baseline after atropine instillation (all p < 0.05). Except
spherical equivalent refraction, cornea thickness, intraocular pressure, and axial length
were stable after the 0.01% atropine instillation (all p > 0.05).

Conclusion:Morphologically, current measurements suggested that 0.01% atropine had
favorable reduction of accommodation for childhood low myopia over a half-year period.

Keywords: accommodation, low-concentration atropine, myopia, ocular biometric components, axial length,
spherical equivalent

INTRODUCTION

Myopia has become a significant global public health and socioeconomic problem (Xue et al., 2018). It has
been predicted that 49.8% of the global population is predicted to be myopic, and 9.8% of the global
population is predicted to be high myopic in 2050 (Holden et al., 2016). Most developed countries,
especially among East Asia, have been currently faced with high prevalence of myopia as well as high
myopia (Morgan et al., 2012). Several studies report that the occurrence and progression of myopia are
related to accommodation (Holden et al., 2014; Jonas et al., 2021). Previously, atropine can be used for
cycloplegia before optometry, and the treatment of amblyopia, iridocyclitis, and malignant glaucoma
(Chen et al., 2021; Pineles et al., 2021). In recent years, this “old drugs” with new application was used to
control myopia (Saw et al., 2002; Chia et al., 2016; Hieda et al., 2021). However, themechanism of its use to
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control myopia is still unclear. The efficacy of atropine in controlling
myopia is positively correlated with concentration (Chia et al., 2012;
Chia et al., 2014). The higher the concentration, the better themyopia
controlling effects, while the more obvious the adverse reactions
caused by this drug (Pineles et al., 2017). Recent studies have shown
that low-concentration atropine (0.01%) not only retains the effect of
myopia control but also greatly reduces the incidence of adverse
effects (Chia et al., 2016). However, long-term follow-up studies on
the effects of atropine on accommodative parameters have not been
evaluated comprehensively. Therefore, the current study used a
nonrandomized before and after controlled design to observe the
effects of 0.01% atropine on accommodative system parameters.

METHODS

Subjects
Teenagers with low myopia were continuously enrolled from
April 2019 to March 2021. This study followed the guidelines
outlined in the Declaration of Helsinki and was approved by the
Institutional Review Board (IRB) and research ethics committee
of Hohhot Chaoju Eye Hospital. All parents/guardians of
participating teenagers received a full explanation of the
procedures and provided written informed consent. This
clinical study registration number is ChiCTR2000034981.

Inclusion Criteria
None of the participants had a history of eye disease, except for
refractive errors, and all had a best-corrected visual acuity of 20/
20 or better, with mydriatic spherical equivalent (SE) refractive
error of −1.50 D to −0.75 D, astigmatism less than −1.00 D, and
with normal intraocular pressure (<21 mmHg).

Exclusion Criteria
We excluded subjects who were with any history of ocular disease,
previous ocular surgery, or taking systemic medications that
could affect accommodation.

Refractive Status Check
All included subjects were treated with 1% atropine for
cycloplegia, and a computerized automatic refractor (RC-4000,
Tomey, Japan) and a retinoscope (YZ24, Suzhou Liuliu Vision
Technology Co., Ltd., Suzhou, China) were used for objective
flexion. For the detection of the optical state, the optometrist used
a comprehensive refractor (DK-500, Japan Topcon Company) to
perform subjective optometry to measure the final diopter the
next day.

All included subjects underwent comprehensive
ophthalmological examinations including best corrected
visual acuity (BCVA), full optometric, noncontact
tonometry, biometrics and slit lamp microscope, fundus,
and accommodative function measurements before and at
1 week, 1 month, 3 months, and 6 months after 0.01%
atropine eye-drop use. An experienced technician in each
of the hospital carried out all the examinations. All subjects
underwent low-concentration atropine (0.01%) eye drop
instillation once a day.

Accommodative Amplitude Measurement
Refractive errors were corrected with the best refractive
compensation in place during the accommodative tests if
teenagers were needed. The near vision card (Near Chart) at a
distance of 40 cm was set according to “minus lens method,” so
that the examinee could see the upper line of the optotype clearly.
Minus and plus lenses with 0.25 D steps were increased
subsequently until the first sustained blur.

Accommodative Sensitivity Measurement
The participant wears a telescopic correction lens with ±2.00 D
inversion shot, and looked at the Near Chart at 40 cm (the upper
line of the best visual acuity mark), and first place +2.00 D in front
of both eyes. It was reported immediately when the reader read
clearly, and immediately reversed to −2.00 D, until the font was
clear and then reversed again. Finally, the numbers of cycles
completed within 1 min were recorded.

Accommodative Response
The optometrist used a comprehensive refractometer (VT-10,
TOPCON, Japan) on the basis of long-distance correction, and
placed a 0.50 D cross column in front of the eyes of the
participant. After that, the participant should fix the negative
axis of the cross cylinder to 90° and the positive axis to 180°,
respectively. Then the patient was asked to look at the fused cross
cylinder through the cross cylinder to test the visual target. If the
participant replied that the horizontal line was clearer than the
vertical line, it reflected that the participant should gradually add
a 0.25 D lens positive lens in front of the participant’s eyes until
the subject could see the two lines as clearly as well. If the
participant replied that the vertical line was clearer, it reflected
advanced adjustment. The adjustment would be made by
gradually adding a negative lens with a 0.25 D lens in front of
the participant’s eyes, gradually, one by one, until the participant
could see the two lines equally clearly.

Negative Relative Accommodation and
Positive Relative Accommodation
Measurements were set at a distance of 40 cm on the basis of
distance correction of both eyes. For negative relative
accommodation (NRA), the positive lens with +0.25 D was
added one at a time and fixed in front of the eyes of the
participant until the target was blurred to the subject. The
total number of added lenses recorded is the NRA value. For
positive relative accommodation (PRA), the negative lens was
added one at a time in front of the eyes of the participant with
−0.25 D until the target was blurred. The number of negatives
added last is the value of PRA.

Accommodation Convergence/
Accommodation Ratio
Subjective binocular detection was first evaluated at a distance of
6 m, and then at a distance of 40 cm. A phoropter was used to
measure horizontal occlusion, placing a 6 Δ base-up separation
prism in front of the left eye to deviate the vertical oculomotor
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nerve, and then using a 12 Δ base-in separation prism to
neutralize the horizontal oculomotor deviation in the front of
the right eye until it induces diplopia. Then the number of prisms
was reduced until the subject could just recover from the diplopia
image. Three hidden slope measurements were obtained for each
subject, and the average value was taken. The accommodation
convergence/accommodation (AC/A) ratio was calculated using
the heterophoria method.

Statistical Methods
The SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used to analyze the data. Categorical variables were
summarized by percentage. Numerical data were expressed as
the mean ± standard deviation (SD) or median/interquartile
range (IQR). Mann–Whitney U-test was used to test for

difference between the right and left eyes. The nonparametric
Wilcoxon matched-pairs signed-rank test was used to identify the
difference among baseline and four different follow-ups (Tan
et al., 2021). A p-value less than 0.05 was identified as statistically
significant.

RESULTS

Baseline Characteristics of the Participants
Ninety-five teenagers [39 boys (8.69 ± 2.473) and 56 girls (8.54 ±
2.054)] all underwent 0.01% atropine treatment, and no severe
complications were observed during the follow-up period. The
mean age of the participants was 8.60 ± 2.22 (range 5–17) years.
Table 1 presents the baseline biometric and accommodation

TABLE 1 | Baseline biometric parameters of both eyes before instillation of 0.01% atropine eye drops.

Right eye Left eye p-Value

Median Range Median Range

SE (D) −0.75 [−2.75, 0.25] −0.75 [−2.25, 1.875] 0.133
Cornea thickness (μm) 537 [464, 617] 541 [463, 614] 0.825
IOP (mmHg) 17 [10, 24] 17 [10, 25] 0.849
AL (mm) 23.66 [22.13, 27.89] 23.62 [22.02, 25.84] 0.454
Accommodative sensitivity (cpm/min) 6 [0, 15] 6.00 [0, 13] 0.990
Accommodative amplitude (D) 11.5 [0, 18] 12.00 [0, 20] 0.896
Accommodative responsiveness (D) 0.25 [−0.5, 1] 0.25 [−0.5, 1] 0.990
NRA (D) 2 [0.5, 3] 2.00 [0.5, 3] 0.990
PRA (D) −2 [−5, 1.75] −2 [−5, 1.75] 0.990
AC/A 3 [0, 6] 3.00 [0, 6] 0.990

Note. PRA, positive relative accommodation; NRA, negative relative accommodation; AC/A, accommodative convergence/accommodation ratio; IOP, intraocular pressure; AL, axial
length; SE, spherical equivalent.

FIGURE 1 | Change in biometric parameters after the instillation of 0.01% atropine eye drops. (A) Spherical equivalent. (B) Axial length. (C) Cornea thickness. (D)
Intraocular pressure.
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system parameters of both eyes before the instillation of 0.01%
atropine eye drops. The cycloplegic refraction of the right eye
ranged from −2.75 D to 0.25 D, and that of the left eye ranged
from −2.25 D to 1.875 D; thus, there was no significant difference
in refraction between the right and left eyes (p = 0.133).
Furthermore, there was also no significant difference in cornea
thickness, intraocular pressure, and axial length as well as
accommodation parameters between the right and left eyes (all
p > 0.05). Therefore, we present the findings of only the right eye.

Effects of 0.01% Atropine on Refraction and
Biometric Parameters
Figure 1A presents a comparison of SE in the relaxed state before
and 1 week, 1, 3, and 6 months after instillation of 0.01% atropine
eye drops. The SE was improved 1 week after atropine instillation
than before in the relaxed state (p = 0.03). In contrast, there was
no significant difference in the RE 1 and 3 months after atropine
instillation compared with that before atropine instillation in the
relaxed state, while it was significant in the RE 6 months after
atropine instillation compared with before atropine instillation.
Figures 1B–D show that there are no significant differences in

AL, cornea thickness, and intraocular pressure (IOP) before and
after atropine instillation (all p > 0.05).

Effects of 0.01% Atropine on
Accommodative System Parameters
Figure 2A shows the accommodative sensitivity 1 week, 1 month,
3 months, and 6 months after the instillation of 0.01% atropine
eye drops. Except for the 3 months, accommodative sensitivity,
accommodative amplitude, accommodative responsiveness, and
NRA did not change significantly at the three follow-ups after the
instillation of 0.01% atropine eye drops compared with baseline,
respectively (all p > 0.05, Figures 2B–D). However, the
differences in positive relative accommodation (PRA) and AC/
A value were insignificant before and after the instillation of
0.01% atropine eye drops (all p > 0.05, Figures 2E,F).

DISCUSSION

In order to prevent the outbreak of coronavirus disease 2019
(COVID-19), lockdown has causedmany students to stay indoors

FIGURE 2 | Change in accommodative system parameters after the instillation of 0.01% atropine eye drops. (A) Accommodative sensitivity. (B) Accommodative
amplitude. (C) Accommodative response. (D) NRA, negative relative accommodation. (E) PRA, positive relative accommodation. (F) AC/A, accommodative
convergence/accommodation ratio.
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in many countries, which may promote myopic occurrence and
progression.With the increased near work and insufficient outdoor
activities during lockdown, approximately 80% of outpatient visits
in the pediatric ophthalmology department in March and April
2020 were for refractive errors (RE), of which 79% were for myopia
(Jayadev et al., 2020). Recently, a prospective cross-sectional study,
using school-based photoscreenings involving 123,535 Chinese
children aged 6–13 years during the COVID-19 home
confinement, has reported a significant myopic shift for
children aged 6–8 years of approximately −0.3 D (Wang et al.,
2021). These findings are consistent with the outcomes of another
large-scale intervention research with 12-month follow-up on
myopia development among 1,001,749 school children of 1,305
elementary and high schools. Here, myopia increased
approximately 1.5 times from −0.23 D during the pre-COVID-
19 to −0.343 D during the post-COVID-19 period (Toro et al.,
2021). Moreover, even if the data are still controversial, besides
myopic progression, accommodative dysfunction in children may
be also on the rise due to digital device usage. Accommodation
spasm and sudden-onset esotropia are important consequences.

To some extent, better vision is associated with better
accommodative function (Chen et al., 2019). Previous studies
have shown that low-concentration atropine effectively inhibits
the progression of myopia and axial elongation (Azuara-Blanco
et al., 2020; Polling et al., 2020; Walline et al., 2020). However, the
effects of 0.01% atropine on accommodative system parameters are
still unclear. Our prospective nonrandomized single-arm study
revealed that 0.01% atropine had no effect on accommodative
system parameters before and 6 months after instillation.
Interestingly, accommodative sensitivity, accommodative
amplitude, accommodative responsiveness, and NRA changed
significantly at the 3 month follow-up after the instillation of
0.01% atropine eye drops compared with baseline, respectively.

To date, there are a few reports evaluating the effects of low-
concentration atropine on the accommodative system. Previously
meta-analysis revealed that patients receiving 0.01% atropine
showed no significant changes in accommodative amplitude
(WMD, −0.45 D; 95% CI = −1.80, 0.90; p = 0.51) over a 1-year
period (Tsai et al., 2021), which is consistent with our findings.
However, in another study, Caucasian children receiving a
concentration of 0.05 and 0.01% atropine revealed that
accommodation was decreased by −4.2 ± 3.8 D in 0.05% atropine-
treated eyes, whereas 0.01% atropine induced hypoaccommodation of
−0.05 ± 2.5 D (p< 0.01) (Joachimsen et al., 2021). There is a nonlinear
dose–response relationship between atropine and accommodative
amplitude (Tran et al., 2021). Herein, future study is needed to
determine the concentration that provides maximal efficacy with
tolerable effects on the accommodative system.

In the present study, comparedwith baseline, a significant reduction
in SE after 0.01% atropine eye drop instillation was observed at 1 week.
Although the changes in AL were not significant compared with
baseline at 1 week, the decrease in AL was observed. This trend was
consistent with the findings of Ye et al. (2021). These findings suggest
that the improved effect of 0.01% atropine eye drop instillation on SE
might be affected by the shortened AL. Recently, it has been reported
that one of the effects of atropine is that it stimulates choroidal
thickening (Chiang et al., 2020; Mathis et al., 2021; Ye et al., 2021).

However, ourfindingswere specifically created to have opposing effects
at 6months after atropine eye drop instillation.

Limitations of the present study should be acknowledged.
Clinically, it is difficult to make adolescents receive 0.01%
atropine intervention for 12months, and our observation
duration is 6 months. Herein, the follow-up period of the current
study was not long enough to judge about the accommodative
system parameter change. We did not have a healthy control group
to observe the natural process of disease, which was a big limitation.
Finally, we did not include the teenagers with moderate or high
myopia because of the relatively small number of participants.
Therefore, further randomized controlled trial should be
performed to provide more evidence on the accommodation
function after the instillation of atropine eye drops.

CONCLUSION

Generally, our study observed the effects of 0.01% atropine eye
drops on the accommodative parameters, and it is necessary to
observe accommodative parameters at 3 months after the 0.01%
atropine eye drop instillation. Our findings provided information
for its clinical application for controlling the development of
myopia in teenagers.
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Background: Peyronie’s disease (PD) is a chronic wound healing disorder, mainly

involving tunica albuginea. Collagenase Clostridium Histolyticum (CCH) has shown its

effectiveness in treating PD, but its efficacy and safety remain controversial, which

propelled us to conduct the first evidence-based research on this topic.

Methods: We searched the Web of Science, PubMed, Embase, and ClinicalTrials.gov

for related randomized controlled trials (RCTs). A systematic review and meta-analysis

were performed to compare the penile curvature deformity (PCD), Peyronie’s Disease

Questionnaire peyronie’s disease symptom bother (PDSB), penile pain score, total

treatment-related adverse events (TAEs), and specific adverse events, including penile

pain, penile edema, injection site pain, and contusion. Cochrane Collaboration’s tool and

Review Manager 5.3.0 version were applied, respectively, to evaluate the study quality

and heterogeneity.

Results: Four articles (five RCTs) with 1,227 patients were finally included in the

meta-analysis. The results revealed that CCH had excellent efficacy in relieving PCD

(weighted mean difference [WMD]: −318.77, p < 0.001) and PDSB (WMD: −1.20, p

< 0.001) compared to the placebo group, but there was no difference in the penile pain

score (WMD: −0.64, P = 0.39) between the two groups. Furthermore, the incidence of

TAEs in the CCH group was higher [odds ratio (OR): 12.86, p < 0.001].

Conclusions: The current evidence suggests that CCH has a significant effect on

treating PD. Considering that all these adverse events are acceptable and curable, CCH

could slow the disease progression in the acute phase or act as a substitute for patients

unable or unwilling to undergo surgery. However, the conclusion could not be certainly

drawn until RCTs with a larger scale proved it.

Keywords: Peyronie’s disease (PD), Collagenase Clostridium Histolyticum (CCH), sexual function, efficacy, safety,

meta-analysis
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INTRODUCTION

Peyronie’s disease (PD), also known as penile fibrous cavernositis,
is a benign chronic disease characterized by the formation of
fibroids in the tunica albuginea (1), leading to plaque formation,
penile malformation, penile pain, sexual dysfunction, and mental
disorders (2). Recent epidemiological surveys have shown that
the period of the PD onset is usually 40 to 70 years old, and its
prevalence is 3 to 9%. However, due to its low recognition, the
prevalence of PD may actually be higher (3–5).

At present, clinical treatment of PD is mainly concentrated
on the acute phase of the disease, aiming to prevent disease
progression and penile malformation. For patients in the acute
phase, non-surgical treatment is the primary choice, and only
patients who are in the stable phase or with serious problems are
treated with surgery (1, 6). Non-surgical treatments, such as oral
drug therapy, intralesional local injection therapy, iontophoresis,
and vacuummechanical traction therapy, have received extensive
attention (7–9). However, there is no strong evidence to prove
their therapeutic advantages (10).

Local injection therapy for lesions has been accepted recently,
because of its rapid drug delivery, high local drug concentration,
and ease of clinical operation (7, 11). Currently, drugs for the
local injection are mainly CCH, verapamil, and interferon-α2b,
of which CCH is the most widely used (9, 12, 13). Previous
clinical trials focused on the effectiveness of CCH (14–16), but
most of them were reviews or case reports, lacking evidence-
based medical evidence, and there are still some clinicians who
are concerned about its safety and efficacy. Therefore, we are the
first to usemeta-analysis to explore the efficacy and safety of CCH
in the treatment of PD all over the world.

METHODS

This present study was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) criteria (17).

Search Strategy
The following search string terms: “Peyronie’s,” “Peyronie’s
disease,” “penile curvature,” “PD,” “Collagenase Clostridium
Histolyticum,” “Xiafle,” “Xiapex,” and “CCH” were used to
systematically search the Web of Science, PubMed, Embase, and
CinicalTrials.gov date to May 2021 for randomized controlled
trials (RCTs) that compared CCH with placebo for PD. The
search language was limited to English. In addition, the reference
lists of all eligible studies were reviewed manually.

Study Selection Criteria
If correlative studies suffice to meet all the following criteria, they
will be included in this study: (1) RCTs or pseudo-RCTs, (2)Males
who were 18 years of age or older, had a regular heterosexual
partner, and were clinically diagnosed with PD; (3) These RCTs
investigated the effect of CCH in patients with PD and compared
it with placebo or blank controls; and (4) The study provided
at least one indicator of outcomes that can be analyzed. On
the contrary, studies were excluded if: (1) The study data could

not be obtained; (2) Studies that combined CCH with other
treatments were excluded; (3) Animal experiments, reviews,
letters, editorial comments, pediatric articles, case reports, or
conference abstracts; and (4) Unpublished articles and non-
English articles.

Data Extraction
After scanning the title, abstract, and full text, two analysts
(Cao and Shen) selected the literature in strict accordance with
the inclusion criteria and then extracted the data according to
the pre-designed table for cross-checking. Any argument on
this topic was arbitrated by a third researcher. The extracted
data included the first author, year of publication, type of
study design, interventions, total number and age of subjects,
the follow-up period, and outcome indicators. The following
result outcomes were extracted: penile curvature deformity
(PCD), Peyronie’s Disease Questionnaire Peyronie’s disease
symptom bother (PDSB), penile pain score, and total treatment-
related adverse events (TAEs). Additionally, several common
complications, such as penile pain, penile edema, injection site
pain, and contusion, were also included.

Study Quality Assessment
The quality assessment was based on methodological quality
assessment criteria recommended by the Cochrane Handbook
for Systematic Reviews of Interventions Version 5.1.0 (16). “High
risk” stands for the high risk of bias, “low risk” stands for the low
risk of bias, and “unclear risk” stands for the absence of adequate
information to conduct the bias evaluation. All differences were
solved by a third researcher.

Statistical Analysis
RevMan 5.3.0 (Cochrane Collaboration, Oxford, UK) was used
for meta-analysis. Weighted mean difference (WMD) and odds
ratio (OR) were used as the effect indexes for continuous and
dichotomous data, respectively, and P values and 95% CI were
given for both. Heterogeneity between studies was judged by
Cochran’s Q and I2 statistics. When there was a statistical
homogeneity between studies (p > 0.1 and I2 < 50%), the fixed
effect model was introduced for analysis; otherwise, the random
effect model was applied. For all statistical consequences, p <

0.05 was considered statistically significant. Sensitivity analysis
was performed by excluding one or more studies that led
to heterogeneity.

RESULTS

Description of Studies
A total of 226 related articles were obtained by a preliminary
examination. Two hundred duplicates and unrelated studies were
removed, and 26 studies were left. After reading the full text,
four articles (five studies) were finally included for meta-analysis
(Figure 1) (18–21), and 1,227 patients with PD were involved.
Of these, 815 and 412 patients accepted CCH and placebo,
respectively. In one of these articles, there were two studies, and
they came from different experimental centers, so we named
these two studies Gelbard a and Gelbard b (20). In addition,
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FIGURE 1 | The literature screening process.

we also looked for partial data available at the Cochrane Central
Register of Controlled Trials according to the ClinicalTrials.gov
Identifier of the three RCTs. The basic information and baseline
characteristics of the incorporated studies are shown in Table 1,
and the methodological quality evaluation of RCTs is exposed
in Figure 2.

Penile Curvature Deformity
The data of mean percent change in PCD were reported
in 4 studies involving 956 patients with PD (18–20). The
combined results displayed a significant improvement in the
CCH group compared with the placebo group (fixed-effects

model; WMD: −318.77; 95% CI: −22.58 to −14.96; p < 0.001;
I2 = 38%; Figure 3A).

Peyronie’s Disease Symptom Bother
We extracted the data for this indicator from 4 studies (18–
20), which contained a total of 945 patients with PD with 632
patients in the CCH group and 313 patients in the placebo group.
Results of the heterogeneity test revealed no significant difference
between the two groups (P = 0.64; I2 = 0%; Figure 3B), and a
fixed-effects model was introduced. The comprehensive analysis
demonstrated that the PDSB in the CCH group was lower than
that in the placebo group (WMD: −1.20; 95% CI: −1.69 to
−0.72; p < 0.001).
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TABLE 1 | Basic information and characteristics of studies.

Authors Year Design LOE CCH/Placebo Intervention Follow-up Outcome measures

Patients

(N)

Age (years)a

Gelbard et al.

(18)

1993 RCT 1b 22/27 NA 6,000–14,000 unit in

3–7 injections

3 months TAEs

Gelbard et al.

(19)

2012 RCT 1b 111/36 56.9 (7.8)/55.4

(7.0)

1–3 cyclesb with a

interval of 6 weeks

36 weeks PCD, PDSB, penile pain

score, TAEs, penile pain,

penile edema, injection site

pain and contusion

Gelbard a (20) 2013 RCT 1b 277/140 57.9 (8.2)/58.2

(8.9)

1–4 cyclesb with a

interval of 6 weeks

52 weeks PCD, PDSB, penile pain

score, TAEs, penile pain,

penile edema, injection site

pain and contusion

Gelbard b (20) 2013 RCT 1b 274/141 57.3 (8.8)/57.6

(7.5)

1–4 cyclesb with a

interval of 6 weeks

52 weeks PCD, PDSB, penile pain

score, TAEs, penile pain,

penile edema, injection site

pain and contusion

Lipshultz

et al. (21)

2015 RCT 1b 131/68 NA 1–4 cyclesb with a

interval of 6 weeks

52 weeks PCD, PDSB

RCT, randomized controlled trial; LOE, Level of evidence; CCH, Collagenase Clostridium Histolyticum; TAEs, treatment-related adverse events; PCD, penile curvature deformity; PDSB,

Peyronie’s disease questionnaire symptom bother; NA, not available. aData are presented by median (standard deviation). bEach treatment cycle consisted of 2 intralesional injections

of 0.58mg CCH or placebo, with an interval of approximately 24–72 h between each injection. Approximately 24–72 h following the second injection of each treatment cycle, subjects

in the CCH and placebo groups underwent penile plaque modeling.

FIGURE 2 | Quality evaluation of included randomized controlled trials (RCTs).
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FIGURE 3 | Comparison between Collagenase Clostridium Histolyticum (CCH) and placebo in efficacy. (A) Penile curvature deformity, (B) Peyronie’s disease

symptom bothers, (C) penile pain scores.

Penile Pain Score
For the penile pain score, 3 included studies reported this
outcome (19, 20). Heterogeneity test results indicated a high
heterogeneity (P = 0.05, I2 = 67%) between the CCH group and
the placebo group. The combined results showed no significant
difference in the penile pain score between the CCH group
and the placebo group (WMD: −0.64; 95% CI: −2.09 to 0.81;
P = 0.39; Figure 3C).

Adverse Events
There were four studies recording the adverse event rate (18–
20), and the merged results indicated that the TAEs of the
CCH group were significantly higher than that of the placebo
group (OR: 12.86; 95% CI: 9.17 to 18.04; p < 0.001; I2 =

0%; Figure 4). In addition, we conducted a meta-analysis of
several common complications. In the final statistical analysis,
the number of penile pain event in the CCH group was
significantly higher, compared with the placebo group (OR:
8.87; 95% CI: 5.43 to 14.50; p < 0.001), and others showed
similar results (penile edema: OR = 26.86, p < 0.001; injection
site pain: OR = 7.91, p < 0.001; contusion: OR = 14.60,
p < 0.001; Table 2).

DISCUSSION

The incidence of PD increases with the age, and it has been
reported that 90% of patients with PD are between 50 and 59
years old (22). As a chronic benign disease, PD could cause
erectile dysfunction, which seriously affects the life quality.
Unfortunately, there is, currently, no ideal treatment for PD and,
thus, made it a hot topic. The CCH, a mixture of AUX-I and
AUX-II Clostridium collagenase with high selective hydrolysis
activity on Type I and Type III collagen, can directly destroy
collagen-based plaques without damaging surrounding elastic
tissue and vascular smooth muscle. Gelbard et al. (18) first
reported the application of CCH in PD, and they found that
the therapeutic effect of CCH was superior to placebo in terms
of plaque size and penile deformity. Subsequently, substantial
evidence has shown that CCH is an effective non-surgical
treatment for PD (13). However, the safety and efficacy of CCH
in PD remain controversial. We, therefore, conducted a meta-
analysis of the current data to provide a higher level of evidence.
As far as we know, our study is the first meta-analysis worldwide
that systematically illustrates the efficacy and safety of CCH in the
treatment of PD.

The PCD is caused by the formation of fibrous plaques in the
tunica albuginea, which may cause great trouble for patients with
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FIGURE 4 | Comparison between CCH and placebo in adverse events.

TABLE 2 | Comparison of common complications between CCH group and placebo group.

Outcomes No. of studies No. of patients P value OR (95% CI) Heterogeneity

(CCH/Placebo) Chi2 df P I2 (%)

Penile pain 4 684/344 <0.001 8.87 [5.43, 14.50] 0.00 2 1.00 0

Penile edema 4 684/344 <0.001 26.86 [6.63, 108.80] 0.82 2 0.66 0

Injection site pain 4 684/344 <0.001 7.91 [4.38, 14.30] 0.38 2 0.83 0

Contusion 4 684/344 <0.001 14.60 [4.13, 51.68] 1.05 2 0.59 0

CCH, Collagenase Clostridium Histolyticum; OR, odds ratio.

PD in penetrative intercourse. A clinical trial found that, after
two CCH injections, 69 patients had a significant improvement
in mean percent change for PCD, and the average reduction in
curvature is 23◦ (23). Evidence synthesis in ourmeta-analysis also
indicated that CCH can significantly reduce PCD in patients with
PD compared with placebo (p < 0.001), which was consistent
with the results of the previous studies (21, 24, 25). Also, the man
who is most likely to get PCD improvement is supposed to have
curvature between 30◦ and 60◦, longer duration, an international
Index for Erectile Function score >17, no calcification, and
a set to receive all standard cycles (26). On the other side,
however, the practical significance of this improvement remains
doubtful and requires further pieces of research, as none of the
included studies resulted in a final mean curve <30◦, which
has been deemed unlikely to inhibit intercourse. Furthermore,
for patients with severe curves (>90◦), extended curves are
recommended to receive surgical management to obtain a
superior result (9).

The PD is characterized by penile abnormalities, coital
pain, and impaired sexual function, followed by secondary
psychological problems. The PDSB and the penile pain score
focus on these issues and reflect subjective indicators. Our results
confirmed the conclusion from previous studies that CCH can
alleviate the PDSB of patients (p < 0.001). Increased tissue
compliance and positive psychological suggestions for receiving
non-surgical therapy could account for this phenomenon (9). In
addition, one researcher (27) considered that the reduction of
PCD, penile shortening, and pain during sexual intercourse can
alleviate PD-related bothers. However, compared with placebo,

CCH was not effective in reducing the penile pain score
(P = 0.39), which may be associated with its side effect, inducing
penile pain and bruising (28).

Safety is one of the most important indicators of all doctors’
and patients’ concerns about CCH treatment. Several studies
have examined this topic, but the results were not the same.
Tsambarlis et al. believed that patients with PD had a higher
incidence of TAEs after receiving CCH, and 80% of the patients
expressed a certain degree of dissatisfaction during treatment
after therapy (29). On the contrary, several Phase 3 clinical
trials have proven that patients treated with CCH have higher
TAEs, but they were all acceptable, which were similar to our
results. Moreover, the most common complications, such as
penile pain, penile edema, injection site pain, and contusion, were
slight and could recover without intervention. The occurrence
of TAEs is also related to doctors’ technical and postoperative
care and, therefore, the clinical application should always be
treated with caution. It is worth mentioning that corporal
rupture, a serious adverse event, must be carefully dealt with
to prevent its occurrence, as 34% of the providers encountered
at least one case, and 67% of them managed the rupture
surgically (30).

This study is the world’s first meta-analysis of the efficacy
and safety of CCH, and, thus, some limitations could not be
avoided. First, although more reliable than the previous form,
PDSB and the penile pain score were subjective indicators
and could be biased by psychologic status in patients. Second,
only 4 studies were included in our study, resulting in
inadequate statistical confidence, and 3 of them shared the
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same first author. However, all studies were randomized
controlled trials with a high level of evidence and very
low heterogeneity in all results, which could make up for
this shortcoming.

CONCLUSION

The present meta-analysis demonstrated that CCH had a
significant effect on treating PD. This method could relieve
bothering symptoms and provide improvement in PCD and
sexual function. Its adverse event rate was higher but acceptable.
However, more RCTs with a larger sample size are needed to
confirm our findings.
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The Impact of a Multifaceted
Pharmacist-Led Antimicrobial
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Objective: The objective of the study was to assess the impact of multifaceted clinical
pharmacist-led antimicrobial stewardship (AMS) program on the rational use of antibiotics
for patients who receive vascular and interventional radiology therapies.

Methods: A quasi-experimental retrospective intervention design with a comparison
group was applied to the practice of antibiotic use in the department of vascular and
interventional radiology in a Chinese tertiary hospital. We used difference-in-differences
(DID) analysis to compare outcomes before and after the AMS intervention between the
intervention group and control group, to determine whether intervention would lead to
changes in irrationality of antibiotic prescribing, antibiotic utilization, cost of antibiotics, and
length of hospital stay.

Results: The DID results showed that the intervention group was associated with a
reduction in the average consumption of antibiotics (p = 0.017) and cost of antibiotics (p =
0.006) and cost per defined daily dose (DDD) (p = 0.000). There were no significant
differences in the mean change of total costs and length of stay between the two groups
(p > 0.05). The average inappropriate score of perioperative antimicrobial prophylaxis in the
intervention group declined by 0.23, while it decreased by 0.02 in the control group [0.21
(95% CI, −0.271 to −0.143); p = 0.000]. The average inappropriate score of non-surgical
antimicrobial prophylaxis in the intervention group declined by 0.14, while it increased by
0.02 in the control group [0.16 (95% CI, −0.288 to −0.035); p = 0.010]. The average
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inappropriate score of the therapeutic use of antibiotics in the intervention group declined
by 0.07, while it decreased by 0.01 in the control group [0.06 (95% CI, −0.115 to −0.022);
p = 0.003].

Conclusions: This study provides evidence that implementation of AMS interventions
was associated with a marked reduction of antibiotic use, cost of antibiotics, and
irrationality of antibiotic prescribing in China.

Keywords: antibiotics use, antimicrobial stewardship, pharmacist, difference-in-differences, vascular and
interventional radiology

INTRODUCTION

By making lethal infections readily treatable, antibiotics have led
the development of modern medicine. Prompt initiation of
appropriate antibiotic therapy to treat infectious diseases
reduces morbidity and save lives. Moreover, antibiotics also
enables multiple advances in the area of medical technology,
such as organ transplants and cancer chemotherapy (Beyar-Katz
et al., 2017; Versporten et al., 2018). However, about 30%–50% of
all antibiotics prescribed in hospitals are either unnecessary or
suboptimal worldwide (Denny et al., 2019; Rowe and Linder,
2019). In recent years, antimicrobial resistance (AMR) has been
recognized as a growing public health problem of huge concern to
countries around the world (Huemer et al., 2020). Inappropriate
antibiotic use contributes greatly to the development of AMR
(Bohmer et al., 2021), leading to ineffective therapy, increase in
adverse reactions, and escalation in health care costs. In order to
optimize antibiotic use in medical care, many different
antimicrobial stewardship (AMS) initiatives have been
conducted in some developed countries recently. Several
studies have shown that AMS can help physicians increase
infection cure rates, improve treatment outcomes, and reduce
antibiotic resistance by improving antibiotic prescribing (Dellit
et al., 2007; Rice, 2018).

According to the Centers for Disease Control and Prevention
(CDC) of the United States, core elements of hospital AMS
programs are as follows: 1) Hospital leadership commitment.
AMS programs should be supported from the senior leadership of
the hospital, especially the director of pharmacy. 2) Pharmacy
expertise. AMS programs should appoint a physician or
pharmacist as the coleader to improve antibiotic use. 3)
Accountability. As a leader or coleaders, a physician or
pharmacist should be responsible for program management. 4)
Interventions. The prospective audit and feedback or
preauthorization should be implemented to improve antibiotic
use. 5) Education. AMS should educate clinicians, pharmacists,
nurses, and patients about adverse reactions caused by antibiotics,
AMR, and optimal prescribing (CDC, 2019).

A recent study found that 25% (21%–29%) of antibiotic
prescriptions in the United States ambulatory care clinics were
inappropriate in 2015 (Ray et al., 2019). The rates of
inappropriate prescriptions were highest for otitis externa
(67.3%) and upper respiratory tract infection (38.7%) in the
United Kingdom general practice between January 2010 and
June 2015 (Nowakowska et al., 2019). Due to its huge

antibiotic consumption (Zhao et al., 2018), strong economic
incentives (Lin et al., 2020), and limited knowledge about
antibiotics (Liu et al., 2019) for overprescribing, inappropriate
antibiotic use in China is common. The proportion of
inappropriate antibiotic prescriptions among outpatients and
inpatients was 60.6% and 75.4% in primary health care
settings in China from 2009 through 2011, respectively (Wang
et al., 2014). A recent survey conducted on the use of antibiotics in
52 hospitals of China reported that the proportion of antibiotic
prescription in surgical inpatients in 2016 was 69.03% (Li et al.,
2019), which did not meet the goal of not more than 60% set by
the National Health Commission of the People’s Republic of
China (National Health Commission of China, 2011). This report
also showed that the percentage of antibiotic use in inpatients for
acute upper respiratory infections and fever or cough symptoms
all exceeded 55%, which was unnecessary for these infectious
diseases mostly caused by viruses (WHO, 2011).

Thus, to promote rational use of antibiotics, it is necessary to
implement AMS programs in hospitals. In 2011, AMS policy was
formally implemented by the National Health Authority in
medical institutions nationwide. Successful implementation of
AMS requires a multidisciplinary organizational approach, with
pharmacists as the core members that deliver the interventions to
optimize antimicrobial use.

Several studies provided evidence that pharmacist-led
interventions can improve adherence to guidelines and
reduced the duration of antimicrobial therapy with substantial
cost savings for patients (Mahmoudi et al., 2019; Monmaturapoj
et al., 2021). Furthermore, implementation of pharmacy-based
interventions in AMS programs can reduce antibiotic
consumption, length of hospital day, and 30-day mortality
(Xin et al., 2019; Du et al., 2020).

Previous studies assessed the effectiveness of AMS
intervention on surgical antibiotic prophylaxis (Zhang et al.,
2014; Abubakar et al., 2019), upper or lower respiratory tract
infection (Shen et al., 2011; Foolad et al., 2018), nonspecified
indications (Li et al., 2017; May et al., 2021) in those priority
departments, such as the department of urology, department of
obstetrics and gynecology, department of respiratory medicine,
intensive care unit, and emergency department, given high
antimicrobial prescribing for prophylaxis or treatment and
concerns with inappropriate antibiotic use. However, the
previous studies pay little attention to some emerging
departments with innovative technology; for instance, as the
number and breadth of vascular and interventional radiology

Frontiers in Pharmacology | www.frontiersin.org February 2022 | Volume 13 | Article 8320782

Xu et al. Antimicrobial Stewardship on Antibiotic use

114115

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


procedures grow, it is critical to promote rational use of
antibiotics in the department of vascular and interventional
radiology to avoid serious infectious complications. So far,
only one study on the use of antibiotics for perioperative
interventional surgery was retrieved. Yang et al. (2017)
conducted a clinical pharmacist-led guidance team
intervention for the rationality of prophylactic antibiotic usage
for eight interventional procedures in a Chinese tertiary teaching
hospital. However, it did not focus on a specific department, and
the intervention included mainly with prescription reviews and
administrative approach. Moreover, it was only limited to
perioperative antimicrobial prophylaxis, rather than
comprehensive intervention involving antibiotic prophylaxis
and antibiotic therapy in surgical wards. The research design
of the study was that of a before-and-after intervention trial to
evaluate the effectiveness.

To date, there is no evidence to demonstrate the effectiveness
of pharmacist-led AMS interventions on the rational use of
antibiotics in the department of vascular and interventional
radiology in a Chinese tertiary hospital. Therefore, the aim of
this study was to improve the rational antibiotics use in the
department of vascular and interventional radiology, and assess
the value of pharmacist-led AMS programs during the study
period. For this purpose, we used a quasi-experimental study
design with a difference-in-differences (DID) analysis comparing
outcomes before and after the AMS intervention between
intervention group and control group, to determine whether
intervention would lead to changes in the following outcomes:
irrationality of antibiotic prescribing, antibiotic utilization, cost of
antibiotics, and length of hospital stay.

MATERIALS AND METHODS

Study Setting
This was a quasi-experimental retrospective study, with a
comparison group and pre- and post-intervention measures in
two independent vascular and interventional radiology wards of a
tertiary teaching hospital. The two independent wards were
randomized into control and intervention groups. In the
intervention group, a clinical pharmacist-led AMS was
implemented. While in the control group, treatment strategies
were performed by the physicians and nurses without pharmacist
involvement.

To ensure comparability of the statistical data, inclusion and
exclusion criteria were established. Diseases involving the
circulatory system (such as superficial thrombophlebitis of the
lower extremities, aortic aneurysm or dissection, etc.), digestive
system (such as biliary obstruction, cirrhosis with esophageal and
gastric variceal bleeding, etc.), respiratory system (bronchiectasis,
pneumonia, etc.), genitourinary system (such as urinary tract
infection, kidney failure, etc.), tumor (liver malignant tumor),
injury, poisoning, certain other consequences of external causes
(such as complications of procedures, injury of kidney, etc.), the
blood and blood-forming organs, and certain disorders involving
the immune mechanism, skin, and subcutaneous tissue, and
congenital malformation (such as cellulitis, polycystic kidney,

hypersplenism, etc.) were enrolled. Patients were excluded if they
were transferred from other medical departments, were
transferred to other medical departments for further
treatment, and ages were younger than 18 years or data were
missing. Accordingly, in our retrospective study, phases were
divided into two stages as follows: pre-intervention period
(March 2018 to October 2018) and post-intervention period
(March 2019 to October 2019).

Ethical Consideration
The retrospective study complied with the Declaration of
Helsinki, and ethical approval was obtained from the Ethical
Committee of Nanjing Medical University (grant number: ethical
review 2020103).

Pharmacist-Led Antimicrobial Stewardship
Interventions
Based on the core elements of AMS (CDC, 2019), the
multifaceted interventions included: 1) Establishment of
criteria: provided practitioners with a standardized approach
to the safe and effective use of antibiotic drugs based on
global and national guidelines. 2) Daily ward round:
participated in physicians’ ward rounds at working days only
and made recommendations on the antimicrobial prescribing. 3)
Regular review of medical orders: communicated with the
physicians in cases of inappropriate drug use and made
suggestions to determine the optimal use of antibiotics. 4)
Routine education and training: trained the medical staff on
rational use of antibiotics and correct microbiology specimen
submission. 5) Consultations and case discussions: conducted
regular multidisciplinary consultations and case seminars for
difficult cases to discuss diagnosis and modify the regimen.

Data Collection and Outcomes
The primary outcome was the score of inappropriate
antimicrobial use between pre-intervention and post-
intervention period, which was evaluated by the
multidisciplinary team. The team consisted of an infectious
disease specialist, a ward physician, and a clinical pharmacist,
who were blinded to the patients’ allocation status. The
appropriateness of antimicrobial use was assessed by the three
specialists, respectively. If the score was the same, the result would
be adopted, when there was any disagreement, final decision
would be made after a discussion.

Secondary outcomes included antimicrobial consumption,
antimicrobial cost, the average cost per defined daily dose
(DDD), the total cost of hospitalization, and length of hospital
stay per patient during the periods. Antimicrobial consumption
was defined as the defined daily doses (DDDs) of antibiotics used
per patient that was applied in previous studies of antibiotic
utilization (Yang et al., 2017; Abubakar et al., 2019). The average
cost per DDDwas calculated by dividing the antimicrobial cost by
DDDs of antibiotics used per patient.

Clinical data including patients’ baseline characteristics,
antibiotic usage, cost, length of hospital stay, and clinical
outcome were extracted from the hospital information system
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(HIS). The HIS recorded the clinical outcome of the discharged
patients, which were classified as cure, improvement, failure, and
death. Interventions identified by the pharmacist-led AMS
program and the accepted recommendations were collected
within the electronic medical record. The use of antibiotics
was stratified into three indication categories: perioperative
antimicrobial prophylaxis, non-surgical antimicrobial
prophylaxis, and therapeutic use of antibiotics. The specialists
evaluated the phenomena of inappropriate drug use using a
scoring system that consisted of different items regarding the
three categories. Each item was assigned one point if an
inappropriate phenomenon was identified. At the same time,
the score was multiplied by the weight of each irrational
medication indicator, which was developed by 30 experts’
consultation using the Saaty 1–9 scaling method (Saaty, 1990).

Statistical Analysis
In this study, the variations in an index of the two groups before
and after intervention are calculated to reflect the net effect of
clinical pharmacist-led AMS strategy. A DID methodology
(Wooldrige, 2002; Dimick and Ryan, 2014) was used to
compare pre- and post-intervention changes between the AMS
intervention group and the control group. The differences lie in
the cluster-level summaries of the two groups. Comparisons were
carried out using a mixed effect linear model with repeated
measures using group, time, and group × time as fixed effects,
while group is a random effect nested within the study group. The
descriptive statistics of cost, DDDs, score, and days are presented
as means (by time and by group), and mean changes by group.
The DID methodology allows the researchers to control
confounding influences of independent variables, as well as
imbalance between groups in dependent variables, which are
due to chances of imperfect randomization. For each group, the
incremental effect of the pharmacist-led AMS intervention was
computed as the differences between the pre- and post-
implementation of intervention, and then the incremental
effects were compared between the intervention and control
groups to estimate the net effect of the intervention. The
model that was used for this DID regression is written as:

Yit � α0 + β × timeit × groupit + γ × Xit + εit

where i indicates the vascular and interventional radiology ward,
and t indicates the time. Y represents the main outcomes, either
score of inappropriate antimicrobial use, antimicrobial
consumption, cost, or length of hospital stay; timeit is the time
dummy variable, where it was measured at the pre-intervention
period as 0 and post-intervention period as 1; groupit is the
treatment dummy variable, where the intervention group is 1,
while the control group is 0; timeit × groupit is an interaction term
between the time dummy variable and treatment dummy
variable, and its coefficient β captured the average effects of
the pharmacist-led AMS strategy on the outcome indicators.
Xit is a series of covariates, including age, sex, clinical
outcome, and diagnosis. εit is a residual error. Each outcome
was regressed on the main effects for intervention
(1 = intervention group; 0 = control group) and time period
(1 = post-intervention, 0 = pre-intervention). In this procedure,

the DID model was used to predict the expected value at baseline
and follow-up in the intervention and control groups with all
other fixed effects set to their mean values.

Continuous variables that were normally distributed were
presented as the mean ± standard deviation, and group
differences were compared using an independent t-test. Non-
normally distributed continuous variables were described in the
median and 25th and 75th interquartile range (Q25, Q75) and
were assessed using Mann–Whitney U-test. Categorical variables
were presented as frequencies and percentages and assessed using
the Chi-squared test or Fisher’s exact test. All statistical analyses
were conducted using SPSS Statistics 23.0 (IBM Corp., Armonk,
NY, USA), and differences with p < 0.05 were considered
statistically significant.

RESULTS

Patient Characteristics
A total of 1,026 patients were enrolled in the study, 514 for the
control group and 512 for the intervention group. There were no
significant differences in age, gender, number of diagnoses, and
clinical outcome of the admitted patients between the two groups
(Table 1).

The Effects of Antimicrobial Stewardship
Program on the use of Antibacterial Drugs
As shown in Figure 1, there were no differences between the two
groups in the trends of DDDs per patient, cost of antibiotics, and
average cost per DDD during the pre-intervention period
(p = 0.588, p = 0.285, and p = 0.876), while during the post-
intervention period, significant differences in the trends
between the two groups were observed (p = 0.025, p = 0.014,
and p = 0.000, respectively, for DDDs per patient, cost of
antibiotics, and average cost per DDD). The effects of the
intervention on antibiotic consumption, costs, and length of
hospital stay in the control and intervention groups between
the pre-intervention and post-intervention period are shown in
Tables 2 and 3. The DID results suggested that the intervention
group was associated with a reduction in the average
consumption of antibiotics [1.84 DDDs (95% CI, −3.433 to
−0.337); p = 0.017], cost of antibiotics [598.19 RMB (95% CI,
−1,018.558 to −173.554); p = 0.006], and cost per DDD [70.5
RMB (95% CI, −101.086 to −39.915); p = 0.000]. There were no
significant differences in mean change of total costs and length of
stay between the two groups.

Construction of the Scoring System
Involving Weights of Different Items
Table 4 presents the detailed results of the scoring system for
perioperative antimicrobial prophylaxis, non-surgical
antimicrobial prophylaxis, and therapeutic use of antibiotics.
Among the items of the scoring system for perioperative
antimicrobial prophylaxis and non-surgical antimicrobial
prophylaxis, the weight of indication is the highest. On the
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other hand, timing of the initial dose and duration is assigned a
lower weight. Regarding therapeutic use of antibiotics, the weight
of indication is the highest, followed by choice, and dosage in its
scoring system.

Figure 2 shows the detailed category analysis for irrational use
of antibacterial drugs. The highest inappropriate score of items
for the intervention group was antibiotic choice (0.12), antibiotic
choice (0.15), and indication (0.11) in perioperative prophylaxis,
non-surgical prophylaxis, and treatment during the pre-
intervention period, respectively. After the intervention,
inappropriate score of the corresponding items declined by
0.1, 0.06, and 0.05, respectively. Considering the antibiotic
choice, as reported in Supplementary Table S1, the most
frequently used antibiotics for perioperative prophylaxis in the
intervention group before the intervention was cefathiamidine
(37.80%). However, the use of cefathiamidine dropped to 1.90%
during the post-intervention period. Meanwhile, cefazolin
became the most frequently prescribed antibiotics, which
increased from 2.44% to 50.48%. In terms of non-surgical
prophylaxis, there was an increase in ceftriaxone use from 0 to
37.04% with a decrease in cefmetazole from 53.85% to 18.52% in
the intervention group after the intervention.

Evaluation of the Rationality of
Antibiotic use
The inappropriate rate of antibiotic prescriptions, average
inappropriate score for both groups, and associated parameters
of DID analysis between the groups in perioperative
antimicrobial prophylaxis, non-surgical antimicrobial
prophylaxis, and therapeutic use of antibiotics during the pre-
intervention and post-intervention period are shown in Tables 5
and 6. For the intervention group, inappropriate rate of antibiotic
prescriptions in perioperative prophylaxis, non-surgical
prophylaxis, and treatment decreased by 48.10%, 40.59%, and

29.25%, respectively. For the control group, inappropriate rate of
antibiotic prescriptions in perioperative prophylaxis and non-
surgical prophylaxis increased by 4.35% and 2.77%, respectively,
while a 2.49% decrease in inappropriate rate of antibiotic
prescriptions regarding treatment. During the post-
intervention period, the average inappropriate score of
perioperative antimicrobial prophylaxis in the intervention
group declined by 0.23, while it decreased by 0.02 in the
control group [0.21 (95% CI, −0.271 to −0.143); p = 0.000].
The average inappropriate score of non-surgical antimicrobial
prophylaxis in the intervention group declined by 0.14, while it
increased by 0.02 in the control group [0.16 (95% CI, −0.288 to
−0.035); p = 0.010]. In terms of therapeutic use of antibiotics, the
average inappropriate score of the intervention group declined by
0.07, while it decreased by 0.01 in the control group [0.06 (95%
CI, −0.115 to −0.022); p = 0.003].

Pharmacists’ Recommendations Made in
the Post-intervention Period
Over the 8-month post-implementation of a pharmacist-led AMS
program, a total of 445 interventions were recommended, of
which 321 (72.13%) were from medical order review led by
clinical pharmacists (Table 7). Overall, 445 interventions were
made with an average acceptance rate of 80.00% (356/445). The
highest proportion of intervention types in perioperative
antimicrobial prophylaxis was stopping due to prolonged
duration (34.97%) with an acceptance rate of 66.67%. Among
the recommendations for non-surgical prophylaxis, the most
frequent type was initiating a preferred agent for indication,
which had an acceptance rate of 47.62%. The most common
intervention types for antibiotic treatment were discontinuation
of antibiotics without indication (23.58%), followed by dose or
frequency adjustment (19.10%), and de-escalation (13.82%). The
acceptance rates were 67.24%, 91.49%, and 88.24%, respectively.

TABLE 1 | Comparison of the characteristics of patients in the control group and intervention group.

Characteristic Control
group (n = 514)

Intervention
group (n = 512)

p-Value

Age, year 67 (57,75) 67 (58,75) 0.607a

Male, n (%) 332 (64.59%) 323 (63.08%) 0.616
Diagnosis, n (%)
Circulatory system 181 (35.21%) 161 (31.44%) 0.200
Digestive system 139 (27.04%) 161 (31.44%) 0.121
Respiratory system 81 (15.76%) 69 (13.48%) 0.301
Genitourinary system 60 (11.67%) 66 (12.89%) 0.552
Tumor 31 (6.03%) 29 (5.66%) 0.802
Injury, poisoning, and certain other consequences of external causes 20 (3.89%) 23 (4.49%) 0.631
Othersb 14 (2.72%) 19 (3.71%) 0.370
Multiple diagnosis 12 (2.33%) 16 (3.12%) 0.437

Clinical outcome 0.993
Cure 504 502
Improvement 10 10
Failure 0 0
Death 0 0

Note. Values are presented as median (interquartile range) or n (%). All p-values are calculated using Chi-square unless otherwise noted.
aMann–Whitney U-test.
bOthers: the blood and blood-forming organs and certain disorders involving the immune mechanism; skin and subcutaneous tissue; and congenital malformation.
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FIGURE 1 | The change in defined daily doses (DDDs) per patient, cost of antibiotics, and average cost per DDD per month. The change in DDDs per patient (A),
cost of antibiotics (C), and average cost per DDD (E) per month in the pre-intervention period. The change in DDDs per patient (B), cost of antibiotics (D), and average
cost per DDD (F) per month in the post-intervention period.
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DISCUSSION

To our knowledge, this is the first study to evaluate the impact of a
pharmacist-led AMS program in the department of vascular and
interventional radiology. The DID analysis indicated that the
multifaceted pharmacist-led AMS intervention was associated
with a significant decline in the antibiotic use, cost of antibiotics,
and irrationality of antibiotic prescribing. Comparison of pre-
and post-intervention changes between the intervention group
and the control group, rather than merely levels before and after
the intervention in the intervention group, necessarily adjusted
for the possibility that the outcome was changing without the
benefit of the intervention (Gerber et al., 2013).

There was a significant reduction in antibiotic utilization after
the interventions in our study. This decline was attributed to
reduction of unnecessary antimicrobial prescribing and increase
in compliance with duration of antibiotic use. This observation
was consistent with studies conducted in hospital and clinic
settings (Hwang and Kim, 2018; Lee et al., 2018; Abubakar

et al., 2019; Haseeb et al., 2020). The current study also found
that the implementation of antibiotic stewardship interventions
led to cost savings of antibiotics, which was similar to that found
in prior studies (Butt et al., 2019; Xin et al., 2019). Some studies
reported that the length of hospital stay significantly was
shortened after the intervention of a pharmacist-directed
antimicrobial stewardship (Mahmoudi et al., 2019; Xin et al.,
2019; Arensman et al., 2020; Mahrous et al., 2020), while some
studies indicated that the intervention had no effect on the length
of stay (Wenzler et al., 2017; Abubakar et al., 2019;
Monmaturapoj et al., 2021), which may be related to
differences in the study design and analytical methods.

Inappropriate antibiotic prescribing was evaluated using a
scoring system consisting of different items regarding three
categories. Compared with the scoring system constructed by
Shen et al. (2011), the relative weight values of each item were
determined on the basis of utilizing the Saaty1–9 scale method,
which can quantitatively judge the importance of each item on
the inappropriate antibiotic prescribing. The result implies that

TABLE 2 | The mean antibiotic consumption, costs, and length of hospital stay in the control and intervention groups between the pre-intervention and post-intervention
periods.

Outcomes Pre-intervention Post-intervention

Control group Intervention group Control group Intervention group

DDDs per patient (DDDs) 7.93 8.29 7.67 6.19
The cost of antibiotics (RMB) 1546.99 1706.27 1624.51 1185.60
Total cost (RMB) 34529.55 27342.66 30792.38 30366.09
Average cost per DDD (RMB) 202.45 204.07 216.01 147.13
Length of stay (days) 10.85 11.30 10.92 12.38

TABLE 3 | Difference-in-differences (DID) results of the net effects of antimicrobial stewardship (AMS) program on antibiotic consumption, costs, and length of hospital stay.

Outcomes Coefficient p-Value 95% CI Robust SE

DDDs per patient −1.885 0.017 (−3.433, 0.337) 0.789
The cost of antibiotics −596.056 0.006 (−1018.558, −173.554) 215.305
Total cost 2320.662 0.476 (−4065.250, 8706.575) 3254.235
Average cost per DDD −70.501 0.000 (−101.086, −39.915) 15.586
Length of stay 0.813 0.375 (−0.986, 2.611) 0.916

Note. DID, difference-in-differences.

TABLE 4 | The scoring system involving weights of different items.

Items Perioperative
antimicrobial prophylaxis

Non-surgical
antimicrobial prophylaxis

Therapeutic use of
antibiotics

Indication 0.41 0.57 0.37
Choice 0.16 0.21 0.23
Timing of the initial dose 0.07 NA NA
Dosage and dosing interval 0.11 0.13 NA
Dosage NA NA 0.12
Dosing frequency NA NA 0.10
Duration 0.25 0.09 0.06
Intravenous-to-oral conversion NA NA 0.05
Combination of antibiotics NA NA 0.07

Note. NA, not available.
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indication had the largest impact for irrationality of antibiotics,
regardless of antibiotic use for prophylaxis or treatment. Several
studies showed that intervention has a significant impact on the

appropriateness of antibiotic use after the implementation of the
AMS program (Brink et al., 2017; Foolad et al., 2018; Butt et al.,
2019; Calò et al., 2021; Jantarathaneewat et al., 2021). Our study
was consistent with these findings, as we observed that the
irrationality of antimicrobial prescriptions decreased in
perioperative antimicrobial prophylaxis, non-surgical
antimicrobial prophylaxis, and therapeutic use of antibiotics.

Inappropriateness of antimicrobial use in perioperative
prophylaxis significantly decreased, especially in first-choice
antibiotics, which was similar to that found in a previous
study (Yang et al., 2017). Regarding the choice of
antimicrobial prophylaxis, cefazolin definitely became the first
choice in the post-intervention period with a concomitant
decrease in cefathiamidine. Indeed, cefazolin was
recommended as the first-line antibiotic according to the
evidence-based trials (National Health Commission of China,
2015). Previous studies have reported that implementation of
antibiotic stewardship program in surgeries was associated with
reduction in the prescription of broad-spectrum and expensive
antibiotics (Dona et al., 2019; Mahmoudi et al., 2019).

Inappropriateness score of antimicrobial prescribing for non-
surgical prophylaxis decreased, manifested by improvement in
correct antibiotic choice. The current study observed an increased
use of ceftriaxone instead of cefoxitin for cirrhotic patients with
esophageal and gastric variceal bleeding. Cirrhotic patients
presenting with acute variceal bleeding have a high risk of
developing bacterial infections; therefore, initiation of
prophylactic antibiotic treatment at the time of admission is
necessary (Lee et al., 2014). According to the guidelines (Korean
Association for the Study of the, 2020), short-term antibiotic
prophylaxis with intravenous ceftriaxone is recommended in
cirrhotic patients with variceal bleeding.

A significant reduction in inappropriate prescribing for
therapeutic use of antibiotics was also found after the
intervention, manifested by a reduction in inappropriate
prescribing in conditions for which antibiotics were generally
not indicated, such as superficial thrombophlebitis of the lower
extremities. Other antimicrobial stewardship efforts also have
demonstrated improvements in unnecessary antibiotic
prescribing for viral acute respiratory infection and
asymptomatic bacteriuria (Meeker et al., 2016; Akpan et al.,
2020; Calò et al., 2021; May et al., 2021). Antibiotic
prescribing for these conditions where antimicrobials are not
indicated puts them at unnecessary risk for adverse events and
should be a target for quality improvement in interventional
radiology wards.

In the intervention period, the acceptance rate of interventions
was 80.00%, which was similar to that described in other studies
at hospitals (Li et al., 2017; Hurst et al., 2019). The highest
proportion of intervention types for surgical prophylaxis
during the intervention period was stopping antimicrobial
treatment, but the acceptance rate was the lowest. The reason
is as follows: first, according to the Clinical Practice Guidelines for
antibiotic prophylaxis during vascular and interventional
radiology procedures (Chehab et al., 2018), a single
preprocedural dose of cefazolin is an effective regimen for
arterial endografts in the management of aortic aneurysm or

FIGURE 2 | Category analysis for irrational use of antibacterial drugs. (A)
inappropriate score of antimicrobial prophylaxis with respect to corresponding
items for both groups during the pre- and post-intervention periods; (B)
inappropriate score of non-surgical antimicrobial prophylaxis with
respect to corresponding items for both groups during the pre- and post-
intervention periods; (C) inappropriate score of antimicrobial treatment with
respect to corresponding items for both groups during the pre- and post-
intervention periods.
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dissection. Chinese Guidelines also suggest a single dose for
prophylaxis (National Health Commission of China, 2015).
However, the aortic stent graft surgery involves important
viscera, an endograft infection that carries high morbidity and
mortality rates (as high as 27%) (Cernohorsky et al., 2011).
Therefore, doctors are unwilling to use a single dose of
antibiotics. Second, postoperative inflammatory response
syndrome may occur after aortic stent graft procedures and
hepatic artery chemoembolization, which is characterized by
fever, leukocytosis, and elevated C-reactive protein (CRP) and

other inflammatory markers (Blackburn and West, 2016; Daye
and Walker, 2018). Sometimes it is difficult for doctors to
distinguish it from infection, so they dare not easily stop the
antibiotics. Compared with perioperative antimicrobial
prophylaxis, non-surgical antimicrobial prophylaxis had a
lower acceptance rate for intervention, which was mainly
manifested in the recommendation of using preferred
evidence-based drug. That is probably because clinicians in the
surgical ward might pay more attention to perioperative
antimicrobial prophylaxis that resulted in change of

TABLE 5 | Inappropriate rate of antibiotic prescriptions and average score for both groups during the pre-intervention and post-intervention periods.

Categories Groups Pre-intervention Post-intervention

Inappropriate rate (%) Average score Inappropriate rate (%) Average score

Perioperative antimicrobial prophylaxisa Control group 95.65 (66/69) 0.41 100.00 (90/90) 0.39
Intervention group 89.77 (79/88) 0.33 41.67 (45/108) 0.10

Non-surgical antimicrobial prophylaxis Control group 91.67 (22/24) 0.26 94.44 (34/36) 0.28
Intervention group 96.15 (25/26) 0.31 55.56 (15/27) 0.17

Therapeutic use of antibiotics Control group 66.67 (100/150) 0.18 64.18 (129/201) 0.17
Intervention group 57.06 (105/184) 0.15 27.81 (47/169) 0.08

Note. aAntimicrobial use in some patients involving both prophylaxis and treatment.

TABLE 6 | DID analysis of average score for both groups during the pre-intervention and post-intervention periods.

Outcomes Coefficient p-Value 95% CI Robust SE

Perioperative antimicrobial prophylaxis −0.207 0.000 (−0.271, −0.143) 0.033
Non-surgical antimicrobial prophylaxis −0.164 0.010 (−0.288, −0.035) 0.040
Therapeutic use of antibiotics −0.069 0.003 (−0.115, −0.022) 0.024

Note. DID, difference-in-differences.

TABLE 7 | Source, initiator, type, and acceptance rate of antimicrobial stewardship interventions.

Interventions Perioperative
antimicrobial prophylaxis

Non-surgical
antimicrobial prophylaxis

Therapeutic use of
antibiotics

Source of interventions Number (%)
Ward round consultation 18 (11.04%) 13 (36.11%) 54 (21.95%)
WeChat consultation 6 (3.68%) 2 (5.55%) 10 (4.07%)
Medical order review 139 (85.28%) 21 (58.33%) 161 (65.45%)
Multidisciplinary consultation NA NA 21 (8.54%)
Initiator of interventions Number (%)
Clinician 24 (14.72%) 15 (41.67%) 85 (34.55%)
Clinical pharmacist 139 (85.28%) 21 (58.33%) 161 (65.45%)
Type and acceptance of interventions Accepted% (number accepted/number)
Initiate preferred agent for indication 85.29% (29/34) 47.62% (10/21) 90.00% (9/10)
Dose/frequency adjustment 82.14% (23/28) 50.00% (2/4) 91.49% (43/47)
Drug timing adjustment 79.55% (35/44) NA NA
Stop due to prolonged duration 66.67% (38/57) 75.00% (3/4) 85.71% (6/7)
Discontinuation of antibiotics without indication NA 57.14% (4/7) 67.24% (39/58)
Stop combination of antimicrobial treatment NA NA 87.50% (7/8)
Change antibiotic due to toxicity, allergy, etc NA NA 87.50% (7/8)
Escalation NA NA 100.00% (16/16)
De-escalation NA NA 88.24% (30/34)
Sequential intravenous-to-oral therapy NA NA 100% (11/11)
Imaging/laboratory/etiological examination NA NA 93.10% (27/29)
Therapeutic drug monitoring NA NA 94.44% (17/18)
Total 76.69% (125/163) 52.78% (19/36) 86.18% (212/246)

Note NA, not available.
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prescribing behavior. In terms of therapeutic use of antibiotics,
the lowest acceptance rate of intervention type was
discontinuation of therapy without indication. For example,
superficial thrombophlebitis is characterized by the appearance
of tenderness, pain, redness, and swelling in the affected veins,
which refers to an inflammation of superficial veins. Nonsteroidal
anti-inflammatory drugs are suggested to reduce inflammation
rather than antibiotics (Di Nisio et al., 2018). However, the
strained relationship between doctors and patients in China
has made doctors hesitant to not use antibiotics.

Our study has several strengths. Although the AMS program
was performed in a surgical ward, a comprehensive intervention
implemented not only focused on perioperative antimicrobial
prophylaxis but also on non-surgical antimicrobial prophylaxis
and therapeutic use of antibiotics. Notably, a scoring system was
developed for assessment of rationality of antimicrobial
prescriptions in antimicrobial prophylaxis and treatment based
on consultation of multidisciplinary experts experienced in the
management of infectious diseases. Previous studies usually
emphasized on the analysis of change trend in antimicrobial
utilization and cost savings after the implementation of AMS,
whereas a comprehensive evaluation of antimicrobial prescriptive
appropriateness was conducted as well as antimicrobial
consumption and cost in our study.

There were also some limitations. First, it was a
nonrandomized, retrospective pre–post analysis that carry a
risk of selection bias. However, a quasi-experimental design
with a DID methodology is often used to estimate the net
effect of the intervention. Second, the present study
investigated only the short-term effects of a pharmacist-led
AMS intervention in the department of vascular and
interventional radiology. It is unclear whether these effects
would sustain after the interventions had finished. Third, this
study was limited by its sample size. Finally, this was a single
center study conducted in a tertiary teaching hospital; hence, the
possibility of generalizing our results to other hospitals was
limited. Future study with a larger sample size and a more
rigorous design over an extended period needs to be
confirmed. In spite of the limitations, this study has
demonstrated that implementation of pharmacist-led AMS
program significantly decreased the antibiotic use, cost of
antibiotics, and irrationality of antibiotic prescribing in the
department of vascular and interventional radiology.

CONCLUSION

This study provides important evidence from a pre-post
intervention study that implementation of AMS interventions
was associated with a marked reduction of antibiotic use, cost of
antibiotics, and irrationality of antibiotic prescribing in the
department of vascular and interventional radiology in a
Chinese hospital. Our data indicate that departments that are
not a priority for antimicrobial administration also need
attention. It is essential for surgeons to be aware of the

importance of adherence to guidelines. The findings of our
study indicate that the beneficial AMS intervention led by
clinical pharmacists can help to promote the rational use of
antibiotics and decrease the antibiotic utilization.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The retrospective study complied with the Declaration of
Helsinki, and ethical approval was obtained from the Ethical
Committee of Nanjing Medical University (grant number: ethical
review 2020103).

AUTHOR CONTRIBUTIONS

JX and XL initiated the study concept. YW conducted the data
analysis. JX and JH wrote the first draft of the manuscript. XD, LS,
and LD collected the data. YY led the data collection. DZ
contributed to the data analysis and interpretation of the data.
SX, ES, and JS were responsible for coordinating all research
activities. LT and XL revised the draft of the manuscript. QZ
supervised the study. All authors read and approved the final
manuscript.

FUNDING

This study was supported by the National Natural Science
Foundation of China (Grant No. 71673147), the China
Medical Board (Grant No. 17-277), Suzhou Science and
Technology Development Plan Project (No. SKJYD2021170)
and Wu Jieping Medical Foundation (No. 320.6750.2020-
12-69).

ACKNOWLEDGMENTS

The authors are grateful for the support of the information
department in the Affiliated Suzhou Hospital of Nanjing
Medical University for providing the original data.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.832078/
full#supplementary-material

Frontiers in Pharmacology | www.frontiersin.org February 2022 | Volume 13 | Article 83207810

Xu et al. Antimicrobial Stewardship on Antibiotic use

122123

https://www.frontiersin.org/articles/10.3389/fphar.2022.832078/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.832078/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


REFERENCES

Abubakar, U., Syed Sulaiman, S. A., and Adesiyun, A. G. (2019). Impact of
Pharmacist-Led Antibiotic Stewardship Interventions on Compliance with
Surgical Antibiotic Prophylaxis in Obstetric and Gynecologic Surgeries in
Nigeria. PLoS One. 14 (3), e0213395. doi:10.1371/journal.pone.0213395

Akpan, M. R., Isemin, N. U., Udoh, A. E., and Ashiru-Oredope, D. (2020).
Implementation of Antimicrobial Stewardship Programmes in African
Countries: a Systematic Literature Review. J. Glob. Antimicrob. Resist. 22,
317–324. doi:10.1016/j.jgar.2020.03.009

Arensman, K., Dela-Pena, J., Miller, J. L., LaChance, E., Beganovic, M., Anderson,
M., et al. (2020). Impact of Mandatory Infectious Diseases Consultation and
Real-Time Antimicrobial Stewardship Pharmacist Intervention on
Staphylococcus aureus Bacteremia Bundle Adherence. Open Forum Infect.
Dis. 7 (6), ofaa184. doi:10.1093/ofid/ofaa184

Beyar-Katz, O., Dickstein, Y., Borok, S., Vidal, L., Leibovici, L., and Paul, M. (2017).
Empirical Antibiotics Targeting Gram-Positive Bacteria for the Treatment of
Febrile Neutropenic Patients with Cancer. Cochrane Database Syst. Rev. 6,
CD003914. doi:10.1002/14651858.CD003914.pub4

Blackburn, H., and West, S. (2016). Management of Postembolization Syndrome
Following Hepatic Transarterial Chemoembolization for Primary or Metastatic
Liver Cancer. Cancer Nurs. 39 (5), E1–E18. doi:10.1097/NCC.
0000000000000302

Böhmer, F., Hornung, A., Burmeister, U., Köchling, A., Altiner, A., Lang, H., et al.
(2021). Factors, Perceptions and Beliefs Associated With Inappropriate
Antibiotic Prescribing in German Primary Dental Care: A Qualitative Study.
Antibiotics (Basel). 10 (8), 987. doi:10.3390/antibiotics10080987

Brink, A. J., Messina, A. P., Feldman, C., Richards, G. A., van den Bergh, D., and
Netcare Antimicrobial Stewardship Study, A. (2017). From Guidelines to
Practice: a Pharmacist-Driven Prospective Audit and Feedback
Improvement Model for Peri-Operative Antibiotic Prophylaxis in 34 South
African Hospitals. J. Antimicrob. Chemother. 72 (4), 1227–1234. doi:10.1093/
jac/dkw523

Butt, S. Z., Ahmad, M., Saeed, H., Saleem, Z., and Javaid, Z. (2019). Post-surgical
Antibiotic Prophylaxis: Impact of Pharmacist’s Educational Intervention on
Appropriate Use of Antibiotics. J. Infect. Public Health. 12 (6), 854–860. doi:10.
1016/j.jiph.2019.05.015

Calò, F., Onorato, L., Macera, M., Di Caprio, G., Monari, C., Russo, A., et al. (2021).
Impact of an Education-Based Antimicrobial Stewardship Program on the
Appropriateness of Antibiotic Prescribing: Results of a Multicenter
Observational Study. Antibiotics. 10 (3), 314. doi:10.3390/antibiotics10030314

CDC (2019). The Core Elements of Hospital Antibiotic Stewardship Programs.
[Online]. Available at: https://www.cdc.gov/antibiotic-use/core-elements/
hospital.html (Accessed on June 5, 2020).

Cernohorsky, P., Reijnen, M. M., Tielliu, I. F., van Sterkenburg, S. M., van den
Dungen, J. J., and Zeebregts, C. J. (2011). The Relevance of Aortic Endograft
Prosthetic Infection. J. Vasc. Surg. 54 (2), 327–333. doi:10.1016/j.jvs.2010.
12.067

Chehab, M. A., Thakor, A. S., Tulin-Silver, S., Connolly, B. L., Cahill, A. M., Ward,
T. J., et al. (2018). Adult and Pediatric Antibiotic Prophylaxis during Vascular
and IR Procedures: A Society of Interventional Radiology Practice Parameter
Update Endorsed by the Cardiovascular and Interventional Radiological
Society of Europe and the Canadian Association for Interventional
Radiology. J. Vasc. Interv. Radiol. 29 (11), 1483–e2. doi:10.1016/j.jvir.2018.
06.007

Daye, D., and Walker, T. G. (2018). Complications of Endovascular Aneurysm
Repair of the Thoracic and Abdominal Aorta: Evaluation and Management.
Cardiovasc. Diagn. Ther. 8 (Suppl. 1), S138–S156. doi:10.21037/cdt.2017.09.17

Dellit, T. H., Owens, R. C., McGowan, J. E., Jr., Gerding, D. N., Weinstein, R. A.,
Burke, J. P., et al. (2007). Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America Guidelines for Developing an
Institutional Program to Enhance Antimicrobial Stewardship. Clin. Infect.
Dis. 44 (2), 159–177. doi:10.1086/510393

Denny, K. J., Gartside, J. G., Alcorn, K., Cross, J. W., Maloney, S., and Keijzers, G.
(2019). Appropriateness of Antibiotic Prescribing in the Emergency Department.
J. Antimicrob. Chemother. 74 (2), 515–520. doi:10.1093/jac/dky447

Di Nisio, M., Wichers, I., and Middeldorp, S. (2018). Treatment of Lower
Extremity Superficial Thrombophlebitis. JAMA. 320 (22), 2367–2368. doi:10.
1001/jama.2018.16623

Dimick, J. B., and Ryan, A. M. (2014). Methods for Evaluating Changes in Health
Care Policy: the Difference-In-Differences Approach. Jama. 312 (22),
2401–2402. doi:10.1001/jama.2014.16153

Donà, D., Luise, D., La Pergola, E., Montemezzo, G., Frigo, A., Lundin, R., et al.
(2019). Effects of an Antimicrobial Stewardship Intervention on Perioperative
Antibiotic Prophylaxis in Pediatrics. Antimicrob. Resist. Infect. Control. 8, 13.
doi:10.1186/s13756-019-0464-z

Du, Y., Li, J., Wang, X., Peng, X., Wang, X., He, W., et al. (2020). Impact of a
Multifaceted Pharmacist-Led Intervention on Antimicrobial Stewardship in a
Gastroenterology Ward: A Segmented Regression Analysis. Front. Pharmacol.
11, 442. doi:10.3389/fphar.2020.00442

Foolad, F., Huang, A. M., Nguyen, C. T., Colyer, L., Lim, M., Grieger, J., et al.
(2018). A Multicentre Stewardship Initiative to Decrease Excessive Duration of
Antibiotic Therapy for the Treatment of Community-Acquired Pneumonia.
J. Antimicrob. Chemother. 73 (5), 1402–1407. doi:10.1093/jac/dky021

Gerber, J. S., Prasad, P. A., Fiks, A. G., Localio, A. R., Grundmeier, R.W., Bell, L. M.,
et al. (2013). Effect of an Outpatient Antimicrobial Stewardship Intervention on
Broad-Spectrum Antibiotic Prescribing by Primary Care Pediatricians: a
Randomized Trial. JAMA. 309 (22), 2345–2352. doi:10.1001/jama.2013.6287

Haseeb, A., Faidah, H. S., Al-Gethamy, M., Iqbal, M. S., Barnawi, A. M., Elahe, S. S.,
et al. (2020). Evaluation of a Multidisciplinary Antimicrobial Stewardship
Program in a Saudi Critical Care Unit: A Quasi-Experimental Study. Front.
Pharmacol. 11, 570238. doi:10.3389/fphar.2020.570238

Huemer, M., Mairpady Shambat, S., Brugger, S. D., and Zinkernagel, A. S. (2020).
Antibiotic Resistance and Persistence-Implications for Human Health and
Treatment Perspectives. EMBO Rep. 21 (12), e51034. doi:10.15252/embr.
202051034

Hurst, A. L., Child, J., and Parker, S. K. (2019). Intervention and Acceptance Rates
Support Handshake-Stewardship Strategy. J. Pediatr. Infect Dis Soc. 8 (2),
162–165. doi:10.1093/jpids/piy054

Hwang, H., and Kim, B. (2018). Impact of an Infectious Diseases Specialist-Led
Antimicrobial Stewardship Programmes on Antibiotic Use and Antimicrobial
Resistance in a Large Korean Hospital. Sci. Rep. 8 (1), 14757. doi:10.1038/
s41598-018-33201-8

Jantarathaneewat, K., Apisarnthanarak, A., Limvorapitak, W., Weber, D. J., and
Montakantikul, P. (2021). Pharmacist-Driven Antibiotic Stewardship Program
in Febrile Neutropenic Patients: A Single Site Prospective Study in Thailand.
Antibiotics (Basel). 10 (4), 456. doi:10.3390/antibiotics10040456

Korean Association for the Study of the, L. (2020). KASL Clinical Practice
Guidelines for Liver Cirrhosis: Varices, Hepatic Encephalopathy, and
Related Complications. Clin. Mol. Hepatol. 26 (2), 83–127. doi:10.3350/cmh.
2019.0010n

Lee, C. F., Cowling, B. J., Feng, S., Aso, H., Wu, P., Fukuda, K., et al. (2018). Impact
of Antibiotic Stewardship Programmes in Asia: a Systematic Review and Meta-
Analysis. J. Antimicrob. Chemother. 73 (4), 844–851. doi:10.1093/jac/dkx492

Lee, Y. Y., Tee, H. P., and Mahadeva, S. (2014). Role of Prophylactic Antibiotics in
Cirrhotic Patients with Variceal Bleeding. World J. Gastroenterol. 20 (7),
1790–1796. doi:10.3748/wjg.v20.i7.1790

Li, H., Yan, S., Li, D., Gong, Y., Lu, Z., and Yin, X. (2019). Trends and Patterns of
Outpatient and Inpatient Antibiotic Use in China’s Hospitals: Data from the
Center for Antibacterial Surveillance, 2012-16. J. Antimicrob. Chemother. 74
(6), 1731–1740. doi:10.1093/jac/dkz062

Li, Z., Cheng, B., Zhang, K., Xie, G., Wang, Y., Hou, J., et al. (2017). Pharmacist-
driven Antimicrobial Stewardship in Intensive Care Units in East China: A
Multicenter Prospective Cohort Study. Am. J. Infect. Control. 45 (9), 983–989.
doi:10.1016/j.ajic.2017.02.021

Lin, L., Sun, R., Yao, T., Zhou, X., and Harbarth, S. (2020). Factors Influencing
Inappropriate Use of Antibiotics in Outpatient and Community Settings in
China: aMixed-Methods Systematic Review. BMJ Glob. Health. 5 (11), e003599.
doi:10.1136/bmjgh-2020-003599

Liu, C., Liu, C., Wang, D., and Zhang, X. (2019). Knowledge, Attitudes and
Intentions to Prescribe Antibiotics: A Structural Equation Modeling Study of
Primary Care Institutions in Hubei, China. Int. J. Environ. Res. Public Health. 16
(13), 2385. doi:10.3390/ijerph16132385

Frontiers in Pharmacology | www.frontiersin.org February 2022 | Volume 13 | Article 83207811

Xu et al. Antimicrobial Stewardship on Antibiotic use

123124

https://doi.org/10.1371/journal.pone.0213395
https://doi.org/10.1016/j.jgar.2020.03.009
https://doi.org/10.1093/ofid/ofaa184
https://doi.org/10.1002/14651858.CD003914.pub4
https://doi.org/10.1097/NCC.0000000000000302
https://doi.org/10.1097/NCC.0000000000000302
https://doi.org/10.3390/antibiotics10080987
https://doi.org/10.1093/jac/dkw523
https://doi.org/10.1093/jac/dkw523
https://doi.org/10.1016/j.jiph.2019.05.015
https://doi.org/10.1016/j.jiph.2019.05.015
https://doi.org/10.3390/antibiotics10030314
https://www.cdc.gov/antibiotic-use/core-elements/hospital.html
https://www.cdc.gov/antibiotic-use/core-elements/hospital.html
https://doi.org/10.1016/j.jvs.2010.12.067
https://doi.org/10.1016/j.jvs.2010.12.067
https://doi.org/10.1016/j.jvir.2018.06.007
https://doi.org/10.1016/j.jvir.2018.06.007
https://doi.org/10.21037/cdt.2017.09.17
https://doi.org/10.1086/510393
https://doi.org/10.1093/jac/dky447
https://doi.org/10.1001/jama.2018.16623
https://doi.org/10.1001/jama.2018.16623
https://doi.org/10.1001/jama.2014.16153
https://doi.org/10.1186/s13756-019-0464-z
https://doi.org/10.3389/fphar.2020.00442
https://doi.org/10.1093/jac/dky021
https://doi.org/10.1001/jama.2013.6287
https://doi.org/10.3389/fphar.2020.570238
https://doi.org/10.15252/embr.202051034
https://doi.org/10.15252/embr.202051034
https://doi.org/10.1093/jpids/piy054
https://doi.org/10.1038/s41598-018-33201-8
https://doi.org/10.1038/s41598-018-33201-8
https://doi.org/10.3390/antibiotics10040456
https://doi.org/10.3350/cmh.2019.0010n
https://doi.org/10.3350/cmh.2019.0010n
https://doi.org/10.1093/jac/dkx492
https://doi.org/10.3748/wjg.v20.i7.1790
https://doi.org/10.1093/jac/dkz062
https://doi.org/10.1016/j.ajic.2017.02.021
https://doi.org/10.1136/bmjgh-2020-003599
https://doi.org/10.3390/ijerph16132385
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Mahmoudi, L., Ghouchani, M., Mahi-Birjand, M., Bananzadeh, A., and Akbari, A.
(2019). Optimizing Compliance with Surgical Antimicrobial Prophylaxis
Guidelines in Patients Undergoing Gastrointestinal Surgery at a Referral
Teaching Hospital in Southern Iran: Clinical and Economic Impact. Infect.
Drug Resist. 12, 2437–2444. doi:10.2147/IDR.S212728

Mahrous, A. J., Thabit, A. K., Elarabi, S., and Fleisher, J. (2020). Clinical Impact of
Pharmacist-Directed Antimicrobial Stewardship Guidance Following Blood
Culture Rapid Diagnostic Testing. J. Hosp. Infect. 106 (3), 436–446. doi:10.1016/
j.jhin.2020.09.010

May, L., Martín Quirós, A., Ten Oever, J., Hoogerwerf, J., Schoffelen, T., and
Schouten, J. (2021). Antimicrobial Stewardship in the Emergency Department:
Characteristics and Evidence for Effectiveness of Interventions. Clin. Microbiol.
Infect. 27 (2), 204–209. doi:10.1016/j.cmi.2020.10.028

Meeker, D., Linder, J.A., Fox, C.R., Friedberg, M.W., Persell, S.D., Goldstein, N.J.,
et al. (2016). Effect of Behavioral Interventions on Inappropriate Antibiotic
Prescribing Among Primary Care Practices: A Randomized Clinical Trial. Jama
315(6), 562–570. doi:10.1001/jama.2016.0275

Monmaturapoj, T., Scott, J., Smith, P., Abutheraa, N., and Watson, M. C. (2021).
Pharmacist-led Education-Based Antimicrobial Stewardship Interventions and
Their Effect onAntimicrobial Use inHospital Inpatients: a Systematic Review and
Narrative Synthesis. J. Hosp. Infect. 115, 93–116. doi:10.1016/j.jhin.2021.06.003

National Health Commission of the People's Republic of China (2011). Notice
Regarding National Special Measure Scheme on Clinical Use of Antibiotics [in
Chinese]. [Online]. Available at: http://www.nhc.gov.cn/cms-search/xxgk/
getManuscriptXxgk.htm?id=51376 (Accessed July 4, 2021).

National Health Commission of the People's Republic of China (2015). Guiding
Principles for Clinical Application of Antibiotics. Available at: http://www.nhc.
gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
(Accessed July 5, 2021).

Nowakowska, M., van Staa, T., Mölter, A., Ashcroft, D. M., Tsang, J. Y., White, A.,
et al. (2019). Antibiotic Choice in UK General Practice: Rates and Drivers of
Potentially Inappropriate Antibiotic Prescribing. J. Antimicrob. Chemother. 74
(11), 3371–3378. doi:10.1093/jac/dkz345

Ray, M. J., Tallman, G. B., Bearden, D. T., Elman,M. R., andMcGregor, J. C. (2019).
Antibiotic Prescribing without Documented Indication in Ambulatory Care
Clinics: National Cross Sectional Study. Bmj. 367, l6461. doi:10.1136/bmj.l6461

Rice, L. B. (2018). Antimicrobial Stewardship and Antimicrobial Resistance. Med.
Clin. North. Am. 102 (5), 805–818. doi:10.1016/j.mcna.2018.04.004

Rowe, T. A., and Linder, J. A. (2019). Novel Approaches to Decrease Inappropriate
Ambulatory Antibiotic Use. Expert Rev. Anti Infect. Ther. 17 (7), 511–521.
doi:10.1080/14787210.2019.1635455

Saaty, T. L. (1990). How to Make a Decision: The Analytic Hierarchy Process. Eur.
J. Oper. Res. 48 (1), 9–26. doi:10.1016/0377-2217(90)90057-i

Shen, J., Sun, Q., Zhou, X.,Wei, Y., Qi, Y., Zhu, J., et al. (2011). Pharmacist Interventions
on Antibiotic Use in Inpatients with Respiratory Tract Infections in a Chinese
Hospital. Int. J. Clin. Pharm. 33 (6), 929–933. doi:10.1007/s11096-011-9577-z

Versporten, A., Zarb, P., Caniaux, I., Gros, M. F., Drapier, N., Miller, M., et al.
(2018). Antimicrobial Consumption and Resistance in Adult Hospital

Inpatients in 53 Countries: Results of an Internet-Based Global Point
Prevalence Survey. Lancet Glob. Health. 6 (6), e619–e629. doi:10.1016/
S2214-109X(18)30186-4

Wang, J., Wang, P., Wang, X., Zheng, Y., and Xiao, Y. (2014). Use and Prescription
of Antibiotics in Primary Health Care Settings in China. JAMA Intern. Med. 174
(12), 1914–1920. doi:10.1001/jamainternmed.2014.5214

Wenzler, E., Wang, F., Goff, D. A., Prier, B., Mellett, J., Mangino, J. E., et al. (2017).
An Automated, Pharmacist-Driven Initiative Improves Quality of Care for
Staphylococcus aureus Bacteremia. Clin. Infect. Dis. 65 (2), 194–200. doi:10.
1093/cid/cix315

WHO (2011). The World Medicines Situation 2011: Rational Use of Medicines.
[Online]. Available at: https://www.who.int/medicines/areas/policy/world_
medicines_situation/WMS_ch14_wRational.pdf (Accessed January 4, 2022).

Wooldrige, J. M. (2002). Econometric Analysis of Cross Section and Panel Data.
Cambridge: MIT press.

Xin, C., Xia, Z., and Li, G. (2019). The Impact of Pharmaceutical Interventions on
The Use of Carbapenems in A Chinese Hospital: A Pre-Post Study. Infect. Drug
Resist. 12, 3567–3573. doi:10.2147/IDR.S229009

Yang, P., Jiang, S. P., and Lu, X. Y. (2017). Effectiveness of Continuous
Improvement by a Clinical Pharmacist-Led Guidance Team on the
Prophylactic Antibiotics Usage Rationality in Intervention Procedure at a
Chinese Tertiary Teaching Hospital. Ther. Clin. Risk Manag. 13, 469–476.
doi:10.2147/TCRM.S131937

Zhang, H. X., Li, X., Huo, H. Q., Liang, P., Zhang, J. P., and Ge, W. H. (2014).
Pharmacist Interventions for Prophylactic Antibiotic Use in Urological
Inpatients Undergoing Clean or Clean-Contaminated Operations in a
Chinese Hospital. PLoS One. 9 (2), e88971. doi:10.1371/journal.pone.0088971

Zhao, W., Wang, B., and Yu, G. (2018). Antibiotic Resistance Genes in China:
Occurrence, Risk, and Correlation Among Different Parameters. Environ. Sci.
Pollut. Res. Int. 25 (22), 21467–21482. doi:10.1007/s11356-018-2507-z

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claims that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Xu, Huang, Yu, Zhou, Wang, Xue, Shang, Sun, Ding, Shi, Duan,
Tang, Zhou and Li. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org February 2022 | Volume 13 | Article 83207812

Xu et al. Antimicrobial Stewardship on Antibiotic use

124125

https://doi.org/10.2147/IDR.S212728
https://doi.org/10.1016/j.jhin.2020.09.010
https://doi.org/10.1016/j.jhin.2020.09.010
https://doi.org/10.1016/j.cmi.2020.10.028
https://doi.org/10.1001/jama.2016.0275
https://doi.org/10.1016/j.jhin.2021.06.003
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=51376
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=51376
http://www.nhc.gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
http://www.nhc.gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
https://doi.org/10.1093/jac/dkz345
https://doi.org/10.1136/bmj.l6461
https://doi.org/10.1016/j.mcna.2018.04.004
https://doi.org/10.1080/14787210.2019.1635455
https://doi.org/10.1016/0377-2217(90)90057-i
https://doi.org/10.1007/s11096-011-9577-z
https://doi.org/10.1016/S2214-109X(18)30186-4
https://doi.org/10.1016/S2214-109X(18)30186-4
https://doi.org/10.1001/jamainternmed.2014.5214
https://doi.org/10.1093/cid/cix315
https://doi.org/10.1093/cid/cix315
https://www.who.int/medicines/areas/policy/world_medicines_situation/WMS_ch14_wRational.pdf
https://www.who.int/medicines/areas/policy/world_medicines_situation/WMS_ch14_wRational.pdf
https://doi.org/10.2147/IDR.S229009
https://doi.org/10.2147/TCRM.S131937
https://doi.org/10.1371/journal.pone.0088971
https://doi.org/10.1007/s11356-018-2507-z
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Neoplasm Risk in Patients With
Rheumatoid Arthritis Treated With
Fostamatinib: A Systematic Review
and Meta-analysis
Yuehong Chen, Huan Liu, Yunru Tian, Zhongling Luo, Geng Yin* and Qibing Xie*

Department of Rheumatology and Immunology, West China Hospital, Sichuan University, Chengdu, China

Objective: This study aimed to assess neoplasm risk in patients with rheumatoid arthritis
(RA) treated with fostamatinib.

Methods: Studies were collected from electronic databases of OVID Medline, OVID
EMBASE, Cochrane Central Register of Controlled Trials, and Web of Science. We
included studies that reported neoplasms in patients with RA treated with fostamatinib.
Study selection was repeated by two reviewers based on the study selection criteria. Data
were collected and methodological quality assessment was performed. Data were pooled
using the Peto odds ratio (OR) with a 95% confidence interval (CI). Subgroup analyses of
the fostamatinib dose, trial duration, neoplasm nature, and neoplasm-originating systems
were conducted. A funnel plot was used to estimate publication bias, and sensitivity
analysis was performed to test the robustness of the results.

Results: Seven trials involving 4,971 participants showing low to moderate risk of bias
were included. Compared with the placebo, fostamatinib use was not associated with the
risks of overall neoplasms (Peto OR = 2.62, 95%CI 0.97–7.10), malignant neoplasms (Peto
OR = 3.08, 95%CI 0.96–9.91), or benign neoplasms (PetoOR = 1.71, 95%CI 0.26–11.36).
Nevertheless, compared with the placebo, a longer duration of fostamatinib use had a
higher risk of malignant neoplasms (Peto OR = 4.49, 95%CI 1.03–19.60) at 52 weeks. As
for malignant neoplasms in the digestive system, lower doses of fostamatinib reduced the
neoplasm risk (100 mg bid vs 150 mg qd: Peto OR = 0.06, 95%CI 0.01–0.59). Sensitivity
analysis showed no significant differences in the effective trends, and no publication bias
was found.

Conclusion: Fostamatinib is not associated with the risks of overall neoplasms as
compared to placebo. Nevertheless, a longer duration of fostamatinib use may be
associated with a risk of malignant neoplasms and higher doses of fostamatinib may
increasemalignant neoplasms in the digestive system. Further well-planned cohort studies
with a larger study population are needed to elucidate these outcomes.

Systematic Review Registration: PROSPERO (CRD42020202121).
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1 INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by persistent synovitis formation, systematic
inflammation, and autoantibodies presence, leading to bone
and cartilage damage if not treated appropriately (Scott et al.,
2010; Smolen et al., 2016). The risk factors for RA include
susceptibility genes, environmental factors (e.g., oral
microbiome, smoking, periodontitis, and microbiome),
epigenetic modifications, and posttranslational modifications
(e.g., methylation, acetylation, and citrullination). RA is
associated with several comorbidities, such as cancer and
cardiovascular diseases, which are risk factors for increased
mortality (Dougados, 2016; Widdifield et al., 2018).

Compared with the general population, patients with RA are
associated with increased risks of overall malignant neoplasms
[standardized incidence ratio (SIR) = 1.05, 95% confidence
interval (CI) (1.01–1.09)], lymphoma [2.08, 95%CI
(1.80–2.39)], lung cancer [1.63, 95%CI (1.43–1.87)], and
malignant melanoma [1.23, 95%CI (1.01–1.49)] (Smitten et al.,
2008; Simon et al., 2015; De Cock and Hyrich, 2018). The high
inflammatory activity of RA is a major risk factor for developing
lymphomas (Baecklund et al., 2006). Compared with low disease
activity, moderate and high inflammatory disease activity
increase the risk of developing lymphomas by 8-fold (odds
ratio [OR] = 7.7, 95%CI 4.8–12.3) and 70-fold (OR = 71.3,
95%CI 24.1–211.4), respectively. Therefore, achieving
remission of disease activity or maintaining low disease
activity is the treatment target (Smolen et al., 2016).

Spleen tyrosine kinase (Syk), a non-receptor protein tyrosine
located in the cytoplasm, plays a fundamental role in the
activation of the B-cell receptor, which is necessary for B-cell
development, proliferation, and survival. Thus, pharmacological
targeting of Syk is effective in affecting the signal transduction of
B-cell receptors, leading to cell apoptosis and inhibition of the
activation and migration of B-cells, which are therapeutic targets
for B-cell dominant diseases, such as chronic lymphocytic
leukemia, B-cell malignancies, and autoimmune disorders
(Buchner et al., 2010; Hoellenriegel et al., 2012). Fostamatinib
is a Syk inhibitor, and R406 is the active metabolite of
fostamatinib, which has been reported to effectively treat RA
(Kunwar et al., 2016; Kang et al., 2019). Nevertheless,
fostamatinib is reported to have an increased risk of infection,
diarrhea, hypertension, neutropenia, and
hypertransaminasaemia (Salgado et al., 2014; Kunwar et al.,
2016; Kang et al., 2019; Chen et al., 2021). Whether the use of
fostamatinib is associated with an increased risk of malignancy
remains unknown. Therefore, we performed a systematic review
and meta-analysis by including all the available evidence to assess
neoplasm risk in patients with RA treated with fostamatinib.

2 METHODS

2.1 Setting
This systematic review and meta-analysis was conducted to
investigate the neoplasm risk in patients with RA treated with

fostamatinib and reported based on the preferred reporting items
for systematic reviews andmeta-analyses guidelines (Moher et al.,
2009). This study was registered in PROSPERO with registration
number CRD42020202121.

2.2 Eligibility Criteria
The inclusion criteria were set based on the PICO principle: P
(patients) were RA patients; I (intervention) was fostamatinib,
regardless of the dose and usage; C (comparison) was placebo,
other treatment, or different doses of fostamatinib; O (outcomes)
were neoplasms regardless of the neoplasm nature (malignant or
benign); in addition, we also included s (study designs) for
randomized controlled trials (RCTs), cohort studies, or case-
control studies.

A study was excluded if it was a duplicate, commentary,
conference abstract, and or did not have relevant outcomes.

2.3 Search Strategy
Electronic databases of OVID Medline, OVID EMBASE, Web of
Science, and Cochrane Central Register of Controlled Trials were
searched on 3 July 2020, using both MeSH terms and key words
without language limitations. Search terms included “rheumatoid
arthritis” and “fostamatinib”. Detailed search strategy can be
found in the supplemental file or the published study (Chen
et al., 2021). Manual searches of reference lists of included studies
and clnicaltrials.gov was also performed to identify potentially
eligible studies.

2.4 Study Selection
Study selection was performed independently and repeated by a
pair of reviewers (CYH, LH, and TYR), which was managed by
Microsoft Office Access 2013. After preliminary screening by
titles and abstracts, full texts were read based on the study
selection criteria. Reference lists of included studies and
published reviews and the clinicaltrials.gov website were
manually checked. Any disagreement was resolved via
discussion or judged by a third reviewer, if necessary.

2.5 Data Extraction
Data was collected independently and repeated by two authors
(CYH, TYR, and LZL) on trial registration number, publication
date or release date, trial duration-from the trial beginning to the
time assessing neoplasm incidence, treatment information,
number of neoplasms, and number of participants. Any
disagreement was resolved via discussion or judged by a third
reviewer, if necessary.

2.6 Methodological Quality Assessment
The Cochrane Collaboration tool was used to assess the risk of
bias of included RCTs (JPT and So, 2011). Which focused on the
items of random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, and selective reporting.
For each item, if the answer was yes and correctly described, the
assessment was low risk; if the answer was yes but lacked detailed
description, the assessment was unclear; if the answer was yes but
with the inappropriate method or if the method was not
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performed, the assessment was high risk. The risk of bias of the
included studies was judged based on overall evidence.
Methodological quality assessment was performed by two
reviewers (CYH and LH), and any disagreement was resolved
via discussion or judged by a third reviewer, if necessary. Quality
assessment for cohort and case-control studies was not described
here, as no such study design was included.

2.7 Data Analyses
RevMan software (version 5.1.3) was used to analyze the data.
The effect size of the meta-analysis was estimated using the Peto
OR with 95% CIs, considering the very low event. I2 and
heterogeneity p-value at the level of 0.1 was used to assess the
clinical diversity, and I2 had values of 25, 50, and 75% indicating
low, moderate, and high heterogeneity, respectively, as
recommended by the Cochrane Handbook (Higgins et al.,
2003). Pre-set subgroup analyses by fostamatinib dose, trial
duration, neoplasm nature, and neoplasm-originating systems
were conducted. Sensitivity analysis using the Mantel-Haenszel
random effect model was performed to test the robustness of the
results. Publication bias was assessed using funnel plots.

Classification of neoplasm-originating sites and systems was
based on the 10th version of the International Classification of
Diseases (ICD10) (WHO), including malignant neoplasms (C00-
C97), benign neoplasms (D10-D36), bone and articular cartilage
(C40-C41), ill-defined, secondary, and unspecified sites (C76-
C80), digestive organs (C15-C26), and urinary tract (C64-C68).

2.8 Patient and Public Involvement
As this study is a systematic review and meta-analysis, no ethical
concerns or patients were involved.

3 RESULTS

3.1 Study Selection
A total of 558 citations were identified from the OVID Medline
(n = 118), OVID EMBASE (n = 269), Web of Science (n = 127),
and Cochrane Library (n = 44). After excluding duplicates (n =
159), irrelevant studies (n = 358) screened by titles and abstracts,
and studies without relevant outcomes (n = 34) by reading the full
texts, finally, seven trials (Evaluation of Effectivene, 1197a;
Evaluation of Effectivene, 1197b; Evaluation of Effectivene,
1197c; Evaluation of Efficacy an, 1264; Treatment of Arthritis
Wi, 2633; Efficacy and Safety Study; Evaluation of Long-term S,
1242) that enrolled a total of 4,971 RA patients were included
(Figure 1). No additional studies were included by the manual
checking. No cohort or case-control studies were included.

3.2 Characteristics of Included Studies
The trial duration was a median (range) of 26 (12–109) weeks.
The number of participants varied from 189 to 1912, with a
median of 457. About 82.7% (4,113/4,971) of the participants
were women. The age was around 50 years, ranging from 50 to
53 years. The common dosage of fostamatinib was 100 mg
twice daily or 150 mg once daily, which were taken orally
(Table 1).

3.3 Methodological Quality
Only one study correctly reported methods of random
sequence generation, three studies correctly reported
allocation concealment, and all trials performed blinding of
participants, personnel, and outcome assessment, reported

FIGURE 1 | Study selection flowchart. Adapted from Chen et al. (2021).
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complete outcome data, and did not selectively report
outcome data (Figures 2, 3). Overall, the risk of bias in the
included trials was low to moderate.

3.4 Sensitivity Analysis and Publication Bias
Different statistical methods were used, the Mantel-Haenszel
random effect model vs. Peto fixed-effect model, to conduct
sensitivity analysis to test the robustness of the results, which
did not change the effect direction (data not shown).
Publication bias, taking the data from overall neoplasms in
patients treated with fostamatinib vs. placebo for an example,
was assessed using a funnel plot, and the results showed that

the funnel plot was symmetrical; thus, publication bias was
not likely to occur (Figure 4).

3.5 Main Outcomes
3.5.1 Overall Neoplasms
In comparing fostamatinib vs. placebo, a total of six trials
reported 16 neoplasms in 2,038 RA patients treated with
fostamatinib, which did not increase the neoplasm risk
compared with the placebo of two neoplasms in 967 RA
patients (Peto OR = 2.62, 95%CI 0.97–7.10, I2 = 0, 16/2038 vs.
2/967) (Table 2; Figure 5). Longer durations of fostamatinib use
also did not increase the neoplasm risk without clinical diversity

TABLE 1 | Characteristics of included RCTs.

Included RCTs Year of
results
first

posted

Trial
duration

NO. of
participants
(female/male)

Age (years,
mean ± SD)

Treatments (no.
of participants)

NCT01197521 (Evaluation of
Effectivene, 1197a)

2014 52 weeks 918 (770/148) 52 ± 12.0 Fostamatinib 100 mg bid (310)
Fostamatinib 100 mg bid (4 weeks) then 150 mg qd (304)
placebo (24 weeks) then fostamatinib 100 mg bid (304)

NCT01197534 (Evaluation of
Effectivene, 1197b)

2014 52 weeks 908 (742/166) 53 ± 11.9 Fostamatinib 100 mg bid (308)
Fostamatinib 100 mg bid (4 weeks) then 150 mg qd (298)
placebo (24 weeks) then fostamatinib 100 mg bid (302)

NCT01197755 (Evaluation of
Effectivene, 1197c)

2014 24 weeks 322 (261/61) 53 ± 12.3 Fostamatinib 100 mg bid (105)
Fostamatinib 100 mg bid (4 weeks) then 150 mg qd (108)
placebo (109)

NCT01264770 (Evaluation of Efficacy
an, 1264)

2014 24 weeks 265 (210/55) 50 ± 11.8 Fostamatinib 100 mg bid (54)
Fostamatinib 100 mg bid (4 weeks) then 100 mg qd (57)
Fostamatinib 100 mg bid (4 weeks) then 150 mg qd (48)
placebo (6 weeks) then fostamatinib 100 mg bid (27)
placebo (6 weeks) then fostamatinib 100 mg bid (4 weeks)
then 150 mg qd (25)
Adalimumab 40 mg every 2 weeks (54)

NCT00326339 (Treatment of Arthritis
Wi, 2633)

2008 12 weeks 189 (164/25) 52.1 (20–75),
median

Fostamatinib 50 mg bid (46)
Fostamatinib 100 mg bid (49)
Fostamatinib 150 mg bid (47)
placebo (47)

NCT00665925 (Efficacy and Safety
Study)

2016 26 weeks 457 (390/67) 52.5 ± 12.8 Fostamatinib 100 mg bid (152)
Fostamatinib 150 mg qd (152)
placebo (153)

NCT01242514 (Evaluation of
Long-term S, 1242)

2014 109 weeks 1912
(1576/336)

53 ± 11.8 Fostamatinib 100 mg qd (212)
Fostamatinib 100 mg bid (1343)
Fostamatinib 150 mg qd (357)

Bid = twice a day; qd = once a day.

FIGURE 2 | Risk of bias graph. Adapted from Chen et al. (2021).
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across the studies (Peto OR = 3.78, 95%CI 0.04–352.61, 1/142 vs.
0/47 for 12 weeks; Peto OR = 0.75, 95%CI 0.06–9.58, 2/372 vs. 1/
161 for 24 weeks; Peto OR = 4.53, 95%CI 0.41–50.05, 3/304 vs. 0/
153 for 26 weeks; Peto OR = 2.98, 95%CI 0.85–10.49, 10/1220 vs.
1/606 for 52 weeks) (Table 2; Figure 5).

For fostamatinib dosages of 100 mg bid vs. 150 mg qd, seven
trials reported 25 neoplasms in 2,954 RA patients treated with
100 mg of fostamatinib twice daily; 100 mg fostamatinib twice
daily did not increase the neoplasm risk compared with 150 mg
fostamatinib use once daily for 12 neoplasms in 1,339 RA patients
(Peto OR = 0.81, 95%CI 0.39–1.69, and I2 = 35). Similarly, there
was no difference in the neoplasm risk between fostamatinib
dosages of 100 mg twice daily and 150 mg once daily, with longer
durations of fostamatinib use (Table 2; Supplementary
Figure S1).

For fostamatinib dosages of 100 mg bid vs. 100 mg qd, two
studies were concerned with the neoplasm risk in RA patients
treated with these different usage times of fostamatinib. A dosage
timing of twice daily did not have a higher neoplasm risk
compared with 100 mg of fostamatinib once daily (Peto OR =
3.22, 95%CI 0.77–13.52, 16/1424 vs. 0/269) (Table 2;
Supplementary Figure S2).

3.5.2 Malignant Neoplasms
When comparing fostamatinib and placebo, six trials reported 12
malignant neoplasms in 2038 RA patients treated with
fostamatinib, which did not increase the neoplasm risk
compared with the placebo in one malignant neoplasm in 967
RA patients (Peto OR = 3.08, 95%CI 0.96–9.91, and I2 = 6)
(Table 2; Supplementary Figure S3). Nevertheless, the longer use
of fostamatinib had a higher malignant neoplasm risk than the
placebo (Peto OR = 4.49, 95%CI 1.03–19.60, 8/1220 vs. 0/606 for
52 weeks, I2 = 0) (Table 2, Supplementary Figure S3).

When comparing different doses of fostamatinib, compared
with 150 mg of fostamatinib once daily, 100 mg of fostamatinib
twice daily did not have a higher malignant neoplasm risk (Peto
OR = 1.09, 95%CI 0.45–2.60, I2 = 39, 19/2954 vs. 7/1339, n = 7)
(Table 2, Supplementary Figure S4). In comparison with 100 mg

FIGURE 3 | Risk of bias summary. Adapted from Chen et al. (2021).

FIGURE 4 | Publication bias based on overall neoplasms in patients treated with fostamatinib versus placebo.
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TABLE 2 | Pooled data of neoplasms in RA patients.

Comparisons No of
study

Fostamatinib Comparator Heterogeneity Peto OR,
95% CINo of

cancer
No of

participants
No of
cancer

No of
participants

I2 P

Overall neoplasms
Fostamatinib vs PBO 6 16 2038 2 967 0 0.75 2.62 [0.97, 7.10]
12 weeks 1 1 142 0 47 — — 3.78 [0.04, 352.61]
24 weeks 2 2 372 1 161 14 0.28 0.75 [0.06, 9.58]
26 weeks 1 3 304 0 153 — — 4.53 [0.41, 50.05]
52 weeks 2 10 1220 1 606 0 0.56 2.98 [0.85, 10.49]

Fostamatinib 100 mg bid vs. 150 mg qd 7 25 2954 12 1339 35 0.17 0.81 [0.39, 1.69]
12 weeks 1 0 49 0 47 — — —

24 weeks 2 0 186 2 181 0 0.96 0.13 [0.01, 2.08]
26 weeks 1 2 152 1 152 — — 1.96 [0.20, 18.95]
52 weeks 2 7 1224 4 602 82 0.02 0.86 [0.24, 3.02]
109 weeks 1 16 1343 5 357 — — 0.84 [0.29, 2.42]

Fostamatinib 100 mg bid vs. 100 mg qd 2 16 1424 0 269 — — 3.22 [0.77, 13.52]
Malignant neoplasms
fostamatinib vs PBO 6 12 2038 1 967 6 0.38 3.08 [0.96, 9.91]
12 weeks 1 1 142 0 47 — — 3.78 [0.04, 352.61]
24 weeks 2 1 372 1 161 68 0.08 0.36 [0.02, 7.76]
26 weeks 1 2 304 0 153 — — 4.51 [0.24, 85.33]
52 weeks 2 8 1220 0 606 0 1 4.49 [1.03, 19.60]

Fostamatinib 100 mg bid vs. 150 mg qd 7 19 2954 7 1339 39 0.16 1.09 [0.45, 2.60]
12 weeks 1 0 49 0 47 — — —

24 weeks 2 0 186 1 181 — — 0.14 [0.00, 7.02]
26 weeks 1 2 152 0 152 — — 7.44 [0.46, 119.46]
52 weeks 2 6 1224 3 602 72 0.06 0.98 [0.24, 3.96]
109 weeks 1 11 1343 3 357 — — 0.97 [0.27, 3.54]

Fostamatinib 100 mg bid vs. 100 mg qd 2 11 1424 0 269 — — 3.21 [0.57, 18.05]
fostamatinib vs Aadamumab 1 1 159 0 54 — — 1.03 [0.04, 25.70]
Malignant neoplasms by system
Bone and articular cartilage
fostamatinib vs PBO 2 1 765 1 354 68 0.08 0.36 [0.02, 7.67]

ill-defined, secondary and unspecified sites
fostamatinib vs PBO 3 2 1222 1 759 74 0.05 1.58 [0.16, 15.90]
fostamatinib 100 mg bid vs. 150 mg qd 4 6 2719 0 1111 0 0.99 4.64 [0.80, 26.88]

Digestive organs
fostamatinib 100 mg bid vs. 150 mg qd 2 1 1957 3 661 0 0.92 0.06 [0.01, 0.59]

urinary tract
fostamatinib vs PBO 4 4 1273 0 613 0 1 4.33 [0.52, 36.07]
fostamatinib 100 mg bid vs. 150 mg qd 5 2 2263 2 968 50 0.11 0.60 [0.08, 4.81]

Benign neoplasms
Fostamatinib vs PBO 6 4 2038 1 967 0 0.74 1.71 [0.26, 11.36]
12 weeks 1 0 142 0 47 — — —

24 weeks 2 1 372 0 161 — — 3.77 [0.04, 356.08]
26 weeks 1 1 304 0 153 — — 4.50 [0.07, 286.14]
52 weeks 2 2 1220 1 606 0 0.39 0.99 [0.09, 11.00]
Fostamatinib 100 mg bid vs. 150 mg qd 7 6 2954 5 1339 0 0.53 0.41 [0.10, 1.57]
12 weeks 1 0 49 0 47 — — —
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of fostamatinib once daily, 100 mg of fostamatinib twice daily did
not increase the malignant neoplasm risk (Peto OR = 3.21, 95%CI
0.57–18.05, and 11/1424 vs. 0/269, and n = 2) (Table 2,
Supplementary Figure S5).

Regarding fostamatinib vs. Adamumab, one trial examined the
differences in the malignant neoplasm risk, and the use of
fostamatinib did not have a higher malignant neoplasm risk
compared to adamumab (Peto OR = 1.03, 95%CI 0.04–25.70,
and 1/159 vs. 0/54) (Table 2, Supplementary Figure S6).

3.5.3 Malignant Neoplasms by System
For the bone and articular cartilage system, one malignant
neoplasm was reported in 765 RA patients treated with
fostamatinib, which was comparable to that in RA patients
treated with placebo (Peto OR = 0.36, 95%CI 0.02–7.67, 1/765
vs. 1/354, I2 = 68, and n = 2) (Table 2; Supplementary Figure S7).

For ill-defined, secondary, and unspecified sites, four studies
reported malignant neoplasms. Compared to placebo,
fostamatinib did not have a higher malignant neoplasm risk
than placebo (Peto OR = 1.58, 95%CI 0.16–15.90, 2/1222 vs.
1/759, I2 = 74, and n = 3) (Table 2; Supplementary Figure S8). A
dosage of 100 mg of fostamatinib twice daily did not increase the
risk of malignant neoplasms compared to 150 mg of fostamatinib
once daily (Peto OR = 4.64, 95%CI 0.80–26.88, 6/2719 vs. 0/1111,
I2 = 0, and n = 4) (Table 2; Supplementary Figure S9).

For the digestive organs, two trials reported malignant
neoplasms. RA patients who used fostamatinib 100 mg twice
daily had a lower risk of malignant neoplasms than those who
used 150 mg of fostamatinib once daily (Peto OR = 0.06, 95%CI
0.01–0.59, 1/1957 vs. 3/661, I2 = 0) (Table 2; Supplementary
Figure S10).

For the urinary tract, there were five trials focused on
malignant neoplasms. The use of fostamatinib did not have a
higher risk of malignant neoplasms than the placebo (Peto OR =
4.33, 95%CI 0.52–36.07, 4/1273 vs. 0/613, I2 = 0, and n = 4)
(Table 2; Supplementary Figure S11). RA patients who used
fostamatinib 100 mg twice daily did not have an increased risk of
malignant neoplasms compared to those who used 150 mg of
fostamatinib once daily (Peto OR = 0.60, 95%CI 0.08–4.81, 2/
2263 vs. 2/968, I2 = 50, and n = 5) (Table 2; Supplementary
Figure S12).

3.5.4 Benign Neoplasms
Compared to placebo, the use of fostamatinib did not have a
higher benign neoplasm risk (Peto OR = 1.71, 95%CI 0.26–11.36,
I2 = 0, 4/2038 vs. 1/967, and n = 6) (Table 2, Supplementary
Figure S13). A longer duration of fostamatinib use did not
increase the risk of benign neoplasms (Table 2;
Supplementary Figure S13). Compared to 150 mg of
fostamatinib once daily, 100 mg of fostamatinib twice daily did
not elevate the risk of benign neoplasms (Peto OR = 0.41, 95%CI
0.10–1.57, I2 = 0, 6/2954 vs. 5/1339, and n = 7) (Table 2;
Supplementary Figure S14). Similarly, long-term use of
100 mg of fostamatinib twice daily did not increase the risk of
benign neoplasms (Table 2; Supplementary Figure S14).

In total, two studies reported a benign neoplasm risk in RA
patients treated with different dosage times of fostamatinib. ForT
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100 mg of fostamatinib, a dosage time of twice daily did not
increase benign neoplasm risk compared to once daily (Peto OR =
3.19, 95%CI 0.25–41.20, 5/1424 vs. 0/269) (Table 2;
Supplementary Figure S15).

4 DISCUSSION

4.1 Main Findings
Our results indicate that fostamatinib was not associated with the
risks of overall neoplasms as compared to placebo (16 cases in 2038
participants vs 2 cases in 967 participants), whereas, use of
fostamatinib might be related to increased malignant neoplasm
risk: longer duration of fostamatinib usemight be correlated with an
increased risk of malignant neoplasms, 8 cases in 1220 participants
vs 0 cases in 606 participants at 52 weeks, and higher dose of
fostamatinib may increase the malignant neoplasm risk in the
digestive system, 3 cases in 661 participants who used 150 mg
once a day vs 1 case in 1957 participants taking 100mg twice a day.

Askling et al. reported that the highest crude incidence rates of all
malignancies excluding non-melanoma skin cancer, solid
malignancies, all skin cancers, and malignant lymphomas in RA
patients treated with fostamatinib were 1.36, 1.47, 0.74, and 0.10 per

100 person-years, respectively (Askling et al., 2016), which were
similar in RA patients with other treatments. The incidence of
solid cancer in RA patients treated with tumor necrosis factor α
inhibitors (TNFi) and conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) was 0.81 and 1.17 per 100 person-
years, respectively, and no difference was found between the two
groups after adjusting for baseline characteristics (hazard ratio [HR] =
0.83, 95%CI 0.64–1.07) (Mercer et al., 2015).

Although the high inflammatory activity of RA has been
reported to be associated with increased lymphoma
(Baecklund et al., 2006), Simon et al. suggested that some
types of malignant tumors are related to treatment rather than
the underlying disease (Simon et al., 2015). However, compared
with no treatment, treatments such as those involving TNFi
(incidence rate ratios [IRR] = 1.1, 95%CI 0.8–1.6) and
tocilizumab (IRR = 1.2, 95%CI 0.5–2.9) were not associated
with increased melanoma risk (Mercer et al., 2017). Further,
compared with csDMARD, TNFi did not increase the risk of
lymphomas, solid cancers excluding non-melanoma skin cancer,
non-melanoma skin cancer, and melanoma skin cancer in
patients with RA (Chen et al., 2016; De Cock and Hyrich, 2018).

By targeting Syk, fostamatinib has been used to treat a wide
range of diseases, such as graft-versus-host disease (Flynn et al.,

FIGURE 5 | Forest plot of overall neoplasms based on fostamatinib versus placebo.
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2015), follicular lymphoma (Fruchon et al., 2012), chronic
lymphocytic leukemia (Quiroga et al., 2009), Waldenström
macroglobulinemia (Kuiatse et al., 2015), ulcerative colitis
(Can et al., 2015), and idiopathic thrombocytopenic purpura
(Bajpai, 2009), in addition to treating RA. The mechanisms
underlying the treatment of such diseases include targeting
Syk signaling in B-cells and promoting their apoptosis for
graft-versus-host disease (Flynn et al., 2015); suppressing the
expression of matrix metalloproteinase 9 and angiogenesis
through Syk-mTOR pathway for follicular lymphoma
(Fruchon et al., 2012); inhibiting the phosphorylation of B-cell
downstream signaling molecules, Syk, ERK, and AKT to reduce
the production of CXCL12 and CXCL13 chemokines for chronic
lymphocytic leukemia (Quiroga et al., 2009); inhibiting the
activation of Syk and Bruton’s tyrosine kinase and suppressing
downstream signaling through MAPK kinase (MEK), p44/42
MAPK, and protein kinase B/Akt to prolong the onset of
tumor growth and reduce viability of primary Waldenström
macroglobulinemia cells (Kuiatse et al., 2015); inhibiting tissue
myeloperoxidase activity and suppressing the molecular
expressions of TNFα, CD3, Syk, and phospho-Syk in tissues
(Can et al., 2015); reducing inflammation through decreased
major inflammatory cytokines such as TNFα, IL-1, and IL-6
and inhibiting bone degradation for the autoimmune diseases
idiopathic thrombocytopenic purpura and RA (Bajpai, 2009;
Boccia et al., 2020).

Moreover, fostamatinib can reduce inflammatory cell
adhesion and migration, diminish macrophage survival, and
normalize upregulated monocytosis and inflammatory gene
expression induced by a high-cholesterol diet (Hilgendorf
et al., 2011). Thus, fostamatinib can be used to treat RA.
Theoretically, fostamatinib can reduce the disease activity of
RA and be used to treat lymphoma; thus, the finding of this
study that longer-time use of fostamatinib could increase
malignant neoplasm risk should be explained with caution.
Fostamatinib is only effective in approximately 50% (680/
1419) of RA patients assessed by ACR20, (Kunwar et al.,
2016); therefore, uncontrolled disease activity would contribute
to the risk of malignant tumors. In contrast, owing to the limited
data, subgroup analyses were only performed for the nature of the
neoplasm, follow-up periods, and the neoplasm-originating
system, but analysis of subtypes of malignant neoplasms was
not conducted. Thus, we could not focus on a specific neoplasm
type, such as B-cell lymphoma, as Syk is reported to be necessary
for B-cell development, proliferation, and survival.

LIMITATIONS

Several limitations of this meta-analysis and systematic review
should be considered. First, only RCTs were eligible for
inclusion, whereas no cohort and case-control studies were
included. Although RCTs can balance the baseline
measurements, having the least potential bias and less likely
to be affected by possible confounders, the sample size and
follow-up duration were relatively small, and short. For the
small smaple size, the minimal reported sample size in the

subgroup in our review was only based on 96 participants.
Especially for rare cases, such as neoplasm, a small sample size
may be underpowered to detect the outcomes. Moreover, the
number of included studies was small and only seven RCTs
were included. When performing subgroup analysis, several
outcomes were reported only by one study; thus, the confidence
intervals were relatively wide, affecting the reliability of the
results. Therefore, well-planned observational studies with
large study populations, such as cohort studies, are needed
to determine whether fostamatinib is associated with increased
or decreased malignant neoplasm risk in RA patients.

CONCLUSION

Our findings suggest that a longer duration of fostamatinib use in
RA patients increases the risk of malignant neoplasms and a
higher dose of fostamatinib may increase malignant neoplasms in
the digestive system. However, owing to the small sample size and
short follow-up duration, further studies such as cohort studies
with large study populations and longer follow-up times are
required to rule out the results.
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Background: The objective of this study was to use machine learning algorithms to

construct predictive models for atrial fibrillation (AF) in elderly patients with coronary heart

disease (CHD) and type 2 diabetes mellitus (T2DM).

Methods: The diagnosis and treatment data of elderly patients with CHD and

T2DM, who were treated in four tertiary hospitals in Chongqing, China from 2015

to 2021, were collected. Five machine learning algorithms: logistic regression, logistic

regression+least absolute shrinkage and selection operator, classified regression tree

(CART), random forest (RF) and extreme gradient lifting (XGBoost) were used to construct

the prediction models. The area under the receiver operating characteristic curve (AUC),

sensitivity, specificity, and accuracy were used as the comparison measures between

different models.

Results: A total of 3,858 elderly patients with CHD and T2DM were included. In

the internal validation cohort, XGBoost had the highest AUC (0.743) and sensitivity

(0.833), and RF had the highest specificity (0.753) and accuracy (0.735). In the external

verification, RF had the highest AUC (0.726) and sensitivity (0.686), and CART had the

highest specificity (0.925) and accuracy (0.841). Total bilirubin, triglycerides and uric acid

were the three most important predictors of AF.

Conclusion: The risk prediction models of AF in elderly patients with CHD and T2DM

based on machine learning algorithms had high diagnostic value. The prediction models

constructed by RF and XGBoost weremore effective. The results of this study can provide

reference for the clinical prevention and treatment of AF.
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INTRODUCTION

Coronary heart disease (CHD) is the most common
cardiovascular disease among the elderly (1). According to
the data from theWorld Health Organization (2014), CHD is the
main cause of death globally, accounting for more than 7 million
deaths every year (2). As the most common type of diabetes
mellitus (DM), type 2 diabetes mellitus (T2DM) has become the
leading cause of morbidity and mortality worldwide. In 2019,
there were 463 million individuals affected by diabetes globally
(3). By 2040, the number of patients is expected to increase to
629 million, accounting for ∼90% of all cases (4). T2DM is one
of the most important complications of CHD. It is an important
risk factor for the development of CHD and associated with the
death of patients (5).

Atrial fibrillation (AF) is themost common arrhythmia, which
is characterized by atrial activation disorder, that results in the
deterioration of atrial function (6, 7). The prevalence of AF
increased with age in recent studies. The overall prevalence was
estimated to be 5.5%, rising from 0.7% in the 55–59 age group

FIGURE 1 | Flow of inclusions and exclusions.

to 17.8% in the 85 years-and-above age group (8). Owing to the
aging population, the prevalence of AF is expected to double
by 2050 (9). AF in hospitalized elderly patients with CHD and
T2DM is a very serious cardiac adverse event. Once patients
develop AF, further thromboembolism will occur, leading to
a high risk of disability and death (10, 11). Therefore, early
identification and the timely management of AF in elderly
patients with CHD and T2DM is very important. However, early
detection of AF based on traditional indicators is difficult.

Therefore, this study is aimed at developing AF
prediction models for the elderly patients with CHD and
T2DM by using different machine learning algorithms
to provide reference for the clinical prevention and
treatment of AF. In order to the interpretability of
results, the machine learning algorithms included in this
study are mainly composed of logistic regression (LR),
logistic regression+least absolute shrinkage and selection
operator (LR+LASSO), classification and regression trees
(CART), random forests (RF), and extreme gradient
boosting (XGBoost).
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METHODS

Data Source
The study data were obtained from four tertiary hospitals in
Chongqing, China, namely the Second Affiliated Hospital of
Chongqing Medical University, the Third Affiliated Hospital of
Chongqing Medical University, the University-Town Hospital
of the Chongqing Medical University, and the Yong Chuan
Hospital of the Chongqing Medical University. The transparent
reporting of a multivariable predictive model for individual
prognosis or diagnosis guidelines were followed for model
development and validation. The clinical data were collected
using electronic medical record systems. Data on patients with
CHD and T2DM obtained for the period of 2015 to 2021 were
used in the study.

The Ethics Committee of Chongqing Medical University
approved the study. Written informed consent for participation
was not required for this study owing to its retrospective design,
and the study was undertaken in accordance with the national
legislation and institutional requirements.

Definition
The diagnosis of AF (ICD-10, I48) was based on AHA/ACC/ESC
2006 atrial fibrillation guidelines (12). Two physicians
with rich clinical experience were convened to diagnose

together with echocardiography, electrocardiogram, and
laboratory examinations.

Inclusion and Exclusion Criteria
Inclusion criteria comprised the following: (i) data obtained
from 2015 to 2021, (ii) patients aged ≥ 65 years, and (iii)
hospitalization (s) for CHD and T2DM.

Exclusion criteria comprised the following: (i) patients with
cancer, mental illness, or other serious complications and (ii)
patients with >30% of missing data. The study selection process
is depicted in the following flow chart (Figure 1).

Data Collection
Based on previous studies, 28 possible risk factors for
predicting AF were selected, namely age, gender, smoking status,
drinking status, hypertension, diastolic blood pressure (DBP), γ-
glutamyltransferase (GGT), white blood cell (WBC), neutrophil-
to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), platelet-lymphocyte (PLR), blood creatinine, total
bilirubin (TB), uric acid (UA), urea Nitrogen (UN), low-density
lipoprotein (LDL), hemoglobin, alanine aminotransferase (ALT),
albumin (ALB), triglycerides (TGs), total cholesterol (TC),
high-density lipoprotein (HDL), glycated hemoglobin (HbA1c),
alkaline phosphatase (ALP), aspartate aminotransferase (AST),
blood potassium, blood calcium, and blood phosphorus.

TABLE 1 | Comparison of continuous variables before and after interpolation.

Variables Before interpolation After interpolation P-values

DBP (IQR, mmHg) 77.00 (69.00, 85.00) 77.00 (69.00, 85.00) 0.894

GGT (IQR, IU/L) 26.00 (18.00, 44.00) 26.00 (18.00, 44.67) 0.760

WBC (IQR, ×109/L) 6.78 (5.52, 8.56) 6.78 (5.52, 8.56) 1.000

NLR (IQR) 3.33 (2.32, 5.51) 3.33 (2.32, 5.52) 0.969

LMR (IQR) 3.63 (2.37, 5.23) 3.63 (2.37, 5.23) 0.999

Blood creatinine 73.35 (57.70, 97.73) 73.35 (57.70, 97.78) 0.981

TB (IQR, umol/l) 10.30 (7.60, 14.00) 10.30 (7.60, 14.00) 0.944

UA (IQR, umol/L) 339.30 (273.48, 417.03) 338.90 (273.30, 417.08) 0.962

UN (IQR, mmol/L) 6.54 (5.20, 8.58) 6.54 (5.20, 8.57) 0.973

LDL (IQR, mmol/L) 2.23 (1.67, 2.91) 2.24 (1.67, 2.91) 0.871

Hemoglobin (IQR, g/L) 127.00 (115.00, 138.00) 127.00 (115.00, 138.00) 1.000

PLR (IQR) 128.43 (94.69, 178.29) 127.98 (94.40, 177.71) 0.776

ALT (IQR, IU/L) 18.16 (13.00, 27.14) 18.12 (13.00, 27.58) 0.987

ALB (IQR, g/L) 39.50 (36.50, 42.60) 39.50 (36.50, 42.60) 0.966

TGs (IQR, mmol/L) 1.41 (1.02, 2.02) 1.42 (1.02, 2.03) 0.774

TC (IQR, mmol/L) 4.10 (3.37, 4.96) 4.09 (3.37, 4.96) 0.958

HDL (IQR, mmol/L) 1.10 (0.91, 1.33) 1.09 (0.91, 1.32) 0.587

HbA1c (IQR, %) 7.41 (6.60, 9.04) 7.44 (6.60, 9.10) 0.743

ALP (IQR, IU/L) 74.00 (61.00, 92.00) 74.00 (61.00, 92.00) 0.878

AST (IQR, IU/L) 20.20 (16.00, 27.00) 20.20 (16.01, 27.00) 0.968

Blood potassium (IQR, mmol/L) 4.02 (3.72, 4.34) 4.02 (3.71, 4.33) 0.639

Blood calcium (IQR, mmol/L) 2.23 (2.13, 2.33) 2.23 (2.13, 2.33) 0.921

Blood phosphorus (IQR, mmol/L) 1.09 (0.95, 1.24) 1.09 (0.94, 1.23) 0.160

DBP, diastolic blood pressure; GGT, γ-glutamyltransferase; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; TB, total bilirubin; UA,

uric acid; UN, urea nitrogen; LDL, low-density lipoprotein; PLR, platelet-lymphocyte ratio; ALT, alanine aminotransferase; ALB, albumin; TGs, triglycerides; TC, total cholesterol; HDL,

high-density lipoprotein; HbA1c, glycated hemoglobin; ALP, alkaline phosphatase; AST, aspartate aminotransferase; IQR, interquartile range.
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Statistical Analyses
The multiple imputation method (predictive mean matching)
was used to fill in the missing continuous variables. Since the
visit time period of the patients included in this study spanned
from 2015 to 2021, this study can further subjected to temporal
validation (13, 14). Therefore, the data included in this study
were divided into two parts: 2015 to 2019 and 2020 to 2021
according to date. The data from 2015 to 2019 were divided
into the training cohort and internal validation cohort based
on the ratio of 7:3. The data from 2020 to 2021 were used as
an external validation cohort. The training cohort was used to
develop predictive models using machine learning (CART, RF,
and XGBoost) and logistic regression algorithms, and then the
final performance of each model was verified and compared in
the internal validation cohort and external validation cohort. The
area under the receiver operating characteristic curve (AUC),
sensitivity, specificity, and accuracy were used as the comparison
measures between different models.

Continuous variables were expressed as mean ± standard
deviation (SD) or median (interquartile range), according to the

distribution of normality. Categorical variables were reported
as counts with percentages. Continuous variables were tested
by t-test or Mann-Whitney U-test whereas categorical variables
were analyzed by Chi-square test (χ2-test). All statistical analyses
used two-sided tests, and P < 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS 22.0
and R (version 4.0.2, Vienna, Austria).

RESULTS

Patient Characteristics
A total of 3,858 patients with CHD and T2DM were included
in this study. They were divided into a training cohort (N
= 2,375), an internal validation cohort (N = 1,019), and an
external validation cohort (N = 464). The Mann-Whitney U-test
showed that there was no significant difference before and after
interpolation (Table 1).

In the training cohort, the results showed that in comparison
with patients in the non-AF group, patients who suffered from
AF had a higher age (P< 0.001), higher DBP (P= 0.005), GGT (P

TABLE 2 | Univariate analyses of variables associated with AF.

Variables AF (N = 270) Non-AF (N = 2,105) P-values

Gender (n, %) 119 (44.07%) 924 (43.90%) 0.999

Smoking status (n, %) 78 (28.89%) 574 (27.27%) 0.625

Drinking status (n, %) 55 (20.37%) 411 (19.52%) 0.804

Hypertension (n, %) 206 (76.30%) 1,670 (79.33%) 0.283

Age (IQR, years) 78.00 (73.00, 83.00) 75.00 (70.00, 81.00) <0.001

DBP (IQR, mmHg) 79.00 (71.00, 88.00) 77.00 (69.00, 85.00) 0.005

GGT (IQR, IU/L) 36.00 (22.55, 69.00) 25.00 (17.60, 43.00) <0.001

WBC (IQR, ×109/L) 6.82 (5.57, 8.39) 6.73 (5.53, 8.50) 0.848

NLR (IQR) 4.44 (2.74, 6.36) 3.23 (2.28, 5.29) <0.001

LMR (IQR) 3.18 (2.02, 4.69) 3.81 (2.46, 5.44) <0.001

Blood creatinine 80.30 (62.78, 105.18) 72.40 (56.90, 97.20) 0.001

TB (IQR, umol/l) 12.30 (9.20, 17.55) 10.00 (7.40, 13.70) <0.001

UA (IQR, umol/L) 370.40 (296.43, 469.68) 332.10 (270.40, 410.00) <0.001

UN (IQR, mmol/L) 7.09 (5.41, 9.46) 6.51 (5.23, 8.39) 0.001

LDL (IQR, mmol/L) 1.92 (1.47, 2.62) 2.27 (1.69, 2.95) <0.001

Hemoglobin (IQR, g/L) 125.00 (112.25, 137.75) 127.00 (115.00, 139.00) 0.377

PLR (IQR) 129.96 (95.24, 180.14) 127.95 (94.27, 175.86) 0.356

ALT (IQR, IU/L) 19.00 (12.02, 28.00) 18.00 (13.00, 27.00) 0.722

ALB (IQR, g/L) 38.40 (35.79, 41.00) 39.60 (36.60, 42.70) <0.001

TGs (IQR, mmol/L) 1.17 (0.83, 1.72) 1.42 (1.04, 2.03) <0.001

TC (IQR, mmol/L) 3.64 (3.02, 4.54) 4.16 (3.41, 4.97) <0.001

HDL (IQR, mmol/L) 1.05 (0.85, 1.27) 1.10 (0.92, 1.32) 0.007

HbA1c (IQR, %) 7.35 (6.50, 8.50) 7.40 (6.60, 9.00) 0.129

ALP (IQR, IU/L) 74.80 (58.43, 96.08) 74.00 (61.00, 91.90) 0.579

AST (IQR, IU/L) 22.17 (17.25, 31.23) 20.00 (16.00, 27.00) 0.001

Blood potassium (IQR, mmol/L) 3.97 (3.69, 4.36) 4.02 (3.72, 4.32) 0.694

Blood calcium (IQR, mmol/L) 2.21 (2.11, 2.29) 2.24 (2.14, 2.34) 0.001

Blood phosphorus (IQR, mmol/L) 1.09 (0.96, 1.25) 1.10 (0.95, 1.24) 0.942

AF, atrial fibrillation; DBP, diastolic blood pressure; GGT, γ-glutamyltransferase; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; TB,

total bilirubin; UA, uric acid; UN, urea nitrogen; LDL, low-density lipoprotein; PLR, platelet-lymphocyte ratio; ALT, alanine aminotransferase; ALB, albumin; TGs, triglycerides; TC, total

cholesterol; HDL, high-density lipoprotein; HbA1c, glycated hemoglobin; ALP, alkaline phosphatase; AST, aspartate aminotransferase; IQR, interquartile range.
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FIGURE 2 | Receiver operating characteristic (ROC) curves of five different models in internal validation cohort (A) and external validation cohort (B).

TABLE 3 | Detailed performance metrics for the five models in internal validation.

Model Sensitivity Specificity Accuracy AUC (95%CI)

LR 0.602 0.726 0.712 0.684 (0.629–0.739)

LR+LASSO 0.694 0.627 0.633 0.712 (0.659–0.765)

CART 0.676 0.626 0.631 0.686 (0.632–0.739)

RF 0.611 0.753 0.735 0.733 (0.683–0.783)

XGBoost 0.833 0.562 0.587 0.743 (0.693–0.792)

LR, logistic regression; CART, Classification and Regression Tree; RF, random forest; AUC,

area under the receiver operating characteristic curve; CI, confidence interval.

TABLE 4 | Detailed performance metrics for the five models in external validation.

Model Sensitivity Specificity Accuracy AUC (95%CI)

LR 0.529 0.746 0.722 0.621 (0.532–0.711)

LR+LASSO 0.353 0.889 0.828 0.630 (0.659–0.765)

CART 0.157 0.925 0.841 0.523 (0.444–0.601)

RF 0.686 0.743 0.733 0.726 (0.655–0.797)

XGBoost 0.627 0.770 0.754 0.705 (0.628–0.781)

LR, logistic regression; CART, Classification and Regression Tree; RF, random forest; AUC,

area under the receiver operating characteristic curve; CI, confidence interval.

< 0.001), NLR (P < 0.001), blood creatinine (P = 0.001), higher
TB (P < 0.001), UA (P < 0.001), UN (P = 0.001), and AST (P <

0.001). The levels of LMR (P < 0.001), LDL (P < 0.001), ALB (P
< 0.001), TGs (P< 0.001), TC (P< 0.001), HDL (P= 0.007), and

TABLE 5 | Ranks of feature importance in RF, XGBoost, and LR+LASSO for

predicting AF.

Rank RF XGBoost LR+LASSO

1 TB TGs TC

2 GGT UA TGs

3 TGs TC Age

4 UA GGT TB

5 DBP TB UA

LR, logistic regression; RF, random forest; DBP, diastolic blood pressure; GGT,

γ-glutamyltransferase; TB, total bilirubin; UA, uric acid; TGs, triglycerides; TC,

total cholesterol.

blood calcium (P < 0.001) in the AF group are lower compared
with those in the non-AF group (Table 2).

Predictive Effects of Different Models
Five models were generated, including LR, LR+LASSO, CART,
RF, and XGBoost, to predict the development of AF in elderly
patients with CHD and T2DM after admission. Figure 2 shows
the performance of the five different models in predicting AF
in the internal validation cohort and external validation cohort
in terms of ROC curves. In the internal validation cohort,
AUC shows that the XGBoost model has the best prediction
effectiveness on AF, and AUC was 0.743 compared with other
models. In the external validation cohort, the highest AUCmodel
was RF.

Tables 3, 4, respectively, show the detailed performance
indicators of the five models in the internal verification cohort
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FIGURE 3 | Features selection by LASSO. (A) LASSO coefficients profiles (y-axis) of the 16 features. The upper x-axis is the average numbers of predictors and the

lower x-axis is the log (λ). (B) Five-fold cross-validation for tuning parameter selection in the LASSO model.

FIGURE 4 | Importance analysis of indexes in RF model.

and external verification cohort. In the internal validation cohort,
XGBoost had the highest AUC (0.743) and sensitivity (0.833),
and RF had the highest specificity (0.753) and accuracy (0.735).
In the external verification, RF had the highest AUC (0.726) and
sensitivity (0.686), and CART had the highest specificity (0.925)
and accuracy (0.841).

Table 5 lists the importance levels of the top five features in the

top three AUC models in both the internal validation cohort and

the external validation cohort. As shown in Table 5, TB, TGs and
UA were the top three features that promoted the development

of the prediction models for AF in coronary heart disease and
type 2 diabetes mellitus patients. Figure 3 shows the feature
screening process of LR+LASSO model, Figures 4, 5 shows the
feature importance ranking of the RF model and the XGBoost
model, respectively.

DISCUSSION

In this study, A total of 3,858 patients with CHD and T2DM
were included, and then 28 possible risk factors were selected
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FIGURE 5 | Importance analysis of indexes in XGBoost model.

for predicting AF. Five machine learning algorithms were used to
construct the prediction models, and then the final performance
of each model was verified and compared in the internal
validation cohort and the external validation cohort. The results
showed that the prediction models constructed by RF and
XGBoost were more effective (delong test showed that there was
no significant difference between the two models, P= 0.654). TB,
TGs and UA were the three most important predictors of AF.

Machine learning algorithms could deeply mine and analyze
big data, and it had been widely used in disease predictions and
prognostication (15–17). RF is one of the widely used algorithms
in machine learning. It uses a set model of various decision trees
(18). RF rely on computers to learn all of the complex non-
linear interactions between variables by minimizing the error
between observation results and prediction results (19), and it
uses bootstrap aggregation and randomization of predictors to
obtain high disease prediction accuracy (20, 21). In addition,
XGBoost is also an efficient and widely used machine learning
method (22). It is an integrated algorithm belonging to a class
of boosting algorithms. The core of the boosting algorithm is
to integrate many weak classifiers to form a strong classifier, so
as to improve the accuracy of classification. XGBoost helps to
reduce overfitting compared to gradient tree boosting by only a
random subset of descriptors in building a tree and is known as
the “regularized boosting” technique (23).

Our study shows that high TB was a risk factor for AF in
elderly patients with CHD and T2DM. Recently, studies found
that TB levels are related to CVD and AF (24, 25). Bilirubin is
a product of hemoglobin catabolism and has long been used as
a diagnostic indicator for hepatobiliary diseases and hemolytic
diseases (26). AF promotes the occurrence of inflammation
and the increase of inflammatory markers, while TB, as an

antioxidant stress factor, increases compensatory in order to
balance oxidation and antioxidation in the body (27). Therefore,
for elderly patients with CHD and T2DM, when TB level is
significantly increased, there is risk of AF.

TGs are the most abundant lipids in the human body. Most
tissues can use TG decomposition products to supply energy. At
the same time, liver, fat, and other tissues can also synthesize
TGs and store them in adipose tissue (28, 29). TGs have been
proven to be a risk factor for cardiovascular disease (CVD), but
its role in the development of AF in the elderly is unclear (30).
The study found that low TGs were a risk factor for AF in elderly
patients with CHD and T2DM. A cross-sectional survey showed
that Low TGs may be a marker of CVD risk in Chinese patients
with long-term T2DM (31), which is consistent with the results
of our study. Of note, clinicians usually pay attention to the risk
caused by elevated TGs and ignore the impact of low TGs in
patients, especially in elderly patients with CHD and T2DM. The
results of this study suggest that clinicians should pay attention
to the TG level of elderly patients with CHD and T2DM in order
to prevent atrial fibrillation in advance.

This study also showed that high UA was a risk factor for
AF in elderly patients with CHD and T2DM. In recent years,
several cross-sectional studies and prospective studies had shown
that a high UA level is a potential risk factor for AF (32–
34). Another study showed that high UA is associated with an
increased prevalence of AF in hospitalized patients with T2DM,
independent of multiple risk factors and potential confounders
(35). Yutong Ji et al. also found that there is an association
betweenAF and highUA in elderly patients, highUA is associated
with persistent or permanent AF (36). Therefore, reducing the
level of UA can reduce the risk of AF in elderly patients to a
certain extent.
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This study is the first to investigate the predictive model
for AF in hospitalized elderly patients with coronary heart
disease and type 2 diabetes mellitus. However, this study
also has several limitations. Firstly, selection bias may exist
due to the retrospective nature of the investigation and the
imbalanced dataset. However, a multicenter and relatively large
training cohort were used to build models, which was further
subjected to temporal validation. Secondly, data on social
support, socioeconomic status, and some other important factors
were not available. Further research is warranted to explore the
impact of these important indicators.

In conclusion, compared with classic logistic regression
models, machine learning models (XGBoost and RF) have
better performance in predicting AF in elderly patients with
CHD and T2DM using features that were easily available at
admission. Predictive models using machine learning algorithms
can help clinicians predict AF early and implement targeted
treatment measures.
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Associations of Fentanyl, Sufentanil,
and Remifentanil With Length of Stay
and Mortality Among Mechanically
Ventilated Patients: A Registry-Based
Cohort Study
Wen Wang1,2, Qiao He1,2, Mingqi Wang1,2, Yan Kang3, Peng Ji 3, Shichao Zhu4, Rui Zhang5,
Kang Zou1,2 and Xin Sun1,2*

1Chinese Evidence-based Medicine Center, West China Hospital, Sichuan University, Chengdu, China, 2NMPA Key Laboratory
for Real World Data Research and Evaluation in Hainan, Chengdu, China, 3Intensive Care Unit, West China Hospital, Sichuan
University, Chengdu, China, 4Department of Infection Control, West China Hospital, Sichuan University, Chengdu, China,
5Information Center, West China Hospital, Sichuan University, Chengdu, China

Background: As the first-line treatment for mechanically ventilated patients with critical
illness, fentanyl and its analogs (e.g., sufentanil and remifentanil) are commonly used in the
intensive care unit (ICU). However, the pharmacokinetics, metabolism, and potency of
these agents differed. Their effects on clinical outcomes have not been well-understood.

Materials and Methods: Using a well-established registry, we conducted a cohort study.
Patients who consistently underwent mechanical ventilation (MV) for more than 24 h were
identified.We used a time-varying exposure definition, in which we coded each type of opioids
as prescribed or not prescribed on each day from initiation of MV to extubation and ICU
discharge. We used Fine-Gray competing risk models to compare the effects of fentanyl,
sufentanil, and remifentanil on hazards for extubation, ventilator mortality, ICU discharge, and
ICU mortality. All models were adjusted using a combination of fixed-time and time-varying
covariates. Missing data were imputed using multiple imputation by chained equations.

Results: A total of 8,165 patients were included. There were, respectively, 4,778, 4,008, and
2,233patients receiving at least 1 day of fentanyl, sufentanil, and remifentanil dose.Compared to
fentanyl, sufentanil was associated with shorter duration to extubation (hazard ratio 1.31, 95%
CI, 1.20–1.41) and ICU discharge (hazard ratio 1.63, 95% CI, 1.38–1.92), and remifentanil was
associated with shorter duration to extubation (hazard ratio 1.60, 95% CI, 1.40–1.84) and ICU
discharge (hazard ratio 2.02, 95%CI, 1.43–2.84). No significant differences in time to extubation
(Hazard ratio 1.14, 95% CI, 0.92–1.41) and ICU discharge (Hazard ratio 1.31, 95% CI,
0.81–2.14) were found between sufentanil and remifentanil. No differences were observed
between any two of the agents regarding ventilator mortality or ICU mortality. The effects were
similar in patients with versus without surgery.

Conclusion: Sufentanil and remifentanil may be superior to fentanyl in shortening the time
to extubation and ICU discharge. The effects on ventilator mortality and ICU mortality
appeared similar across these agents, while further research is warranted.
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INTRODUCTION

Pain is common among patients admitted to the intensive care
unit (ICU) (Jeitziner et al., 2012; Ehieli et al., 2017). Intravenous
opioids are usually recommended as the first-line treatment for
non-neuropathic pain among patients with critical illness,
especially for those receiving mechanical ventilation (MV)
(Faust et al., 2016; Devlin et al., 2018; Jungquist et al., 2019).
Previous studies showed that 90% of patients received opioids
during MV treatment, and fentanyl and fentanyl analogs were the
most commonly prescribed opioids; about 75–85% of patients
received fentanyl, sufentanil, and remifentanil treatment during
MV (Payen et al., 2007).

Although widely used, these opioid agents vary in their
pharmacokinetic characteristics and risk of accumulation in
organ failure (Ehieli et al., 2017; Zhu et al., 2017; Armenian
et al., 2018). For instance, remifentanil is metabolized by
unspecific esterases independent of liver or renal function, and
the duration of action (5–10 min) is shorter relative to fentanyl
and sufentanil. While sufentanil is 5–10 times potent than
fentanyl and remifentanil, the risk of opioid accumulation in
organs may be higher than that of remifentanil (Maciejewski,
2012). The accumulation of opioids may cause respiratory
depression, sedation, hypotension, and immunosuppression,
which may further result in adverse outcomes (Zhu et al.,
2017; Devlin et al., 2018; Gupta et al., 2018).

The pharmacokinetic differences among these agents may lead
to differential patient-important clinical outcomes, such as
respiratory depression and death. However, evidence regarding
the effects of these agents on ICU patients receiving MV is
inadequate. Several randomized controlled trials (RCTs)
investigated the effects of these agents, but were small in
sample sizes and had inconsistent findings.(Breen et al., 2005;
Djian et al., 2006; Rozendaal et al., 2009; Spies et al., 2011; Bhavsar
et al., 2016; Zhu et al., 2017). One meta-analysis involving 1905
mechanically ventilated patients compared the effectiveness of
analgesic regimens with versus without remifentanil; however,
this study compared remifentanil versus all other opioids, leaving
the comparison among fentanyl and its analogs an unanswered
question (Zhu et al., 2017). One additional important issue that
existing studies did not address is how varying exposure to
opioids during MV treatment in routine practice may have
affected treatment outcomes (Klompas et al., 2016b).

Therefore, we conducted a cohort study to compare the effects
of fentanyl, sufentanil, and remifentanil on extubation, ICU
discharge, and ICU mortality. This study included a large
number of patients and used statistical methods to handle
daily change in the exposure to fentanyl and its analogs.

MATERIALS AND METHODS

Data Source
This cohort study was conducted using a registry of healthcare-
associated infections (HAIs) at ICUs from the West China
Hospital (WCH) system (Wang et al., 2019). The WCH
system includes three independent healthcare organizations

and contains six ICUs, and is a critical care center that covers
population in West China. Every year, there were more than
200,000 inpatient visits, and 8,000 patients were admitted
to ICUs.

The registry was established by integrating three databases,
including the electronic medical record (EMR) system, ICU
system, and ICU-HAI system. All patients admitted to any of
six ICUs since April 1, 2015 were included in the registry. Till
December, 2018, a total of 29,480 ICU admissions were included.
Detailed information about the registry has been published
elsewhere (Wang et al., 2019). The registry has a high level of
quality and comprehensiveness of information and has been
utilized for addressing various clinical research questions(Zhu
et al., 2019; Wang et al., 2021a; Wang et al., 2021b; He et al., 2021;
Zhu et al., 2021). Quality assessment showed that the accuracy of
data extraction and linkage was 100%, and the completeness of
important laboratory tests was more than 98%. The International
Classification of Diseases 10th Revision (ICD-10) codes at WCH
have been validated, and the completeness and accuracy were 99
and 88%, respectively (Wang et al., 2019; Wang et al., 2021b).

This study was approved by the West China Hospital
Institutional Review Board (WCH 2018–409), who granted a
waiver of patient consent.

Study Population
The patients were eligible in the cohort if they consistently
received MV for more than 24 h between April 1, 2015 and
December 31, 2018. The patients were excluded if they met any of
the following criteria: patients with incomplete information
including date of birth, sex, and discharged diagnosis; age <
18 years or admitted to the pediatric ICU; without receiving any
opioids during ICU stay. The clinical characteristics differed
among patients with and without extremely long ICU stay
(>90 days). To minimize indication bias, we also excluded
patients with extremely long ICU stay. If patients experienced
multiple episodes of MV, we only measured the first episode of
MV treatment for more than 24 h.

Drug Exposure and Outcomes
The exposures of interest included fentanyl, sufentanil, and
remifentanil. We used a time-varying exposure definition.
Information regarding daily exposures to fentanyl, sufentanil,
and remifentanil was extracted from the prescription data of the
EMR system. We coded each type of opioids (fentanyl, sufentanil,
and remifentanil) as prescribed or not prescribed on each day
from initiation of MV to extubation and each day from initiation
of MV to ICU discharge, respectively.

The outcomes included duration of MV, ventilator mortality,
length of ICU stay, and ICU mortality, which were measured as
time-to-event variables. Patients who died within 1 day after
extubation and 1 day after ICU discharge were defined as
ventilator mortality and ICU mortality, respectively.

Confounding Factors
We identified potential confounding factors based on clinical
plausibility. We also consulted experts in critical care medicine,
anesthesia, and respiratory therapy to identify potential
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confounding factors. The potential confounding factors included
demographic characteristics (age, sex, and ICU type), acute
conditions at ICU admission (acute respiratory distress
syndrome (ARDS), shock, gastrointestinal bleeding, and
pneumonia), chronicity comorbidities (diabetes, malignant
tumor, chronic lung disease, cardiovascular disease, heart
failure, liver and renal failure, and hypertension), APACHE II
score, fluid balance, surgery before the event of interest (thoracic
surgery, cranial surgery, cardiac surgery, and abdominal surgery),
fiberoptic bronchoscopy examination, tracheotomy, concomitant
medications (non-opioid analgesics and other types of opioids
(e.g., morphine, pethidine), sedatives, neuroleptic agents,
thromboembolism agents, acid inhibitors, neuromuscular
blockers, intestinal probiotics, expectorants, antibiotics,
immunosuppressive agents, and vasopressors), and other
treatment (blood transfusion, gastrointestinal decompression,
prone position ventilation, enteral nutrition, mandatory
ventilation, esophagogastroduodenoscopy, and head-of-bed
elevation). We also included days from ICU admission to
initiation of MV, and opioids prescribed before the initiation
of MV as potential confounding factors.

We identified concomitant medications from prescription
data and comorbidity from discharge diagnoses using ICD-
10 codes.

Statistical Analysis
We assessed the impact of daily fentanyl, sufentanil, and
remifentanil exposures on time to extubation, ventilator
mortality, time to ICU discharge, and ICU mortality using
Fine-Gray competing risk models. Fine-Gray competing risks
models are proportional subdistribution hazard models which
can disentangle effects of competing risks and outcomes of
interest by generating separate hazard ratios for each
competing event (Mohammad et al., 2017). The reason for
extubation and ICU discharge varies considerably depending
on the patient’s health condition: clinical improvement versus
death. Therefore, we used Fine-Gray competing risk models to
measure the competing risks for extubation alive versus ventilator
mortality and ICU discharge alive versus ICU
mortality.(Klompas et al., 2016a; Klompas et al., 2016b). We
calculated hazard ratios (HRs) for sufentanil versus fentanyl,
remifentanil versus fentanyl, and sufentanil versus remifentanil.

All models were adjusted using a combination of fixed-time
and time-varying covariates. We defined demographic
characteristics, acute conditions, chronicity comorbidities,
APACHE II score, surgery, fiberoptic bronchoscopy
examination, tracheotomy, days from ICU admission to
initiation of MV, and opioids prescribed before the initiation
of MV as fixed-time variables. We defined exposures to
concomitant medications and other treatment as time-varying
variables. We measured time-varying variables as daily exposure
on each day of MV treatment for the model of extubation alive
versus ventilator mortality and each day from initiation of MV to
ICU discharge for the model of ICU discharge versus ICU death.
We additionally adjusted the duration of mechanical ventilation
and measured mandatory ventilation and prone position

ventilation as fixed-time variables for the analysis of ICU
discharge versus ICU death.

The percentages of missing data for APACHE II score and
fluid balance during ICU stay were 9.18 and 8.68%, respectively.
We handled missing data of APACHE II score and fluid balance
using multiple imputation by chained equations (MICE), and the
iterations were set to five times. By creating a number of datasets
to handle uncertainty in missing value imputation, multiple
imputation is thought to be superior to single imputation and
complete-case analysis (Zhang, 2016).

Subgroup Analyses and Sensitivity Analyses
We calculated HRs for patients with versus without receiving
surgery separately, given that the clinical characteristics and
treatment approach differed variously between these two
populations.

We performed several sensitivity analyses to test the
robustness of the primary findings. First, we used the
traditional Cox model with time-varying covariates to calculate
the effect estimates. Second, we used complete case analysis
without imputation to handle missing data. Third, to address
the potential confounding factors by indication, we restricted to
patients who did not receive non-opioid analgesics. All analyses
were performed using R version 3·6·1.

RESULTS

The study included 8,165 patients who consistently received MV
for at least 24 h and treated with opioids during ICU stays from
April 1, 2015 to December 31, 2018. Of 8,165 included patients,
4,778 received at least 1 day of fentanyl, 4,008 received at least
1 day of sufentanil, and 2,233 received at least 1 day of
remifentanil (see Figure 1).

Among all included patients, the median age was 57
(interquartile range (IQR) years, 46–68); 3,147 (38.5%)
patients were females; the median APACHE II score was 19
(IQR, 14–24). There were 2,457 (30.1%) patients admitted to the
general ICU and 1705 (20.9%) admitted to the surgical ICU. The
most common comorbidities were hypertension (21.2%), heart
failure (12.5%), and chronic lung disease (9.8%), and the most
common acute conditions were pneumonia (7.7%) and shock
(5.4%). There were 1,444 (17.7%) patients who underwent cardiac
surgery, 809 (9.9%) who underwent thoracic surgery, 1,465
(17.9%) who underwent cranial surgery, and 1,573 (19.3%)
who underwent abdominal surgery. The clinical characteristics
differed among patients receiving different opioids. For instance,
the proportions of cardiac surgery were 4.7% among patients
receiving fentanyl and 24.7% among patients receiving
remifentanil (see Table 1).

Among all included patients, the median day of MV was 5
(IQR, 3–11), the median ICU stay was 10 (IQR, 5–19) days, and
crude ICU mortality was 11.9%. Among patients receiving
fentanyl, sufentanil, and remifentanil, the median ICU stay
was 13 (IQR, 7–22), 11 (IQR, 6–21) and 9 (IQR, 5–19) days;
the crude mortality was 15.5, 11.1, and 7.2% (see Table 1).
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Opioid Treatment Among Included Patients
Opioids were often used concurrently in patients receiving MV.
Among patients receiving fentanyl, sufentanil, and remifentanil,
the proportion of patients treated with other opioids during ICU
stay was 60.9, 83.8, and 97.2%, respectively (see Figure 2).
Moreover, combined treatment of opioids with sedatives was
common; the proportion among patients receiving fentanyl,
sufentanil, and remifentanil was 74.9, 72.6, and 70.4%,
respectively.

The median cumulative dose fentanyl, sufentanil and
remifentanil administrated during ICU stays was 4.5 mg (IQR,
1.5–10), 0.4 mg (IQR, 0.14–1.1) and 1.0 mg (IQR, 1.0–2.0),
respectively. The median days of use of fentanyl [4 days (IQR,
2–9)] was longer than sufentanil [1 day (IQR, 1–5)] and
remifentanil [1 day (IQR, 1–1)] (See Supplementary Table S1).

Associations Between Opioid Exposures
and Outcomes
The adjusted estimates of opioids on the predefined clinical
outcomes are shown in Figures 3, 4. Compared to fentanyl,
sufentanil was associated with an increased hazard for extubation
(HR 1.31, 95% CI, 1.20–1.41) and ICU discharge (HR 1.63, 95%
CI, 1.38–1.92), which suggested that sufentanil was associated

with less time to extubation and ICU discharge. There were no
significant differences between fentanyl and sufentanil regarding
hazards for ventilator mortality (HR 0.95, 95% CI, 0.77–1.17) and
ICU mortality (HR 1.03, 95% CI, 0.84–1.26).

Remifentanil was associated with higher hazards for
extubation (HR 1.60, 95% CI, 1.40–1.84) and ICU discharge
(HR 2.02, 95% CI, 1.43–2.84), relative to fentanyl. However, no
significant differences between fentanyl and sufentanil were
found for ventilator mortality (HR 0.87, 95% CI, 0.50–1.49)
and ICU mortality (HR 1.25, 95% CI, 0.73–2.16). No
significant differences were observed between sufentanil and
remifentanil regarding hazards for extubation (HR 1.14, 95%
CI, 0.92–1.41), ventilator mortality (HR 0.91, 95% CI,
0.47–1.76), ICU discharge (HR 1.31, 95% CI, 0.81–2.14),
and ICU mortality (HR 0.66, 95% CI, 0.34–1.28).

Subgroup Analyses and Sensitivity Analyses
Figures 3, 4 showed the subgroup analyses by surgery. The
hazard ratios were similar across the subgroups (test of
interaction, p > 0.05). Compared to fentanyl, sufentanil was
associated with increased hazards for extubation and ICU
discharge both in patients with and without surgery.
Similarly, compared to patients receiving fentanyl, patients
treated with remifentanil had higher hazard ratios for

FIGURE 1 | Study flow chart.
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TABLE 1 | Clinical characteristics of included patients.

Characteristics Overall
patients (n = 8,165)

Fentanyl (n = 4,778) Sufentanil (n = 4,008) Remifentanil (n = 2,233)

Age, median [IQR] 57 [46, 68] 58.00 [45, 70] 56 [45, 67] 53.00 [44, 65]
Sex, female (%) 3,147 (38.5) 1,696 (35.5) 1,524 (38.0) 915 (41.0)
APACHE II, median [IQR] 19 [14, 24] 20 [15, 25] 19 [14, 23] 18 [13, 22]
ICU type (%)
General ICU 2,457 (30.1) 1712 (35.8) 1,557 (38.8) 472 (21.1)
Neurological ICU 1,338 (16.4) 1,080 (22.6) 423 (10.6) 412 (18.5)
Respiratory ICU 1,139 (13.9) 1,074 (22.5) 384 (9.6) 92 (4.1)
Surgical ICU 1705 (20.9) 675 (14.1) 957 (23.9) 692 (31.0)
Thoracic ICU 1,526 (18.7) 237 (5.0) 687 (17.1) 565 (25.3)

Acute conditions (%)
ARDS 76 (0.9) 60 (1.3) 46 (1.1) 14 (0.6)
Shock 441 (5.4) 290 (6.1) 302 (7.5) 150 (6.7)
Gastrointestinal bleeding 112 (1.4) 81 (1.7) 66 (1.6) 25 (1.1)
Pneumonia 632 (7.7) 433 (9.1) 325 (8.1) 121 (5.4)

Comorbidities (%)
Diabetes 646 (7.9) 399 (8.4) 293 (7.3) 147 (6.6)
Cardiovascular disease 148 (1.8) 63 (1.3) 49 (1.2) 30 (1.3)
Heart failure 1,020 (12.5) 250 (5.2) 467 (11.7) 341 (15.3)
Chronic lung disease 798 (9.8) 640 (13.4) 334 (8.3) 94 (4.2)
Malignant tumor 676 (8.3) 408 (8.5) 366 (9.1) 140 (6.3)
Liver failure 158 (1.9) 112 (2.3) 81 (2.0) 25 (1.1)
Hypertension 1734 (21.2) 961 (20.1) 798 (19.9) 516 (23.1)
Kidney failure 485 (5.9) 350 (7.3) 216 (5.4) 79 (3.5)

Surgery (%)
Cardiac surgery 1,444 (17.7) 226 (4.7) 672 (16.8) 552 (24.7)
Thoracic surgery 809 (9.9) 560 (11.7) 432 (10.8) 168 (7.5)
Cranial surgery 1,465 (17.9) 927 (19.4) 754 (18.8) 656 (29.4)
Abdominal surgery 1,573 (19.3) 871 (18.2) 1,117 (27.9) 621 (27.8)

Outcomes
Days of MV, median (IQR) 5 [3, 11] 7 [4, 13] 5 [3, 11] 5 [2, 9]
ICU stays, median (IQR) 10 [5, 19] 13 [7, 22] 11 [6, 21] 9 [5, 19]
ICU mortality (%) 971 (11.9) 742 (15.5) 446 (11.1) 161 (7.2)

Abbreviations: IQR, interquartile range; ICU, intensive care unit; ARDS, acute respiratory distress syndrome; MV, mechanical ventilation.

FIGURE 2 | Treatment of opioids during ICU stay.
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extubation and ICU discharge both among patients with and
without surgery.

Sensitivity analyses using the traditional Cox model with
time-varying covariates and excluding patient treated with
non-opioid analgesics did not show change in
interpretation. In the comparisons of sufentanil versus
remifentanil, however, the sensitivity analyses using
complete cases without imputation generated hazard ratios
that excluded the null for extubation (HR 1.36, 95% CI,
1.03–1.80), ICU discharge (HR 2.05, 95% CI, 1.07–3.93),
and ICU mortality (HR 0.44, 95% CI, 0.22–0.88) (See
Supplementary Table S2.).

DISCUSSION

In this large observational study, we assessed the association of
fentanyl, sufentanil, and remifentanil with important clinical
outcomes under the real-world conditions. Our findings showed
that treatment of opioids varied during MV treatment in routine
practice. Compared to fentanyl, use of sufentanil or remifentanil was
associated with shorter time to extubation and ICU discharge; no

significant differences in duration of MV and length of ICU stay
were found between sufentanil and remifentanil. No significant
differences were observed between any of these agents in
ventilator mortality and ICU mortality. Subgroup analyses
suggested that the effects were similar among patients with and
without receiving surgery.

The findings may be due to pharmacokinetic and
pharmacodynamic differences of these agents. As important safety
concerns, the accumulation of opioids may cause respiratory
depression, sedation, immunosuppression, and ileus (Smith et al.,
2014; Lee et al., 2015; Gomes et al., 2017). Studies suggested that
opioids with short half-life may enable greater titration accuracy with
limited drug accumulation (Futier et al., 2012). Compared to fentanyl,
the half-life of sufentanil and remifentanil was shorter, which may
have potential advantages in reducing accumulation in organs and
further result in shortening duration of ventilation and length of ICU
stay (Glass et al., 1999; Breen et al., 2004; Rozendaal et al., 2009).
However, no differences were observed between sufentanil and
remifentanil. This may be because sufentanil is approximately
5–10 times more potent than remifentanil. Due to acute tolerance
and opioid-induced hyperalgesia, more pain was reported in the
remifentanil group (Welzing et al., 2013; Fletcher andMartinez, 2014;

FIGURE 3 | Hazard ratios for extubation and ventilator mortality with different opioids. (A) Time to extubation alive; (B) Ventilator mortality.

FIGURE 4 | Hazard ratios for ICU discharge and ICU mortality with different opioids. (A) Time to ICU discharge alive; (B) ICU mortality.
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Bhavsar et al., 2016). The adverse effect caused by pain may
counteract the effect of limited accumulation in organs.

In our study, the study setting was more complex than RCTs.
Nevertheless, the findings under real-world conditions were
consistent with those from previous RCTs—our study found
that remifentanil may shorten duration of MV and length of
ICU stay when compared to fentanyl (Breen et al., 2005;
Rozendaal et al., 2009). Our study also suggested that
sufentanil and remifentanil may be similar in their clinical
effects, consistent with a previous trial (Bhavsar et al., 2016).

Our study also extended the knowledge about these agents in
their use for MV patients, which was not identified from previous
RCTs. In particular, there were just few studies comparing sufentanil
and fentanyl in mechanically ventilated patients. We found that
sufentanil was associated with less time to extubation and ICU
discharge than fentanyl. A small double-blind RCT, including 20
newborns receiving MV for more than 24 h, suggested that
compared to fentanyl, sufentanil did not reduce the weaning time
(Schmidt et al., 2010). However, this study exclusively included
newborns and had a very small sample size.

Strengths and Limitations
In this study, we utilized a large database with high level of quality
and comprehensiveness of information. The sample size of this
study was relatively large. We considered day-to-day changes in
opioid exposures and used statistical methods to handle time-
dependent variates. We also measured the competing risks and
adjusted for an extensive array of potential confounding factors.

However, our study is tempered by important limitations. First,
owing to the observational nature, residual confounding from
unknown and unmeasured variables is possible, especially for
confounding by indication. Prescription of opioid was not
randomly performed but determined by clinicians. Although we
consider and adjusted for an extensive array of potential
confounding, confounding by indication may not be excluded.
Second, relatively few patients were exposed to remifentanil, and
the inference on the effect of remifentanil is weakened. Finally, this
study was conducted exclusively based on a database from a
homogenous healthcare system, which may limit the generalization.

In conclusion, our findings suggested that remifentanil was
superior to fentanyl in shortening the duration of MV and length
of ICU stay, which was consistent with previous RCTs. The effects

on ventilator mortality and ICU mortality appeared comparable
across these agents. Our finding also showed that sufentanil was
associated with less time to extubation and ICU stay, which
extends the prior RCT. Further studies are needed to confirm
these results.
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Introduction: With the increasing complexity of healthcare problems worldwide,

the demand for better-coordinated care delivery is on the rise. However, current

hospital-based practices remain largely disease-centric and specialist-driven, resulting

in fragmented care. This study aimed to evaluate the effectiveness and feasibility of an

integrated general hospital (IGH) inpatient care model.

Methods: Retrospective analysis of medical records between June 2018 and August

2019 compared patients admitted under the IGH model and patients receiving usual

care in public hospitals. The IGH model managed patients from one location with a

multidisciplinary team, performing needs-based care transition utilizing acuity tagging

to match the intensity of care to illness acuity.

Results: 5,000 episodes of IGH care entered analysis. In the absence of care transition

in intervention and control, IGH average length of stay (ALOS) was 0.7 days shorter than

control. In the group with care transition in intervention but not in control, IGH acute ALOS

was 2 days shorter, whereas subacute ALOS was 4.8 days longer. In the presence of

care transition in intervention and control, IGH acute ALOSwas 6.4 and 10.2 days shorter

and subacute ALOSwas 15.8 and 26.9 days shorter compared with patients under usual

care at acute hospitals with and without co-located community hospitals, respectively.

The 30- and 60-days readmission rates of IGH patients were marginally higher than usual

care, though not clinically significant.

Discussions: The IGH care model maybe associated with shorter ALOS of inpatients

and optimize resource allocation and service utilization. Patients with dynamic acuity

transition benefited from a seamless care transition process.

Keywords: integrated care, acuity transition, inpatient, care coordination, generalist

153154

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.779910
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.779910&domain=pdf&date_stamp=2022-03-04
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:yifeng.lai@moht.com.sg
https://doi.org/10.3389/fpubh.2022.779910
https://www.frontiersin.org/articles/10.3389/fpubh.2022.779910/full


Lai et al. Integrated General Hospital in Singapore

INTRODUCTION

Globally, the rapidly aging population with a growing chronic
disease prevalence has placed an increasing burden on healthcare
systems (1, 2). Healthcare systems are facing the challenge
of caring for patients with multimorbidity. The prevalence
of multimorbidity increases with age, affecting over 60% of
people aged 65 years or older (3–6). With the increasing
complexity of multimorbidity, the demand for a comprehensive
and coordinated delivery of healthcare services is expected to rise,
and healthcare expenditure is expected to soar with inpatient
load as the main cost driver (7–9). However, current hospital-
based practices remain largely disease-centric with a specialist
focus. This is partly driven by the population’s preference to
seek care from specialists with the belief that they provide better
enhanced quality of care (10, 11). Consequently, individuals
have multiple specialists managing different health problems
during their inpatient stay, resulting in fragmented care and an
inefficient hospital system.

To tackle this changing healthcare landscape, integrated
care models have been implemented in many countries (12).
Integrated care is generally defined as care which involves greater
coordination of health and social services, leading to seamless
and holistic management (13). Beyond process reorganization,
integrated care places the needs of an individual, a family and
a community at its center, shifting the approach from disease-
centric to person-centric. For the context of this paper, we
examined the inpatient aspect of integrated care, in which acute
and subacute care are integrated; hence, patients are managed
at one setting by one multidisciplinary team, usually led by a
generalist (14, 15). Integrated care programmes have been shown
to improve the quality of care, patient and caregiver satisfaction,
access and cost (12, 16).

In Singapore, the government has implemented various
initiatives over the years to provide highly efficient and enhanced
coordinated care. These initiatives include reorganization of
healthcare services into three integrated regional health systems,
increasing a primary care system’s capacity and establishing
national registries (17, 18). The regional health systems were
established to help reduce care fragmentation by including
institutions which span the entire health continuum, from acute
hospitals (AH) to community hospitals (CH), in each cluster.
The government envisioned a seamless transition across different
care settings via shared clinical pathways (19, 20). Nevertheless,
having acute and subacute care in separate institutions means
that patients still need to be transferred between different settings
when they transit between episodic acute care and subacute
rehabilitative care. Care across multiple sites not only leads to
transfer delays and avoidable bed-days, but gaps in knowledge
transfer and information sharing also exist between the sites and
care teams (17).

The current ecosystem in Singapore still focuses largely
on episodic care (21). To meet the evolving complex needs
of a population with a finite pool of manpower resources
and infrastructure capacities, new care models which offer
consolidated care in a highly efficient manner should be
explored. Although evidence indicates varying extents of success

of integrated care models, most studies were based in the
United States and Europe, with limited studies in Asia (12). The
current study evaluated a programme in which patients received
integrated care in a public hospital in Singapore. Findings from
this study could prove useful for other hospitals attempting to
implement such a care model in a similar context.

METHODS

Settings
“FAST” Programme
Since June 2018, “FAST” wards in Alexandra Hospital, National
University Health System, have operated on the basis of the
integrated general hospital (IGH) model which encourages
patients to move away from seeking care from multiple
specialists. The one-bed-one-team approach is adopted, and
patients are managed from one location by a multidisciplinary
team across the entire care continuum. This approach is made
possible by integrating acute and subacute inpatient care within
the same ward. A generalist-led team assesses patient acuity at
regular intervals, and the amount of clinical resources devoted
is adjusted accordingly in a dynamic manner. The acuity level
of a patient is loosely defined as L3 for acute care, L2 for
subacute care and L1 for rehab care, with L3 being equivalent
to AH care and L2/L1 being equivalent to CH care under the
usual care model. Lower acuity levels receive less contact time
with physicians (L1<L2<L3) but still receive daily management
by a nursing team with a lower intensity of monitoring. The
intention is to ensure that resources are allocated in an efficient
and cost-effective manner and patient care is uncompromised.

Usual Care
By contrast, usual care separates acute and subacute care,
with some hospitals having CHs co-located within the same
premise as an AH, whereas most hospitals do not. For AHs
that do not have co-located CHs, transfers of care between the
institutions are usually more cumbersome. In addition, patients
with multimorbidity are usually managed by separate specialists
instead of one multidisciplinary team. This has inadvertently
resulted in the fragmentation of care, in which patients must
be transferred from one team to another or from one facility
to another as they progress through their illness. Whilst IGH
optimizes resources by having nurse-led teams manage patients
with lower acuity, nurses in usual care play a more passive role in
patient management.

Study Design
Electronic medical records of patients, including demographic
variables, clinical indicators and financial factors, were extracted
from Ministry of Health’s national casemix datasets. Further
detailed financing and costs data were extracted from National
University Health System, one of the three regional health
systems in Singapore, which included data from IGH wards
in Alexandra Hospital, usual care general medicine wards in
National University Hospital (NUH, without co-located CH) and
usual care general medicine wards in Ng Teng Fong General

Frontiers in Public Health | www.frontiersin.org 2 March 2022 | Volume 10 | Article 779910154155

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Lai et al. Integrated General Hospital in Singapore

Hospital (NTFGH, with co-located Jurong Community Hospital,
JCH). All data were de-identified prior to analysis.

Comparisons were planned between IGH patients and two
separate groups of controls- Usual care with co-located CHs and
usual care without co-located CHs.

For phase one of analysis for primary outcomes, Ministry
of Health’s national casemix datasets from June 2018 to
March 2019 were used. Patients admitted under the IGH
wards were compared with patients receiving usual care with
data included in the de-identified national cohort from the
datasets. Propensity score matching was performed using
variables that included age, gender, race, residence type,
primary diagnosis, Charlson Comorbidity Index and procedures
undergone during hospitalization.

For phase two of analysis for secondary outcomes, financing
and costs data from National University Health System between
July 2018 and August 2019 were used. Patients admitted
under the IGH wards in Alexandra Hospital were compared
with patient cohorts from general medicine wards in NUH
and NTFGH. Propensity score matching was also performed
using variables that included age, gender, race, residence type,
primary diagnosis, Charlson Comorbidity Index and procedures
undergone during hospitalization.

Prior to propensity score matching, there were a total of 7,087
cases and more than 500,000 controls from national casemix
databases where both control groups were selected from. After
propensity score matching, a total of 5,000 episodes of IGH
care, 9,078 controls without co-located CHs and 7,919 controls
with co-located CHs entered analysis. In our propensity score
matching, unmatched IGH patients and controls were discarded
from the analysis. The quality of matching was evaluated by
analyzing the standardized percentage bias across the covariates,
which was satisfactorily and significantly reduced post-matching.

Data Analysis
Patient demographics and baseline characteristics were
summarized through descriptive statistics. Primary outcome
measures included the average length of stay (ALOS) and
30- and 60-days readmission rates, which were compared
between the matched intervention group and two groups of
usual care controls: (1) patients who received care in hospitals
with co-located CH and (2) patients who received care in
hospitals without co-located CH. Differences in ALOS between
intervention and control were calculated in number of days and
compared through T-test for each of the following categories:
(1) absence of care transition (patients with only L3 acuity
level in intervention vs.patients with only AH stay in control);
(2) heterogeneous care transition (patients with L3 to L2/L1
acuity transition in intervention vs. patients eligible for acuity
transition but not transferred to CH in control) and (3) presence
of care transition (patients with L3 to L2/L1 acuity transition
in intervention vs. patients transferred to CH in control).
Differences in 30- and 60-days readmission rates were compared
using one-way ANOVA.

Secondary outcome measures included productivity and
cost measures, specifically discharge rates to step-down care
services/acuity transition rates, hospitalization costs and service
utilization. These were performed among a subset of selected

cases and controls were further matched based on their care
trajectories- (1) patients without acuity transition, (2) patients
with acuity transition in IGH but no CH transfer in controls,
and (3) patients with acuity transition in IGH and CH transfer
in controls. Differences in care transition rates were reported
in proportions, hospitalization costs were analyzed to identify
cost drivers in intervention and control, and inpatient service
utilization was reported in ratios. Financial data showed that
the main cost drivers of hospitalization were room charges,
investigations and daily treatment fee. We used the hospitals’
daily treatment fees instead of hospitalization bill sizes as the
surrogate measure to account for manpower and equipment
resourcing because other fixed costs including room charges
accounted for in gross hospitalization bills were insignificantly
different across institutions. The differences in investigation costs
in the current analysis were also attributable to economies of scale
and logistics irrelevant for care model comparisons. All statistical
analyses were performed with Stata version 16 with P < 0.05
regarded as significant.

Ethics Approval
This study was approved by the National Healthcare Group
Domain Specific Review Board (Ref: 2020/00023).

RESULTS

Patient Characteristics
The characteristics of patients under IGH care and the two
subgroups of usual care controls are presented in Table 1.

TABLE 1 | Demographics of patients in different care models.

Patient characteristics Usual care

(without CH

co-location)

Usual care

(with CH

co-location)

IGH patients

No. of patients 9,078 7,919 5,000

Age, mean 69.0 68.1 70.4

Gender = Male 4,176 (46%) 3,722 (47%) 2,350 (47%)

Ethnicity

Chinese

Malay

Indian

Others

6,264 (69%)

999 (11%)

999 (11%)

817 (9%)

5,306 (67%)

1,029 (13%)

871 (11%)

713 (9%)

3,400 (68%)

600 (12%)

550 (11%)

450 (9%)

Housing

1–2 rooms flat

3–4 rooms flat

5-rooms and executive flat

Private housing

1,362 (15%)

5,356 (59%)

1,543 (17%)

817 (9%)

1,109 (14%)

4,672 (59%)

1,584 (20%)

554 (7%)

800 (16%)

2,950 (59%)

850 (17%)

400 (8%)

Average CCI score 3.2 3.2 3.2

Among those with SGO data

Live alone

Little/No interaction with family

(less than once a month)

Mobility-impaired

Need assistance to doctor

545 (6%)

272 (3%)

1,634 (18%)

2,633 (29%)

317 (4%)

158 (2%)

1,267 (16%)

2,138 (27%)

350 (7%)

200 (4%)

800 (16%)

1,450 (29%)

IGH, Integrated General Hospital; CH, Community Hospital; CCI, Charlson Comorbidity

Index; SGO, Silver Generation Office.
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Primary Outcomes
As shown inTable 2, though the 30- and 60-days AH readmission
rates of IGH patients were marginally higher than those of
patients under usual care, the values were not statistically or
clinically significant.

Figure 1 shows the ALOS comparison between IGH patients
and controls. Among patients without acuity transition, the
IGH acute care episodes (AH ALOS) was 0.7 days shorter than
that of patients under usual care in hospitals without CH co-
location. Among patients with acuity transition in IGH but no
CH transfer in controls, the IGH AH ALOS was 2 days shorter,
but subacute care episodes (CH ALOS) was 4.8 days longer,
indicating that for every AHday saved, there was a corresponding
additional two lower resourced CH days expended (with an
ALOS trade-off ratio of 1:2). Among patients with acuity
transition in IGH and CH transfers in controls, the IGH AH
ALOS was 10.2 and 6.4 days shorter and the CH ALOS was 26.9
and 15.8 days shorter compared with those of patients under
usual care in hospitals without CH co-location and with CH
co-location, respectively.

TABLE 2 | Readmission rates comparison between intervention and usual care.

Clinical outcomes Variables Usual care

(without CH

co-location)

Usual care (with

CH co-location)

AH readmission rates

within 30 days

IGH 16.5% 16.2%

Comparator 15.9% 14.6%

Difference +0.6% +1.6%

AH readmission rates

within 60 days

IGH 22.8% 22.6%

Comparator 23.2% 20.6%

Difference −0.4% +2.0%

IGH, Integrated General Hospital; AH, Acute Hospital; CH, Community Hospital.

Secondary Outcomes
The majority of IGH patients had medical diagnoses that were
commensurate with a significant proportion of regular general
medicine patients at other AHs. However, significant differences
in acuity transition rates existed. For the same diagnosis code,
41% of the patients in IGH underwent acuity transition from L3
to L2/L1, whereas only 1% of the patients under usual care were
discharged from AHs to CHs.

Table 3 shows the cost and productivity analyses categorized
by acuity transition. Cost categories included medication,
investigation, treatment services, consumables and consultation
fees accounting for approximately 30% of total costs. Amongst all
episodes, IGH and NUH’s costs were comparable (1%), whereas
NTFGH’s cost was significantly lower (22%). Among patients
without acuity transition, the IGH cost per episode was 8% lower
than that for usual care at NTFGH and 34% lower than that at
NUH. This difference was ascribed to the lower IGH ALOS (by 3
and 13%, respectively) and lower unit cost for IGH service items,
especially for daily treatment fee.

Among patients with acuity transition in IGH but no CH
transfer in controls, the IGH overall cost per episode was 38%
higher than that for usual care at NTFGH and 27% higher than
that at NUH. When analyzed by variable costs and care model
productivity by using daily treatment fee as surrogate, the IGH
cost was then 17.7 and 33.7% lower than those at NTFGH and
NUH, respectively, primarily because of the lower L3 daily cost
(Table 3). The cost trade-off ratio was ∼1:2, with one L3 day
under usual care equivalent to two L1/L2 days under the IGH
model. This cost trade-off ratio was similar to the ALOS trade-off
ratio of 1:2 indicated above. Thus, limited savings were achieved
from a lower IGH daily treatment fee. The relatively modest
productivity gain was also negated by larger cost drivers, such as
room charges, resulting in an overall higher hospitalization cost
for IGH. Among patients with acuity transition in IGH and CH
transfer in controls, the IGH overall cost per episode was 53%
lower than that for usual care at NTFGH and 162% lower than

FIGURE 1 | Average length of stay (days) comparison between intervention and usual care. IGH, Integrated General Hospital; AH, Acute Hospital; CH, Community

Hospital; ALOS, Average Length of Stay. ***P<0.001.
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TABLE 3 | Cost and productivity analyses between intervention and usual care.

IGH (Intervention) NUH (Usual care without

co-located CH

NTFGH (Usual care with

co-located CH)

Overall cost comparisons

No. of matched episodes 1,182

Cost per episode (% difference) $5,249 $5,315 (+1%) $4,075 (−22%)

Among patients without acuity transition

No. of matched episodes 619

Cost per episode (% difference) $3,247 $4,340 (+34%) $3,515 (+8%)

Among patients with acuity transition in IGH but no CH transfer in controls

No. of matched episodes 595

Cost per episode (% difference) $7,307 $5,370 (−27%) $4,509 (−38%)

Among patients with acuity transition in IGH and CH transfer in controls

No. of matched episodes 68 (vs. NUH)

112 (vs. NTFGH)

68 112

Cost per episode (% difference) $9,907 (vs. NUH)

$12,891 (vs. NTFGH)

$25,958 (+162%) $19,785 (+53%)

Productivity comparisons

IGH NUH NTFGH

Daily treatment fee

L1 $111 $280 $256

L2 $135

L3 $169

ALOS

Acute hospital/L3 3.2 5.4 5.2

Community hospital/L1.L2 4.8 - -

Overall cost

L3 cost $540.80

(3.2days x $169)

$1,512

(5.4days x $280)

$1,331.20

(5.2days x $256)

L1/L2 cost $590.40

(4.8days x $123)

- -

Total cost (% difference) $1,131.20 $1,512 (+33.7%) $1,331.20 (+17.7%)

IGH, Integrated General Hospital; NUH, National University Hospital; NTFGH, Ng Teng Fong General Hospital; CH, Community Hospital; ALOS, Average Length of Stay.

that at NUH, primarily driven by the much higher CH ALOS for
NUH and NTFGH patients.

DISCUSSION

Multi-Element Integrated Care Model
Many integrated care models have been implemented and
evaluated internationally (22). Studies which examined the
length of stay as an outcome have shown inconsistent evidence,
with some reporting a reduction, whereas others found an
insignificant effect (12). In our study, we found that the IGH
inpatient model resulted in an overall shorter ALOS. This finding
could be due to several differentiating elements of the IGHmodel.

Firstly, having one care team to overlook a patient’s entire care
continuum in the hospital instead of having multiple specialists
was proven more efficient without the need for case handovers
and duplicative investigations. Secondly, the IGHmodel reduced
administrative hassle and transfer delays by managing patients
from one location without the need to move patients physically
across institutions, resulting in timely and frictionless care

transition. Lastly, a seamless acuity transition process allowed
regular adjustment of patient acuity when a patient’s condition
improved or deteriorated during the care episode, contributing
to a smooth continuity of care. The interplay of these elements
contributed to decreased ALOS in IGH patients and reduced
cost per episode. This finding has been similarly demonstrated
in other studies that incorporated multiple elements into their
integrated care models (23).

Resource Optimisation Through Smooth
Acuity Transition
Our study found that for the same diagnosis code, much lesser
patients in usual care underwent care transition compared
with those under IGH care. This group of patients reflects
the potential pool of patients that an IGH model could have
an effect on because the only current mechanism to influence
acuity transition in usual care systematically is through an AH–
CH transfer. However, this mechanism is seldom meaningfully
practiced for vast majority of patients due to barriers in
transfer, complex transfer application and documentation and
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operational and financial frameworks at CHs (24, 25). Hence,
the implementation of an IGH model could result in process
optimisation and resource savings by targeting patients in a
high-risk group who have a high likelihood of undergoing
acuity transition. As demonstrated in the IGH model and
in the literature, this group could include patients who
have multimorbidity, low socioeconomic status and mobility
impairment and are older and living alone (26).

For patients requiring acuity transition, the current ALOS
trade-off ratio is similar to the cost trade-off ratio at 1:2, negating
the effects of any productivity gains and causing the overall
hospitalization cost to be high for IGH. The ALOS and cost trade-
off ratios should be maximized to make IGH financially favorable
compared with usual care. This objective can be achieved through
workforce substitution and increased efficiency in care transition.
A multidisciplinary team can efficiently match patients’ care
plans to their illness trajectories by familiarizing with the acuity
tagging system. This strategy allows service utilization to be
tagged to the right acuity levels and clinical resources to be
allocated in an efficient manner (14). Communication within the
care team and administrative protocols can also be improved to
achieve enhanced efficiency in care transition across acuity levels
(27). To yield further cost savings, an IGHmodelmay be explored
in CH-like settings and resources instead of acute care settings.

Lessons from this study suggested that the areas where
holistic integrated care models such as IGH model could
provide the greatest benefits are in whole-of-person care. Such
an approach reduced fragmentation and improved discharge
planning especially for the increasing proportion of general
medicine patients not requiring specialist care as a result of aging
population and rising chronic diseases. These patients could be
looked after by a generalist care team to allow for cost-effective
single-team holistic management.

Strengths and Limitations
The strengths of this study are that the data were extracted from
the national cohort and a comprehensive analysis was conducted
on a nationwide level including all public hospitals. This study
is also one of the few integrated care programmes in the region
which looked at the use of acuity labeling and its effects on
care outcomes and productivity. The limitations are that patients’
disease severity was not an outright variable in the propensity
score matching, considering that no standardized measurement
is available for disease severity across institutions. Some of
the large differences in ALOS observed, especially in group
3 comparison, could be magnified due to this poor matching
of disease severity. We tried to account for this limitation by
including variables which are equivalent predictors, such as the
Charlson Comorbidity Index, primary diagnosis and procedures
performed during the length of stay. In addition, while other
analyses such as cost-effectiveness could be useful to be carried
out, this retrospective study was limited by the amount and type
of extractable data available for review, with the aim of providing
early signals to the care model validation. The team would
be pursuing a follow-up prospective cohort study to further
validate the care model outcomes during hospitalization, as well
as potential benefits in post-discharge healthcare utilization.

Implications and Outlook
Findings from this study contribute to the global pool of evidence
validating this new model of care, especially in the Asian
context where evidence is scarce. Given that we build insights
into clinical efficiency, manpower sustainability and healthcare
financing, policy owners can make a highly informed decision
on hospital care redesign and whether such an integrated care
model is feasible and sustainable to be developed as mainstream
care in our ecosystem. Moving forward, the perspectives and
acceptability of patients, caregivers and various stakeholders of
this IGH model implementation should be explored. Beyond
inpatient care and hospital-based measures, the short- and
medium-term effects of the IGH care model could not be
evaluated in this retrospective analysis. Future studies, such as a
prospective cohort study, could provide additional insights into
the downstream effects of IGH and the degree of care integration
beyond hospital walls. Such areas as discharge planning, post-
discharge care experience, care continuity and post-discharge
utilization of healthcare resources are potential factors that will
contribute to a comprehensive IGH model.

CONCLUSION

The IGH care model has shown promising results in shortening
the ALOS of inpatients by providing a holistic and coordinated
management of their illnesses through a one-bed-one-team
approach. The IGH model has the potential to allow for
highly efficient care transition and resource optimisation
without compromising on the quality of patient care by
accurately and dynamically tagging a patient’s trajectory of
illness to appropriate acuity levels. Thus, general medicine
patients who require acuity transition, which is the majority
of inpatient load, should be the patient segment that the
IGH model focuses on to become a mainstream care
model that tackles the evolving complex healthcare needs
of patients.
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Statin Therapy for Hyperlipidemic
Patients With Chronic Kidney Disease
and End-Stage Renal Disease: A
Retrospective Cohort Study Based on
925,418 Adults in Taiwan
Fung-Chang Sung1,2,3†, Ying-Chin Jong4†, Chih-Hsin Muo2,5, Chih-Cheng Hsu1,6,7,
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Background: For non-dialysis patientswith hyperlipidemia, statinsmayprovide clinical benefits
in reducingmortality risk; however, the optimal treatment for dialysis patients with hyperlipidemia
remains debatable. We evaluated the mortality risks for hyperlipidemic patients with renal
disorders associated with statin therapy (ST), using the insurance claims data of Taiwan.

Methods: From hyperlipidemic patients diagnosed in 2000–2011, we identified 555,153
patients receiving statin treatment for at least 90 days continuously and 1,141,901 non-statin
users, and then randomly selected, from both groups, the propensity score-matched
subcohorts of statin users and nonusers in a 1:1 pair by renal function: 415,453 pairs with
normal renal function , 43,632pairswith chronic kidney disease (CKD), and 3,624pairswith end-
stage renal disease (ESRD). We compared the mortalities, by the end of 2016, from all causes,
cancer, heart disease, and septicemia between statin users and non-users and between
hydrophilic-statin users and lipophilic-statin users. The Cox method estimated ST users to
non-user hazard ratios. The time-dependent model was also conducted as sensitivity analysis.

Results: Themean ageswere 58.7 ± 10.7, 64.2 ± 10.7, and 62.2 ± 10.8 years in normal renal
function, CKD, and ESRD groups, respectively. Compared with non-users, statin users had
reduced mortality risks from all causes for 32%–38%, from cancer for 37%–46%, from heart
disease for 6%–24%, and from septicemia for 17%–21% in all three renal groups. The
hydrophilic statin therapywas superior than the lipophilic statin therapy, particularly for reducing
deaths from all-causes and cancer. The results under the time-dependent model were similar.

Conclusion: Statin therapy is associated with reduced all-causes and non-cardiovascular
mortality in ESRD patients.

Keywords: cancer, chronic kidney disease, end-stage renal disease, heart disease, mortality, propensity-score,
septicemia, statins
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INTRODUCTION

The mortality is higher in dialysis patients than in the general
population, approximately 16-fold higher for the US patients and 5-
fold higher for Japanese patients (De Jager et al., 2009; Wakasugi
et al., 2013). The main causes of deaths for patients with end-stage
renal disease (ESRD) included cardiovascular disease (CVD),
infection, cancer, and dialysis withdrawal (Den Hoedt et al., 2013;
Vogelzang et al., 2015; Steenkamp et al., 2018). CVD has been the
leading cause of deaths. However, the UK Renal Registry Annual
Report indicated that the deaths from CVD decreased from 34% to
24% in 2000–2015 in adult dialysis patients (Steenkamp et al., 2018).
The proportion of non-cardiovascular deaths for ESRD patients was
increasing, especially in the elderly group (Den Hoedt et al., 2013;
Vogelzang et al., 2015). The study from the ERA-EDTA registry
showed an 82-fold increase in infection-related mortality and a near
3-fold increase in cancer-related mortality for dialysis patients
compared to the general population (Vogelzang et al., 2015).

Statins are the first-line lipid-lowering medications for the
patients of chronic kidney disease (CKD) with hyperlipidemia.
Statin therapy (ST) could reduce deaths and CVD for 20% in CKD
patients not requiring dialysis (Palmer et al., 2014). However, the
optimal treatment for dialysis patients with hyperlipidemia remains
inconclusive. For hemodialysis (HD) patients, Manson et al.
reported that ST could reduce the mortality risks from all
causes for 31%, from cardiac disease for 23%, and from
noncardiac diseases for 44% (Fellstrom et al., 2009). In two
randomized control trials, the AURORA study and the 4D (Die
Deutsche Diabetes Dialyse) study, focusing on dialysis cohorts,
found that rosuvastatin and atorvastatin could effectively reduce
the serum levels of low-density lipoprotein cholesterol. However,
both studies failed to observe the clinical benefits in reducing CVD
mortality, all-cause mortality (ACM), and cardiovascular events
(Wanner et al., 2005; Fellstrom et al., 2009). A meta-analysis has
commented that ST contributed little benefits on mortality in
dialysis adults (Palmer et al., 2013). In the post-hoc analyses of
these two trials, the AURORA investigators remodeled the study
design and found a 32% risk reduction from cardiac events in those
with rosuvastatin treatment for patients with diabetes alone
(Holdaas et al., 2011). For diabetic dialysis patients with
pretreatment LDL-cholesterol >145 mg/dl in the 4D trial, März
et al. reported that atorvastatin treatment could reduce 28%–52% of
the risk for composite cardiovascular outcomes, cardiac deaths, and
all-cause deaths (März et al., 2011). Recent studies using real-world
data showed that ST could reduce the ACM for dialysis patients,
particularly for HD patients (De Rango et al., 2016; Chung et al.,
2017; Kim et al., 2018; Ota et al., 2019). A recent Korean
population-based study found that ST was associated with
reduced ACM for over 41% in HD patients (Jung et al., 2020).

Previous studies rarely used population-based data to examine
simultaneously the effectiveness of ST associated with deaths
from different causes for hyperlipidemia patients with renal
disorders. We, therefore, used insurance claims data to
investigate the effectiveness of ST in reducing the death risks
not only from all causes but also from cancer, heart disease, and
septicemia, for hyperlipidemic patients with kidney disorders,
including patients with CKD and ESRD, compared with

hyperlipidemic patients with normal renal function (NRF).
Furthermore, the effectiveness between using hydrophilic
statins (HSs) and lipophilic statins (LSs) was compared.

MATERIALS AND METHODS

Data Source
We obtained the data from the Ministry of Health and Welfare
Health and Welfare Data Science Center database, consisting of the
National Health Insurance Research database (NHIRD) and the
death registry of all insured people in Taiwan. NHIRD was
composed of the information on the medical records of
outpatient and inpatient claims for all residents in Taiwan. The
death registry was composed of the information on the demographic
status and cause of death of each deceased. These data sets were
linked by recoded identifications to protect the privacy of the
insured population. Drug and disease classifications conformed
to the Anatomical Therapeutic Chemical (ATC) Classification
System and the International Statistical Classification of Diseases
and RelatedHealth Problems [9th Revision (ICD-9) before 2016 and
10th Revision (ICD-10) since 2016].

Study Population Selection
ST cohort. We identified from the NHIRD 4,638,044 the patients
with hyperlipidemia who were newly diagnosed in 2000–2011 in
Taiwan. Among these patients, 812,024 patients who had received
ST for at least 90 days continuously were selected for the potential
cohorts with ST (Figure 1). The 91st day with STwas defined as the
index date to address immortal time bias. We excluded patients
aged <40 or >80 (n = 71,482), patients with the history of ESRD or
CKD for less than 90 days (183,486), patients with HIV (n = 436),
patients with kidney transplant history (n = 728), and ESRD
patients without dialysis information (n = 739). The remaining
555,153 patients eligible for the ST cohort were stratified into three
subcohorts by the renal function: the subcohorts of patients with
NRF, with CKD, and with ESRD. Patients without the diagnosis of
CKD and ESRD were selected in the NRF group.

Non-ST cohort. From 2,449,148 patients with hyperlipidemia,
but without ST, we identified 1,141,901 patients eligible for the
non-ST cohort, applying the similar exclusion criteria to the
corresponding ST cohort. Likewise, we categorized them into
three groups by the renal function: NRF, CKD, and ESRD groups
(Figure 1). From each of these three groups, we further randomly
selected a non-ST subcohort, as a comparison, corresponding to
the specific ST subcohort with a 1:1 ratio, matched by the index
date and propensity score (PS). The PS was calculated by
multivariable logistic regression, including the variables of age,
gender, monthly income, living areas, comorbidities, year
hyperlipidemia diagnosed, and index date for NRF group. In
the CKD group, we added the CKD diagnosis-year for
adjustment. In the ESRD group, we further added ESRD
diagnosis-year and HD for adjustments.

Ethic Statement
All personal identifications in the database had been scrambled and
replaced with surrogate numbers before data were released to
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researchers to protect privacy. This study was approved by the
Research Ethics Committee at China Medical University and
Hospital (CRREC-107-021) and Ditmanson Medical Foundation
Chiayi ChristianHospital (CYCH-IRB-2019063). Because personal
privacy was protected from the claims data, the requirement for
patient consent was waived. This study was conducted in
accordance with the ethics code of the Declaration of Helsinki.

Outcome and Comorbidity
All study subjects were followed from the index date until death,
withdrawal from the insurance, or the end of 2016. The primary
outcomes were ACM and three other cause-specific deaths from
cancer, heart disease, and septicemia, retrieved from the death
registry. Mortalities were compared between patients with and
without ST for the three renal groups. Comorbidities including
diabetes, hypertension, peripheral arterial occlusive disease,
ischemic heart disease, hepatitis B infection, hepatitis C infection,
and stroke were considered as covariates. All comorbidities were
defined by clinical diagnosis within 2 years before the index date.

Statistical Analysis
The baseline distributions of the demographic status and
comorbidities between each paired subcohort with and
without ST in each NRF, CKD, and ESRD group were
compared. We calculated the standardized difference of each
variable between each paired subcohort. The Kaplan–Meier

method calculated and plotted proportional survivals and
compared (A) between statin users and nonusers (B) among
HS (pravastatin and rosuvastatin) users, LS (including
simvastatin, lovastatin, fluvastatin, atorvastatin, cerivastatin,
and pitavastatin) users, and nonusers. The ACM rate and each
cause specific mortality rate were calculated for each subcohort:
the sum of deaths divided by the sum of follow-up years (person-
years). We used Cox proportional hazards regression analysis to
estimate the ST subcohort-to-non-ST subcohort adjusted hazard
ratio (aHR) and a 95% confidence interval (CI) of mortality after
controlling for covariates. We further compared the age-specific
mortality rates between the ST users and non-users by cause and
the renal function group. In order to estimate the short-term
impact of ST, we also used a time-dependent Cox regression
model to estimate the age-specific ST users to non-user aHRs. All
statistical tests were two sided, and the statistical significance was
defined as p-value <0.05. We used SAS, version 9.4 (SAS Institute,
Cary, NC, United States) to conduct data analyses.

RESULTS

We established three pairs of ST subcohort and non-ST
subcohort by the renal function: 415,453 pairs in the NRF
group, 43,632 pairs in the CKD group, and 3,624 pairs in the
ESRD group (Figure 1). The CKD groups were older with more

FIGURE. 1 | Flow chart for establishing study cohorts.
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TABLE 1 | Demographic and clinical characteristics of statin cohort and propensity-score matched non-statin cohort in patients with NRF, CKD, and ESRD.

Variable Normal renal function Non-dialysis CKD ESRD Standardized
differenceNon-statin

N = 415,453 n %
Statin

N = 415,453 n %
Standardized
difference

Non-statin
N = 43,632 n %

Statin
N = 43,632 n %

Standardized
difference

Non-statin
N = 3,624 n %

Statin
N = 3,624 n %

Age, mean (SD) 58.7 (10.7) 59.3 (9.94) 0.059 64.2 (10.7) 64.1 (9.99) 0.010 62.2 (10.8) 61.8 (9.89) 0.035
Men, n (%) 199,414 48.0 194,026 46.7 0.026 23,968 54.9 22,680 52.0 0.059 1,690 46.6 1,605 44.3 0.047
Income, NTD
≤19,200 108,710 26.2 111,341 26.8 0.014 12,795 29.3 12,702 29.1 0.005 1,128 31.1 1,112 30.7 0.010
19,201–21,000 127,763 30.8 127,228 30.6 0.003 14,600 33.5 15,055 34.5 0.022 1,188 32.8 1,220 33.7 0.019
21,001–34,800 83,391 20.1 82,112 19.8 0.008 7,861 18.0 7,648 17.5 0.013 734 20.3 710 19.6 0.017
>34,800 95,589 23.0 94,772 22.8 0.005 8,376 19.2 8,227 18.9 0.009 574 15.8 582 16.1 0.006

Living area
Northern 18,8952 45.5 192,093 46.2 0.015 16,887 38.7 17,072 39.1 0.009 1,437 39.7 1,440 39.7 0.002
Central 78,779 19.0 77,074 18.6 0.011 9,401 21.6 9,425 21.6 0.001 743 20.5 728 20.1 0.010
Southern 121,452 29.2 118,696 28.6 0.015 14,833 34.0 14,438 33.1 0.019 1,232 34.0 1,231 34.0 0.001
Eastern and offshore islands 26,270 6.32 27,590 6.64 0.013 2,511 5.75 2,697 6.18 0.018 212 5.85 225 6.21 0.015

Comorbidity, n (%)
DM 125,511 30.2 132,964 32.0 0.039 15,163 34.8 16,721 38.3 0.074 1,887 52.1 1,876 51.8 0.006
Hypertension 181,994 43.8 182,661 44.0 0.003 25,396 58.2 25,146 57.6 0.012 2,495 68.9 2,473 68.2 0.013
PAOD 8,899 2.14 9,254 2.23 0.006 1,516 3.47 1,550 3.55 0.004 314 8.66 326 9.00 0.012
IHD 57,994 14.0 64,611 15.6 0.045 8,688 19.9 9,367 21.5 0.038 1,242 34.3 1,245 34.4 0.002
HBV 7,516 1.81 7,041 1.69 0.009 835 1.91 662 1.52 0.031 119 3.28 118 3.26 0.002
HCV 3,219 0.77 2,744 0.66 0.014 572 1.31 459 1.05 0.024 130 3.59 132 3.64 0.003
Stroke 17,002 4.09 22,993 5.53 0.067 3,050 6.99 3,584 8.21 0.046 291 8.03 299 8.25 0.008
Cancer 15,432 3.71 13,985 3.37 0.019 2,595 5.95 2,133 4.89 0.047 299 8.25 281 7.75 0.018

Hemodialysis 3,243 89.5 3,177 87.7 0.057

Abbreviations: CKD, chronic kidney disease; ESRD, end-stage renal disease; DM, diabetes mellitus; PAOD, peripheral arterial occlusive disease; IHD, ischemic heart disease; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection
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men than the groups of NRF and ESRD (Table 1). The
distributions of income, living area, and comorbidities were
similar between each pair of subcohorts. However, the CKD
groups and ESRD groups were more likely from lower-income

households in central and southern Taiwan and were more
prevalent with comorbidities.

Kaplan–Meier plots showed that the survival probability was
the highest in the NRF group, followed by the CKD group, and

FIGURE. 2 | Cumulative survival probability among three renal groups. Comparisons of all-cause death in patients with statin therapy versus non-statin therapy (A)
and with hydrophilic statin versus lipophilic statin (B). CKD, chronic kidney disease; ESRD, end-stage renal disease.
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the lowest in the ESRD group, higher in the ST subcohort than
in the non-ST subcohort in all three renal groups (Figure 2).
The survival probability was higher for HS users than for LS
users in NRF and CKD groups, but similar to LS users in the
ESRD group.

Table 2 shows that ACM and the other three cause-specific
mortality rates were substantially greater for patients with ESRD
than for those with CKD and NRF in both statin and non-statin
subcohorts. The ACM mortality in ESRD patients was 154.6 per
1,000 person-years in the non-ST subcohort and 104.6 per
1,000 person-years in the ST subcohort, with an aHR of 0.68
(95% CI = 0.64–0.72) for the ST users. The corresponding ACM
rates in CKD patients were 56.4 versus 35.9 per 1,000 person-
years, with an aHR of 0.64 (95% CI = 0.62–0.65) for the ST users.
The corresponding ACM rates in the NRF group were 22.6 versus
13.9 per 1,000 person-years, with an aHR of 0.62 (95% CI =
0.60–0.63) for the ST users. The mortality rates of hyperlipidemic
patients with cancer, heart disease, and septicemia were all lower
for ST users than for non-ST users in the three renal groups.
However, the ST users to non-users aHR of death from heart
disease were not significant for ESRD patients.

The results from the time-dependent Cox regression analysis
showed that the short-term impact of ST was also associated with
the reduced aHRs of deaths, which is also significant for ACM
and cancer deaths (Supplementary Table S2). The aHR of ACM
for ST users with an ESRD of 40–59 years old was 0.33 (95% CI =
0.28–0.40), which was reduced slightly to 0.31 (95% CI =
0.26–0.37) for 70–80 years old. However, the short-term effect
of ST on deaths from heart disease and septicemia in 40–59 years
old with NRF was not significant. The treatment effects of ST

were also not significant on deaths from heart disease for older
patients with ESRD.

Figure 3 shows, in general, that the ST treatment effectiveness
was superior in HS users than in LS users, with lower mortality
rates frommost types of death compared with nonusers. All aHRs
were significant for deaths from all causes and from heart disease.
For ACM in the ESRD group, the mortality rate for HS users was
51 per 1,000 person-years lower than that for non-statin patients,
with an aHR of 0.68 (95% CI = 0.62–0.74). For patients with NRF
or CKD, the hazards of deaths from heart disease were
significantly reduced in HS users but not in LS users. The ST
treatment effectiveness was superior in HS users than in LS users
for reducing deaths from septicemia in the NRF and CKD groups.

DISCUSSION

Findings
Our data showed that hyperlipidemic dialysis patients receiving
ST were significantly associated with reduced mortality hazards
for 32% from ACM, for 37% from cancer, and for 31% from
septicemia-related events, whereas the benefit of reducing deaths
from heart disease was less obvious (Table 2). The dialysis
patients receiving HS or LS were also associated with reduced
risks of deaths from ACM and cancer. The beneficial effects on
deaths from ACM were similar for using HS and LS, whereas the
reduction effect on deaths from cancer was slightly greater for
using HS than using LS (Figure 2 and Figure 3). Our age-specific
data showed that the ACM rate increased with age
(Supplementary Table S1). However, statin users’ to non-

TABLE 2 | Mortality compared between statin users and non-users by cause and renal group.

Outcome Non-statin Statin aHR
(95%CI)Event no. PYs Rate, per

1,000 PYs
Event no. PYs Rate, per

1,000 PYs

All-cause death
Normal renal function 73,560 3,249,626 22.6 54,517 3,916,082 13.9 0.62 (0.60–0.63)b

Non-dialysis CKD 15,377 272,621 56.4 11,642 324,339 35.9 0.64 (0.62–0.65)b

ESRD 2,278 14,734 154.6 2,186 20,904 104.6 0.68 (0.64–0.72)b

p for trend <0.0001 <0.0001
Cancer death
Normal renal function 23,821 3,249,626 7.33 15,868 3,916,082 4.05 0.56 (0.55–0.57)b

Non-dialysis CKD 3,226 272,621 11.8 2,078 324,339 6.41 0.54 (0.51–0.57)b

ESRD 231 14,734 15.7 204 20,904 9.76 0.63 (0.52–0.75)b

p for trend <0.0001 <0.0001
Heart disease death
Normal renal function 7,214 3,249,626 2.22 8,196 3,916,082 2.09 0.94 (0.91–0.97)b

Non-dialysis CKD 1,780 272,621 6.53 1,825 324,339 5.63 0.86 (0.80–0.91)b

ESRD 228 14,734 15.5 291 20,904 13.9 0.89 (0.74–1.06)
p for trend <0.0001 <0.0001

Septicemia death
Normal renal function 1,100 3,249,626 0.37 1,033 3,916,082 0.26 0.75 (0.69–0.82)b

Non-dialysis CKD 307 272,621 1.13 308 324,339 0.95 0.83 (0.71–0.97)a

ESRD 73 14,734 4.95 71 20,904 3.40 0.69 (0.50–0.95)a

p for trend <0.0001 <0.0001

CKD, chronic kidney disease; ESRD, end-stage renal disease; PYs, person-year; aHR, adjusted hazard ratio and CI, confidence interval, estimated controlling for age, gender, and all
comorbidities.
ap < 0.05
bp < 0.001
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users’ aHR of deaths from ACM and from other causes tended to
decrease with age. These data suggested that the treatment
effectiveness of statins might exert a greater impact in the
death risk reduction for the elderly than for youngsters.

A simulated 4D trial of ST on diabetic ESRD patients also
reported significant cardiovascular benefits for those with the
therapy (Chan et al., 2010). This simulated observational trial
may help in providing evidence to develop potential studies on
treatment effectiveness. Several recent studies using real-world
data have also reported the ST benefit in the associations with
reduced ACM for patients undergoing HD (De Rango et al., 2016;
Chung et al., 2017; Kim et al., 2018; Jung et al., 2020). An Italian
study comparing the ACM risk between HD patients with ST (n =
127) and without ST (n = 232) found that ST reduced the risk for
nearly 50%, 5 years after a vascular access operation (De Rango
et al., 2016). A population-based study in Taiwan comparing 790
pairs of HD patients with and without ST after acute MI episodes
found the ACM risk reduced for 24%–30% in ST users (Chung
et al., 2017). A Korean population-based study found that ST was
associated with 46% reduced risk of composite cardiovascular
events, including ACM (Kim et al., 2018). Another Korean
population-based observational study revealed that in adult

HD patients, statin and ezetimibe combined treatment was
associated with a halved risk of ACM (Jung et al., 2020).
These reports support our research findings relating to ACM
in dialysis patients.

The increasing noncardiovascular deaths in ESRD patients in
recent years, especially in the elderly, have attracted attention
(Den Hoedt et al., 2013; Vogelzang et al., 2015; Steenkamp et al.,
2018). In Taiwan, infection and cancer are the major non-
cardiovascular causes for the cost of admission healthcare for
dialysis patients (Hsu, 2020). Studies have reported that statins
possess anti-inflammatory capacities and ST was associated with
improved survival in patients with Gram-positive or Gram-
negative bacterial infections and sepsis (Ou et al., 2014; Mehl
et al., 2015; Ouellette et al., 2015; Shrestha et al., 2016; Caffrey
et al., 2017). A propensity-score matched data analysis found that
the high-potency statin was associated with a lower risk of sepsis-
related mortality than low-potency statin uses (Ou et al., 2014). A
meta-analysis based on six cohort studies with 7,553 patients of
bacterial infection without renal dysfunction showed that ST
could reduce the mortality risk for nearly 30% (Shrestha et al.,
2016), although, in a systemic study, Collins et al. have a different
perspective and commented the absence of evidence that ST

FIGURE. 3 | Mortality rates from all causes, cancer, heart disease, and septicemia and aHRs in patients using hydrophilic statins, lipophilic statins, and nonusers
among three renal groups.
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provided clinical benefits in non-cardiovascular health outcomes
such as cancer or infection (Collins et al., 2016).

However, recent studies provided more evidence of the clinical
benefits of ST in noncardiovascular conditions. For cancer
patients, evidence has revealed that adherence to ST is
essential to achieve the beneficial effects (Lee et al., 2020; Feng
and Qin, 2021; Okada et al., 2021). A Korean population-based
retrospective cohort study found that the treatment effectiveness
of ST relied on good statin adherence (Lee et al., 2020); poor
adherence is associated with an increased risk of deaths from
cancer or CVD, with the HR of nearly 1.3 compared to patients
with good adherence. An Australian Cancer database study
reported that good adherence to lipid-lowering medications
was associated with reduced mortality from breast cancer,
colorectal cancer, or melanoma (Feng and Qin, 2021). A
Japanese study with 2,536 patients of type 2 diabetes reported
that ST was associated with a 40% reduction in cancer mortality
(Okada et al., 2021).

Statins are medicines effective in inhibiting the enzyme
HMG-CoA reductase and the following mevalonate/
isoprenoid pathways, exerting pleiotropic effects but widely
used as lipid-lowering medications (Ahmadi et al., 2017).
With anti-inflammatory effects, statins can inhibit the
production of TNFa and IL-6 by mast cells, and activate the
endothelial cells, exerting antioxidant effects (Nseir et al., 2010).
With pleiotropic effects, the anti-inflammatory and
antiproliferative properties of statin might partially explain
the clinical benefits (Barbalata et al., 2020). Besides, prolific
basic lab researches have provided strong evidences supporting
the anti-cancer effects of statins, which may block diverse
carcinogenic pathways (Bonsu et al., 2016). These might be
the proposed mechanism of protection of statins for the
reduction of all-cause mortality and non-CVD mortality.

A previous research comparing the mortality associated with
HS and LS was conducted mainly in non-CKD patients with
CVDs, with inconsistent findings. One meta-analysis reported
that the LS medication is associated with reduced ACM and
cardiovascular mortality in patients with congestive heart failure
(Bonsu et al., 2016). A meta-analysis and a randomized trial
reported the similar treatment effectiveness of the medications of
HS and LS on major adverse cardiac events (Izawa et al., 2015;
Bytyçi et al., 2017). Another PS-matched retrospective cohort
study using the insurance data of Taiwan found a greater ACM
risk reduction in patients receiving HS than in LS users for 35%
(Chung et al., 2018), which is similar to our finding in the
NRF group.

It is also noteworthy in our study that the treatment
effectiveness of ST in reducing deaths from heart disease was
not significant for the ESRD group, whereas in NRF and CKD
patients, the ST effectiveness was significant by providing nearly a
30% risk reduction. These findings in non-ESRD group are
agreeable to current literature (Palmer et al., 2014). In patients
with ESRD, there is a complicated cardiovascular pathogenesis
process, involving vascular calcification in both intimal and
medial layers, sympathetic hyperactivity, and myocardial
fibrosis, leading to a complicated cardiovascular scenario and
poor response to a certain therapy that is helpful to non-dialysis

groups (Santoro and Mandreoli, 2014; Laucyte-Cibulskiene et al.,
2018).

Limitations
There are several limitations in our research. First, this is an
observational study retrieving the information of patients from a
secondary database. Due to the characteristics of the database,
certain key information such as lab data and a personal lifestyle of
smoking, dietary habits, and exercise was unavailable for
adjustment in the data analysis. In order to reduce potential
bias and the confounding effects of these factors, we addressed
immortal time bias and conducted a time-variable model analysis.
We used PS matching to establish study cohorts to reduce the
personal variations and effects of comorbidities, even though
residual confounding effects may be present since we did not
adjust for lab data. Furthermore, the information on the exact
patient medication compliances was unavailable for adjustment
as well. Second, our research was conducted in a Taiwanese
population-based setting; the generalizability to other ethnical
cohorts or healthcare systems might be limited. Lastly, we used a
death registry to retrieve the data of heart disease death as a proxy
for cardiovascular death. Although the death registry provides
highly accurate information about the causes of death, heart
disease deaths included some deaths other than the scenario of
major cardiovascular death, which might contribute a bias in the
risk measurement.

Strength
There are strengths in our study. The sample sizes of the study
cohorts were very large, allowing us to conduct a comprehensive
stratification analysis and adjustment without jeopardizing the
power of analysis. Our study investigated the effectiveness of ST
on the association with mortality risks in three different renal
groups. The mortality risk reductions in patients with NRF and
CKD were consistent with current evidences (Palmer et al., 2014;
Lin et al., 2020). The sample sizes of most previous studies were
likely not large enough to include patients with ESRD for analysis.
To the best of our knowledge, no previous study has ever
evaluated simultaneously the risks of death not only from all
causes but also from cancer, heart disease, and septicemia.
Septicemia deaths are relatively rare compared to other causes.
Our sample is large and enables us to observe the effectiveness of
ST in reducing the mortality from septicemia, even for patients
with ESRD. Previous studies rarely compared the treatment
effectiveness between HS and LS for all these causes. Our
study demonstrated that the effectiveness of HS might be
superior than LS. However, our reports shed light on further
studies to investigate the mechanisms leading to the variety of
effectiveness of ST in patients with and without renal dysfunction.

The findings from the present study could derive clinical
implications. First, the absence of a significant clinical benefit
from ST in reducing the mortality from heart disease in the ESRD
group indicates the complicated cardiovascular scenario in ESRD
and potential harmful effects associated with ST. Both factors call
for the need for novel and more promising lipid-lowering
medications, such as proprotein convertase subtilisin/kexin
Type 9 (PCSK9) inhibitors. We confirmed the efficacies and
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indications of ST as an effective lipid-lowering medication for
hyperlipidemic dialysis patients, preferably in the older
population. Clinicians might need to have a thorough
understanding on statins, especially in caring for dialysis
patients with effective statin products. Second, the high need
for an effective treatment for ESRD calls for more studies.
However, the research with an RCT is under financial
constraints. Observational studies help to provide clues for
further evidence. Our findings may pave the way for
investigating the evidence with which the relationship between
statins and ESRD patients might be delineated.

CONCLUSION

Patients with ESRD receiving ST are at reduced risks for deaths
from all causes, cancer, heart disease, and septicemia but not
significant for deaths from the heart disease. The medication
with HS is likely associated with better death risk reduction than
the medication of LS. The age-specific analysis results suggest
that the ST is appropriate for the elderly patients. Further large-
scale prospective trials are needed to confirm our preliminary
findings.
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Objective: Due to the initiation of the priority review program in China, many antitumor drugs
have been approved for marketing based on phase II clinical trials and short-term surrogate
endpoint indicators. This study used approved targeted drugs for the treatment of non-small-
cell lung cancer (NSCLC) in China as an example to evaluate the association between short-
term surrogate endpoints [objective response rate (ORR) and disease control rate (DCR)] and
median progression-free survival (mPFS) and median overall survival (mOS).

Methods: Five databases, i.e., MEDLINE, Embase, Cochrane Library, China National
Knowledge Infrastructure (CNKI), and Wanfang Data were searched, for phase II or phase
III clinical trials of all molecular targeted drugs that have been marketed in China for the
treatment of NSCLC. After screening the literature and extracting information, both univariate
and multivariate linear regression were performed on the short-term surrogate indicators and
mPFS and mOS to explore the relationship.

Results: A total of 63 studies were included (25 studies with only ORR, DCR, and mPFS and
39 studies with ORR, DCR, mPFS, andmOS). In terms of the targeted drugs for the treatment
of NSCLC, in addition to the good but not excellent linear relationship between DCR andmOS
(0.4 < R2

adj = 0.5653 < 0.6), all other short-term surrogate endpoint indicators had excellent
linear relationships with mPFS and mOS (R2

adj≥0.6), while mPFS and mOS had the most
excellent linear relationships (R2

adj = 0.8036).

Conclusion: For targeted drugs for the treatment of NSCLC, short-term surrogate endpoint
indicators such as ORR and DCR may be reliable surrogate indicators for mPFS and mOS.
However, whether short-term surrogate endpoint indicators can be used to predict final
endpoints remains to be verified.

Keywords: malignant tumor, short-term surrogate endpoint, median progression-free survival, median overall
survival, non-small-cell lung cancer
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INTRODUCTION

Malignant tumors are a high-risk factor for death and severely hinder
increases in the average life expectancy of the population (1). They are
the leading cause of death in the urban population. In 2019,
approximately 25.73% of urban population deaths in China were
caused by malignant tumors, with a mortality rate of approximately
161.56/100,000 people (2). In 2018, there were 3.804 million new
cases ofmalignant tumors in China, accounting formore than 20%of
the global cases. The incidence of malignant tumors was 278.07 per
100,000 people, and the mortality rate was 167.89 per 100,000 people
(Ma and Yu, 2020).Malignant tumors seriously threaten the lives and
health of people. From the perspective of disease burden, malignant
tumors have caused a substantial loss of disability-adjusted life years
(DALYs). Studies have shown that (3) the proportion of DALYs
caused by trachea, bronchus, and lung cancers was 4.1% of the total
DALYs, ranking fourth only after stroke (11.9%), ischemic heart
disease (8.1%), and chronic obstructive pulmonary disease (5.5%).
From the economic burden perspective, the average medical costs for
malignant tumor patients are increasing year by year. In 2005, the
average cost of a single hospitalization for discharged patients in
China was 10,777 yuan (RMB), increasing to 13,322 yuan in 2011,
15,672 yuan in 2013, and 17,567 yuan in 2016 (Wei-jing and xiao-lu,
2019).

To increase patients’ accessibility to new drugs and to
improve the quality of life, the National Medical Products
Administration (NMPA) in China launched a priority review
program to allow more innovative drugs to be approved as soon
as possible to bring patients with malignant tumors benefits.
The NMPA priority review processes mainly include three
policies: one review process for breakthrough therapeutic
drugs, one review process for the conditional approval of
drugs for marketing, and one priority review process for drug
marketing authorization (Adminstration, 2020). The priority
review program greatly shortens the time to market for some
new anticancer drugs which often focus on the rare targets, and
many of them do not have abundant clinical data based on
Chinese patients. Many of these clinical studies are often single-
arm with a small sample size and short follow-ups, and even
primary endpoint indicators such as progression-free survival
(PFS) and overall survival (OS) were not reported.

Table 1 summarized the reported status of clinical trial
indicators for anticancer drugs approved in China from 2017
to November 2021. An increasing number of drugs were
approved using only short-term surrogate endpoint indicators.
Among them, only 16 new drugs reported both PFS and OS data.
However, the lack of primary endpoint indicators causes
challenges in reliably determining the safety and efficacy of
anticancer drugs and, likewise, poses a significant challenge for
economic evaluations. In the economic evaluation of anticancer
drugs, the partitioned survival model (PSM) and the Markov
model are most popular model types (Rui et al., 2021). The
construction of both the PSM and the Markov model requires the
support of mature PFS and OS data (6). Therefore, when only
short-term surrogate endpoint indicators available, it is worth
investigating whether there is a significant relationship between
such indicators and primary endpoint indicators.

To explore this issue, this study will use clinical trials related
to targeted therapy for the treatment of NSCLC approved in
China as an example to explore the correlation between short-
term surrogate endpoint indicators and primary endpoint
indicators.

MATERIALS AND METHODS

Literature Search Strategy
Chinese and English databases and platforms were searched for
Phase II or phase III clinical trials of molecular targeted drugs for
the treatment of NSCLC. The Chinese search included China
National Knowledge Infrastructure (CNKI) and Wanfang Data.
The English search included MEDLINE through the PubMed
search platform, Embase, and the Cochrane Library. The date
ranges for the searches were from the establishment of the
databases to 20 March 2021. The searches were based on a
combination of subject headings and free-text. Chinese search
terms and English search terms included non-small-cell lung
cancer and clinical trial, among other terms. The English search
strategy was shown in the supplementary materials.

Inclusion and Exclusion Criteria
The inclusion criteria for this study were as follows: (Bray et al., 2021)
phase II or phase III clinical trials, including single-arm clinical trials
and placebo-controlled clinical trials (Ma and Yu, 2020); patients
diagnosed with NSCLC by laboratory tests, imaging examinations
and clinical signs and symptoms (Wei-jing and xiao-lu, 2019);
intervention measures that included molecular targeted drugs for
the treatment of NSCLC approved for marketing in China as of
March 2021, including gefitinib, erlotinib, icotinib, crizotinib,
dacomitinib, afatinib, osimertinib, almonertinib, alectinib, ceritinib,
brigatinib, lorlatinib, selpercatinib, entrectinib, dabrafenib +
trametinib, erlotinib + linsitinib, erlotinib + pazotinib, erlotinib +
sorafenib, and anlotinib (Adminstration, 20202020); short-term
surrogate endpoint indicators included ORR or DCR; and (Rui
et al., 2021) primary endpoint indicators included median
progression-free survival (mPFS) and median overall survival
(mOS). The exclusion criteria for this study were as follows: (Bray
et al., 2021): duplicate literature (Ma and Yu, 2020); non-Chinese or
non-English literature (Wei-jing and xiao-lu, 2019); conference
abstract (Adminstration, 20202020); trials other than phase II or
phase III clinical trials (Rui et al., 2021); no simultaneous reporting of
DCR, ORR, and mPFS; and (Coyle and Coyle, 2014) intervention
measures that included molecular targeted drugs combined with
other types of therapeutic measures.

Literature Screening and Data Extraction
Two researchers independently screened the literature, extracted
the data, and cross-checked the data. Disagreements were
resolved through consultation with a third party. Data
extraction mainly included ① basic characteristics of the
included studies (title, authors, year, etc.); ② sample size of
each group; ③ treatment measures and their usage and
dosage; ④ key elements of bias risk assessments; and ⑤

endpoint indicators (ORR, DCR, mPFS and mOS).
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TABLE 1 | Summary of clinical endpoints of new anti-cancer drugs approved from January 2017 to November 2021.

Drug Approved year Disease mPFS (month) mOS (month) ORR mDOR (month) DCR

PFS and OS
Vemurafenib 2017 Melanoma 8.3 13.5 52% — 46%
Regorafenib 2017 mCRC 1.9 6.4 1% — 41%

GIST
Bevacizumab 2017 mCRC 4.2 9.3 41.20% 8.1 —

NSCLC
Anlotinib 2018 NSCLC 5.37 9.46 9.18% — 80.95%
Pembrolizumab 2018 Melanoma 2.8 12.1 16.70% 8.4 38.20%
Lenvatinib 2018 HCC 7.4 13.6 24.10% — —

Fruquintinib 2018 mCRC 3.7 9.3 4.70% 5.6 62.20%
Bendamustine 2018 Lymphoma 18.6 74% — 16.5 —

Eribulin 2019 Breast Cancer 2.8 13.4 30.70% — —

FTD/TPI 2019 mCRC 2 7.8 — — —

Pralatrexate 2020 T cell Lymphoma 3.6 14.5 39% 10.1 —

Atezolizumab 2020 SCLC 5.2 12.3 60.20% 4.2 —

Savolitinib 2021 NSCLC 6.8 12.5 42.90% 8.3 82.90%
Utidelone 2021 Breast Cancer 8.44 16.13 40.40% 7.59 53.90%
Donafenib 2021 HCC 12.1 3.7 4.60% — 30.8%
Carfilzomib 2021 Myeloma 5.6 16.6 35.80% — —

PFS and ORR/DCR/DOR
Afatinib 2017 NSCLC 11.01 — 67.80% 9.72 92.60%
Osimertinib 2017 NSCLC 9.7 — 62.70% 9.9 88.60%
Ibrutinib 2017 Lymphoma 13.9 — 67.60% 14.9 —

Pazopanib 2017 RCC 11.1 — 30% — —

Erlotinib 2017 NSCLC 10.4 — 65.10% — —

Ixazomib 2018 Myeloma 19.6 — 78.30% — —

Pyrotinib 2018 Breast Cancer 18.1 — 78.50% 16.7 —

Alectinib 2018 NSCLC 34.8 — 83% — —

Olaparib 2018 Ovarian Cancer/PPC 19.1 — 19.40% — 81.00%
Toripalimab 2018 Melanoma 3.6 — 17.30% — 57.50%
Sintilimab 2018 HL 15.4 — 84% — 100%
Dacomitinib 2019 NSCLC 14.7 — 75% 14.8 —

Denosumab 2019 GCT — — 25% — —

Camrelizumab 2019 HL 11.3 — 80.30% — 98.50%
Almonertinib 2020 NSCLC 12.3 — 68.90% 12.4 93.40%
Surufatinib 2020 NEN 9.2 — 10.30% 5.6 86.50%
Inetetamab 2020 Breast Cancer 9.12 — 46.70% — 79.72%
Ensartinib 2020 NSCLC 11.2 — 52.60% — 87.80%
Ripretinib 2021 GIST 6.3 — 11.80% — —

Furmonertinib 2021 NSCLC 7.6 — 73.60% — —

Donafenib 2021 HCC 12.1 3.7 4.60% — 30.8%
Carfilzomib 2021 Myeloma 5.6 16.6 35.80% — —

ORR/mDOR/DCR
Denosumab 2019 GCT — — 25% — —

Tislelizumab 2019 HL — — 76.90% — 90.80%
Rituximab 2019 Lymphoma — — 94.10% — —

Zanubrutinib 2020 T cell Lymphoma — — 83.70% 19.5 —

Orelabrutinib 2020 Leukemia/SLL — — 73.80% — —

Neratinib 2020 Breast Cancer — — 32.80% — —

Fluzoparib 2020 PC — — 64.10% — —

Venetoclax 2020 AML — — — 5.5 —

Pamiparib 2021 Ovarian Cancer/PFTC/PPC — — 68.30% 13.8 —

Avapritinib 2021 GIST — — 62.50% — —

Pralsetinib 2021 NSCLC — — 65% — 93%
Daratumumab 2021 Myeloma — — 83% — 34.3%
Penpulimab 2021 HL — — 84.70% — 94.10%
Zimberelimab 2021 HL — — 90.48% — 96.43%

PFS, progression-free survival; OS, overall survival; DOR, duration of response; mPFS, median progression-free survival; mOS,median overall survival; ORR, overall response rate; mDOR,
median duration of response; DCR, disease control rate;/: not erported; mCRC, metastatic colorectal cancer; GIST, gastrointestinal stromal tumor; NSCLC, non-small cell lung cancer;
HCC, hepatocellular carcinoma; SCLC, small cell lung cancer; RCC, renal cell carcinoma; PPC, primary peritoneal carcinoma; HL, hodgkin lymphoma; GCT, giant cell tumor of bone; NEN,
neuroendocrine neoplasm; SLL, small lymphocytic lymphoma; PC, peritoneal carcinomatosis; AML, acute myeloid leukemia; PFTC, primary fallopian tube carcinoma; FTD/TPI, trifluridine/
tipiracil.
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Quality of the Included Studies
Two investigators independently conducted quality evaluations
of the included studies and cross-checked the results. For
randomized controlled clinical trials (RCTs), the quality of the
included studies was evaluated using the risk of bias assessment
tool for RCTs recommended by the Cochrane Manual (Higgins
et al., 2011). The Newcastle–Ottawa scale (NOS), recommended
by the Cochrane Non-Randomized Studies Methods Group
(NRSMG), was used to evaluate the quality of single-arm
clinical trials (Margulis et al., 2014).

Data Processing
This study used STATA 15.1 to perform both univariate and
multivariate linear regression analysis of the relationship between
DCR and ORR and mPFS, as well as the relationship between DCR
and ORR and mOS. In the case of a poor linear relationship between
the shot-term surrogate endpoint indicators and the primary
endpoint indicators, ln transformation was performed on the
short-term surrogate endpoint indicators to explore the linear
relationship between ln (short-term surrogate endpoint indicators)
and the primary endpoint indicators. For the different dosage,
medication or duration included in the analysis, the treatments
were categorized for inclusion in multivariate regression analysis.
In addition, some studies showed that the OS is largely affected by the
number of previous treatment lines, which means that patients
received more lines of treatments often have a worse prognosis
(Gisselbrecht et al., 2010; Rule et al., 2017). Therefore, the
subgroup analyses were performed for first-line treatment and
second-line or post-second-line treatment based on the number of
treatment lines in the univariate linear regression analysis to separate
patients with different treatment lines to reduce heterogeneity. The
scatter plots forDCRandORRvs.mPFS andmOSwere plotted using
Microsoft Excel. Adjusted goodness-of-fit R2adj was used to evaluate
the degree of fit of the model. According to Lassere et al. (Lassere
et al., 2012), R2adj≥0.6 indicates excellent goodness-of-fit, R2adj≥0.4
indicates good goodness-of-fit, R2adj≥0.2 indicates fair goodness-of-fit,
and R2adj<0.2 indicates poor goodness-of-fit.

RESULTS

Literature Screening Results
A total of 5,058 articles were obtained in the preliminary searches,
and a total of 4,547 articles were included in the preliminary
screening after excluding duplicates. After reading the titles and
abstracts, 4,019 papers were excluded, and 528 papers were
included in the full-text rescreening. After reading the full text
of the 528 papers, 63 articles were included in the final sample for
the quantitative analysis of DCR, ORR, mPFS and mOS. The
literature screening process is shown in Figure 1.

Results of the Data Extraction From the
Included Studies
Among the 63 included studies, 25 (Inoue et al., 2006; Wen et al.,
2007; Kim et al., 2012; Yamada et al., 2013; Hu et al., 2015;
Yoshimura et al., 2015; Park et al., 2016; Yang et al., 2017a; Leighl

et al., 2017; Peters et al., 2017; Han et al., 2018a; Akamatsu et al.,
2018; Wu et al., 2018a; Nie et al., 2018; Yang et al., 2018; Zhou
et al., 2018; Deng et al., 2019; Landi et al., 2019; Michels et al.,
2019; Ohe et al., 2019; Saito et al., 2019; Yang et al., 2019;
Yokoyama et al., 2019; Yang et al., 2020; de Marinis et al.,
2021) only reported ORR, DCR, and mPFS, and 39 (Guan
et al., 2005; Zhou et al., 2009; Gaafar et al., 2011; Lee et al.,
2011; Spigel et al., 2011; Ciuleanu et al., 2012; Deng et al., 2012;
Miller et al., 2012; Pallis et al., 2012; Pérol et al., 2012;
Ramalingam et al., 2012; Shi et al., 2013; Wu et al., 2013;
Ramalingam et al., 2014; Choi et al., 2015; Juan et al., 2015;
Wu et al., 2015; An et al., 2016; Ding-guo and Xiu-li, 2016; Neal
et al., 2016; Yang et al., 2017b; Han et al., 2017; Ikezawa et al.,
2017; Miyawaki et al., 2017; Han et al., 2018b; Wu et al., 2018b;
Garon et al., 2018; Kiura et al., 2018; Spigel et al., 2018; Uchibori
et al., 2018; Arrieta et al., 2019; Landi et al., 2019; Xu et al., 2019;
Ahn et al., 2020; Eide et al., 2020; Gadgeel et al., 2020; Goldman
et al., 2020; Huber et al., 2020; Scagliotti et al., 2020) reported
ORR, DCR, mPFS, and mOS concurrently. One paper (19)
grouped the patients for whom ORR, DCR, and mPFS were
reported and the patients for whom ORR, DCR, mPFS and mOS
were reported concurrently. Basic information and the ORR,
DCR, mPFS and mOS values reported in the included studies are
provided in Tables 2, 3.

The publication dates for all the included articles were
concentrated from 2005 to 2021, and the target population
was patients with advanced NSCLC. Among the studies, 21
(33.3%) were single-arm clinical trials, 42 (66.7%) were
double-arm or multi-arm clinical trials, 34 (54.0%) enrolled
patients in the first-line treatment stage, and 29 (46.0%)
enrolled patients in the late-line or multi-line treatment stage.
The sample sizes ranged from 11 to 479. The targeted therapies
included 15 targeted drugs (avapritinib, afatinib, icotinib,
alectinib. Anlotinib, osimertinib, brigatinib, dacomitinib,
erlotinib, ensatinib, gefitinib, crizotinib, linsitinib, ceritinib,
and sorafenib). DCRs ranged from 14.9% to 100.0%; ORRs
values ranged from 5.3% to 87.0%; mPFS ranged from 1.5 to
20.0 months; and mOS ranged from 3.2 to 34.0 months.

Evaluation of the Quality of the Included
Studies
Risk of bias in RCTs: The results of the risk of bias analyses for
42 two-arm or multi-arm RCTs were provided in Figure 2.
“Selective reporting,” “incomplete outcome data” and “random
sequence generation” had a low risk of bias, and “blinding of
outcome assessment” and “blinding of participants and
personnel” had a high risk of bias. The risk of bias results for
“allocation concealment” and “other bias” were not clear.

Quality evaluation results for single-arm trials: The NOS
scores for the 21 included single-arm clinical trials were
shown in Figure 3. The NOS scores for all studies ranged
from 4 to 6, with an average score of 5.6, indicating that the
overall quality of the studies was high. Among them, the NOS
score for one paper was four points, the NOS score for six papers
was five points, and the NOS score for the remaining 14 papers
was six points.
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RELATIONSHIP BETWEEN SHORT-TERM
SURROGATE ENDPOINT INDICATORS
AND PRIMARY ENDPOINT INDICATORS
Analysis of ORR and mPFS
Taking the natural logarithm of mPFS, the adjusted goodness-of-
fit of the univariate regression between ORR and ln (mPFS) was
excellent (R2

adj = 0.7356 > 0.6), which was shown in Figure 4 and
Supplementary Table S4. After controlling the treatment factors,
the adjusted goodness-of-fit of the multivariate regression
between ORR and ln (mPFS) was excellent (R2

adj = 0.7772 >
0.6), which was shown in the Supplementary Table S5.

Analysis of DCR and mPFS
Taking the natural logarithm of mPFS, the adjusted goodness-of-
fit of the univariate regression between DCR and ln (mPFS) was
excellent (R2

adj = 0.7642 > 0.6), which was shown in Figure 5 and
Supplementary Table S6. After controlling the treatment factors,
the adjusted goodness-of-fit of the multivariate regression
between DCR and ln (mPFS) was excellent (R2

adj = 0.7806 >
0.6), which was shown in the Supplementary Table S7.

Analysis of ORR and mOS
The adjusted goodness-of-fit of the univariate regression between
ORR and mOS was excellent (R2adj = 0.7633 > 0.6), which was shown
in Figure 6 and Supplementary Table S8. After controlling the
treatment factors, the adjusted goodness-of-fit of the multivariate
regression betweenORR andmOSwas excellent (R2adj = 0.7813> 0.6),
which was shown in the Supplementary Table S9.

Analysis of DCR and mOS
Taking the natural logarithm of mOS, the adjusted goodness-of-
fit of the univariate regression between DCR and ln (mOS) was
good (R2

adj = 0.5653 > 0.4), which was shown in Figure 7 and
Supplementary Table S10. After controlling the treatment

factors, the adjusted goodness-of-fit of the multivariate
regression between DCR and ln (mOS) was excellent (R2

adj =
0.6331 > 0.6), which was shown in the Supplementary Table S11.

Analysis Results of mPFS and mOS
The adjusted goodness-of-fit of the univariate regression between
mPFS andmOSwas excellent (R2adj = 0.7616> 0.6), which was shown
in Figure 8 and Supplementary Table S12. After controlling the
treatment factors, the adjusted goodness-of-fit of the multivariate
regression between mPFS and mOS was excellent (R2adj = 0.8036 >
0.6), which was shown in the Supplementary Table S13.

SUBGROUP ANALYSIS

Results for First-Line Treatment Only
Taking the natural logarithm of mPFS, the adjusted goodness-of-
fit of the univariate regression between ORR and ln (mPFS) was
excellent (R2

adj = 0.6188 > 0.6), which was shown in Figure 9.
Taking the natural logarithm of mPFS, the adjusted goodness-of-

fit of the univariate regression between DCR and ln (mPFS) was
excellent (R2adj = 0.7128 > 0.6), which was shown in Figure 10.

The adjusted goodness-of-fit of the univariate regression
between ORR and mOS was excellent (R2

adj = 0.7074 > 0.6),
which was shown in Figure 11.

The adjusted goodness-of-fit of the univariate regression
between mPFS and mOS was excellent (R2

adj = 0.7764 > 0.6),
which was shown in Figure 12.

Results of Second-Line or
Post-Second-Line Treatment Only
Taking the natural logarithm of mPFS, the adjusted goodness-of-
fit of the univariate regression between ORR and ln (mPFS) was
excellent (R2

adj = 0.6926 > 0.6), which was shown in Figure 13.

FIGURE 1 | Flowchart of literature screening.
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TABLE 2 | Overview of general characteristics of studies reporting ORR, DCR, and mPFS.

References Population Brain
metastasis

Line Arm Sample
size

Treatment Dosage DCR
(%)

ORR
(%)

mPFS
(month)

de Marinis et al.
(2021)

Locally advanced or
metastatic EGFR mutation-
positive NSCLC

No First Single 479 AfatiTnib 40 mg/qd 85.80 49.20 13.40

Yang et al.
(2019)

Locally advanced or
metastatic NSCLC

No 1st Double 17 Osimertinib 80 mg/qd 100.00 80.00 19.30

Ohe et al (2019) Advanced or metastatic
NSCLC

No First Double 65 Osimertinib 80 mg/qd 96.90 75.40 19.10

Ohe et al (2019) Advanced or metastatic
NSCLC

No First Double 55 Gefitinib 250 mg/qd 96.40 76.40 13.80

Deng et al.
(2019)

Advanced or metastatic
NSCLC

Yes First + Second Single 47 Crizotinib - 93.60 61.70 19.00

Yokoyama et al.
(2019)

Advanced NSCLC No First Single 46 Afatinib 20mg/qd 93.20 81.80 15.20

Michels et al.
(2019)

Metastatic ROS1-
rearranged NSCLC

No First Single 30 Crizotinib 250 md/bid 83.30 73.00 20.00

Nie et al. (2018) EGFR T790M mutated
NSCLC

Yes Third Double 73 Osimertinib 80 mg/qd 87.70 61.60 10.20

Akamatsu et al.
(2018)

EGFR T790M mutated
NSCLC

Yes First Double 41 Osimertinib 80 mg/qd 95.10 70.70 10.10

Wu et al.
(2018a)

Advanced NSCLC Yes First Double 75 Osimertinib 80 mg/qd 40.00 87.00 5.50

Wu et al.
(2018b)

Advanced NSCLC Yes First Double 30 Osimertinib 80 mg/qd 93.00 70.00 5.60

Saito et al.
(2019)

EGFR-positive advanced
NSCLC

Yes First Double 112 Erlotinib 150 mg/qd 96.00 67.00 13.30

Han et al.
(2018a)

Advanced NSCLC No 3rd Double 60 Anlotinib 12 mg/qd 83.30 10.00 4.80

Peters et al.
(2017)

ALK-positive NSCLC Yes First Double 151 Ceritinib 500 mg/qd 91.00 75.00 11.10

Landi et al.
(2019)

ROS1-rearranged NSCLC No Second Single 33 Crizotinib 250 mg/bid 85.00 65.00 22.80

Yang et al.
(2018)

Advanced NSCLC No First Double 35 Gefitinib 250 mg/qd 80.00 57.10 8.40

Zhou et al.
(2018)

ALK-positive advanced
NSCLC

Yes First Double 31 Crizotinib - 100.00 78.10 16.10

Kim et al. (2012) Advanced NSCLC No Second Double 48 Erlotinib 150 mg/qd 66.70 39.60 3.10
Kim et al. (2012) Advanced NSCLC No Second Double 48 Gefitinib 250 mg/qd 72.90 47.90 4.90
Inoue et al.
(2006)

Advanced NSCLC No First Single 16 Gefitinib 250 mg/qd 88.00 75.00 9.70

Leighl et al.
(2017)

Advanced NSCLC No First Double 44 Erlotinib 150 mg/qd 77.30 47.70 8.40

Leighl et al.
(2017)

Advanced NSCLC No First Double 44 Linsitinib +
Erlotinib

Linsitinib:
150 mg/bid

95.50 75.00 12.40

Erlotinib:
150 mg/qd

Wen et al.
(2007)

Advanced NSCLC No Second Double 20 Gefitinib 250 mg/qd 85.00 75.00 9.50

Wen et al.
(2007)

Advanced NSCLC No Second Double 30 Gefitinib 250 mg/qd 43.00 20.00 3.70

Yamada et al.
(2013)

EGFR T790M positive
advanced NSCLC

No Second Single 14 Erlotinib 150 mg/qd 80.80 53.80 9.30

Yang et al.
(2020)

Crizotinib-resistant, ALK-
positive NSCLC

Yes Second Single 160 Ensartinib 225 mg/qd 93.00 52.00 9.60

Yang et al.
(2017a)

T790M-Positive Advanced
NSCLC

Yes Second + Third Single 201 Osimertinib 80 mg/dq 90.00 62.00 12.30

Park et al.
(2016)

EGFR mutation-positive
NSCLC

Yes First Double 160 Afatinib 40 mg/d 91.00 70.00 11.00

Hu et al. (2015) Advanced NSCLC No Second Single 124 Icotinib 125 mg/tid 67.70 25.80 5.00
Yoshimura et al.
(2015)

EGFR mutated, advanced
non-squamous NSCLC

No First Single 26 Pemetrexed +
Gefitinib

250 mg/q3w 96.20 84.60 18.00

DCR, disease control rate; ORR, overall response rate; mPFS, median progression-free survival; NSCLC, non-small cell lung cancer; EGFR-TKI(s), EGFR tyrosine kinase inhibitors; qd,
once a day; bid, twice a day; tid, three times a day; d, day; q3w, once every 3 weeks;—, not mentioned.
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TABLE 3 | Overview of general characteristics of studies reporting ORR, DCR, mPFS, and OS.

References Population Brain
metastasis

Line Arm Sample
size

Treatment Dosage DCR
(%)

ORR
(%)

mPFS
(month)

mOS
(month)

Yang et al.
(2017b)

Locally advanced or
metastatic ALK-
positive NSCLC

No First Single 225 Alectinib 600 md/bid 78.80 51.30 8.30 26.00

Wu et al.
(2018a)

Advanced NSCLC No First Double 242 Afatinib 50 mg/qd 92.20 66.80 11.00 31.60

Uchibori et al.
(2018)

Advanced NSCLC No First Single 33 Gefitinib 250mg/qd 81.81 22.90 6.70 24.30

Ikezawa et al.
(2019)

EGFR mutated
advanced NSCLC

Yes Third + Fourth Double 19 Erlotinib 150 mg/qd 42.10 15.80 1.60 8.00

Garon et al.
(2018)

Advanced NSCLC No First Double 33 Erlotinib 150 mg/qd 79.10 12.10 3.50 9.50

Kiura et al.
(2018)

ALK-rearranged
advanced NSCLC

Yes First Double 11 Ceritinib 750 mg/qd 90.90 54.50 9.80 23.90

Cheng et al.
(2021)

Advanced NSCLC Yes Third Double 27 Anlotinib 12 mg/qd 82.89 9.65 4.80 10.70

Cheng et al.
(2021)

Advanced
squamous NSCLC

Yes Third Double 36 Anlotinib 12 mg/qd 71.70 7.55 5.50 9.60

Miyawaki et al.
(2017)

EGFR mutated
advanced NSCLC

Yes Second + Third Single 13 Erlotinib 150 mg/qd 69.20 53.80 7.80 25.10

Miyawaki et al.
(2017)

wild-type EGFR
advanced NSCLC

Yes Second + Third Single 22 Erlotinib 150 mg/qd 31.80 9.10 2.10 14.9

Landi et al.
(2019)

MET-deregulated or
ROS1-rearranged
NSCLC

No Second Single 37 Crizotinib 250 mg/bid 69.00 27.00 4.40 5.4

Pérol et al.
(2012)

Advanced NSCLC No Second Multi 155 Erlotinib 150 mg/qd 35.64 10.89 2.90 11.40

Spigel et al.
(2011)

Advanced NSCLC No Second Double 111 Erlotinib +
Sorafenib

Sorafenib:
400 mg/

bidErlotinib:
150 mg/qd

54.00 8.10 3.38 7.62

Spigel et al.
(2011)

Advanced NSCLC No Second Double 55 Erlotinib 150 mg/qd 38.20 10.90 1.94 7.23

Deng et al.
(2012)

Advanced NSCLC No Second Single 40 Gefitinib 250 mg/qd 92.50 62.50 13.00 20.00

Lee et al.
(2011)

Advanced or
metastatic NSCLC

Yes First Single 24 Erlotinib 100 mg/qd 25.00 21.00 1.50 3.20

Spigel et al.
(2018)

Advanced NSCLC No Second Double 127 Pazopanib +
Erlotinib

Pazopanib:
600 mg/

qdErlotinib:
150 mg/qd

44.00 10.00 2.60 6.90

Spigel et al.
(2018)

Advanced NSCLC No Second Double 65 Erlotinib 150 mg/qd 34.00 5.00 1.80 7.00

Ciuleanu et al.
(2012)

Advanced or
metastatic NSCLC

Yes Second Double 203 Erlotinib 150 mg/qd 34.50 7.90 1.47 5.30

Arrieta et al.
(2019)

Advanced NSCLC No First Double 70 EGFR-TKIs - 91.40 54.30 9.90 17.50

Han et al.
(2018a)

Advanced NSCLC No Third Double 296 Anlotinib 12 mg/qd 81.00 9.20 5.40 9.60

Xu et al. (2019) Advanced NSCLC No First Double 89 Icotinib 125 mg/tid 79.80 64.00 10.00 34.00
Han et al.
(2017)

Advanced NSCLC No First Multi 41 Gefitinib 250 mg/qd 97.60 65.90 11.90 25.80

Zhou et al.
(2009)

Advanced NSCLC — Second Single 112 Erlotinib 150 mg/qd 76.80 35.70 6.30 12.30

Miller et al.
(2012)

Advanced NSCLC No Second + Third Double 390 Afatinib 50 mg/qd 58.00 7.00 3.30 10.80

Pallis et al.
(2012)

Advanced or
metastatic NSCLC

Yes First Single 49 Erlotinib 150 mg/qd 69.40 24.50 6.70 11.50

Gaafar et al.
(2011)

Advanced or
metastatic NSCLC

Yes Second Double 86 Gefitinib 250 mg/qd 79.10 11.60 4.10 10.90

Guan et al.
(2005)

Advanced or
metastatic NSCLC

Yes Second + Third Single 153 Gefitinib 250 mg/qd 54.10 27.00 3.23 10.00

Ramalingam
et al. (2012)

Advanced NSCLC No First Double 94 Dacomitinib 45 mg/qd 29.80 17.00 2.86 9.53

Ramalingam
et al. (2012)

Advanced NSCLC No First Double 94 Erlotinib 150 mg/qd 14.90 5.30 1.91 7.44

(Continued on following page)
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TABLE 3 | (Continued) Overview of general characteristics of studies reporting ORR, DCR, mPFS, and OS.

References Population Brain
metastasis

Line Arm Sample
size

Treatment Dosage DCR
(%)

ORR
(%)

mPFS
(month)

mOS
(month)

Ahn et al.
(2020)

EGFR T790M
positive advanced
NSCLC

Yes Second Single 62 Osimertinib 80 mg/qd 95.00 74.00 10.90 29.20

Eide et al.
(2020)

EGFR mutated
advanced NSCLC

No Second Single 199 Osimertinib 80 mg/qd 83.00 48.00 8.90 17.90

Goldman et al.
(2020)

Advanced NSCLC No Second Double 183 Erlotinib 150 mg/qd 31.70 2.70 1.90 7.80

Huber et al.
(2020)

Crizotinib-refractory
ALK positive NSCLC

Yes Second Double 112 Brigatinib 90mg/qd 78.00 51.00 9.20 29.50

Ramalingam
et al. (2014)

Advanced NSCLC No Second Double 439 Dacomitinib 45 mg/qd 48.97 11.39 2.60 8.10

Ramalingam
et al. (2014)

Advanced NSCLC No Second Double 439 Erlotinib 150 mg/qd 49.66 8.20 2.60 8.50

Scagliotti et al.
(2020)

Advanced NSCLC No First Double 70 Erlotinib 150 mg/qd 98.60 65.70 9.50 25.40

Shi et al.
(2013)

Advanced NSCLC No Second Double 199 Icotinib 125 mg/tid 75.40 27.60 4.60 13.30

Shi et al.
(2013)

Advanced NSCLC No Second Double 196 Gefitinib 250 mg/qd 74.90 27.20 3.40 13.90

An et al. (2016) EGFR mutated non-
squamous NSCLC

No First Double 45 Gefitinib 250 mg/q3w 86.67 73.33 14.00 32.00

Neal et al.
(2016)

EGFR wild-type
advanced NSCLC

Yes Second + Third Triple 42 Erlotinib 150 mg 18.40 3.00 1.80 5.10

Ding-guo and
Xiu-li (2016)

Advanced NSCLC — Second Double 50 Gefitinib 250 mg/d 64.00 24.00 5.20 7.90

Choi et al.
(2015)

Chemotherapy-
naïve NSCLC

No First Double 43 Paclitaxel +
Carboplatin +
Gefitinib

250 mg/q3w 74.40 41.90 4.10 9.30

Wu et al.
(2015)

Advanced EGFR
mutation-positive
NSCLC

No First Double 110 Erlotinib 150 mg/qd 89.10 62.70 11.00 26.30

Juan et al.
(2015)

Advanced NSCLC — Second Double 33 Docetaxel +
Erlotinib

150 mg/qd 52.00 3.00 3.00 7.50

Wu et al.
(2015)

Advanced NSCLC No First Double 226 Chemo +
Erlotinib

150 mg/d 80.50 42.90 10.00 18.30

DCR, disease control rate; ORR, overall response rate; mPFS, median progression-free survival; mOS, median overall survival; NSCLC, non-small cell lung cancer; EGFR-TKI(s), EGFR
tyrosine kinase inhibitors; qd, once a day; bid, twice a day; tid, three times a day; d, day;—, not reported; Chemo, chemotherapy.

FIGURE 2 | Risk of bias in the included RCTs.
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FIGURE 3 | NOS quality scores for the single-arm trials.

FIGURE 4 | Linear fitting results for ORR and ln (mPFS).

FIGURE 5 | Linear fitting results for DCR and ln (mPFS).

FIGURE 6 | Linear fitting results for ORR and mOS.

FIGURE 7 | Linear fitting results for DCR and ln (mOS).
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Taking the natural logarithm of mPFS, the adjusted goodness-
of-fit of the univariate regression between mPFS and mOS was
excellent (R2

adj = 0.7497 > 0.6), which was shown in Figure 14.

The adjusted goodness-of-fit of the univariate regression
between ORR and mOS was excellent (R2

adj = 0.7324 > 0.6),
which was shown in Figure 15.

DISCUSSION

This study summarized all clinical trials of molecular targeted drugs
for the treatment of NSCLC approved for marketing in China as of
March 2021. Studies that included DCR, ORR, mPFS concurrently
and studies that included DCR, ORR, mPFS, and mOS concurrently
were extracted for univariate linear regression analysis. This study
included a total of 25 articles that reported DCR, ORR, and mPFS
concurrently and 39 articles that reported DCR, ORR, mPFS, and
mOS concurrently. In the relationship between DCR and ORR and
mPFS, DCR and ORR had an excellent linear relationship with ln
(mPFS), and the adjusted goodness-of-fit R2adj was >0.6. However,
the linear relationships between DCR and ORR and mPFS were
slightly weaker. For the relationships between DCR and ORR vs.
mPFS andmOS, the linear relationship betweenDCR andmOS or ln
(mOS) was good but not excellent (0.4 < R2adj<0.6). mPFS and mOS
had most excellent linear relationships (R2

adj = 0.8036).

FIGURE 8 | Linear fitting results for mPFS and mOS.

FIGURE 9 | Linear fitting results for ORR and ln (mPFS).

FIGURE 10 | Linear fitting results for DCR and ln (mPFS).

FIGURE 11 | Linear fitting results for ORR and mOS.

FIGURE 12 | Linear fitting results for mPFS and mOS.
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Cooper et al. (2020) (75) conducted a systematic review of the
literature that explored the relationship between short-term
surrogate endpoint indicators and primary endpoint indicators in
malignancy clinical trials. A systematic search of relevant literature in
five databases (from the establishment of the database to March
2019) was conducted, resulting in the inclusion of 64 articles. The
results of the study suggested that short-term surrogate endpoint
indicators such as ORR and CR cannot replace primary endpoint
indicators such as PFS and OS and that the correlation between the
two is weak and unstable. Our result was inconsistent with those
reported by Cooper et al. (Cooper et al., 2020) AlthoughCooper et al.
reported that there was no significant correlation between short-
term surrogate endpoint indicators and primary endpoint indicators,
the conclusion was likely due to the wide selection of disease types
and treatment regimens included in the study. Moreover, Cooper
et al. did not address whether there was a correlation between short-
term surrogate endpoint indicators and primary endpoint indicators
in the clinical trials of specific types of anticancer drugs, whichmight
be one of the main reasons for the difference between the results of
this study and the study by Cooper et al.

The results of this study revealed that short-term surrogate
endpoint indicators (ORR and DCR) might have a linear

relationship with mPFS and mOS, potentially providing the
option to use short-term surrogate endpoint indicators to predict
mPFS and mOS. In the pharmacoeconomic evaluation of tumors,
PFS and OS are the most important evaluation indicators to verify
drug efficacy and determine the success of the construction of
pharmacoeconomic models. In the traditional pharmacoeconomic
models for advanced cancer, 3-state models are often used to
construct Markov models or PSMs for pharmacoeconomic
evaluations (5). Markov models indicate the transition probability
between health states using PFS and OS curves, and PSMs use PFS
and OS curves to divide the area under the survival curve into three
regions to calculate the area under the curve. If short-term surrogate
endpoint indicators are used to predict mPFS and mOS, only two
median values can be obtained, posing a challenge for
pharmacoeconomic evaluations. We recommend that when only
mPFS andmOS are available, assuming the PFS and OS curves obey
an exponential distribution, mPFS and mOS should be used to
construct an exponential distribution survival curve, thereby
allowing the construction of a Markov model and an economic
evaluation (Latimer, 2011). Although this method has strong
assumptions, it can also provide a certain reference value in the
absence of data.

This study has some limitations. Firstly, the molecular targeted
drugs included in this study were limited to targeted drugs for the
treatment of NSCLC that were approved for marketing in China as
of March 2021; many targeted drugs approved for marketing in the
other countries were not included in this study. Therefore, the
extrapolation of the results is limited. Secondly, although only
molecular targeted drugs approved in China were included, the
race distribution of the included patients were not considered in the
analyses. For many of these drugs, especially the recently approved
drugs, were approved based on the published clinical data of the
published international population plus the unpublished clinical
data of a small sample of the Chinese population. Thirdly, this study
did not use a large amount of real-world data for prediction and
validation for the focus was to establish the statistical relationship
between short-term surrogate endpoint indicators and primary
endpoint indicators. Finally, for mOS, in addition to short-term
surrogate endpoint indicators, other factors, such as the choice of
subsequent treatment, will have a significant impact on mOS;

FIGURE 14 | Linear fitting results for ORR and ln (mPFS).

FIGURE 15 | Linear fitting results for ORR and mOS.FIGURE 13 | Linear fitting results for ORR and ln (mPFS).
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however, the univariate linear regression used in this study did not
include enough influencing factors other than treatments.
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Effects of Motherwort Injection Versus
Intramuscular Oxytocin for Preventing
Postpartum Hemorrhage Among
Women Who Underwent Cesarean
Section
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Xiao-chao Luo1,2,3, Ling Li1,2,3, Ya-na Qi1,2,3, Yi-quan Xiong1,2,3, Shi-yao Huang1,6,
Jing Wang1,2,3, Kang Zou1,2,3, Xing-hui Liu4, Jing Tan1,2,3* and Xin Sun1,2,3*

1Chinese Evidence-based Medicine Center, West China Hospital, Sichuan University, Chengdu, China, 2NMPA Key Laboratory
for Real World Data Research and Evaluation in Hainan, Chengdu, China, 3Sichuan Center of Technology Innovation for Real
World Data, Chengdu, China, 4Department of Obstetrics and Gynecology, and Key Laboratory of Birth Defects and Related
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University, Chengdu, China, 5Beijing University of Chinese Medicine and Pharmacology, Key Laboratory of Chinese Internal
Medicine of MOE and Beijing, Beijing, China, 6Sichuan Evidence-Based Medicine Center of Traditional Chinese Medicine,
Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China

Objectives: Subject to ethical constraints, real-world data are an important resource for
evaluating treatment effects of medication use during pregnancy and the postpartum
period. This study investigated whether motherwort injection, a traditional Chinese
medicine preparation, was more effective than intramuscular (IM) oxytocin for
preventing postpartum hemorrhage (PPH) in a real-world setting when intravenous (IV)
oxytocin is administered.

Methods: We conducted an active-controlled, propensity-score matched cohort study
using an established pregnancy registry database. Women who underwent cesarean
section and received IV oxytocin at the third stage of labor were included. We used an
active-comparator design to minimize indication bias, in which we compared IM
motherwort injection in the uterus versus IM oxytocin, both on top of IV oxytocin use.
We applied 1:1 propensity-score matching (PSM) to balance patient baseline
characteristics and used a logistic regression model to estimate treatment effect
(i.e., risk difference (RD) and odds ratio (OR)) by using the counterfactual framework.
The outcomes of interest were blood loss over 500ml within 2 h after delivery (PPH,
primary) and blood loss over 1,000ml (severe PPH, secondary). We conducted four
sensitivity analyses to examine the robustness of the results.

Results: A total of 22,519 pregnant women underwent cesarean sections, among which
4,081 (18.12%) PPH and 480 (2.13%) severe PPH occurred. Among included women,
586 (2.60%) were administrated with IM motherwort injection, and 21,933 (97.40%) used
IM oxytocin. After PSM, patient baseline characteristics were well balanced. Compared
with IM oxytocin, the use of IMmotherwort injection was associated with significantly lower
risk of PPH (RD −25.26%, 95%CI −30.04% to −20.47%, p < 0.001; OR 0.25, 95%CI 0.18
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to 0.32, p < 0.001) and severe PPH (RD −3.58%, 95% CI −5.87% to −1.30%, p < 0.001;
OR 0.39, 95% CI 0.20 to 0.71, p < 0.002). Sensitivity analyses showed that the results
were similar.

Conclusion: With the use of data from a real-world setting, the findings consistently
showed that among women undergoing cesarean section who had received IV oxytocin,
the additional use of IM motherwort injection could achieve a lower risk of PPH as
compared to the additional use of IM oxytocin. Our study suggested a paradigm for
investigating the treatment effect of Chinese herbal medicine in the real-world practice
setting.

Keywords: motherwort injection, postpartum hemorrhage, Chinese herbal medicine preparation, pregnancy
registry database, real-world study

INTRODUCTION

Postpartum hemorrhage (PPH), defined as blood loss above
500 ml within the first 24 h after delivery, is the major cause
of maternal mortality worldwide (World Health Organization,
2012). It accounts for nearly 13% of maternal deaths in
developed countries and 28% in developing countries (Khan
et al., 2006; World Health Organization, 2012). Uterine atony is
recognized as the primary cause of PPH. Intravenous or
intramuscular (IV/IM) oxytocin is recommended by World
Health Organization (WHO) as the first-line treatment
preventing PPH (World Health Organization, 2012).
However, due to a short half-life (4–15 min), oxytocin has a
short-term muscular contraction effect and may have serious
adverse effects when reaching a high dose, such as tachycardia,
hypotension, and water retention with hyponatremia (Pantoja
et al., 2016; Pacheco et al., 2019). Thus, additional uterotonics
may often be used in combination to lower the risk of PPH (Tan
et al., 2016; Gallos et al., 2018).

Motherwort injection is a modern purified Chinese herbal
medicine preparation derived from Leonurus japonicus Houtt
and has a long history and a wide range of clinical use for
lowering postpartum bleeding. Its main ingredients are
multiple alkaloids, including leonurine and stachydrine
(Ruan et al., 2003; Chen et al., 2010; Liu et al., 2017), which
can stimulate contractions of uterine smooth muscle both
in vitro and in vivo (Jin et al., 2004; Xie et al., 2015; Chen
et al., 2019).

Motherwort injection is often IM administered to the uterus in
addition to IV oxytocin (Zhao et al., 2014). In clinical practice,
this Chinese herbal injection and IM oxytocin are often used in
addition to IV oxytocin. These additions are added for
maintaining the muscular contraction effects to lower the risk
of PPH. Although earlier trials showed that the addition of
motherwort injection to IV oxytocin had a better effect than
IV oxytocin alone (Chen et al., 2018; Yu et al., 2019), these trials
applied strict exclusion criteria, as a result of which the study
population was highly selected. In addition, these trials primarily
administered motherwort injection between 12 and 72 h after
cesarean section, while its targeting use and effect at the point of
cesarean section were not tested.

More importantly, there is no clear evidence regarding the
comparative effectiveness of IM motherwort injection versus IM
oxytocin to the uterus for preventing PPH when either of them is
added to IV oxytocin. The lack of this evidence has a limited
appropriate choice of treatment options, and guideline
recommendations for this specific question are opinion based.
Therefore, by using an established large pregnancy registry
database, we conducted a cohort study to investigate the
comparative effectiveness of IM motherwort injection versus
IM oxytocin for preventing PPH during cesarean section.

PATIENTS AND METHODS

Study Setting and Data Source
We performed a cohort study using a pregnancy registry database
at West China Second University Hospital (i.e., West China
Women and Children Hospital) of Sichuan University. This
hospital is the leading medical center for obstetrics care and
referral center in China and has an average of more than 8,000
deliveries every year (West China Second Univers). This research
was conducted in accordance with the reporting of studies
conducted using observational routinely collected health data
statements for pharmacoepidemiology (RECORD-PE) (Langan
et al., 2018).

A multidisciplinary research team composed of
epidemiologists, statisticians, obstetricians, and informatics
experts was organized to establish the pregnancy registry
database. We included pregnant women who were registered
in the first trimester and had records for any of the pregnancy
outcomes, including miscarriage, induced abortion, and delivery,
between January 1, 2015, and November 30, 2019. We excluded
patients if they were not registered at the first trimester, lost to
follow-up, or transferred to other hospitals after registration.

We used the information from electronic medical record
(EMR) data to establish the database. Data extracted from the
EMR system were saved separately into different files, and data
linkage was performed by using a unique identifier or a
combination of multiple identifiers. We used the unique
patient ID number and the last menstrual period (LMP) and/
or expected date of childbirth (EDC) to identify a pregnancy, thus
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forming a cohort from the first antenatal visit to delivery that
involved data about antenatal care (e.g., pre-pregnancy
conditions and prenatal visits) and hospitalization (e.g.,
admission examination, admission diagnosis, treatments,
discharge diagnoses, etc.). We cleaned the data by using
transparent and pre-specified rules, including the development
of variable dictionaries, standardization of semi-structured or
structured variables, identification, and handling of outliers.
Finally, a preliminary multidimensional database of
pregnancies registry was developed.

To validate the accuracy of the database, we reviewed all
information extracted from 600 randomly selected medical
records. The consistency of linkage between the pregnancy
registry and hospitalization for pregnancies reached 99%. The
gestational comorbidities, pregnancy complications, and
maternal and fetal outcomes were recorded by the
International Classification of Diseases, 10th edition (ICD-10).
This study was approved by the Ethics Committee of West China
Second University Hospital of Sichuan University (2016 No.145-
03) and registered at the clinicaltrials.gov (NCT04607499).

Study Population and Comparison
We included pregnant women who underwent cesarean section
at or over 24 weeks of gestation and routinely received oxytocin
by IV drip during the third stage of labor. We excluded pregnant
women with incomplete information regarding the timing of
cesarean section.

In order to reliably evaluate the treatment effect of motherwort
injection in a real-world setting, we aimed to choose an active
comparator to minimize indication bias. Thus, we compared the
use of IM motherwort injection versus IM oxytocin, both of
which were administered to the uterus (i.e., IM motherwort
injection as the exposure group and IM oxytocin as the
control group). Across all the patients, IV oxytocin was
administered as a baseline treatment. Information regarding
data of prescriptions and route of administration were
uniformly extracted from EMR.

Outcomes
The primary outcome of interest was the incidence of PPH, which
was defined as blood loss of no less than 500 ml within the first 2 h
after delivery. The amount of blood loss was uniformly measured
by clinicians and nurses according to the Guideline for
Management of PPH in routine clinical practice (Liu, 2014)
and was recorded into the surgery records in EMR. We also
investigated the severe PPH as the secondary outcome, which was
diagnosed as blood loss of more than 1,000 ml within the first 2 h.

Covariates
We selected candidate covariates based on clinical experiences
and medical literature. The potentially relevant covariates were
demographic and gestational characteristics, including maternal
age, nation, years of education, non-permanent residents,
residence of location, and pre-pregnancy body mass index
(BMI), multiple gestations, parity, use of in vitro fertilization
(IVF), and scarred uterus; gestational comorbidities, including
anemia, other hematological diseases (thrombocytosis,

thrombocytopenia, and antiphospholipid antibody syndrome),
hepatitis virus B (HBV) infection, cardiac diseases, respiratory
diseases, subclinical hypothyroidism, hyperthyroidism, pelvic
diseases, and chronic hypertension during pregnancy; gestational
complications, including gestational diabetes mellitus (GDM),
preeclampsia, eclampsia, gestational hypertension, placenta previa,
placenta implantation, intrahepatic cholestasis of pregnancy (ICP),
premature rupture of membranes, polyhydramnios,
oligohydramnios and fetal macrosomia; and medications during
the day of cesarean section, including IV magnesium sulfate, IV
dexamethasone, IM insulin, IM ademetionine, IV cephalosporins,
IV lincosamides, β-lactams and β-lactamase inhibitors, IM
ergometrine maleate, IV tranexamic acid, IM carboprost
tromethamine injection, and IV and IV push carbetocin.

Of those, demographic characteristics were recorded in the
antenatal care, and diagnosis information (i.e., comorbidities,
complications, and other characteristics) was identified using the
ICD-10 code, as well as surgical records, preanesthetic visits, and
preoperative notes. Medications were identified from the
prescription records.

Data Analysis
We described the distribution of baseline characteristics. Given the
differences in baseline characteristics and indication inmedications
between treatment and comparator, we used the propensity-score
matching (PSM) method to achieve prognostic balances, which
was conducted with a 1:1 matching ratio by using the nearest
neighbor method algorithm with a caliper of 0.2 SD (Caliendo and
Kopeinig, 2008; Abadie and Imbens, 2016). The propensity score
(i.e., the probability of receiving IM motherwort injection) was
calculated by logistic regression models of covariates mentioned
above (Abadie and Imbens, 2016). We used the Matching package
in the R software to estimate the risk difference (RD) and odds ratio
(OR) in average treatment effect.

We evaluated the balance of baseline characteristics within the
cohorts before and after propensity scoring with standardized
mean difference (SMD) of characteristics distribution. If SMD
between two groups was less than 0.2, a good balance between
groups was achieved (Abadie and Imbens, 2016).

To validate the robustness of the results, we conducted
sensitivity analyses, including the use of 1:4 matching and
inverse-probability weighting (Survey package and Reshape2
package) and applying traditional multivariable logistic
regression in the original full cohort. We also used blood loss
above 1,000 ml in the first 24 h after delivery to verify the
robustness of the outcome measure, which was recorded as a
diagnosis of PPH in the summary of medical records in our
hospital. All analyses were two-tailed, and a p-value < 0.05 was
considered statistically significant. All statistical analyses were
performed using R (R version R 3.4.1).

RESULTS

The pregnancy registry database between January 1, 2015, and
December 30, 2019, included a total of 51,925 pregnant women
who underwent deliveries. Of those, 29,961 pregnant women
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routinely received IV oxytocin during cesarean section. After
exclusion of pregnant women using both IM motherwort and
IM oxytocin, or neither, our cohort finally included 22,519
pregnant women, in whom 586 pregnant women received IM
motherwort injection, and 21,933 received IM oxytocin. No
missing values occurred among treatments and outcomes of
interest (Figure 1).

Patient Characteristics at Baseline
In the full cohort, there were significant differences in the
distribution among baseline characteristics between IM
motherwort injection and IM oxytocin. Before matching,
pregnant women who received IM motherwort injection had
a higher proportion of pelvic diseases, placenta previa, at
baseline. They were also more likely to be older, to be
urban residents and permanent residents, to be pregnant via
IVF, to receive higher education, and to have more multiple
pregnancies (Table 1). In addition, there were significant
differences in the use of mediations during the day of
cesarean section, including higher rates of IV
dexamethasone, IM insulin, IV/IM cephalosporins, IM
ergometrine maleate, IM carboprost tromethamine injection,
and IV carbetocin among women receiving IM motherwort
injection (Table 1).

After PSM, 586 (100%) pregnant women in the IM
motherwort injection group were matched to those in
the IM oxytocin group. In the PS-matched cohort (586:
586), the differences in baseline characteristics between
women who received IM motherwort injection and IM
oxytocin were minimized (SMD ≤ 0.2 for all covariates)
(Tables 1 and 2).

Treatment Effects by Propensity-Score
Matching Analysis
The primary and secondary outcomes after matching are listed
in Table 2. Among 1,172 pregnant women in the PS-matched
cohort, IM motherwort injection was associated with a lower
risk of blood loss during cesarean section compared with the
use of IM oxytocin (for blood loss of 500 ml or more, 76/586,
13.0% versus 224/586, 38.2%; absolute RD −25.26%, 95% CI
−30.04% to −20.47%; OR 0.25, 95% CI 0.18–0.32; and for blood
loss ≥1,000 ml, 14/586, 2.4% versus 35/586, 6.0%; RD −3.58%,
95% CI −5.87% to −1.30%; OR 0.25, 95% CI 0.20 to 0.71).

Four sensitivity analyses showed similar results, all showing
that IM motherwort injection was associated with a lower risk of
blood loss during cesarean section compared with the use of IM
oxytocin (Table 3).

FIGURE 1 | Study flowchart.
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TABLE 1 | Baseline characteristics of pregnant women before and after PS matching.

Before matching, n (%) After matching, n (%)

IM motherwort
injection (n = 586)

IM oxytocin
(n = 21,933)

SMD IM motherwort
injection (n = 586)

IM oxytocin
(n = 586)

SMD

Demographics and gestational characteristics
Maternal age, mean (SD) 33.02 (4.26) 32.20 (4.25) 0.192 33.02 (4.26) 32.30 (3.93) 0.175
Years of education ≤12 435 (74.2) 14,876 (67.8) 0.142 435 (74.2) 428 (73.0) 0.027
Ethnic minorities 570 (97.3) 21,528 (98.2) 0.059 570 (97.3) 574 (98.0) 0.045
Urban residents 531 (90.6) 19,108 (87.1) 0.111 531 (90.6) 517 (88.2) 0.078
Non-permanent residents 54 (9.2) 3,490 (15.9) 0.203 54 (9.2) 69 (11.8) 0.084
Pre-pregnancy BMI, mean (SD) 21.12 (2.68) 21.29 (2.73) 0.065 21.12 (2.68) 21.24 (2.70) 0.045
Multiple gestations 61 (10.4) 1,471 (6.7) 0.133 61 (10.4) 90 (15.4) 0.148
Multipara 279 (47.6) 9,163 (41.8) 0.118 279 (47.6) 242 (41.3) 0.127
Use of IVF 49 (8.4) 552 (2.5) 0.260 49 (8.4) 34 (5.8) 0.100
Scarred uterus 236 (40.3) 8,112 (37.0) 0.068 236 (40.3) 195 (33.3) 0.145

Gestational complications
Anemia 60 (10.2) 2,061 (9.4) 0.028 60 (10.2) 75 (12.8) 0.080
Other hematological diseases 14 (2.4) 1,237 (5.6) 0.166 14 (2.4) 23 (3.9) 0.088
HBV infection 31 (5.3) 1,266 (5.8) 0.021 31 (5.3) 32 (5.5) 0.008
Cardiac diseases 20 (3.4) 1,611 (7.3) 0.175 20 (3.4) 29 (4.9) 0.077
Respiratory diseases 7 (1.2) 154 (0.7) 0.051 7 (1.2) 6 (1.0) 0.016
Subclinical hypothyroidism 37 (6.3) 1,012 (4.6) 0.075 37 (6.3) 29 (4.9) 0.059
Hyperthyroidism 39 (6.7) 1,810 (8.3) 0.061 39 (6.7) 45 (7.7) 0.040
Pelvic diseases 29 (4.9) 387 (1.8) 0.177 29 (4.9) 19 (3.2) 0.086
Chronic hypertension during pregnancy 9 (1.5) 634 (2.9) 0.092 9 (1.5) 16 (2.7) 0.083

Gestational complications
Gestational diabetes mellitus 136 (23.2) 4,619 (21.1) 0.052 136 (23.2) 112 (19.1) 0.100
Preeclampsia 16 (2.7) 614 (2.8) 0.004 16 (2.7) 24 (4.1) 0.075
Gestational hypertension 12 (2.0) 648 (3.0) 0.058 12 (2.0) 19 (3.2) 0.074
Placenta previa 76 (13.0) 1,717 (7.8) 0.169 76 (13.0) 85 (14.5) 0.045
Placenta implantation 16 (2.7) 745 (3.4) 0.039 16 (2.7) 21 (3.6) 0.049
Intrahepatic cholestasis of pregnancy 52 (8.9) 1,712 (7.8) 0.039 52 (8.9) 53 (9.0) 0.006
Premature rupture of membranes 41 (7.0) 4,077 (18.6) 0.352 41 (7.0) 74 (12.6) 0.190
Polyhydramnios 33 (5.6) 1,075 (4.9) 0.033 33 (5.6) 40 (6.8) 0.049
Oligohydramnios 13 (2.2) 831 (3.8) 0.092 13 (2.2) 10 (1.7) 0.037
Fetal macrosomia 31 (5.3) 1,738 (7.9) 0.106 31 (5.3) 39 (6.7) 0.058

Concomitant medications
IV magnesium sulfate 26 (4.4) 1,053 (4.8) 0.017 26 (4.4) 41 (7.0) 0.110
IV dexamethasone 153 (26.1) 3,760 (17.1) 0.219 153 (26.1) 163 (27.8) 0.038
IM insulin 146 (24.9) 4,097 (18.7) 0.151 146 (24.9) 109 (18.6) 0.153
IM ademetionine 18 (3.1) 780 (3.6) 0.027 18 (3.1) 18 (3.1) <0.001
Cephalosporins 575 (98.1) 21,027 (95.9) 0.132 575 (98.1) 569 (97.1) 0.067
Lincosamides 17 (2.9) 1,146 (5.2) 0.118 17 (2.9) 25 (4.3) 0.073
β-Lactams and β-lactamase inhibitors 9 (1.5) 217 (1.0) 0.049 9 (1.5) 10 (1.7) 0.014
IM ergometrine maleate 522 (89.1) 3,078 (14.0) 2.273 522 (89.1) 518 (88.4) 0.022
IV tranexamic acid 154 (26.3) 5,219 (23.8) 0.057 154 (26.3) 200 (34.1) 0.172
IM carboprost tromethamine injection 118 (20.1) 6,226 (28.4) 0.193 118 (20.1) 138 (23.5) 0.083
Carbetocin 575 (98.1) 3,146 (14.3) 3.152 575 (98.1) 568 (96.9) 0.077

Note. IM, intramuscular; IV, intravenous; SMD, standardized mean difference; BMI, body mass index; IVF, in vitro fertilization; HBV, hepatitis B virus; PS, propensity score.

TABLE 2 | Primary and secondary outcomes after matching.

Outcome IM motherwort
injection

IM oxytocin Absolute risk
difference
(95%CI)

p-Value Odds ratio
(95% CI)

p-Value

n (%) n (%)

Primary outcome
PPH 76 (13.0) 224 (38.2) −25.26% (−30.04%, −20.47%) <0.001 0.25 (0.18, 0.32) <0.001

Secondary outcome
Severe PPH 14 (2.4) 35 (6.0) −3.58% (−5.87%, −1.30%) 0.007 0.39 (0.20, 0.71) 0.002

Note. Propensity score (PS) matching variables: all variables in the baseline.
PPH, postpartum hemorrhage; IM, intramuscular.
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DISCUSSION

Interpretation of Findings and Implications
Using an established large database in the integrative medicine
context, our study showed that, among women undergoing
cesarean section who had received IV oxytocin as a baseline
treatment, the additional use of IM motherwort injection to the
uterus could achieve a lower risk of PPH compared to the additional
use of IM oxytocin. Our findings were also robust to a series of
sensitivity analyses, suggesting higher confidence about the findings.

Subject to ethical constraints, real-world data were generally
recognized as an important data source for evaluating treatments
effects for medication use during pregnancy and postpartum
periods, especially for identifying the optimal treatment pattern
or more benefit to the population. To the best of our knowledge,
this was the first study showing that IM motherwort injection
during cesarean section was more effective than IM oxytocin in the
lowering of PPH risk in a real-world setting. In addition, this study
provided clear evidence to clinicians for the choice of medications
after IV oxytocin has been used. Our findings also supported that
motherwort injection, as a traditional Chinese medicine (TCM)
intervention, may have an important role in obstetric care. In
particular, our study suggested that if all women had received IV
oxytocin, IMmotherwort injection may be a better choice than IM
oxytocin, as excessive administration of oxytocin was observed to
reduce oxytocin receptor availability (Gabriel et al., 2015).

Chinese herbal injections were often used in combination with
western medicine as a complementary treatment. This model of
practice is often complex. We have clearly demonstrated that, in
the real-world setting, combination therapy was often used for
preventing PPH among women undergoing cesarean section. For
example, IM motherwort injection may be used on the uterus
during a cesarean section on the basis of IV oxytocin. These
complexities not only represent the realities of clinical practice
but also require more sophisticated methods for reliably parceling
out the effects of TCM interventions.

In order to achieve this purpose, we have applied an active-
control design to minimize indication bias, which is usually a
common and major threat to the validity of findings. We
additionally applied PSM and other alternative statistical
approaches in the sensitivity analyses to further control
confounding. As it turned out, the consistency in findings by
using different methods has strengthened the strength of
inference about the effect of motherwort injection.

Additionally, we particularly measured the blood loss within
the first 2 h after delivery, rather than overall blood loss in
earlier studies, which also has helped identify the effects of
motherwort injection at the point of cesarean section.

Overall, our study not only reliably demonstrated the
comparative effectiveness of motherwort injection for
preventing PPH during cesarean section, but also the strategies
we used in our study suggested a paradigm for investigating the
treatment effect of Chinese herbal medicine in the real-world
setting. The methodology used in our study represents a step
forward in controlling potential confounding and indication bias,
which are the two primary concerns in the assessment of
treatment effects of TCM interventions.

Comparison With Previous Studies
Previous clinical evidence including randomized controlled trials
(RCTs) and their systematic reviews investigated the efficacy of
motherwort injection for preventing PPH, by using different
controls, such as motherwort injection plus oxytocin versus
oxytocin alone, or motherwort injection versus oxytocin.
Nevertheless, only a few trials compared motherwort injection
versus IM oxytocin, and these trials did not find significant
differences in PPH incidence. More importantly, serious
methodological limitations were presented in those RCTs, such
as unclear randomization and small sample sizes, thus substantially
lowering the credibility of their findings (Chen et al., 2018).

In addition, our study included a broader and more
heterogeneous population than previous RCTs. In comparison,
previous trials excluded women if they had placenta previa,
placental abruption, anemia or abnormal coagulation function,
cardiopulmonary disease, previous placental adhesion, and other
severe risk factors. The excluded pregnant women were typically
high-risk populations; arbitrary exclusion would have hampered
the generalizability of findings. Our study covered a broader
population, and the findings may be applicable to clinical
practice. Overall, our findings may be considered together
with the existing trials to form a more inclusive body of
evidence about motherwort injection.

Mechanism of Action
Pharmacologically, motherwort injection is primarily composed
of leonurine and stachydrine (Xie et al., 2015), and earlier studies
have shown that its main materials include the water extraction
part and n-butanol part (Li et al., 2014). Leonurine hydrochloride

TABLE 3 | Sensitivity analyses.

Sensitivity analyses Outcome Absolute risk difference (95%CI) p value Odds ratio (95%CI) p value

1:4 matching PPH −14.55%, 95%CI (−16.81%, −12.29%) <0.001 0.39 (0.34, 0.46) <0.001
Severe PPH −2.52%, 95%CI (−3.59%, −1.45%) <0.001 0.47 (0.34, 0.65) <0.001

Inverse-probability weighting PPH −22.19%, 95%CI (−27.72%, −16.66%) 0.005 0.29 (0.22, 0.39) <0.001
Severe PPH −3.00%, 95%CI (−5.66%, −0.35%) <0.001 0.47 (0.25, 0.86) 0.015

Traditional logistic regression PPH −12.94%, 95%CI (−14.29%, −11.59%) <0.001 0.18 (0.13, 0.24) <0.001
Severe PPH −1.09%, 95%CI (−1.64%, −0.54%) 0.001 0.36 (0.17, 0.69) 0.004

Blood loss ≥1,000 ml within 24 hours — −4.78%, 95%CI (−7.37%, −2.19%) <0.001 0.37 (0.21, 0.64) 0.001

Note. Adjusted for all variables listed in the baseline.
PPH, postpartum hemorrhage.
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can significantly reduce the amount of vaginal bleeding and
shorten bleeding time in rats by promoting frequency and
tension of uterine contraction and increasing the level of
serum estradiol (Xia et al., 2009). In addition, motherwort
was found to cause increasing intrauterine pressure in women
(Chan et al., 1983). Our findings together with earlier trials
have confirmed that motherwort injection is effective for
preventing PPH.

Strengths and Limitations
Our study has a few strengths. Firstly, our study used a cohort with a
large sample size and high-quality data to reliably assess the treatment
effect of motherwort injection in an integrative medicine setting. To
the best of our knowledge, this is the first real-world study involving
more than 20,000 pregnant women to investigate the effectiveness of
add-on use of motherwort injection with the first-line treatment for
preventing PPH. The findings fill a gap to evaluate the effectiveness of
motherwort injection in real-world practice, and the findings had
reasonably good generalizability. Secondly, given the potential
confounding and indication bias, we applied a novel active-
controlled study design to minimize indication bias, which was
common in a real-world practice setting; we also applied PS
matching to construct a counterfactual framework to ensure
comparability between groups, and we further conducted
sensitivity analyses to consolidate the results. We believe that the
use of rigorous methods and the robustness of findings through
various sensitivity analyses have substantially improved the strength of
findings.

Our study also has some limitations. Although we have
adjusted for a variety of confounders in PSM, residual
confounding from unmeasured factors may not be ruled out.
Nevertheless, based on the clinical experiences and medical
literature, as well as the large database, we included a large
number of covariates for adjustment compared with similar
studies. These factors covered a wide range of important
domains that may affect the effect estimation, including
demographic and gestational characteristics, gestational
comorbidities, gestational complications, and concomitant
medications. Residual confounding is a challenging issue in
the real-world setting, and we are hopeful that other studies
could validate our results. Secondly, the data of this study were
derived from West China Second University Hospital, a major
referral center and teaching hospital that has more than 20,000
deliveries in our cohort. The findings may not be completely
generalizable to all healthcare settings.

CONCLUSION

In summary, our study showed that IM motherwort injection
during cesarean section was more effective than IM oxytocin in
the lowering of PPH risk in a real-world setting. The findings
supported that motherwort injection, as a TCM intervention,
may be the better choice of medications after IV oxytocin has
been used. In response to the complexities of combination
therapy in an integrative medicine setting, our study suggested
a paradigm for investigating the treatment effect of Chinese

herbal medicine using real-world data, particularly the
methodology used to control potential confounding and
indication bias.
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Objective: To assess the incidence, risk factors, and clinical characteristics of perinatal

stroke in Beijing.

Methods: This multicenter prospective study included all the live births from 17

representative maternal delivery hospitals in Beijing from March 1, 2019 to February 29,

2020. Neonates with a stroke were assigned to the study group. Clinical data, including

general information, clinical manifestations, and risk factors, were collected. Up until 18

months after birth, neonates were routinely assessed according to the Ages and Stages

Questionnaire (ASQ) and/or the Bayley scale. Statistical analysis was done using the

chi-squared, t-tests, and logistic regression analysis using SPSS version 26.0.

Outcomes: In total, 27 cases were identified and the incidence of perinatal stroke

in Beijing was 1/2,660 live births, including 1/5,985 for ischemic stroke and 1/4,788

for hemorrhagic stroke. Seventeen cases (62.96%) of acute symptomatic stroke and

convulsions within 72 h (10 cases, 37.04%) were the most common presentations. Ten

patients showed no neurological symptoms and were found to have had a stroke through

routine cranial ultrasonography after being hospitalized for non-neurological diseases.
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The risk factors include primiparity, placental or uterine abruption/acute chorioamnionitis,

intrauterine distress, asphyxia, and severe infection. In the study group, 11.1% (3/27) of

patients had adverse neurodevelopmental outcomes. The patients in the study group

had lower scores for the ASQ than those in the control group in the communication,

gross, and fine motor dimensions.

Conclusion: The incidence of perinatal stroke in Beijing was consistent with that in other

countries. Routine neuroimaging of infants with risk factors may enable identification of

asymptomatic strokes in more patients. Patients who have suffered from a stroke may

have neurological sequelae; therefore, early detection, treatment, and regular follow-ups

are beneficial for improving their recovery outcomes.

Keywords: neonatal stroke, incidence, diagnosis, clinical characteristics, prognosis

INTRODUCTION

Perinatal stroke is a cerebrovascular disease that occurs in
newborns from 20 weeks of gestation to 28 days after birth.
The incidence of this type of stroke is one in every 1,600–3,000
live births (1–4). This can involve either the arteries and/or
veins, being categorized as hemorrhagic stroke and ischemic
stroke (1, 5). Specifically, perinatal strokes can be divided into
neonatal arterial ischemic strokes, neonatal cerebral venous sinus
thrombosis, and neonatal hemorrhagic strokes. Although the
incidence of perinatal strokes is low, it seriously increases the
likelihood of an added prognosis. Of those children with perinatal
strokes, 40% develop epilepsy after the neonatal period (6), 68%
of neonates diagnosed with ischemic strokes develop dyskinesia
(7), 43% of these children suffer from cognitive dysfunctions
(8, 9), and neurological sequelae occurs in 47% of neonates
with hemorrhagic strokes (10). Some patients suffer from an
acute onset of symptoms, including seizures, changes in tone,
irritability, feeding difficulties, and dystonia, which are classified
as an acute symptomatic perinatal stroke.

The leading unit of this project, the Peking University
First Hospital, has a fully equipped neonatal neurointensive
care unit. This unit is one of the main referral centers for
neonatal brain injury in Beijing, actively taking part in the
referral, treatment, and long-term follow-ups of neonates with
these conditions. In the author’s experiences, although the
incidence of perinatal strokes is lower than that of hypoxic-
ischemic encephalopathy, which is the major cause of neurologic
disabilities in term neonates, the former is still rather common.
When these children are diagnosed early, particularly through
imaging screenings for asymptomatic high-risk infants and
receive physical therapy later in their childhood, their prognosis
could be improved (11).

The main purpose of this study was to assess the incidence,
risk factors, and clinical characteristics of perinatal strokes in
Beijing. Specifically, it aimed to analyze its high-risk factors,
disease onset time, symptoms, and prognosis. The hope was to
supply a basis for the diagnosis and treatment of strokes that
occur during the perinatal period among children and to improve
their future prognosis. The Peking University First Hospital
led the study, but it also includes 16 representative maternity

hospitals and three neonatal referral hospitals, thus covering the
main administrative regions of Beijing.

METHODS

This was a multicenter prospective study, with 17 of the
recruiting hospitals being maternity hospitals and three neonatal
referral hospitals for children with severe illnesses in Beijing.
The participating maternal delivery hospitals included secondary
and tertiary hospitals that covered the central and suburban
areas of the city, all of which are the main delivery hospitals
in the administrative region of Beijing. The 17 maternity
hospitals then conducted follow-ups on all the newborns, who
were alive at birth until the diagnosis of perinatal stroke was
either excluded or confirmed. Some infants with neurologic
presentations were assessed with MRI and then for further
evaluation. Neurological symptoms or signs included, but was
not limited to the followingmanifestations: convulsions, frequent
myoclonus, altered consciousness (drowsiness, responsiveness,
and irritability), abnormal respiratory rhythm, weakened muscle
strength, dystonia, postural abnormalities, feeding difficulties
(inappetence and emesis), and the abnormal Neonatal Behavioral
Neurological Assessment (NBNA) score. Those who did not
display neurological symptoms, but who had risk factors that
could lead to neurologic disabilities in an infant, maternal
and peripartum characteristics, first underwent a craniocerebral
ultrasound. If the ultrasound, with an abnormal echo in
parenchyma or sinus, showed symptoms or signs of a suspected
perinatal stroke, the neonate would be further assessed with an
MRI (Figure 1). If the participating maternity hospital teams
believed it too difficult to diagnose, treat, or follow-up with any
of the children, they were referred to the Pediatrics Department
of Peking University First Hospital or one of the three neonatal
referral hospitals for further diagnosis and treatment. The cases
of the control group were matched based on the perinatal
stroke cases.

Clinical data collection and regular follow-ups were included
in the standardized diagnosis and treatment process of the
enrolled newborns. The results of the follow-ups and related
data were analyzed. This study’s enrollment period was from
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FIGURE 1 | Case ascertainment methods. GA, gestational age; BD, birth date.

March 1, 2019 to February 29, 2020. This study was approved by
the Ethics Committee of Peking University First Hospital and a
written informed consent was obtained from the legal guardians
of the newborns.

PATIENTS

Study Group
All the newborns delivered in the participating units from
March 1, 2019 to February 29, 2020 were followed-up by
the delivery unit team until 42 days after their birth. If any
neurological symptoms or signs appeared during this period,
cranial ultrasounds and/or MRIs were performed in a timely
manner. For children hospitalized owing to other symptoms
(e.g., jaundice and infection), cranial ultrasound and/or MRIs
were performed as a routine procedure. All the children in the
study group met the inclusion criteria described below and their
diagnoses were confirmed by MRIs.

The inclusion criteria were: (1) MRI performed during
the neonatal period and the diagnosis of a stroke; in this
study, hemorrhagic strokes refer to cerebral parenchymal
hemorrhages in full-term infants and near-term infants over 35
weeks of gestational age (12), while ischemic strokes include
arterial ischemic strokes and neonatal intracranial venous sinus
thrombosis (13); (2) the maternal pregnancy examinations were
completed in Beijing; (3) the date of birth of the neonate was
between March 1, 2019 and February 29, 2020; (4) the place of
birth was a unit involved in this study; and (5) the legal guardian
signed the informed consent form.

The exclusion criteria were: (1) subdural, epidural,
or subarachnoid hemorrhages; (2) germinal matrix or
intraventricular hemorrhages in premature infants; and (3)
refusal to sign the informed consent form.

Control Group
The researchers matched the control group to the study group
according to gestational age (with a difference in gestational age
of 3 days) and date of birth (with a difference of 2 weeks from the
study group, at a ratio of 1:4).

The control group also attended follow-ups and met the
inclusion criteria below.

The inclusion criteria were: (1) all the maternity examinations
during pregnancy were completed in Beijing; (2) the date of birth
of the neonate was betweenMarch 1, 2019 and February 29, 2020;
(3) the place of birth was a unit involved in this study; (4) the
imaging examination (cranial ultrasounds and/or cranial MRIs)
was normal; and (5) the legal guardian signed the informed
consent form.

The exclusion criteria were: (1) brain injury and
abnormal brain development caused by other etiologies (e.g.,
hypoxic-ischemic encephalopathy, bilirubin encephalopathy,
hypoglycemic encephalopathy, and brain structural
malformations); (2) refusal to undergo brain imaging
examination; and (3) refusal to sign the informed consent form.

NEUROIMAGING

Owing to economic restrictions and human resource limitations,
this study did not perform routine imaging screening on all

Frontiers in Public Health | www.frontiersin.org 3 March 2022 | Volume 10 | Article 783153194195

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Xia et al. Multicenter Study on Neonatal Stroke

of the participants in the cohort. Only the participants with
neurological symptoms and/or pathological conditions were
screened. However, all the patients in the cohort were uniformly
followed-up to reduce the missed detection rate.

DATA COLLECTION

Specific data were collected using standardized information
forms. First, population information, including the number
of live births delivered in each unit per month, was
collected. Second, collection included general information,
such as gestational age, age, and sex. Third, clinical data,
including age at presentation, symptoms, signs, treatment
history, and medication, were collected. The fourth set of
collected information included the potential risk factors,
including maternal factors (age at time of delivery, pregnancy
complications, primiparity, and parity), perinatal factors
(delivery method, intrauterine distress, and acute intrapartum
events, including placental or uterine abruption, postnatal
resuscitation, meconium-stained amniotic fluid, and umbilical
cord around the neck), and neonatal factors (birth weight
and infection status). Fifth, imaging data from all the patients
diagnosed with or with difficult to diagnose conditions,
comprising a 3.0-T MRI [T1, T2, diffusion-weighted imaging,
susceptibility-weighted imaging, and T2 fluid-attenuated
inversion recovery (FLAIR) sequence] were collected.

Data Preservation
The maternity hospitals involved in this study provided the
Peking University First Hospital, the leading unit, monthly
with data on the delivery volume and detailed information on
confirmed and suspected cases. The specific follow-up period was
included in the database only after an expert group’s diagnosis
was verified and sent back to the corresponding unit. The control
group was selected according to the final confirmed cases and all
the participating units provided the leading unit with detailed
information on the control group every month. After the unit
obtained information on a case and on a specific follow-up
destination, the leading unit contacted the follow-up unit to
check the case information and incorporate it into the research
process. The researchers archived the data and checked it every 3
months. Any logical errors or missing information were reported
to the source unit. All the follow-up information was uploaded to
a network database.

FOLLOW-UP AFTER BIRTH

The initial plan of this study was to perform outpatient follow-
ups at the clinic. However, due to coronavirus disease 2019
(COVID-19) pandemic, some cases required WeChat video
calls in addition to the outpatient follow-ups. If the partner
hospital did not have the required conditions to perform the
follow-up procedures, the leading hospital and/or one of the
three neonatal referral hospitals would do so. A chief neonatal
physician appointed by each unit and who had more than 10
years of work experience conducted the follow-ups. All the
enrolled children were contacted by the pediatrics specialist of the

Peking University First Hospital, who then conducted the follow-
ups at 1, 3, 6, 9, 12, and 18 months postpartum at the designated
chief physician’s outpatient clinic.

Follow-ups included clinical manifestation, symptoms,
and physical and auxiliary examinations of the children.
Neurodevelopmental evaluations were performed using the Ages
and Stages Questionnaire (ASQ) for all the enrolled children
at 36 months postpartum (14). It covers five areas of child
development, each with six items: communication, gross motor,
fine motor, problem solving, and personal–social domains. Each
item represents a developmental milestone for that specific age
group. Items responses are based on a three-item scale that
showed the capacity of the child to perform that item, with
“yes” being assigned 10 points, “sometimes” being assigned five
points, and “not yet” being assigned zero points. The sum of
the six items for one area forms the area score. This score then
aids with figuring out whether the child is developing normally,
at risk of suspected developmental delays (borderline), and a
diagnosis of developmental delays in an area. Development
delays in communication, gross motor, fine motor, problem
solving, and personal–social domains were defined as a score
below 13.06, 37.38, 34.32, 25.74, and 27.19. Meanwhile, suspected
developmental delays in the above five items were defined as a
score below 29, 46, 44, 36, and 38, respectively.

The Bayley Scales of Infant and Toddler Development, third
edition (Bayley-III), was used for the diagnostic evaluation, if the
ASQ results were abnormal (15). Neurodevelopment delays were
defined as the Bayley-III cognitive score of <85 or the Bayley-III
motor composite score of <85.

QUALITY CONTROL

Diagnosis
The leading unit provided all the cooperating units with
diagnostic training by videos and meetings and explained the
standards. The cranial MRIs of all the newborns whose diagnosis
was difficult were performed by two radiologists of the leading
units. Both have over 5 years of experience in reviewing neonatal
neurological diseases. Imaging specialists conducted a blind
review. The diagnosis was confirmed or excluded only when
the neonatal imaging team (which consists of two neuroimaging
specialists with more than 10 years of experience from the
imaging department of Peking University) agreed. Upon non-
agreement, the team discussed the case further until reaching
a consensus.

Data Collection
Each cooperating unit arranged fixed data collectors. When the
project started, all the cooperating units received training on the
process to be followed in terms of the case data collection. The
monthly delivery volume reported by the 16 hospitals was verified
and recorded and the contents of the various cases’ data on the
strokes reported by all the cooperating units were verified and
feedback every 3 months.

Follow-Up
The leading hospital designed a standardized follow-up manual
and distributed it to all the units expected to conduct them. All
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the professional physicians involved in the follow-up and who
worked in units that had the ability to conduct the ASQ and the
Bayley scale were trained on the follow-up procedures before the
project began.

Project Progress
The project leader of each cooperating unit monitored the
progress longitudinally. They communicated with the leading
unit through an online meeting every 3 months to clarify the
project progress and conducted offline or online meetings with
personnel from all the centers every 6 months. The leading
unit reported on project progress and supplied feedback on
the problems occurring in the research process of the partner
hospitals during the meeting that took place every 3 months.

STATISTICAL ANALYSIS

Numerical data were expressed as frequencies (percentages) and
analyzed using the chi-squared tests. Measurement data were
expressed as median (minimum-maximum) or mean ± SD and
were analyzed by t-tests. The logistic regression analysis was
applied to the risk factors. Statistical significance was set at p
< 0.05. The researchers analyzed the statistical data with SPSS
software version 26.0.

RESULTS

Demographics and Incidence
During the study period, 71,817 live births were delivered by all
the cooperating units, including 42,919 live births in the central
area and 28,898 live births in the suburbs. The number of live
births in the spring, summer, autumn, and winter seasons were
18,802, 18,186, 18,954, and 17,875, respectively.

A total of 27 cases (Table 1) of perinatal strokes were
diagnosed in 14 male (52%) and 13 female (48%) neonates.
Among the confirmed cases, 15 had hemorrhagic and 12 had
ischemic strokes (seven cases of arterial ischemic stroke and five
cases of venous sinus thrombosis). Eighteen cases were from the
central areas of the city and nine cases were from the suburbs.
Spring and summer each saw eight diagnosed cases of perinatal
strokes, while autumn saw six diagnosed cases of perinatal strokes
and winter saw only five diagnoses cases of perinatal strokes.

Based on this calculation, the incidence of perinatal stroke
in Beijing was one in 2,660 live births. In urban areas, this
incidence was one in every 2,384 live births and one in 3,210 live
births in suburban areas. The incidence rates in spring, summer,
autumn, and winter were 1/2,350, 1/2,273, 1/3,159, and 1/3,175,
respectively. For perinatal ischemic strokes, the incidence was
1/5,985 and 1/4,788 for hemorrhagic strokes.

Clinical Features
Onset Time of Symptoms
Among neonates with acute symptomatic perinatal strokes (17
neonates), some who had convulsions started to experience the
symptoms within 12 h after birth (two neonates). Most symptoms
occurred between 12 and 72 h after birth (eight neonates).

There were eight cases of convulsions among neonates with
ischemic stroke, with six of them developing their symptoms
within 12–72 h after birth. Of these eight patients, six patients
had arterial ischemic strokes: five patients involving the left
middle cerebral artery and one patient involving the right
middle cerebral artery. Additionally, two cases had venous sinus
thrombosis involving the bilateral transverse sinuses and sigmoid
sinuses, respectively. Of the two cases who developed symptoms
within 12 h after birth, one case had an arterial ischemic stroke
involving the left middle cerebral artery and the other had a
venous sinus thrombosis involving the bilateral sigmoid sinuses.

Among the patients with hemorrhagic stroke, two cases
showed convulsions, both of which had symptom onset within
12–72 h after birth. The one case involved the right frontal lobe
and the other case involved the left temporal lobe simultaneously.

Onset Symptoms
Of the 27 perinatal stroke cases, 17 (62.96%) patients had
acute symptomatic strokes. The onset symptoms included
convulsions (10, 37.04%), muscular hypertonia (3, 11.1%),
frequent apnea (2, 7.40%), crying sharply (1, 3.70%), and
decreased responsiveness (1, 3.70%). Routine cranial ultrasound
examinations were performed for other children who were
diagnosed with other conditions. These included perinatal
hyperbilirubinemia, hypoxic asphyxia, and central nervous
system infection and the diagnosis was further confirmed by
cranial MRIs (Table 2).

Among the children with ischemic strokes, 75% (9/12)
patients had an acute symptomatic stroke, of which 66.67% (8/12)
patients suffered from convulsions. Five patients had a stroke
involving the left middle cerebral artery. In one case, the right
middle cerebral artery, bilateral transverse sinuses, and bilateral
sigmoid sinuses were also involved. Only one (out of 12; 8.33%)
patient showed muscular hypertonia and hemorrhage of the left
thalamus. The other three cases were diagnosed based on the
results of a conventional cranial ultrasound and their strokes
involved the left middle cerebral artery, superior sagittal sinus,
and bilateral transverse sinuses.

Among children with hemorrhagic strokes, 53.5% (8/15)
presented with an acute symptomatic stroke, of which two
cases had convulsions. Of these two, one involved the right
frontal lobe and the other involved the right temporal lobe. Two
patients had hypertonia, with one case involving multiple parts
of the temporo-occipital lobe and cerebellum and the other case
involving the left ventricle and left frontal lobe (at the same time).
Two patients had frequent apnea, with one case involving the left
frontal lobe and the other case involving the two hemorrhage sites
in multiple parts of the lateral frontal lobe, left basal ganglia, and
bilateral cerebellum. In one case, the patient displayed symptoms
of crying sharply, vomiting, and the stroke involved the left
frontal lobe. Another patient showed irritability and the stroke
involved the bilateral cerebellum.

The remaining seven cases of hemorrhagic strokes with no
neurological symptoms were diagnosed based on the results of
a routine cranial ultrasound. Additionally, they had a history
of perinatal hypoxia and asphyxia, were children older than
gestational age, younger than gestational age, born from diabetic
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TABLE 1 | Patients’ characteristics.

Stroke Case Sex Stroke territory Co-morbidities Outcome

Neonatal arterial ischemic

stroke

1 F Anterior LMCA Asphyxia N

2 M Posterior LMCA Dehydration;

Cholestasis;

IDM

N

3 M Anterior LMCA Dehydration N

4 M Main RMCA Asphyxia Epilepsy

5 F Posterior LMCA Sepsis;

Twins

N

6 M Middle LMCA Hyperbilirubinemia N

7 F Main LMCA Neonatal infection N

Cranial venous sinus

thrombosis

8 F Thalamus IVH N

9 M Superior sagittal

sinus

Bacterial meningitis;

Sepsis;

Pneumorrhagia

N

10 M Bilateral transverse

sinus

Sepsis (GBS);

ARDS;

AKI;

Thrombocytopenia

N

11 M Bilateral sigmoid

sinus

Sepsis;

Asphyxia;

AKI;

Coagulation

disorders;

LGA

N

12 M Bilateral transverse

sinus

Neonatal pneumonia

(Klebsiella

pneumoniae);

Subarachnoid

hemorrhage;

Coagulation disorders

N

Neonatal hemorrhagic

stroke

13 F Cerebellum IDM;

LGA;

Subarachnoid

hemorrhage;

Subdural hemorrhage

N

14 F Cerebellum Hyperbilirubinemia;

Craniotabes

N

15 M Cerebellum Neonatal pneumonia N

16 M Cerebellum Hyperbilirubinemia;

Subdural hemorrhage

N

17 M Frontal lobe Dehydration;

Hypernatremia;

Metabolic acidosis;

Subdural

hemorrhage;

IVH;

Subarachnoid hemorrhage

Motor delay

18 F Cerebellum;

Temporal lobe;

Occipital lobe

Asphyxia;

Metabolic acidosis;

Cephalohematoma;

IDM

N

19 F Temporal lobe;

Cerebellum

Hypernatremia N

20 F Frontal lobe Subdural

hemorrhage;

IDM

N

(Continued)
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TABLE 1 | Continued

Stroke Case Sex Stroke territory Co-morbidities Outcome

21 M Temporal lobe Asphyxia;

Skull fracture;

Subdural

hemorrhage;

Epidural hemorrhage;

Subarachnoid

hemorrhage;

LGA

Motor and

communication delay

22 M Temporal lobe IDM N

23 F Parietal lobe VSD;

PDA;

IDM;

Metabolic acidosis

N

24 M Temporal lobe Neonatal pneumonia N

25 M Frontal lobe;

Cerebellum;

Basal ganglia

SGA N

26 F Temporal lobe;

Occipital lobe

Craniotabes N

27 M Frontal lobe ARDS;

PPHN

N

LMCA, left middle cerebral artery; RMCA, right middle cerebral artery; F, female; M, male; IDM, infant of diabetic mother; IVH, intraventricular hemorrhage; GBS, group B streptococcus

agalactiae; ARDS, acute respiratory distress syndrome; PPHN, persistent pulmonary hypertension of the newborn; AKI, acute kidney injury; LGA, large for gestational age; SGA, small

for gestational age; VSD, ventricular septal defect; PDA, patent ductus arteriosus; N, normal.

TABLE 2 | MRI features of neonatal perinatal strokes.

Stroke territory NIS NHS

n (%) n (%)

BGT 2 (8) 1 (5)

PLIC 1 (4) -

Central sulcus 1 (4) -

Superior sagittal sinus 1 (4) -

Transverse sinus 2 (8) -

Sigmoid sinus 1 (4) -

Cerebellum - 7 (33)

Frontal lobe 4 (15) 4 (19)

Temporal lobe 5 (19) 6 (29)

Parietal lobe 4 (15) 1 (5)

Occipital lobe 5 (19) 2 (10)

BGT, basal ganglia and thalami; PLIC, posterior limb of the internal capsule; NIS, neonatal

ischemic stroke; NHS, neonatal hemorrhagic stroke.

mothers, and had hyperbilirubinemia. The left cerebellum
(n = 2), bilateral cerebellar left temporal lobe (n = 1), bilateral
cerebellum (n = 1), left temporal (n = 1), left parietal (n = 1),
and occipital lobes (n= 1) were involved in these seven cases.

Risk Factors
The risk factors in the study and control groups are shown in
Table 3. Results showed that the following factors were related
to perinatal stroke: the maternal factor of primiparity; the

perinatal factors of placental abruption/acute chorioamnionitis,
premature rupture of membranes ≥ 18 h, intrauterine distress,
and asphyxia/resuscitation; and the neonatal factor of severe
infection (i.e., sepsis, bacterial meningitis). Of the 27 neonates
in the study group, 23 (85%) had one or more of these factors,
the most common was a history of perinatal hypoxia (e.g., having
presented intrauterine distress or postnatal asphyxia; 16 cases,
59%). Among the 108 neonates in the control group, 35 (32%)
had at least one of these factors (p < 0.05).

Based on the results of this univariate logistic regression
analyses, all the aforementioned-related factors were subjected to
the binary logistic regression analysis. The results demonstrated
that primiparity, premature rupture of membranes ≥ 18 h,
intrauterine distress, asphyxia/resuscitation, and severe infection
were significantly related to the occurrence of perinatal stroke
(details in Table 4). Mothers of infants with perinatal strokes
were more likely to be primipara [odds ratio (OR) 3.484; 95%
CI 1.032–11.759]. In 22% of patients, premature rupture of
membranes ≥ 18 h was diagnosed compared with only 4% in
the comparison group (OR 11.359; 95% CI 1.522–84.759). Cases
were more likely to have intrauterine distress (OR 5.479; 95%
CI 1.362–22.041), asphyxia/resuscitation (OR 7.001; 95% CI
1.657–29.589), and suffer from severe infection (OR 12.065; 95%
CI 1.123–129.611).

Prognosis
All the patients were followed-up regularly until 18 months of
age. Twenty-six patients completed the ASQ-3 assessment and
one completed the Bayley scale. In the study group, 11.1% (3/27)
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TABLE 3 | Analysis of the risk factors of perinatal strokes by maternal, perinatal, and neonatal factors and groups.

Study group Control group X2 P

n (%) n (%)

Maternal factors

Mother’s age ≥ 35 years 4 (15) 33 (31) 2.690 0.077

Diabetes 6 (22) 22 (20) 0.045 0.508

Hypertension 3 (11) 14 (13) 0.067 0.546

Autoimmune disease 1 (4) 7 (6) 0.299 0.697

Multiple pregnancy 1 (4) 4 (4) 0.000 0.739

Primiparity 15 (56) 36 (33) 4.538 0.045

Gestational age < 35 weeks 1 (4) 4 (4) 0.000 0.739

Perinatal factors

Cesarean delivery 11 (41) 46 (43) 0.030 0.52

MSAF 6 (22) 16 (15) 0.869 0.254

Umbilical cord around neck 3 (11) 8 (7) 0.396 0.383

PROM ≥ 18 h 6 (22) 4 (4) 10.800 0.01

Acute chorioamnionitis 2 (7) 1 (1) 7.793 0.025

Intrauterine distress 16 (59) 29 (27) 10.208 0.002

Asphyxia / resuscitation 12 (44) 9 (8) 21.443 0.000

Neonatal factors

Male 13 (48) 53 (49) 0.007 0.552

SGA / LGA 4 (15) 19 (18) 0.118 0.493

Severe infection 4 (15) 2 (2) 8.547 0.015

PROM, premature rupture of membranes; MSAF, meconium-stained amniotic fluid; SGA, small for gestational age; LGA, large for gestational age.

TABLE 4 | The logistic regression analysis of risk factors for perinatal strokes.

Factors P OR 95% CI

Primiparity 0.044 3.484 1.032∼11.759

Intrauterine distress 0.017 5.479 1.362∼22.041

PROM ≥ 18 h 0.018 11.359 1.522∼84.795

Asphyxia / resuscitation 0.008 7.001 1.657∼29.589

Severe infection 0.000 12.065 1.123∼129.611

PROM, premature rupture of membranes; OR, odds ratio; CI, confidence interval.

of the patients had adverse neurodevelopmental outcomes. One
patient had an ischemic stroke accompanied by convulsions
and seizures within 12 h after birth, which affected the right
middle cerebral artery. This patient was treated with oral
antiepileptic drugs and had no clinical seizures. However, his
electroencephalogram (EEG) was still abnormal at 18 months
of age.

The other two patients had hemorrhagic strokes. One patient,
whose parents withdraw the treatment shortly after birth, had
a right frontal hemorrhage (4.9 × 5.9 cm) and the ASQ scores
showed that gross and fine movements were below the threshold.
The other patient suffered from a hemorrhage in the right
temporal lobe (0.9 × 0.7 cm) and their ASD scores showed that
the gross and fine movements and communication dimensions
were below the threshold.

The ASQ scores of children in both the groups showed that
patients who had convulsions had lower scores than those in
the control group for total scores, communication, gross motor,

and fine motor dimensions (Table 5) and the difference was
statistically significant (p < 0.05).

DISCUSSION

This multicenter prospective study described the incidence and
clinical characteristics of perinatal strokes in Beijing, with the
aim to provide a basis for diagnosis and prognosis improvement.
The incidence was 1 in 2,660 live births, which is consistent with
earlier reports (1/1,600–1/3,000) (2). There was no statistically
significant difference in incidence between regions, nor among
seasons, which might be related to the limited number of cases in
this study.

Previous studies have reported that arterial ischemic strokes
are the most common type of stroke in neonates, but the
evidence in this study showed that the incidence for hemorrhagic
strokes was higher (2). This may be due to the routine
neuroimaging procedures for patients with no neurological
symptoms in this study, as was the case for approximately
half of the neonatal hemorrhagic stroke cases in this study.
Instead, these patients, who were diagnosed with perinatal
strokes without neurological symptoms, had been hospitalized
for neonatal hyperbilirubinemia and perinatal hypoxia and
asphyxia. Through the routine use of bedside cranial ultrasounds,
the strokes were found coincidently; this urged the unit team
to run a brain MRI, which then confirmed the diagnosis. In
addition, three asymptomatic patients (25% of patients with
ischemic strokes in the study sample) were diagnosed through
screening. This indicates that neonates with risk factors such
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TABLE 5 | The Ages and Stages Questionnaire (ASQ) scores according to stroke type and symptoms.

ASQ dimension X̄ σ T P

Total scores

Ischemic 249.58 15.87 −0.663 0.514

Hemorrhagic 256.33 32.21

Convulsion 239.00 9.45 −2.253 0.033

Non-convulsion 263.82 6.38

Symptom onset time <12 h 246.25 31.48 −0.671 0.516

Symptom onset time within 12–72 h 255.00 20.91

Communication

Ischemic 47.92 6.20 −0.535 0.598

Hemorrhagic 49.67 10.60

Convulsion 43.50 8.51 −2.305 0.030

Non-convulsion 50.88 7.75

Symptom onset time < 12 h 45.83 10.62 −1.144 0.277

Symptom onset time within 12–72 h 51.00 7.41

Gross motor

Ischemic 51.67 2.46 0.000 1

Hemorrhagic 51.67 7.94

Convulsion 48.00 7.14 −2.353 0.036

Non-convulsion 53.82 4.15

Symptom onset time <12 h 50.00 7.69 −0.882 0.407

Symptom onset time within 12–72 h 52.00 4.47

Fine motor

Ischemic 51.67 2.46 0.000 1

Hemorrhagic 51.67 7.94

Convulsion 45.00 5.27 −3.722 0.002

Non-convulsion 52.35 4.37

Symptom onset time < 12 h 47.92 6.89 0.000 1

Symptom onset time within 12–72 h 48.00 4.47

Problem solving

Ischemic 50.00 6.03 −0.459 0.651

Hemorrhagic 51.00 5.07

Convulsion 50.50 6.43 −0.808 0.433

Non-convulsion 52.35 4.37

Symptom onset time < 12 h 50.83 6.33 −1.111 0.347

Symptom onset time within 12–72 h 52.00 4.47

Personal-social

Ischemic 49.58 6.20 −1.556 0.135

Hemorrhagic 53.00 4.92

Convulsion 49.50 5.99 −1.372 0.188

Non-convulsion 52.64 5.34

Symptom onset time < 12 h 51.67 6.15 −0.107 0.917

Symptom onset time within 12–72 h 52.00 5.70

Bold values represents P < 0.05.

as severe infection or perinatal hypoxia should be routinely
examined by a cranial ultrasound, as this may ensure that they are
diagnosed early and receive timely interventions. These results
also show that there may be cases in which hemorrhagic strokes
were missed in neonates because of the lack of neurological
manifestations. Therefore, subsequent studies should further
expand the scope of screening to obtain more accurate data.

This study showed that the most common location involved
in the stroke was the left middle cerebral artery, consistent
with the literature results (16). This may be related to the
characteristics of fetal circulation. Specifically, at first, either
a placental thrombosis can enter the umbilical vein or an
embolus can form locally in the heart. Then, either one can
pass through the foramen ovale and eventually enter the left
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cerebral artery or directly enter the left cerebral artery through
the foramen ovale, as described by prior research (17). Despite
these suspicions, research shows that the etiology of neonatal
hemorrhagic strokes is unclear and that the most common lesion
of such strokes is in the temporal lobe (18). In this study,
40% of patients with hemorrhagic strokes had temporal lobe
hemorrhages. At the same time, a relatively high proportion of
patients (46.7%) had cerebellar hemorrhages and most patients
were asymptomatic and diagnosed by routine cranial ultrasound
screenings. Although small-volume cerebellar hemorrhages have
a relatively good prognosis, those that experienced them may
develop dysplasia, including motor and language impairment
at about 2 years of age (19). This fact once again suggests
the need for actively screening high-risk patients while paying
attention to the presence of cerebellar hemorrhages, which can
be imaged through the additional mastoid fontanelle windows
of ultrasounds.

It has been reported in the literature that primiparity,
intrauterine distress, asphyxia, and postnatal resuscitation are
closely related to perinatal strokes (18, 20–25). Intrauterine
distress and asphyxia often lead to the hypoxia-ischemia
procedure and temporary hypoxia can lead to vasomotor
dysfunction, damage to the vascular endothelium, and
hypercoagulability. These complications are the cause of
hemorrhages or ischemia in the arteries or veins after hypoxia
(20–23). This study showed that 59% of patients in the study
group had a history of intrauterine distress, asphyxia, or
postnatal resuscitation and this rate was significantly higher than
that in the control group (27%). Primiparity may contribute to
prolonged labor, which increases the risk of perinatal hypoxia
and asphyxia (20). Furthermore, infection is a common risk
factor for perinatal stroke (25, 26). In this study, two patients
in the study group had acute chorioamnionitis owing to
placental pathology. Additionally, the proportion of patients
with severe infections was significantly higher in the study group
than in the control group. Acute chorioamnionitis is likely to
release cytokines, causing diffuse arterial injury, thrombosis, and
intracranial arteritis in the fetus (23, 27, 28). Severe infections can
also induce vascular endothelial injury and hypercoagulability
(1). Further, the results showed that the risk of a perinatal stroke
was 12.065 times higher in the case group than in the control
group. Regarding other complications, 22% of patients in the
study group had a history of premature rupture of membranes
and this proportion was significantly higher than that in the
control group (4%). Among children with premature rupture
of membranes in both the groups, the risk of perinatal strokes
was 11.359 times higher in the case group than that in the
control group. Indeed, earlier investigations have found that
inflammatory markers in amniotic fluid are related to perinatal
strokes (29). Thus, this study speculates that the premature
rupture of membranes causes inflammation and results in a
perinatal stroke. However, this pathophysiology requires further
laboratory tests and clinical evidence.

In general, patients with perinatal strokes have a poor
prognosis, as 9–40% of them show adverse outcomes (6–
8). Noticeably, some patients with stroke show developmental
abnormalities after 2 years of age (2, 16, 30, 31). In this study, 11%

of the neonates showed adverse neurodevelopmental outcomes,
denoting that the rate was generally lower than that reported
in the literature. This may be related to the early detection and
active follow-up enabled by the procedures taken in this study
and that were proposed despite the children going through an
asymptomatic period. It was early detection and active follow-
ups that facilitated the early detection of neurological disabilities
and timely rehabilitation. However, this study had a follow-
up period of 18 months after birth, thus could not assess
these abnormalities. Longer follow-up periods are required in
future studies.

STUDY LIMITATIONS

In this study, not all the children had a routine neuroimaging
follow-up and, therefore, the actual incidence of perinatal
strokes may have been higher. Besides, the relatively small
number of children with perinatal strokes in this study
may limit the assessment of risk factors and outcomes.
Furthermore, the relatively short duration of the follow-up limits
long-term outcome assessments. In addition, the researchers
compared perinatal strokes in two categories ischemic stroke
and hemorrhagic stroke, which make comparisons with other
studies difficult.

CONCLUSION

In this study, the incidence of perinatal strokes in Beijing was
found to be one in 2,660 live births and the first symptom
in most newborns within 12–72 h after birth was convulsions.
The results highlight how cranial neuroimaging may be used
to detect asymptomatic strokes in neonates with associated
risk factors, especially hemorrhagic strokes. Further, primiparity,
intrauterine distress, asphyxia, resuscitation, premature rupture
of membranes over 18 h, and severe infections are all high-risk
factors for perinatal strokes and the most common risk factor
is perinatal hypoxia. Patients diagnosed with a perinatal stroke
are at high risk for developing neurological sequelae. Therefore,
early screening, treatment after diagnosis, regular follow-ups, and
rehabilitation are important to improve their prognosis.
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The Use of Oral Anticoagulation Is Not
Associated With a Reduced Risk of
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Systematic Review and Meta-Analysis
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Meng-Fei Dai 1,2†, Si-Tong Guo3†, Yi-Jun Ke4, Bao-Yan Wang1,5, Feng Yu2, Hang Xu1,5*,
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Background: Hypercoagulability and thromboembolic events are associated with poor
prognosis in coronavirus disease 2019 (COVID-19) patients. Whether chronic oral
anticoagulation (OAC) improve the prognosis is yet controversial. The present study
aimed to investigate the association between the chronic OAC and clinical outcomes
in COVID-19 patients.

Methods: PubMed, Embase, Web of Science, and the Cochrane Library were
comprehensively searched to identify studies that evaluated OAC for COVID-19 until
24 July 2021. Random-effects model meta-analyses were performed to pool the relative
risk (RR) and 95% confidence interval (CI) of all-causemortality and intensive care unit (ICU)
admission as primary and secondary outcomes, respectively. According to the type of oral
anticoagulants [direct oral anticoagulants (DOACs) or vitamin K antagonists (VKAs)],
subgroup and interaction analyses were performed to compare DOACs and VKAs.
Meta-regression was performed to explore the potential confounders on all-cause
mortality.

Results: A total of 12 studies involving 30,646 patients met the inclusion criteria. The
results confirmed that chronic OAC did not reduce the risk of all-cause mortality (RR: 0.92;
95%CI 0.82–1.03; p = 0.165) or ICU admission (RR: 0.65; 95%CI 0.40–1.04; p = 0.073) in
patients with COVID-19 compared to those without OAC. The chronic use of DOACs did
not reduce the risk of all-cause mortality compared to VKAs (Pinteraction = 0.497) in
subgroup and interaction analyses. The meta-regression failed to detect any potential
confounding on all-cause mortality.

Conclusion:COVID-19 patients with chronic OACwere not associated with a lower risk of
all-cause mortality and ICU admission compared to those without OAC, and the results
were consistent across DOACs and VKA subgroups.
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Systematic Review Registration: clinicaltrials.gov, identifier CRD42021269764.

Keywords: COVID-19, oral anticoagulant, direct oral anticoagulants, vitamin K antagonists, mortality, meta-analysis

1 INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a respiratory infection
caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) with a high rate of morbidity and mortality
(Wu and McGoogan, 2020). It has been recognized as a
pandemic by the World Health Organization (World Health
Organization, 2021). As of February 2022, >400 million
patients have been confirmed with COVID-19 globally, and >5
million people have deceased (https://coronavirus.jhu.edu/map.
html) (John Hopkins University, 2022). Although COVID-19
primarily affects the respiratory system, SARS-CoV-2 infection
can lead to vascular inflammation and endothelial dysfunction
due to hypoxia and excessive inflammation. A consequent
hypercoagulability causes pulmonary embolism with micro-
and macro-thrombosis in the lung vessels (Ackermann et al.,
2020; Belen-Apak and Sarıalioğlu, 2020; Varga et al., 2020),
rendering it as one of the main reasons for death and poor
prognosis in COVID-19 patients. Previous studies have shown
that venous thrombosis is common in patients infected with
SARS-CoV-2, with an estimated venous thromboembolism
(VTE) incidence of 25% (Cui et al., 2020; Zhang et al., 2020).
Also, thrombosis was observed in autopsy studies (Wichmann
et al., 2020).

The guidelines recommend that prophylactic low-molecular
weight heparin (LMWH) should be administrated to all
hospitalized patients with COVID-19 to decrease mortality
(Moores et al., 2020). Nonetheless, according to recent studies,
despite the use of apparently adequate thrombosis prophylaxis,
COVID-19 patients have a higher incidence of VTE than those
with other infectious diseases (Cui et al., 2020; Zhang et al., 2020;
Spiegelenberg et al., 2021). Approximately half of VTE incidence
occurred at or within 24 h of admission (Lodigiani et al., 2020).
Therefore, it was hypothesized that in the early stages of COVID-
19, the transition from asymptomatic to severe respiratory failure
might be sudden, and the anticoagulation therapy started after the
advanced stage of COVID-19 may be insufficient (Aslan et al.,
2021). The oral anticoagulation (OAC) treatment prior to the
earliest stages of COVID-19 infection may exert a protective
effect for COVID-19-related outcomes.

Several studies have evaluated the effects of chronic
therapeutic OACs in reducing the risk of mortality in patients
with COVID-19; however, the conclusions were controversial
(Aslan et al., 2021; Buenen et al., 2021; Gülcü et al., 2021;
Spiegelenberg et al., 2021), and high-quality evidence is
limited. Hitherto, no systematic review and meta-analysis have
been conducted to investigate the association between chronic
OAC and clinical outcomes in COVID-19 patients. Furthermore,
the protective effects of the different types of oral anticoagulants,
direct oral anticoagulants (DOACs), or vitamin K antagonists
(VKAs) in COVID-19 patients are controversial. Therefore, this
systematic review and meta-analysis were conducted to

investigate the benefits and hazards of chronic OACs in
COVID-19 patients comprehensively and rigorously.

2 MATERIALS AND METHODS

The present study was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. The protocol for this review was
prospectively registered in PROSPERO (CRD42021269764).

2.1 Data Sources and Search Strategy
The following electronic databases were searched
comprehensively to identify all the potentially eligible articles
from inception to 24 July 2021, without language restriction:
PubMed, Embase, Web of Science, and Cochrane Library. In
brief, the search strategy was identified based on the PICOS
format, including three key concepts: 1) COVID-19, 2) oral
anticoagulant, and 3) human study (Supplementary Table
S1). The detailed search strategy is presented in
Supplementary Table S2. For each of the concepts, the
authors mapped the relevant keywords and Medical Subject
Headings (MeSH). Also, the references were assessed manually
to ensure that all the relevant studies were included. Two authors
(MFD and STG) independently searched the databases, and any
disagreements were resolved by consulting a third author (HX).

2.2 Study Selection and Outcomes
Studies were considered eligible and included if they 1) were
randomized controlled trials (RCTs) or cohort studies; 2)
consisted of patients with confirmed COVID-19; 3) included
patients in the exposure group with chronic OAC; and 4) with
outcomes including mortality or intensive care unit (ICU)
admission. The exclusion criteria were as follows: 1) studies
with lack of a comparison group; 2) review articles, case
reports, case–control studies, cross-sectional studies, and
clinical trial registries; and 3) studies with unrelated outcomes
or unreported outcomes. All medical interventions after hospital
admission, including anticoagulation and pharmacological
treatments for COVID-19, were performed at the discretion of
the medical team. The primary outcome was all-cause mortality,
defined as death from any cause in COVID-19 patients. The
secondary outcome was ICU admission.

2.3 Data Extraction
Information was extracted using a pre-specified form consisting
of items, such as the first author’s name, publication year, study
design, country, patient demographics, clinical characteristics,
sample size, the type of the anticoagulant, and outcomes.

The adjusted effect estimates were preferred to the unadjusted
effect estimates and were extracted for reducing the confounding
factors. Also, the effect estimates and tabular data obtained from

Frontiers in Pharmacology | www.frontiersin.org March 2022 | Volume 13 | Article 7811922

Dai et al. Oral Anticoagulation in COVID-19

205206

http://clinicaltrials.gov
https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


studies comprising propensity-matched groups were treated as
adjusted estimates. If the reports did not provide adjusted effect
estimates, we extracted crude effect estimates. The data were
extracted by two authors (MFD and STG) independently and
cross-checked by a third author (HX) for completeness and
accuracy.

2.4 Quality Assessment
Two authors (MFD and STG) independently assessed the
methodological quality of each study. The Cochrane
Collaboration Risk of Bias Tool (Higgins et al., 2011) was used
to identify the risk of bias of RCTs. The Newcastle–Ottawa Scale
(NOS) score was determined to be nine while assessing three
quality domains, selection, comparability, and outcome in the
cohort studies (Wells et al., 2021). The total NOS score <5 points
defined a study with a potentially high risk of bias (Wells et al.,
2021). An additional reviewer (HX) was consulted to resolve any
discrepancies.

2.5 Statistical Analysis
Relative risk (RR) and 95% confidence interval (CI) were
calculated for the predetermined outcomes and pooled in the
random-effects model due to the heterogeneity of study
populations. The generic inverse variance method was used for
weighing (Cumpston et al., 2019). The hazard ratio (HR) was also
calculated when available. The rare case hypothesis was not used
when the outcome incidence was >20%, and the odds ratio (OR)
and HR were transformed to RR based on the approximation
suggested by VanderWeele (2020). I2 was used to evaluate the
heterogeneity of the study: I2 < 50%, 50.0–75.0%, and >75.0%
represented as low, moderate, and substantial heterogeneity,
respectively (Cumpston et al., 2019). Subgroup analysis was
conducted based on different types of oral anticoagulants
(DOACs or VKAs), and an interaction analysis was applied to
evaluate the risk difference between DOACs and VKAs.
Sensitivity analyses were performed to strengthen the
robustness of the results with the leave-one-out method.
Random-effects meta-regression was conducted to test the pre-
specified demographic characteristics in order to explore the
potential confounding factors associated with all-cause
mortality, using a restricted maximum likelihood. The
potential publication bias was assessed by evaluating the study
effects using visual inspection of funnel plots and Egger’s
regression test. The meta-analyses were performed with
STATA 15.1 (Stata, College Station, TX, United States).

3 RESULTS

3.1 Study Selection and Characteristics
A total of 1,310 studies were retrieved from electronic databases
through a comprehensive search. After screening the titles and
abstracts, 339 duplicates were removed, and 922 records were
excluded. After assessing full text, 12 studies (Aslan et al., 2021;
Buenen et al., 2021; Chocron et al., 2021; Covino et al., 2021;
Denas et al., 2021; Fröhlich et al., 2021; Gülcü et al., 2021;
Harrison et al., 2021; Iaccarino et al., 2021; Rivera-Caravaca

et al., 2021; Russo et al., 2021; Spiegelenberg et al., 2021)
involving 30,646 patients were selected according to the
inclusion criteria. The PRISMA flowchart illustrates the results
of the literature search and study selection (Figure 1). The
characteristics of the included studies are summarized in
Table 1. All the 12 included studies were retrospective cohort
studies, of which 7 used the propensity score matching (PSM)
method to minimize the influence of confounding factors
between comparison groups and provided accurate results, and
five studies applied the covariate adjustment. Among these, one
study was conducted in the United States, while 11 studies were
conducted in Europe, including Italy, Turkey, Germany, the
Netherlands, and France. The patient demographics and
clinical characteristics of included studies are summarized in
Table 2. The mean age range of involved patients was
62–84 years, and the proportion of males was 45.6–63.8%. The
percentage of comorbidities, such as hypertension, diabetes
mellitus, congestive heart failure, pulmonary disease, and renal
disease, was reported in the majority of studies. The quality of
cohort studies is assessed and summarized inTable 1; all included
studies were rated fair and good.

3.2 Association of Chronic OAC With
All-Cause Mortality in COVID-19 Patients
The outcome of all-cause mortality was available in 12 studies (14
cohorts) that compared chronic OAC patients with non-OAC
patients with COVID-19. The meta-analysis of studies revealed
that patients with chronic OAC were not associated with a
significantly lower risk of all-cause mortality than those
without OAC (Figure 2A; RR: 0.92; 95% CI: 0.82–1.03; p =
0.165; I2 = 65.2%). A total of seven studies provided adjusted
measure as HR, and the pooled HR (Figure 2B; HR: 0.99, 95% CI:
0.76–1.29; p = 0.941; I2 = 75.4%) was consistent with pooled RR.
Meta-regression was conducted to test whether demographic
characteristics (sample size, mean age, percentage of male,
study setting, hypertension, diabetes mellitus, congestive heart
failure, pulmonary disease, and renal disease) were associated
with all-cause mortality; any potential confounding factors could
not be identified (p > 0.05 for each characteristic, Supplementary
Table S3). The sequential removal of each study failed to identify
those with a significant influence on the results (Supplementary
Table S4).

3.3 Association of Different Types of OACs
With All-Cause Mortality
Themortality outcome was stratified by DOACs or VKAs. A total
of six studies compared the risk of mortality in COVID-19
patients with chronic VKAs with those without OACs. The
patients with chronic VKA therapy faced an equal risk of all-
cause mortality compared to those without OACs (Figure 3A;
RR: 0.92; 95% CI: 0.74–1.15; p = 0.463; I2 = 45.0%). Subsequently,
seven studies compared the risk of mortality in chronic DOACs
patients with non-OAC patients with COVID-19, and the pooled
RR showed a significantly lower all-cause mortality in chronic
DOACs than non-OACs in patients with COVID-19 (Figure 3B;
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RR: 0.84; 95% CI: 0.73–0.97; p = 0.015; I2 = 20.7%). The
interaction analysis was conducted to evaluate the risk
difference between VKAs and DOAC groups; however, no
significant difference was detected (Pinteraction = 0.497).

3.4 Association of Chronic OAC With
Intensive Care Unit Admission in COVID-19
Patients
The outcome of ICU admission was available in four studies that
compared chronic OAC patients with non-OAC patients with
COVID-19. We documented that patients taking chronic OAC
could not ameliorate ICU admission significantly (Figure 4; RR:
0.65; 95% CI: 0.40–1.04; p = 0.073; I2 = 76.5%).

3.5 Publication Bias
The visual inspection of funnel plots of primary outcomes for
publication bias analyses showed a qualitatively symmetrical
funnel-plot (Supplementary Figure S1). No significant
publication bias was found, as confirmed by Egger’s test (p =
0.602).

4 DISCUSSION

This study provided a comprehensive investigation of the
effectiveness of chronic OAC in COVID-19. The results

suggested that chronic OAC could not reduce the high risk of
all-cause mortality or ICU admission in patients with COVID-19
compared to those not using OACs. Although the subgroup
analysis suggested a potentially reduced risk of mortality in
COVID-19 patients with chronic use of DOACs, the
interaction analysis did not detect any significant difference
between DOACs and VKAs. Together, the results of this study
did not support that chronic OAC is beneficial in reducing the
risk of mortality in patients with COVID-19.

The high rates of thromboembolic complications were
observed in COVID-19 patients. The excess mortality of
COVID-19 may be related to the hypercoagulability and
microthrombi, leading to lung capillary occlusion (Ackermann
et al., 2020; Varga et al., 2020). However, whether patients can
benefit from OAC before the early stages of COVID-19 infection
remains uncertain. This meta-analysis, based on 12 cohort studies
involving 30,646 COVID-19 patients, is the first to provide a
comprehensive overview of the effects of chronic OAC. The
results demonstrated that chronic OAC does not reduce the
all-cause mortality and ICU admission in COVID-19 patients.
To the best of our knowledge, only one previous meta-analysis
(Kamel et al., 2021) has demonstrated that there was no
association between pre-admission anticoagulation and
mortality in COVID-19 patients (RR: 0.84, 95% CI: 0.49–1.43;
p > 0.05), which was consistent with our findings. However, the
meta-analysis (Kamel et al., 2021) included only three studies
(two were poor quality) with high heterogeneity (I2 = 86%) and

FIGURE 1 | Flow diagram for the selection of studies for the meta-analysis.
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did not elaborate on the effects of the confounding factors that
could affect the results, thereby providing weak preliminary
conclusions. The evidence for the benefits and risks of an

intervention can be obtained from high-quality observational
studies when RCTs are lacking (Wei et al., 2018). The present
meta-analysis included 12 cohort studies to build a large dataset

TABLE 1 | Characteristics of included trials.

Author Study
design

Country Sample
size

Study
setting

Type
of anticoagulant

(%)

Adjusted
method

Reported
outcomes

Quality

Aslan et al. (2021) Retrospective
cohort

Turkey 1710 Hospitalized DOACs (100%) CA All-cause mortality 8

Buenen et al. (2021) Retrospective
cohort

The Netherlands 497 Emergency
department

DOACs (51.8%) and
VKAs (48.2%)

CA All-cause mortality 8

Chocron et al.
(2021)

Retrospective
cohort

France 2,878 Hospitalized DOACs (60.7%) and
VKAs (39.3%)

PSM All-cause mortality 7

Covino et al. (2021) Retrospective
cohort

Italy 2,666 Emergency
department

DOACs (77.8%) and
VKAs (22.2%)

PSM All-cause mortality 8

Denas et al. (2021) Retrospective
cohort

Italy 4,697 Registration
systems

DOACs (21.2%) and
VKAs (78.8%)

PSM ICU admission and all-cause
mortality

6

Fröhlich et al. (2021) Retrospective
cohort

Germany 6,637 Registration
systems

DOACs (69.5%) and
VKAs (30.5%)

CA All-cause mortality or need
for non-invasive or invasive
ventilation or ECMO

6

Gülcü et al. (2021) Retrospective
cohort

Turkey 5,575 Hospitalized DOACs (84.9%) and
VKAs (15.1%)

PSM All-cause mortality 8

Harrison et al. (2021) Retrospective
cohort

America 1,026 Hospitalized DOACs (78.8) or
VKA (21.2%)

CA All-cause mortality 7

Iaccarino et al.
(2021)

Retrospective
cohort

Italy 2,377 Registration
systems

OAC CA All-cause mortality and ICU
admission

6

Rivera-Caravaca
et al. (2021)

Retrospective
cohort

Ecuador,
Germany, Italy,
and Spain

1,002 Registration
systems

DOACs (25.5%) and
VKAs (74.5%)

PSM All-cause mortality and
several comorbidities

6

Russo et al. (2021) Retrospective
cohort

Italy 427 Hospitalized DOACs (62.1%) and
VKAs (37.9%)

PSM All-cause mortality 8

Spiegelenberg et al.
(2021)

Retrospective
cohort

The Netherlands 1,154 Hospitalized DOACs (51.6%) and
VKAs (48.4%)

PSM All-cause mortality and ICU
admission

6

DOACs, direct oral anticoagulants; OAC, oral anticoagulant; VKAs, vitamin K antagonists; PSM, propensity score matching; CA, covariate adjustment; ICU, intensive care unit; ICH,
intracranial hemorrhage; ECMO, extracorporeal membrane oxygenation.

TABLE 2 | Patient demographics and clinical characteristics of included studies.

Author Mean age
(years)

Male
(%)

Hypertension
(%)

Diabetes
mellitus (%)

Pulmonary
disease (%)

Congestive
heart

failure (%)

Renal
disease (%)

Aslan et al. (2021) 62.0 49.5 42.0 27.0 6.0 3.0 NA
Buenen et al. (2021) 71.8 63.8 52.1 20.5 26.0 NA 19.5
Chocron et al. (2021) 66.6 57.9 50.5 23.5 NA NA NA
Covino et al. (2021) 84.0 50.0 41.8 18.5 17.4 23.4 15.2
Denas et al. (2021) NA 50.6 64.1 19.9 NA 6.4 4.8
Gülcü et al. (2021) 64.4 50.2 49.5 26.9 13.9 5.3 2.7
Iaccarino et al. (2021) 68.2 62.7 59.0 18.0 8.0 12.0 6.0
Rivera-Caravaca et al.
(2021)

82.0 59.2 82.1 31.2 18.3 4.6 15.1

Russo et al. (2021) 67.0 63.0 62.0 26.0 19.0 8.0 13.0
Spiegelenberg et al. (2021) 69.3 63.7 39.3 22.7 24.1 4.9 NA
Fröhlich et al. (2021) 66.4 50.9 58.7 22.4 11.4 12.8 16.2
Fröhlich et al. (2021) 65.6 51.3 57.0 21.9 11.0 11.9 16.1
Harrison et al. (2021) 76.3 47.5 73.8 38.3 NA 23.4 22.9
Harrison et al. (2021) 76.3 45.6 73.1 38.0 NA 20.8 21.7

NA, not available.
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to provide high-quality evidence, whether chronic OAC could
improve the prognosis of patients with COVID-19, and
elaborated the influence of the confounding factors by the

subgroup analysis and meta-regression to aid in decision-
making for the treatment. In the analysis based on drug
classification, each subgroup showed acceptable heterogeneity

FIGURE 2 | Forest plot for association of chronic OAC with all-cause mortality in COVID-19 patients, random model. (A) Pooled the RR. (B) Pooled the adjusted
HR. OAC, oral anticoagulation; COVID-19, coronavirus disease 2019; RR, relative risk; HR, hazard ratio; CI, confidence interval; DOAC, direct oral anticoagulant; VKA,
vitamin K antagonist; P, heterogeneity test.
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(both I2 < 50%). The type of OAC might be a source of moderate
heterogeneity for the primary outcome (I2 = 65.2%), but the
interaction analysis did not detect any statistical difference

between DOACs and VKAs in this study. The meta-regression
analysis failed to identify any potential confounding factors on
all-cause mortality. However, confounding factors that might not

FIGURE 3 | Forest plot for the association of different types of OACs with all-cause mortality in COVID-19 patients, random model. (A) Chronic VKAs. (B) Chronic
DOACs. OAC, oral anticoagulation; COVID-19, coronavirus disease 2019; RR, relative risk; CI, confidence interval; DOACs, direct oral anticoagulants; VKAs, vitamin K
antagonists; P, heterogeneity test.
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have been reported adequately in the included studies, such as
different treatment options for COVID-19, may contribute to the
unexplained heterogeneity.

Previous studies proposed that with the direct invasion of SARS-
CoV-2 into endothelial cells, the extensive endotheliitis, immune
complex accumulation, and type 3 hypersensitivity reaction results
in diffuse vascular inflammation (Carsana et al., 2020; Aslan et al.,
2021), while the hypercoagulability of COVID-19 is secondary to
vascular inflammation. Furthermore, the clotting system activation
and the immune-mediated inflammatory response have a complex
interplay. The two processes mutually reinforce each other (Scudiero
and Parodi, 2020; Hadid et al., 2021) and lead to microvascular
thrombosis and death. This might explain why OAC, targeting a
single pathway, cannot influence the progression of COVID-19 and
eventually the mortality of the infected patients (Aslan et al., 2021;
Russo et al., 2021). Thus, rather than against secondary
hypercoagulability, directed against thrombogenic inflammation
or vasculopathymay be a better treatment option (Flam et al., 2021).

Another study suggested that drugs that inhibit thrombin
(coagulation factor IIa) and coagulation factor Xa, such as
DOACs, might be promising in ameliorating disease
progression and severity of COVID-19. In addition to the
prevention of thrombosis, inhibition of factor IIa and factor
Xa prevent a cytokine storm (Jose and Manuel, 2020), which
might also have an antiviral effect via inhibition of SARS-CoV-2
fusion (Frydman et al., 2020). Although VKAs inhibits factors IIa
and Xa, vitamin K insufficiency accelerates elastic fiber damage
and thrombosis in severe COVID-19 due to impaired activation
of matrix Gla protein (protects against pulmonary and vascular
elastic fiber damage) and extrahepatic endothelial anticoagulant
protein S, respectively, related to poor outcomes (Dofferhoff et al.,

2020). However, this meta-analysis is based on real-world studies,
suggesting that the impact of these mechanisms on COVID-19
mortality was negligible, and DOACs did not significantly reduce
the risk of all-cause mortality compared to VKAs.

Additionally, the chronic anticoagulation indications (mostly by
atrial fibrillation and VTE) of patients with COVID-19 were the per
se risk factors of mortality (Mountantonakis et al., 2021). The pro-
inflammatory effects, a “lethal cocktail,” of COVID-19 render these
patients susceptible (Rivera-Caravaca et al., 2021). Patients with
anticoagulation indications should be advised to continue OAC
during the COVID-19 pandemic, based on the results of this study.
TheOACdid not increase themortality due to COVID-19; however,
it might be beneficial to patients with anticoagulation indications
and reduce the inherent high risk of thromboembolism. In addition,
the recommendations from the Italian Federation of
Anticoagulation Clinics (Poli et al., 2020) were consistent with
those of this study, suggesting to continue OAC for patients with
anticoagulation indications in the COVID-19 era. Furthermore, the
switch fromVKAs toDOACs should be considered in the absence of
contraindication because social distancing and stay-at-home orders
were implemented. The patients on VKAs were facing unique
challenges, who requiring close and continued monitoring by
clinic staff to optimize the benefit–risk ratio of warfarin therapy
(Kish and Lekic, 2021).

The results need to be interpreted with caution. First, there is a
lack of evidence that chronic OAC improves prognosis. Second,
the effects of anticoagulants are influenced by genetic factors
(Conti et al., 2021), other antithrombotic drugs (Valeria et al.,
2021), and potential drug–drug interactions; for example, the
drug–drug interactions of anticoagulants with some antiviral
treatments used in COVID-19 patients. These phenomena

FIGURE 4 | Forest plot for the association of chronic OAC with ICU admission in COVID-19 patients, random model. OAC, oral anticoagulation; COVID-19,
coronavirus disease 2019; RR, relative risk; CI, confidence interval; ICU, intensive care unit; P, heterogeneity test.
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might increase the plasma levels of anticoagulants (Testa et al.,
2020), and exposure to these molecules could cause severe
bleeding events (Wu et al., 2015). Therefore, OAC during the
early stages of COVID-19 infection should not be generalized to
all patients in the general population. However, adhering to
chronic OAC for patients with thrombotic complications
diseases was essential. Several ongoing RCTs are focused on
evaluating the potential effectiveness of anticoagulant therapy
(including OAC) on the spectrum of COVID-19 patients (Talasaz
et al., 2021). This finding needs to be substantiated further by
appropriate RCTs.

5 LIMITATIONS

The present study has several limitations. First, all the included
studies were observational studies. Although multiple measures,
such as the adjusted effect estimates, subgroup analysis, and
meta-regression, were used to reduce the risk of bias of
primary analysis. The meta-analysis assembling data from
observational studies had some limitations, such as among-
study heterogeneity, selection bias, and various confounders.
Second, moderate heterogeneity was observed in the primary
outcomes, and methodological and clinical heterogeneity could
be detected for all meta-analyses, especially involving
retrospective studies. Moreover, no highly homogeneous
studies support that chronic OAC reduces mortality in
patients with COVID-19, and the conclusions of this study
were credible. Third, the anticoagulation regimen during
hospitalization influences the reported results. However, no
standard protocol is yet available for COVID-19 treatment; all
medical interventions were performed after hospital admission at
the discretion of the medical team, and the results were credible
under current treatment conditions. Finally, the assessment of
major or non-major clinically relevant bleeding and
thromboembolic complications was not performed because
data were not available. Therefore, the results were considered
with caution since the possibility of confounders could not be
excluded.

6 CONCLUSION

The current systematic review and meta-analysis provided
evidence that chronic OAC is not associated with
improving the prognosis in COVID-19 patients, and the

results were consistent across DOACs and VKAs subgroups.
RCTs are required to produce high-quality evidence regarding
the safety and efficacy of OAC on the full spectrum of COVID-
19 patients.
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Background and Aims: There has been a significant increase in the number of

systematic reviews (SRs)/meta-analyses (MAs) investigating the effects of acupuncture

for functional dyspepsia (FD). To systematically collate, appraise, and synthesize the

current evidence, we carried out an umbrella review of SRs/MAs.

Methods: Systemic reviews/meta-analyses on acupuncture for FD were collected by

searching major medical databases. The included studies were evaluated in terms of

methodological quality, reporting quality, and evidence quality using the criteria from

the Assessment of Multiple Systematic Reviews 2 (AMSTAR-2) tool, the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, and

the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)

system, respectively.

Results: Ten SRs/MAs were analyzed for this study. The methodological quality,

reporting quality, and evidence quality of the included SRs/MAs were generally

unsatisfactory. Lack of protocol registration, no list of excluded trials, or lack of a

comprehensive search strategy were the main limitations. No high-quality evidence

was found to support the effects of acupuncture for FD; the qualitative data synthesis

relied on low quality trials with small sample sizes and was the main factor for

evidence degradation.

Conclusions: Acupuncture seems to have a promising efficacy in the treatment of FD.

It provides a new and prospective therapeutic method for FD. Although the quality of

the included SRs/MAs was generally low and defects were frequent, this umbrella review

highlights areas where improvement in methodology is required.

Keywords: reliability, evidence, decision-making, acupuncture, functional dyspepsia

INTRODUCTION

Functional dyspepsia (FD) is a functional gastrointestinal disease marked chiefly by early satiation,
postprandial fullness, epigastric pain, and epigastric burning (1). The annual prevalence of FD
is 9–10%, with 15% of patients having frequent (>3 attacks per week) and chronic (>3 months
per year) symptoms (2). As a result of continuous medical treatment and continuous drug use,
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indigestion symptoms create a huge socio-economic burden and
have a negative impact on the quality of life (3, 4). It is reported
that the total yearly direct cost of presentation and treatment
is $805 per patient, yet the economic losses of FD on patients
are much higher in combination with the indirect costs caused
by resignation or reduced productivity (4). Abnormal gastric
motility (delayed gastric emptying), impaired gastric adaptability
to food, and visceral hypersensitivity (gastric hyperdistention
sensitivity and acid hypersensitivity) are usually considered to
be the main pathophysiological mechanisms of FD (5). Current
pharmacological options include antidepressants, antacids,
anxiolytics, prokinetics, and Helicobacter pylori eradication (6).
However, none of the available therapies are effective in the
majority of patients (6).

Acupuncture has been widely used to treat functional
gastrointestinal disorders including FD. A literature search
yielded that an increasing number of systematic reviews
(SRs)/meta-analyses (MAs) regarding this topic have been
conducted. However, not all SRs/MAs can provide reliable
evidence, and low-quality SRs/MAs may instead mislead
decision-makers (7). Furthermore, in an attempt to ensure
validity of evidence and improve the quality of SRs/MAs, the
measurement tools like the Assessment of Multiple Systematic
Reviews 2 (AMSTAR-2) (8), the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (9), and the
Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) (10) were published in 2007, 2009, and
2004, respectively. An umbrella review is defined as an evidence-
based medicine approach to the systematic review of all SRs/MAs
on the same topic. Conducting an umbrella review helps to
integrate the evidence more comprehensively, thereby providing
higher quality evidence for clinicians. Hence, to systematically
collate, evaluate, and synthesize current evidence on acupuncture
for FD, we conducted this study.

METHODS

The protocol of this study was registrated in PROSPERO registry
(CRD42021262020), and the methodology was performed
following the criteria of the Cochrane Handbook.

Criteria for Considering Studies
The criteria for selection were as follows: (a) SRs/MAs of
only enrolled randomized controlled trials (RCTs), (b) subjects
were diagnosed with FD according to the Rome diagnostic
criteria, (c) interventions applied to the experimental group
included acupuncture alone or in combination with conventional
medicine (CM), while interventions applied to the control
included sham acupuncture or CM, (d) reporting at least one
prespecified outcome: symptom score (SS), nepean dyspepsia
index (NDI), main frequency of electrogastrogram (MF-EGG),
gastric half-emptying time (GHET), plasma motilin level (PML),
and effective rate (ER). The exclusion criteria were as follows:
(a) repeated publications, (b) graduate dissertation, (c) lack of
further data, and (d) conference abstracts.

TABLE 1 | Detailed retrieval strategy for PubMed.

Query Search term

#1 Dyspepsia[Mesh]

#2 Dyspepsia*[Title/Abstract] OR Functional dyspepsia*

[Title/Abstract] OR Indigestion* [Title/Abstract] OR non-ulcer

dyspepsia* [Title/Abstract]

#3 #1 OR #2

#4 Acupuncture [Mesh]

#5 Acupuncture [Title/Abstract] OR

pharmacoacupuncture[Title/Abstract] OR

acupotomy[Title/Abstract] OR acupotomies[Title/Abstract]

OR pharmacopuncture[Title/Abstract] OR

needle[Title/Abstract] OR needling[Title/Abstract] OR

dry-needling[Title/Abstract] OR

body-acupuncture[Title/Abstract] OR

electroacupuncture[Title/Abstract] OR

electro-acupuncture[Title/Abstract] OR auricular

acupuncture[Title/Abstract] OR warm needle[Title/Abstract]

#6 #4 OR #5

#7 Meta-Analysis as Topic [Mesh]

#8 Systematic review[Title/Abstract] OR

Meta-Analysis[Title/Abstract] OR meta

analysis[Title/Abstract] OR meta-analyses[Title/Abstract] OR

metaanalysis[Title/Abstract]

#9 #7 OR #8

#10 #3 AND #6 AND #9

Search Strategy
Systematic reviews/Meta-analysis of acupuncture on FD were
systematically searched in the following databases from their
inception till August 2021: the Cochrane Library, PubMed,
Web of Science, Embase, Chinese Biomedical Database, Chinese
VIP information, and Wanfang Data. Functional dyspepsia,
acupuncture, and systematic review were used as key search
terms. A strategy for using PubMed search is shown in Table 1.

Literature Screening and Data Extraction
Literature selection and data extraction were conducted by
two independent reviewers. For literature selection, titles and
abstracts were screened first, and the full texts of potential
literature were read for further evaluation. From the articles
included, the following data were extracted: first author,
publication year, sample size, interventions, outcomes, and main
results. Disagreements were settled via discussion and consensus.

Quality Assessment
Methodological quality, reporting quality, and evidence quality
of the enrolled studies were evaluated by two independent
reviewers using the AMSTAR-2 tool, the PRISMA statement, and
the GRADE system, respectively. The AMSTAR-2 consisted of
16 items, and the methodological quality was ranked as high,
moderate, low, or critically low (8). The PRISMA statement
consisted of 27 items, with each of the 16 items given a rating
of yes, no, or partly yes (9). Evidence quality with GRADE
was considered from five aspects (risk of bias, inconsistency,
indirectness, imprecision, and publication bias) and given a
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FIGURE 1 | Literature screening flowchart.

rating of high to critically low (10). Disagreements were settled
via discussion and consensus.

RESULTS

Literature Screening
The literature search yielded 193 citations, of which 55 duplicates
were removed. After screening the title and abstract, 121 citations
were excluded and the remaining 17 were further evaluated
through full-text reading. Finally, 10 SRs/MAs (11–20) met the
inclusion criteria (Figure 1).

Characteristics of the Primary Studies
Then, SRs/MAs published from 2014 to 2021 were included.
The interventions applied to the experimental groups were
acupuncture alone or in combination with CM, while those
administered to the control groups were CM or sham
acupuncture. More details are presented in Table 2.

Methodological Quality
According to the AMSTAR-2, only one Cochrane SR/MA
presented high level of methodological quality, while the other
SRs/MAs presented critically low levels of methodological
quality. Lack of protocol registration, no list of excluded trials, or

lack of a comprehensive search strategy were themain limitations
of the included SRs/MAs (Figures 2, 3).

Reporting Quality
According to the PRISMA statement, only one Cochrane SR/MA
fully reported information on the 27 items, while the other
SRs/MAs missed serious information in item Q5 (protocol and
registration), Q8 (search), and Q27 (funding). More details are
shown in Table 3.

Evidence Quality
With the GRADE system, the evidence quality of all concerned
outcome indicators ranged from “critically low” to “moderate”
due to the risk of bias, inconsistency, imprecision, and
publication bias. Furthermore, upgrading factors such as large
effect and evidence of dose-response gradient were not applicable
to the included outcome indicators. More details are shown in
Table 4.

Meta-Analyses Outcomes of Intervention
Acupuncture vs. Sham Acupuncture
Five studies (11, 12, 14–16) compared the effects of acupuncture
with sham acupuncture. Three studies (11, 12, 14, 16) reported
significant improvements in SSs in the acupuncture group
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TABLE 2 | A description of the characteristics.

References Country Trials

(subjects)

Experimental

intervention

Control

intervention

Quality

assessment

Meta-

analyses

Results summary

Han (11) China 10(1,202) AT Sham AT, CM Cochrane criteria Yes Regarding the improvement in the

symptoms of FD, the effect of

acupuncture was superior to the

sham-acupuncture group or the

western medication group.

Mao (12) China 7(853) AT Sham AT, CM Cochrane criteria Yes Acupuncture was more effective

than placebo in treating FD, while it

was comparable to CM.

Yuan (13) China 31(2,571) AT CM Cochrane criteria Yes Compared with CM, acupuncture

can significantly improve the effective

rate, functional dyspeptic symptoms

and motilin levels.

Zhou (14) China 24(3,097) AT, AT+CM Sham AT, CM Cochrane criteria Yes Acupuncture can effectively alleviate

the symptoms of FD and improve

the quality of life of patients.

Pang (15) China 16(1,436) AT Sham AT, CM Cochrane criteria Yes Acupuncture was superior to sham

acupuncture and CM in improving

symptoms and quality of life in FD

patients.

Kim (16) Korea 20(1,423) AT, AT+CM Sham AT, CM Cochrane criteria Yes Acupuncture was superior to sham

acupuncture and CM in improving

symptoms and quality of life in FD

patients.

Lan (17) China 7(542) AT Sham AT, CM Cochrane criteria Yes Whether acupuncture was more

effective or safer than other

treatments for the treatment of FD

remains inconclusive.

Peng (18) China 7(1,044) AT CM Cochrane criteria Yes The therapeutic effect of

acupuncture on FD was equivalent

to that of CM.

Jin (19) China 20(1,301) AT CM Jadad Yes Acupuncture was more effective

than CM in the treatment of FD, and

had a lower risk of adverse events.

Wu (20) China 16(1,088) AT CM Jadad Yes Acupuncture was more effective

than CM in the treatment of FD, and

had a lower risk of adverse events.

compared to the sham acupuncture. Two studies reported
ERs (11, 16), and the meta-analysis results revealed that the
acupuncture group was significantly superior to the sham
acupuncture group. The MF- EGG was reported in two studies
(11, 12). One study (11) showed that the acupuncture group
was significantly superior to the sham group, while the other
(12) reported no significant difference between these two groups.
Furthermore, it was reported that acupuncture was superior to
sham acupuncture in NDI (15).

Acupuncture vs. Conventional Medication
Nine studies (11–14, 16–20) compared the effects of acupuncture
with CM. Symptom score was reported in six studies (11–14, 16,
19), and the results of four studies (11, 13, 16, 19) revealed that
acupuncture was superior to CM, while others (12, 14) showed
that acupuncture was equivalent to CM. An effective rate was
reported in eight studies (11–13, 16–20), and the results of five
studies (13, 16, 18–20) revealed that acupuncture was superior
to CM, while others (11, 12, 17) showed that acupuncture was
equivalent to CM. The MF-EGG was reported in one study (11),

and the pooled results showed that acupuncture was equivalent
to CM. PML was reported in four studies (11–14), and the results
of one study (13) revealed that acupuncture was superior to CM,
while others (11, 12, 14) showed that acupuncture was equivalent
to CM. Two studies reported the GHET (11, 12), and the results
showed that the therapeutic effect of acupuncture group was
comparable to that of CM. In addition, it was reported that
acupuncture treatment was superior to CM in NDI (19).

DISCUSSION

Systematic reviews/meta-analyses, as the highest level of
evidence source in evidence-based medicine, have become
an important basis for evidence-based decision-making (21).
However, SRs/MAs with low quality might affect the applicability
of evidence. In this study, we performed an umbrella review
to collate, evaluate, and synthesize the current evidence on
acupuncture for FD.
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FIGURE 2 | Summary of the Assessment of Multiple Systematic Reviews 2 (AMSTAR-2).

FIGURE 3 | Graphical representation of the AMSTAR-2.

Main Results
First, 10 SRs/MAs published between 2014 and 2021 were
included, nine of which were published over the past 5 years,

indicating an increasing interest in acupuncture for FD. Second,
based on the AMSTAR-2 tool, the PRISMA statement, and the
GRADE system, the methodological quality, reporting quality,

Frontiers in Public Health | www.frontiersin.org 5 April 2022 | Volume 10 | Article 842096219220

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huang et al. Evidence of Acupuncture for Functional Dyspepsia

TABLE 3 | Result of the PRISMA checklist.

Section/Topic Items (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Compliance

(%)

Title Q1. Title Y Y Y Y Y Y Y Y Y Y 100%

Abstract Q2. Structured

summary

Y Y Y Y Y Y Y Y Y Y 100%

Introduction Q3. Rationale Y Y Y Y Y Y Y Y Y Y 100%

Q4. Objectives Y Y Y Y Y Y Y Y Y Y 100%

Methods Q5. Protocol and

registration

N N N N N N Y N N N 10%

Q6. Eligibility

criteria

Y Y Y Y Y Y Y Y Y Y 100%

Q7. Information

sources

Y Y Y Y Y Y Y Y Y Y 100%

Q8. Search Y Y PY PY Y PY Y PY PY PY 40%

Q9. Study

selection

Y Y Y Y Y Y Y Y Y Y 100%

Q10. Data

collection

process

Y Y Y Y Y Y Y Y Y Y 100%

Q11. Data items Y Y Y Y Y Y Y Y Y Y 100%

Q12. Risk of bias

in individual

studies

Y Y Y Y Y Y Y Y Y Y 100%

Q13. Summary

measures

Y Y Y Y Y Y Y Y Y Y 100%

Q14. Synthesis of

results

Y Y Y Y Y Y Y Y Y Y 100%

Q15. Risk of bias

across studies

Y Y Y Y Y Y Y Y Y Y 100%

Q16. Additional

analyses

Y Y Y Y Y Y Y Y Y Y 100%

Results Q17. Study

selection

Y Y Y Y Y Y Y Y Y Y 100%

Q18. Study

characteristics

Y Y Y Y Y Y Y Y Y Y 100%

Q19. Risk of bias

within studies

Y Y Y Y Y Y Y Y Y Y 100%

Q20. Results of

individual studies

Y Y Y Y Y Y Y Y Y Y 100%

Q21. Synthesis of

results

Y Y Y Y Y Y Y Y Y Y 100%

Q22. Risk of bias

across studies

Y Y Y Y Y Y Y Y Y Y 100%

Q23. Additional

analysis

Y Y Y Y Y Y Y Y Y Y 100%

Discussion Q24. Summary of

evidence

Y Y Y Y Y Y Y Y Y Y 100%

Q25. Limitations Y Y Y Y Y Y Y Y Y Y 100%

Q26. Conclusions Y Y Y Y Y Y Y Y Y Y 100%

Funding Q27. Funding N Y Y Y Y Y Y Y Y N 80%

and evidence quality, respectively, of the included studies did
not meet the requirements of the Cochrane Handbook, which
means that the conclusions of the included studies may be
different from the real situation and cannot provide reliable
evidence for the investigators. Third, there is considerable room
for improving the methodological quality and reporting the
quality of SRs/MAs. This study highlights common areas for
improvement such as protocols designed and registered in

advance, comprehensive literature search strategies, providing
a transparent list of excluded trials, and declaring funding
and conflicts of interest. Fourth, there is considerable room
for improving the methodological quality of RCTs. This study
highlights the common areas for improvement in RCTs, such
as a strict implementation of randomization and allocation
concealment and adequate reporting of blinding methods. In
addition, while almost all outcome measures lead to positive
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TABLE 4 | Results of evidence quality.

References Treatments Outcomes Limitations Inconsistency Indirectness Imprecision Publication

bias

Relative effect (95% CI) Quality

Han (11) AT vs. Sham

AT

SS −1 0 0 −1 −1 SMD −3.03 (−3.56, −2.50) CL

ER −1 0 0 −1 −1 OR 5.09 (3.30, 7.86) CL

MF-ECG −1 0 0 −1 −1 MD −14.36 (−18.31, −10.41) CL

AT vs. CM SS −1 0 0 −1 −1 MD −3.03 (−3.56, −2.50) CL

ER −1 0 0 −1 −1 OR 1.33 (0.70, 2.52) CL

MF-ECG −1 0 0 −1 −1 MD 0.01 (−0.03, 0.01) CL

PML −1 0 0 −1 −1 SMD −0.06 (−0.23, 0.11) CL

GHMT −1 0 0 −1 −1 MD 0.23 (−1.94, 2.40) CL

Mao (12) AT vs. Sham

AT

SS −1 0 0 −1 −1 MD −3.44 (−4.21, −2.67) CL

MF-ECG −1 −1 0 −1 −1 SMD −0.69 (−3.02, 4.40) CL

AT vs. CM SS −1 −1 0 0 −1 SMD −0.18 (−0.51, 0.16) CL

ER −1 0 0 0 0 RR 1.04 (0.96,1.13) M

PML −1 0 0 0 0 SMD 0.93 (−0.30, 1.55) M

GHMT −1 0 0 −1 −1 SMD 0.02 (−0.16, 0.20) CL

Yuan (13) AT vs. CM ER −1 0 0 0 −1 OR 3.00 (2.33, 3.87) L

SS −1 −1 0 0 0 WMD −1.21 (−2.13, −0.30) L

PML −1 0 0 0 0 WMD 13.99 (0.45, 27.54) M

Zhou (14) AT vs. Sham

AT

SS −1 −1 0 0 0 SMD −1.23 (−2.00,−0.47) L

AT vs. CM SS −1 −1 0 0 0 SMD −0.30 (−0.77,0.16) L

PML −1 −1 0 0 0 SMD 0.67 (−0.07,1.42) L

Pang (15) AT vs. Sham

AT

NDI −1 −1 0 −1 −1 MD 20.91 (6.55,35.26) CL

Kim (16) AT vs. Sham

AT

SS −1 0 0 −1 −1 MD 0.54 (0.18, 0.90) CL

ER −1 −1 0 −1 −1 RR 2.66 (1.85, 3.82) CL

AT vs. CM SS −1 −1 0 0 0 MD 0.54 (0.33,0.76) L

ER −1 −1 0 −1 −1 RR 1.18 (1.09, 1.27) CL

Lan (17) AT vs. CM ER −1 0 0 −1 −1 RR 1.02 (0.91,1.16) CL

Peng (18) AT vs. CM ER −1 0 0 0 0 RR 1.17 (1.10,1.24) M

Jin (19) AT vs. CM ER −1 −1 0 0 0 RR 1.21 (1.15,1.27) L

SS −1 −1 0 −1 −1 MD −2.10 (−3.61,−0.59) CL

NDI −1 0 0 −1 −1 MD 9.94 (7.93,11.94) CL

Wu (20) AT vs. CM ER −1 0 0 0 0 RR 1.18 (1.11,1.24) M

SS, symptom score; ER, effective rate; MF-EGG, main frequency of electrogastrogram; PML, plasma motilin level; GHMT, gastric half-emptying time; NDI, nepean dyspepsia index. CL,

critically low; L, Low; M, moderate.

conclusions, it is worth noting that most authors were reluctant
to draw definitive conclusions on the effects of acupuncture for
FD due to the small size or low quality of the RCTs.

Impact on Further Research
This study highlights several challenges for producers of
SRs/MAs that should be addressed. First, by using the AMSTAR-
2 tool and the PRISMA statement, it was observed that the
registration of protocols was far from being appreciated by
authors of SRs/MAs. Only one Cochrane SR/MA provided
a protocol registration, whereas none of the other studies
provided that. It is well-known that a preregistration protocol
helps to improve transparency, minimize the potential risk of

bias arising from the research process, reduce duplicate work
between different researchers, and keep the study up-to-date (22).
Authors are advocated to register protocols in a freely open
database (PROSPERO, http://www.crd.york.ac.uk/prospero) to
avoid study bias. Secondly, the risk of bias in identification
and literature selection was far from being paid attention to by
authors of SRs/MAs. That is, authors of SRs/MAs should provide
a comprehensive search strategy and be aware that an appropriate
range of databases or electronic sources of published literature
should be included. In addition to the database search, other
methods were considered for identifying relevant literature, such
as meeting reports and trial registration platforms. Furthermore,
a list of excluded trials and account for exclusion help to
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guarantee transparency; it can be presented by direct reference or
as a supplementary file. Finally, funding sources should be fully
reported as results from commercially funded research might be
biased toward funders (23).

Based on the GRADE system, the risk of bias of the enrolled
RCTs was the most common downgrading factor, indicating
that the root cause of the reduced quality of evidence lies
in the quality of the original RCTs. Only well-designed and
rigorously conducted RCTs may reduce or avoid bias (24).
Specific methods of randomization should be clearly described
to reflect whether randomization has been successfully achieved.
In addition, the information on allocation concealment and
blind method should be fully reported. Due to the peculiarity
of acupuncture, although blinding physicians is challenging,
attempts should be made to blind patients, other caregivers,
and outcome assessors to minimize the risk of bias. With
the development of evidence-based acupuncture, it is hoped
that researchers will continue to promote standardization and
precision in the future by improving the technical operating
procedures of acupuncture. Moreover, it should be realized that a
large sample size and high-quality RCTs should be fundamental
to high-quality evidence sources.

Limitations
This study highlights areas of improvement in the SR/MA
process that may help guide future high-quality research.
However, the widely used AMSTAR-2 tool, PRISMA statement,
and GRADE system are all subjective evaluation tools, and the
accuracy of assessor’s assessments cannot be guaranteed.

CONCLUSION

Acupuncture seems to have a promising efficacy in the treatment
of FD. Although the quality of the included SRs/MAs was
generally low and defects were frequent, our study highlights
areas where methodologies need to be improved.
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Fuzhou, China

Objective: To determine the clinical value of high-frequency ultrasonography (US) in the

evaluation and diagnosis of pancreaticobiliary maljunction (PBM) among children.

Methods: The clinical subjects consisted of 31 pediatric patients who were diagnosed

with PBM from January 2015 to May 2021 in Fujian Provincial Maternity and Children’s

Hospital. The primary outcomes included diagnosis accuracy, imaging characteristics

of each type of PBM based on JSPBM, time length of operation, and cost of service.

Secondary outcomes were the serum amylase and bilirubin levels.

Results: The diagnostic accuracy of US was 90.3% and comparable to the other

imaging methods—MRCP (82.6%), IOC (79.2%), and ERCP (100%), respectively. The

time length of operation and direct cost were significantly lower than other imaging

pathways. Stenotic type (A) is associated with a high internal diameter of CBD, and

dilated channel type (C) presents increased internal diameter and length of CC as well

as internal diameter of PD. There were higher levels of the serum bilirubin seen in type A

and of serum amylase in type C compared with others.

Conclusion: High-frequency US is a safe, cost-effective, and non-invasive imaging tool

for the diagnosis and evaluation of PBM in pediatrics.

Keywords: ultrasonography, pancreaticobiliary maljunction (PBM), diagnostic imaging, congenital biliary

dilatation, magnetic resonance cholangiopancreatography, endoscopic retrograde cholangiopancreatography,

intraoperative cholangiography

INTRODUCTION

Pancreaticobiliary maljunction (PBM) is a congenital anomaly in which a junction of the pancreatic
and bile ducts is anatomically outside the duodenal wall, forming a relatively long common channel
above the sphincter of Oddi. Half a century ago, it was widely recognized as an abnormal union of
biliopancreatic ducts or anomalous junction of the pancreaticobiliary ductal system (1). According
to the presence or absence of the bile duct dilatation, PBM can be classified as PBMwith congenital
biliary dilatation and PBMwithout biliary dilatation (maximal diameter of the bile duct≤ 10 mm).
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In PBM, the regurgitation between the pancreatobiliary and
biliopancreatic tract systems and premalignant changes in the
gallbladder can occur due to loss of the regulation of the sphincter
of Oddi (1–3). Patients with PBM have been found to have a high
incidence of gallbladder and biliary tract cancers (4, 5). According
to the report by a Japanese study (6), biliary cancer was seen
in 21.6% of adult patients with congenital biliary dilatation and
in 42.4% of patients with PBM without biliary dilatation. The
cancer was located in the bile duct and gallbladder in between
32.1 and 62.3% of patients with dilatation and between 7.3 and
88.1% of patients with PBM without biliary dilatation. Moreover,
these cancers presented 15–20 years earlier in patients with PBM
than in patients without PBM. The incidence of biliary tract
cancers in pediatric patients (younger than 15 years of age)
with PBM is unknown, whereas a few case series/reports were
published (7).

The main symptoms of PBM include abdominal pain,
vomiting, jaundice, fever, and hyperamylasemia. Compared with
patients with PBM without biliary tract dilatation, a larger
proportion of patients with congenital biliary dilatation are
symptomatic and related to the formation of the dilated duct.
Many patients with neonatal/infant onset have been classified as
showing cystic subtype in bile duct, in which main symptoms
are jaundice and an abdominal mass. Those with the early onset
version of the disease have a bile duct of a fusiform/cylindrical
type and also present abdominal pain mostly due to increased
intra-pancreatic/biliary pressure or due to the common channel
being blocked by protein plugs. Generally, patients with non-
dilated PBM often show symptoms in adulthood (8–10). Surgery
is recommended for patients with PBM irrespective of the
presence or absence of symptoms (7).

Abdominal ultrasonography (US) has conventionally been
recommended as a primary imaging modality in the care of
pediatric patients because of not only lower cost than other
techniques, but also it being safety and being child-friendly.
High-frequency ultrasound generally refers to the ultrasound
probe frequency of more than 10 MHz. Because of its shorter
wavelengths, it is absorbed easily for abdominal structures and,
hence, is a reliable and non-invasive technique that is being
used along with pediatric examination for assessment, diagnosis,
and management. However, informative findings about the
value of high-frequency US in the diagnosis of PBM have
been limited. Although the development of imaging modalities
including MRCP, ERCP, and IOC provided advantages for
pediatric radiologists in early diagnosis of PBM, escalating
medical costs is becoming more and more a concern in
worldwide pediatric care clinics, suggesting a primary demand
for pediatrics is reducing cost. We retrospectively analyzed our
pediatric high-frequency US practice with diagnosis accuracy in
clinical diagnosis of PBM. This study also explored the time

Abbreviations: PBM, Pancreaticobiliary maljunction; US, Ultrasonography;

JSPBM, Japanese Study Group on Pancreaticobiliary Maljunction; MRCP,

Magnetic resonance cholangiopancreatography; ERCP, Endoscopic retrograde

cholangiopancreatography; IOC, Intraoperative cholangiography; CBD, Common

bile duct; PD, Pancreatic duct; CC, Common duct; PBJ, Pancreaticobiliary

junction; DU, Duodenum.

length of operation and direct cost of different imaging tools in
pediatric practice.

MATERIALS AND METHODS

Patients
This study was approved by the Institutional Clinical Research
Ethics Committee of Fujian Provincial Maternity and Children’s
Hospital. Written informed consent was obtained from the
parents or guardians of all participants.

In this retrospective study, all pediatric patients with clinical
features of biliary obstructive disease were included in the study.
The US findings among 31 children (age < 10 years) diagnosed
with PBM between January 2015 and May 2021 at our Medical
Center were analyzed. To confirm the diagnosis, we used the gold
standard imaging tools—MRCP, IOC, and ERCP, which results
were evaluated by radiologist blinded to the US findings. The
morphologic characteristics of PBM were described according
to the last classification proposed by JSPBM, which is based on
the formation of the pancreaticobiliary junction (11). The four
types are stenotic type (A) in which the distal common bile duct
with stenosis joins the common channel, non-stenotic type (B)
in which the distal common bile duct without stenosis joins
the common channel, dilated channel type (C) in which the
common channel is dilated, and complex type (D). The length
of operation and the direct cost analysis in medical servings as
high-frequency, MRCP, ERCP, and IOC were calculated on the
basis of the updated standards issued by the national health and
family planning administration.

The primary outcomes were diagnosis accuracy, imaging
characteristics of each type of PBM, time length of operation,
and cost of service. Secondary outcomes were the serum amylase
and bilirubin levels associated with PBM types. The serum
bilirubin level was determined on the basis of an orthodox diazo
method, in which bilirubin reacts with diazotized sulfanilic acid
to produce azobilirubin (purplein color). Intensity of color is
directly proportional to the amount of bilirubin in the serum.
To quantify the activity of amylase, the iodometric (amyloclastic)
method was used to measure the rate at which substrate (starch)
is reacted away. Iodine readily reacts with starch to produce a
purple color, in which intensity is quantitatively associated with
of the activity of amylase.

High-Frequency US Technique
The high-frequency US facility was performed by the Voluson
S8 scanner (GEMedical Systems,Waukesha, WI, USA) equipped
with 9-MHz/11-MHz linear array transducers. All young patients
underwent US imaging in the supine position within the
sonography department at the hospital center. There was no
additional force applied other than the weight of the probe to
avoid any extra pain in the patients. During the operation, we
applied a specific technique of graded compression to eliminate
the disturbing impact of bowel gas. It allowed the use of a
high-frequency probe for the assessment of the morphological
abnormality by evaluating its reaction on compression. The
compression should be applied slowly and gently to reduce
abdominal pain. Four to five vertically oriented and overlapping
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lanes in the peritoneal cavity were needed to obtain better image
quality using probes. The maximum inner diameters and lengths
of the common bile duct, pancreatic duct, and common channel
were reported by three experienced pediatric sonographers. The
existence of a protein plug within the ductal systemwas observed.
The electronic clinical records, sonography/radiology reports,
and laboratory data of the children were analyzed for evidence of
accuracy, sensitivity, and specificity in accordance with the other
imaging diagnosis.

Statistical Analysis
Data for continuous variables were analyzed for normality by
Kolmogorov–Smirnov test and presented as mean± SD. The chi-
square or Fisher’s exact tests were used to compare categorical
variables and presented as mean and frequency with percentages.
The normally distributed continuous variables were compared
by unpaired t-test, whereas the others were tested by Mann–
Whitney U test. Significant differences were defined as those with
p-value< 0.05. All analyses were performed using SPSS statistical
software (version 22).

RESULTS

Clinical Characteristics
Of the 31 patients included in this study, there were 24 girls
and 7 boys. The age distribution and clinical symptoms is shown
in Table 1. Abdominal pain was the most common complaint
(77.4%), followed by vomiting (32.3%), jaundice (22.6%), and

TABLE 1 | Clinical characteristics of pediatrics with PBM.

N = 31

Gender
Girl 24 (77.4%)

Boy 7 (22.6%)

Age (overall range) 2 days−9 years

Clinical manifestation

Abdominal pain 24 (77.4%)

Vomiting 10 (32.3%)

Jaundice 7 (22.6%)

Fever 3 (9.7%)

Down’s syndrome 1 (3.2%)

fever (9.7%). One patient had chromosomal abnormality (Down’s
syndrome) confirmed by karyotype test.

The Primary Outcomes
Among 31 cases of PBM, the vision of high-frequency US was
read thoroughly by three sonographers. Further imaging with
MRCP, IOC, or ERCP was considered to confirm the features
suggestive of PBM. The overall diagnosis rate, time length of
operation, and direct cost of service are shown in Table 2.

Ultrasound accurately diagnosed PBM in 28 of 31 cases
(90.3%) included in the study. Ultrasound was unable to diagnose
a specific cause for three cases where false visualization in the
common channel and common bile duct was read because of
excessive intestinal gas. MRCP examination was performed in 23
cases, out of which 19 cases were accurately diagnosed PBM and
four cases were false negative due to the very young age (2 days)
with dilated CBD. IOC scan confirmed PBM in 19 of 24 children,
whereas five were false negative due to failure to read common
ducts (four cases) and being out of time as administration of the
contrast agent drained into the duodenum (one case). ERCP was
performed in nine cases, all of which diagnosed PBM accurately.

The snapshot of the time taken in imaging operation in
diagnosis of PBM was summarized in Table 2. The high-
frequency US procedure needed about half an hour in our
clinical department. Over three times of US running operation
time were needed in MRCP and ERCP examinations. IOC
also needed a longer operation time compared with US
measurement. Half of parents or guardians were concerned
about the challenging issues from the medical imaging. Very
few participants reported dissatisfactions or complaints just
before/after the high-frequency US procedure.

Total per-patient direct costs in the medical center were $34
± 3.3 for high-frequency US and $270 ± 32 for MRCP. IOC and
ERCP services costed $90± 10.2 and $388± 61, respectively. We
calculated that, as a result of administrating a high-frequency US
examination, 11 (35.5%) MRCP and 13 (41.9%) IOC cases were
avoided. The potential cost savings for use of high-frequency US
in pediatric PBM instead of MRCP, IOC, and ERCP would be
$236, 56, and 354 per examination.

Ultrasonic Characteristics of PBM in
Children
On the basis of the new JSPBM’s classification, the individual
morphologic features of PBM were described as four types (11)

TABLE 2 | Overall diagnosis rates, time length of operation, and cost of service in pediatrics with PBM.

US MRCP IOC ERCP

N = 31 N = 23 N = 24 N = 9

DA SE SP DA SE∧ SP∧ DA SE# SP# DA SE∧ SP∧

Diagnostic rate of PBM (%) 90.3 90.9 88.9 82.6 50–52.9 77.8–100 79.2 78.9 100.0 100.0 50–52.9 77.8–100

Time length of operation (min) 30 ± 4* 106 ± 19 176 ± 48 129 ± 31

Cost ($/case) 34 ± 3.3* 270 ± 32 90 ± 10.2 388 ± 61

DA, diagnosis accuracy; SE, sensitivity; SP, specificity; *p < 0.05 versus the other three tools. Based on the current sample studied, no expected SE/SP was available in groups of

MRCP, IOC and ERCP. The data were shown according to the literatures about ∧MRCP and ERCP applications in bile duct dilatation/occlusion and pancreatic duct occlusion/strictures

(12), and # IOC in bile duct injury (13).
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FIGURE 1 | Images of a representative type A of PBM. (A) US transverse scan showed the dilated CBD containing the protein plugs; (B) US transverse scan showed

the PD joining the terminal stenotic CBD within pancreas to form a common channel which drains into the duodenum; (C) MRCP indicated the dilated CBD with a

narrow distal end joining the common channel.

FIGURE 2 | Images of a representative type B of PBM. (A) US transverse scan showed the PD (longitudinal section) joining the CBD which contains the protein plugs.

(B) US oblique scan showed the common channel (between the arrows) is dilated and filled with protein plugs. (C) IOC indicated the PD and the dilated CBD joining at

a right angle to form a common channel which inserts into the duodenum. (D) MRCP indicated the same features of PD and CBD as that in US and IOC. No

significant narrowness in the distal CBD.
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FIGURE 3 | Images of a representative type C of PBM. (A) US transverse scan showed the axial section of both the terminal of the CBD and the PD; (B) US

transverse scan showed the axial section of common channel and indicated protein plugs within; (C) US oblique scan showed the terminal CBD and the PD parallel

each other and join at the end into the common channel which drains into the duodenum; (D) IOC confirmed dilations of the common channel and the CBD. There is

an acute angle (arrow head) of interjunction of the PD and CBD.

in presenting our ultrasound report: type A (stenotic)—the distal
CBD with stenosis before joining with the CC, and an angle
of slightly < 90◦ usually observed in the conjunction between
PD and CBD at a site distant from the papilla of Vater; type B
(non-stenotic)—the distal CBD emerging but without stenosis
pattern before joining with the CC, in addition, an approximately
right angle customarily seen in the conjunction between PD and
CBD at a site distant from the papilla; type C (dilated channel)—
the dilated CC significantly occurred; type D (complex)—a
complicated configuration in PBJ contexture including the PD,
the terminal portion of the CBD, and the dilated accessory PD,
and one end opening as a small nipple in the duodenum and
the other end converged with the CBD downward into the CC.
Figures 1–4 show the representative imagines of A, B, C, and D
types of PBM, respectively.

Comparison of Morphological
Classification
Among the 31 cases, 14 cases were stenotic type (A), 11 cased
were non-stenotic (B), and five were dilated channel (C). The

complex type (D) rarely occurred and only one case was found
in our medical center. Table 3 shows the comparison among A,
B, and C types in terms of gender, age, the maximum internal
diameter of CBD, the internal diameter of CC, the length of CC,
the internal diameter of the main PD, and the thickness of the
gallbladder. Type A causes a significant increase in the internal
diameter of CBD. Type C appears significant increases in internal
diameter and length of CC and internal diameter of PD.

The Secondary Outcomes
The serum bilirubin/amylase concentrations were shown in
Table 3. Type A presented a higher level of serum bilirubin than
other types, and the serum amylase level showed a significant
higher in type C. All 31 children underwent extrahepatic bile duct
resection and hepaticojejunostomy with Roux-en-Y anastomosis.
No difference in biliary amylase levels was seen among the types
(Table 3). The detective rates of protein plug were indicated
individually among three types (Table 3), and the case of Type
D was pointed out a positive image of protein plug in the US.
The result showed that the overall detective rate of protein plug
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FIGURE 4 | Images of a representative type C of PBM. (A) US transverses scan showing the main PD merging into the dilated accessory PD; (B) US transverse scan

showing the terminal CBD and the accessory PD joining downward to form the common channel (shown by yellow dotted lines); (C) MRCP indicated the main PD

imports to the accessary PD; (D) MRCP indicated the accessary PD joins with the distal CBD to form the common channel, suggesting a type D.

TABLE 3 | Comparison of clinical data among the types (A, B, and C) of PBM.

PBM type A B C

Girl/Boy 11/3 9/2 3/2

Age (range) 2 days−5 years 2–9 years 1.17–4.33 years

Internal diameter of CBD (mm) 26.43 ± 9.17* 12.66 ± 7.23 18 ± 8.17#

Internal diameter of CC (mm) 2.07 ± 0.87 4.23 ± 1.72 7.00 ± 2.11*

Length of CC (mm) 10.78 ± 2.25 11.82 ± 3.10 17.4 ± 3.73*

Internal diameter of PD (mm) 1.29 ± 0.45 1.74 ± 0.67 2.06 ± 0.79*

Thickness of gallbladder (mm) 2.27 ± 0.94 2.58 ± 0.95 2.48 ± 0.53

Serum bilirubin (µmol/L) 57.28 ± 23.19* 17.58 ± 7.87 15.26 ± 7.71

Serum amylase (U/L) 213.87 ± 48.24 245.17 ± 78.18 491.78 ± 151.30*

Bile amulase (U/L) 6,888.83 ± 2,250.88 7,247.03 ± 1,675.53 9,761.77 ± 2,200.40

Detective rate of protein plug (%) 85.7 (12/14) 100 (11/11) 100 (5/5)

A, stenotic type; B, non-stenotic type; C, dilated channel type; CBD, common bile duct; CC, common duct.

*p < 0.05 vs. the other two types.
#P < 0.05 vs. type B.
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was 93.5%. The surgical treatment confirmed protein plugs in the
distal segment of CBD and/or CC reported by preoperative US.

DISCUSSION

In the present study, we mainly aim to describe the current
application of high-frequency US in the diagnosis of PBM
and associated morphological findings in our pediatric center.
Because of its higher resolution (16–158µm) compared with
ordinary ultrasound, high-frequency US was recognized as the
ultrasound biomedical microscope (14, 15). In our investigation,
its imaging qualities allow us clearly obtain the structure
and thickness of ducts, channel, and gallbladder. Pediatric
sonographers can diagnose the PBM on the basis of these results
and can evaluate the follow-up treatment (data not shown). More
importantly, our study suggests that high-frequency US is non-
invasive, convenient, practical, and safe; therefore, it should gain
more application in the field of pediatric PBM.

PBM is characterized by an abnormally long common channel
and/or an abnormal union between the pancreatic and bile ducts.
In 2020, the JSPBM proposed a new PBM classification, which
is based on the formation of the PBJ especially the presence
of dilatation in ductal structure (11). The four types classified
by JSPBM provide us an actionable direction in early diagnosis
of PBM with or without biliary dilatation by high-frequency
US. Although the imaging methods used to demonstrate
pancreatic and bile ducts remain direct cholangiography (ERCP,
percutaneous trans-hepatic cholangiography, or IOC), MRCP,
or three-dimensional drip infusion cholangiography computed
tomography (1), clinical features of pediatric patients conceivably
make quite difficult to support prevailing practice with the
above golden standard tools. For example, ERCP requires general
anesthesia and has potentially serious complications such as
pancreatitis, hemorrhage, and bowel perforation. A recent study
of 116 children demonstrated a morbidity of 3.4%, with a
procedural failure rate of 2.5% (mainly due to the inability of
major papilla catheterization) (16). Our practice suggests that
ERCP operation is more difficult than sonography among infants
and toddlers because the parents/guardians poorly accept ERCP
operation for their children especially those <5 years. MRCP is a
non-invasive, radiation-free, and safe procedure in examination
of the pancreatic and liver parenchyma in addition to the ductal
structures. However, the main disadvantage is limited spatial
resolution especially in screening a PD < 1mm, compared
with high-frequency US. In our study, the range of average
internal diameter of the PD in children with PBM was 1.29 ±

0.45 to 2.06 ± 0.79mm; additionally, MRCP hardly pinpointed
a distinct exposure of pancreas in one case, overall resulting
in a poor visualization and a lower accuracy (82.6%) than
high-frequency US. Our findings are similar to other reports,
which showed a 40–80% accuracy rate in diagnosis of PBM
by MRCP (17–19). CT offers a higher resolution in abdominal
contents than MRCP, but it has not been widely used in children
due to exposure to ionizing radiation and usually iodinated
contrast media, both of which have known safety concerns
(20). MRI provides excellent evaluation of organ characteristics

without exposure to ionizing radiation, but it has the difficulties
in rendering a young patient sedation for the examination
and the potential toxic influence of gadolinium-based contrast
agents (21).

The abdominal wall of young children has thinner
musculature and less abdominal adipose tissue than old
children and adults; the solid organs are comparatively larger
in young children than in adults, which indicates that more
surface area is exposed, making the bile duct and pancreas
accessible for high-frequency US to achieve. Although a low
resolution has been associated with a depth of its scanning
organs, high-frequency US did fulfill its detection among our
young children (averaged 5 years old). Furthermore, high-
frequency US is a non-invasive, radiation-free, high-resolution,
and real-time dynamic technique that does not require sedation
or have complications. One of the advantages in preoperative
diagnosis of PBM by high-frequency US is that the scanning
image not only can discern the abnormal confluence of the
PD and the CBD but also further reveal the CC with slight
rotation of the probe and continued examination to the extent
possible. In addition, high-frequency US provides a satisfying
measurement of the inner diameters of the ductal structures
and visualizes protein plugs within, if present in the current
study. For example, the overall detection rate of protein plugs
is 95.2% (85.7–100%) in our study, which is higher than one
reported for cholangiography and MRCP images (9.3–40%)
(22, 23). The resulting difference displays that protein plugs
are translucent in cholangiography and MRCP images but
are detectable in high-frequency US examination, in which it
presents acoustic images with homogeneous and moderately
echoic characteristics. In the process of PBM diagnosis, because
cholangiography or MRCP accurately showed the filling of
contrast agent or liquid in the duct or channel, the protein plugs
inside of it can falsely result in the illusion of lumen stenosis.
In contrast, the high resolution of high-frequency US can truly
clarify the inner diameter of the CBD/CC even with the presence
of protein plugs.

Our study presents 90.9% in sensitivity by high-frequency US.
The rate is lower than other report (24) with 100% in diagnosis
of PBM. The difference could be possibly due to younger age in
our study. Our results demonstrate a specificity of 88.9% on high-
frequency US, which is similar with other studies with 88.4% in
detecting the benign etiology of obstruction (25). There are a few
potential reasons for false-negative ultrasound detection. One is
that we could be able to overlook the inflamed PBJ. Other is the
existence of air-filled dilated bowel loops that may hide ductal
structure from view. Another pitfall is some demonstration of
the part of ducts/channels within the scanning field because it
is obscured or confused by multiple-sized protein plugs with
inflamed tissues.

The fact that the US of abdominal organs is more susceptible
to gastrointestinal gas was recognized in the investigation and
would be most likely the one of reasons for false-negative
detection by high-frequency US. Because of excessive intestinal
gas in two cases, ultrasound visualization was limited to
accessibility of the common channel and common bile duct,
therefore a false reading occurring. To reduce the influence of
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the GI gas, some gentle compression should be recommended to
pull way the bowel gas during the operation.

Our study indicated the financial and time advantages of
using high-frequency US in pediatric PBM diagnosis, particularly
in reducing the direct serving cost and cutting down time in
imaging operation compared with the amount of other imaging
tools performed. It is suggested that high-frequency US can
be the recommended imaging modality of choice in pediatric
PBM diagnosis.

Our study showed that the serum amylase concentration of
patients with type C PBM was higher than other types of PBM.
The possible explanation is that the dilated CC may have higher
inner pressure against the pancreatic fluid upstream, or a smaller
intersection angle of PD with CC is quite sharp to potentially
obstruct the fluid from pancreas. However, further studies need
to confirm the certain mechanisms on it.

Limitations
The present study was limited by its retrospective nature and
small sample size, e.g., type D. Some cases showed that PBJ region
has poor visualizations on US, resulting in low-quality imagines.

CONCLUSION

High-frequency US is a safe and cost-effective diagnostic tool for
suspected cases of PBM in children. Apart from the diagnosis, it

can provide valuable information about the type of PBM and the
ductal structure as well as protein plugs.
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Macau, Macao SAR, China, 2 School of Public Health and Management, Guangzhou University of Chinese Medicine,
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Background: Hepatocellular carcinoma (HCC) accounts for more than 85%-90% of

primary liver cancer globally, and approximately 45% of deaths fromHCC occur in greater

China. This disease poses a significant economic burden for patients, payers and society

and significantly affects patients’ quality of life (QoL). However, such impact of HCC in

greater China has not been well characterized. This review was conducted to analyze the

current evidence about the economic and humanistic impact of HCC in greater China for

informing national disease management and identifying clinical gaps yet to be resolved.

Methods: A systematic search literature using seven databases (Web of Science,

PubMed, Medline, Cochrane Central, China National Knowledge Infrastructure,

Wanfang, and Weipu) was performed to identify interventional and observational studies

that reported the impact of HCC on cost or QoL and published before April 6, 2021. The

focus population included adult patients with HCC in greater China. This review excluded

any studies that focused on any specific treatment. Study quality was assessed using

the Effective Public Health Practice Project tool.

Results: Of 39,930 studies retrieved, 27 were deemed eligible for inclusion. The

methodologies, perspectives and data sources used in studies were heterogeneous.

In greater China, while few studies reported the health expenditures of HCC patients

and investigations about economic burden at national level was lacking, the significant

economic impact of HCC on patients and their families had been reported. Health-related

costs increased as the disease deteriorated. Additionally, HCC also has a negative impact

on the QoL of patients, mostly in terms of physical, cognitive, social functioning and

severe symptoms.

Conclusions: HCC has brought significant economic and QoL burden to patients

in greater China. Both physical and psychological factors predicted QoL in patients

with HCC in greater China. Future studies should explore the disease-related economic

effects on Chinese patients and their families, the effects of physical and psychological

factors on QoL and the relationships of physical and psychological factors in the region.

Systematic Review Registration: www.crd.york.ac.uk/prospero/display_record.php?

RecordID=278421, PROSPERO: CRD42021278421
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the major pathological
classification of primary liver cancer, accounting for 85%-90%
liver cancer globally (1). In terms of global incidence, HCC
ranks 7th, and there are about 850 thousand new cases of HCC
worldwide every year (1, 2). The incidence of HCC increases
with age and is 2.7 times higher in males than in females (3).
HCC is a highly fatal cancer, causing approximately 800 thousand
deaths every year (4). It is the fourth leading cause of cancer-
related deaths, second only to lung cancer, colorectal cancer, and
gastric cancer (5). The high prevalence of HCC poses increasing
demand for treatment and hospitalization, which bring huge
disease burden for both patients and the society (6). In greater
China, HCC is the fourth highest incidence of malignant tumors,
with 466 thousand new cases each year accounting for about 50%
of the total global new cases (7, 8); there are about 444 thousand
deaths due to HCC each year accounting for approximately 45%
of the total deaths from HCC worldwide.

HCC can be induced by multiple etiologies and risk factors
such as Hepatitis B Virus (HBV) infection, Hepatitis C Virus
(HCV) infection, alcohol abuse, metabolic liver disease (such
as non-alcoholic fatty liver disease) and exposure to dietary
toxins (such as aflatoxin and aristolochic acid) (9). Among them,
chronic hepatitis caused by viral infection accounts for more
than 70% of HCC in the world (10). Chronic hepatitis B (HBV)
and hepatitis C (HCV), as well as aflatoxin, are classified as
Group 1 carcinogen by the International Agency for Research on
Cancer (IARC) (11, 12). Recent studies suggested that patients
with diabetes, obesity, smoking, drug-induced liver damage and
men over the age of 40 also carry a higher risk of HCC (13,
14). HCC may be developed by the additive effects of multiple
complex pathogeneses.

Most HCC cases were discovered at a late stage, and
patients suffered from poor prognosis and short survival
due to limited treatment options during advanced stage
(15–17). The treatment of HCC can be divided into two
types: surgical and non-surgical. Surgical treatment includes
curative resection, liver transplantation, etc.; non-surgical
treatment mainly includes radiofrequency ablation, trans-arterial
chemoembolization (TACE), radioembolization, and systemic
targeted agent, etc (7, 18). The utilization of medical, clinical
treatments and work loss due to the disease brings a huge
negative impact on the economic status and quality of life (QoL)
for patients with HCC and their families.

Research showed that the overall financial charges for
HCC hospitalization, especially for the costs related to disease
progression, increased substantially in the past decades (6, 19,
20). The total inpatient expenses related to HCC increased
from 1.0 billion USD in 2005 to 2.0 billion USD in 2009
in USA (19). In terms of QoL, extrahepatic manifestations
and complications largely affected physical, social, emotional,
and functional well-being of patients with HCC (21, 22).
Understanding the economic impact and QoL affected by HCC is
essential to determine the factual disease burden on patients and
their families. Despite that greater China has a high prevalence
rate of HCC in the world and has developed relevant policies to
reduce patients’ burden, the evidence about the economic burden

TABLE 1 | Eligibility criteria.

Inclusion criteria

Patient population Adults (age ≥ 18 years) with any stage of HCC in

greater China

Intervention All interventions except for any specific treatment

No intervention

Comparator All interventions except for any specific treatment

Baseline

No comparator

Outcomes Direct costs Indirect costs

Health insurance payments QoL measures based on

clinical instruments

Study type Interventional studies

Observational studies

Language English Chinese

Exclusion criteria

Publication type Commentaries

Conference abstracts

Reviews Editorials

Letters

Case reports

Protocols

Design In vitro studies Animal studies

Language restrictions Not English or Chinese

QoL, quality of life.

and the QoL in patients affected by HCC in greater China has not
been well characterized.

Therefore, a systematic review of the published literature on
the economic burden and QoL in patients with HCC in greater
China was conducted to provide evidence for public health
strategies of HCC management and identify clinical gaps to
inform future research of HCC in greater China.

METHODS

The reporting of this systematic review was performed according
to the PRISMA statement (23). The protocol of this systematic
review was registered with PROSPERO (CRD42021278421).

Eligibility Criteria
Eligibility criteria presented in Table 1 were specified according
to the PICOS approach (24). Interventional and observational
studies published in English or Chinese were included if they
reported direct and indirect costs or QoL measures based on
clinical instruments. Both prospective and retrospective studies
were included. The duration of follow-up or the year of
publication was not restricted. The focus population included
adult patients suffering from any stage of HCC in greater
China. This review excluded any studies that focused on any
specific treatment. Commentaries, conference abstracts, reviews,
editorials, letters, case reports, protocols, in vitro studies, animal
studies, and data-uncompleted publications were also excluded.
Included studies were further grouped into economic burden
studies and QoL studies.
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Data Sources and Search Strategies
Literature search was conducted comprehensively in four
English databases (Web of Science, PubMed, Medline, and
Cochrane Central) and three Chinese databases (China National
Knowledge Infrastructure, Wanfang and Weipu). Additional
references of relevant reviews or included articles were also
manually screened. Articles published from inception to Apr 6,
2021, were included. The details regarding the search strategy are
provided in Supplementary Table 1. Endnote X9 software was
used to categorize and file all the references.

Study Selection
Firstly, seven authors (HZ, ML, QL, ZL, YX, DY, and YL)
screened retrieved articles and excluded irrelevant results
according to titles and abstracts. Secondly, six authors (HZ,
ML, QL, ZL, YX, and YL) conducted full-text review and
obtained appropriate studies. They independently checked the
included articles. The disagreements were resolved by discussion
or consultation with two other authors (HH and COLU).

Data Extraction
We used a standardized form to extract prespecified data
elements from each study, including first author, year of
publication, year of investigation, region, study design, age range
or mean age if available, gender ratio (male/female), disease stage
at diagnosis, sample source, sample size, duration of follow-up for
the longitudinal studies, and main outcomes (economic burden
and QoL). Two authors extracted data from obtained studies
(ML and HZ), and disagreements were resolved by discussion or
consultation with two other authors (HH and COLU). Excel 2013
was used to extract data and record.

Quality Assessment
Study quality was assessed using the Effective Public Health
Practice Project (EPHPP) tool, which included the following
components: selection bias, study design, confounders, blinding,
data collection methods, withdrawals and dropouts, intervention
integrity, and data analysis. Two authors independently
performed all quality ratings (HZ and ML), and disagreements
were resolved by discussion or consultation with two other
authors (HH and COLU).

RESULTS

Study Selection
We identified a total of 34,274 titles and abstracts by electronic
searches, of which 6,684 were selected for full-text review
(Figure 1). Twenty-seven publications were finally included
reporting 6 studies in the economic burden and 21 in the QoL
correlated with HCC.

Assessment of Study Quality
The quality of the 6 economic burden studies was heterogeneous
(Table 2). While 1 study relying on cancer registry claims data
was regarded as having “strong” global rating (27), 2 studies based
on hospital databases, social insurance information system, and
national health insurance database were rated “moderate” (26,
29), and another 3 studies based on survey and hospital electronic
health records were rated “weak” (25, 28, 30). A discrepancy

occurred and resolved in raters, and the reasons were differences
in interpretation of criteria.

Six of 21 QoL studies were considered as having “strong”
global rating, while 6 were considered as “moderate” and 9
were considered as “weak”. Data collection method was rated
“strong” in all cases, since validated instruments were used
for all evaluations. Studies with longer follow-up periods had
major challenges in dropouts (46–48), which caused “weak”
ratings in component of withdrawals and dropouts. Contrarily,
study design was rated “weak” in cross-sectional studies (32,
34, 35, 42, 43, 45, 51) based on the definition of the EPHPP
dictionary. Thirteen studies were rated “weak” in controlling
for confounders because < 60% of relevant confounders were
controlled or control of confounders not described (31, 32, 34–
39, 42, 43, 45, 48, 51). A discrepancy occurred and resolved
in raters, and the reasons were differences in interpretation
of criteria.

Economic Burden of HCC
Study Characteristics
HCC had a long-term and poor prognosis and the costs of HCC
posed a huge economic burden for patients, household, and
society worldwide. Six studies were included in this review after
the data-extraction process (Figure 1): 3 were cross-sectional
studies, 2 were cohort studies, and 1 was a case-control study.
The characteristics of economic burden studies are summarized
in Table 3.

Direct Costs

Medical Costs
Direct cost was divided into direct medical cost and direct
nonmedical cost. Direct medical costs were generally collected
through the hospital billing system (physician services,
examination, medicine costs hospitalization charges) (52).
Che et al. conducted a cross-sectional study to investigate the
economic burden of patients at different stages of HBV-related
liver diseases from December 2012 to June 2013 in Yunnan
Province (25). Information of inpatients and outpatients
were consecutively collected from medical records database
and questionnaire in this study. A total of 131 patients with
HCC were included whose monthly household and individual
income was 4,000 CNY and 2,000 CNY respectively. For the
financial burden of patients with HCC, the average annual direct
costs were 33,044 CNY, while the average medical cost was
31,092 CNY.

Another hospital-based cross-sectional survey study covering
39 hospitals and 21 project sites in 13 provinces was carried
out to investigate the economic burden of liver cancer in
mainland China from 2012-2014 (28). Demographic and societal
information, expenditures, and time loss due to clinical visits
of 1,196 patients with HCC were investigated with the use of
a structured questionnaire. The overall expenditure was 55,529
CNY, whereas medical expenditure was 50,937 CNY. The total
expenditure of a newly diagnosed course of patients with HCC
was 48,150 CNY, of which the reimbursed medical expenditures
accounted for 48.1%. The out-of-pocket expenditure was
estimated to be 25,896 CNY, which accounted for nearly 50%
of the previous year’s household income (56,536 CNY). In this
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FIGURE 1 | PRISMA flowchart of study selection.

study, 49.1% of patients with HCC considered the economic
burden was overwhelming for them compared to only 19.7%
of other patient groups who reported the same concerns
(P < 0.001).

One retrospective cohort study conducted in Beijing and
Guangzhou collected the data from the information system
of community health center and a structured household
questionnaire survey to investigate the economic impact of
chronic HBV-related diseases andHCCwas one of the conditions
under investigation (26). In this study, the annual direct
economic burden which referred to the economic resources for
healthcare services utilized were 6,084 USD and 5,472 USD in
Beijing and Guangzhou. Ran et al. analyzed the top 10 diseases
in the total hospitalization cost of a tertiary hospital in Beijing
between 2017–2018 (30). The results of the study showed that the
average direct medical cost per visit for HCCwas 29,896.82 CNY.

Nguang et al. retrospectively investigated the HCC-related
burden in Taiwan (29). Data from national health insurance
program research, the Longitudinal Health Insurance Database
2000 (LHID 2000), was extracted for analysis. From 1997 to
2012, 5,522 patients were newly diagnosed with HCC. The total
healthcare expenditure for all patients with HCC was 92 million

USD of which 58% was due to hospital cost, and 42% was due to
outpatient and emergency department services. The average total
cost per patient was 16,711 (±21,350) USD, of which inpatient
care cost was 9,721 (±11,811) USD and outpatient cost was 6,989
(±14,726) USD.

Another prospective study was conducted to determine the
lifetime cancer-related medical costs of patients with HCC in
Taiwan by Lang et al. (27). The data of 2,592 patients with
HCCwas extracted from cancer registry statistics of patients with
HCC and the claims data of Taipei Veterans General Hospital
(TVGH) during 1999–2002. The costs of 3 HCC disease phases
including the initial treatment phase (3 month period after
diagnosis), continuous care phase and terminal phase (final 6
months prior to death) were applied to estimate the lifetime
cost (53). For patients who survived < 1 year (Group 1), all
costs were calculated and the average cost was 206,573 TWD
per person (6,259.7 USD, 2002). For patients in survived ≥ 1
year but died before the end of 2002 (Group 2), the data was
used to derive the terminal cost and the cost was 237,032 TWD
(7,182.7 USD, 2002). For patients who were still surviving by the
end of 2002 (Group 3), the data was used to calculate the initial
and monthly continuing costs. The cost was found to be 140,403
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TABLE 2 | Quality assessment of identified studies.

Study Outcome Component rating Global rating

Selection bias Study design Confounders Blinding Data collection

methods

Withdrawals

and dropouts

Che et al. (25) Cost Moderate Weak Weak Moderate Weak NA Weak

Hu et al. (26) Cost Moderate Moderate Weak Moderate Strong NA Moderate

Lang et al. (27) Cost Moderate Moderate Strong Moderate Strong NA Strong

Lei et al. (28) Cost Moderate Weak Weak Moderate Strong NA Weak

Nguang et al. (29) Cost Moderate Moderate Strong Moderate Strong Weak Moderate

Ran et al. (30) Cost Moderate Weak Weak Moderate Strong NA Weak

Fan et al. (31) QoL Moderate Weak Weak Moderate Strong NA Moderate

Fan et al. (32) QoL Moderate Weak Weak Moderate Strong NA Weak

Fielding et al. (33) QoL Moderate Moderate Strong Moderate Strong Strong Strong

Hsu et al. (34) QoL Moderate Weak Weak Moderate Strong NA Weak

Huang et al. (35) QoL Moderate Weak Weak Moderate Strong NA Weak

Li et al. (36) QoL Moderate Moderate Weak Moderate Strong Strong Moderate

Li et al. (37) QoL Moderate Moderate Weak Moderate Strong Strong Moderate

Li et al. (38) QoL Moderate Moderate Weak Moderate Strong Strong Moderate

Li et al. (39) QoL Moderate Moderate Weak Moderate Strong Strong Moderate

Jie et al. (40) QoL Moderate Moderate Strong Moderate Strong Strong Strong

Jie et al. (41) QoL Moderate Moderate Strong Moderate Strong Strong Strong

Qiao et al. (42) QoL Moderate Weak Weak Moderate Strong NA Weak

Qiu et al. (43) QoL Moderate Weak Weak Moderate Strong NA Weak

Shun et al. (44) QoL Moderate Moderate Strong Moderate Strong Strong Strong

Wei et al. (45) QoL Moderate Weak Weak Moderate Strong NA Weak

Wong et al. (46) QoL Moderate Moderate Strong Moderate Strong Weak Moderate

Wong et al. (47) QoL Moderate Moderate Strong Moderate Strong Weak Moderate

Yang et al. (48) QoL Moderate Moderate Weak Moderate Strong Weak Weak

Yeo et al. (49) QoL Strong Moderate Strong Moderate Strong Strong Strong

Zhang et al. (50) QoL Moderate Moderate Strong Moderate Strong Strong Strong

Zheng et al. (51) QoL Moderate Weak Weak Moderate Strong NA Weak

QoL, quality of life; NA, not applicable.
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TABLE 3 | Characteristics of selected healthcare economic burden studies.

Study Perspective Region, year of

pricing

Study design Sample source Sample size Main findings/Cost categories and costs

Che et al. (25) Patient Yunnan, 2013 Cross-sectional

study

Hospital-based 131 (of 940 HBV

infected patients)

(1) Hospital costs accounted for the majority of total direct medical expenses.

(2) Median estimated monthly household income: 4,000 CNY (IQR: 1,950, 9,750); Individual

incomes: 2,000 CNY (IQR: 900, 3,000).

(3) Insurance scheme [n (%)]:

• No: 2 (1.5); UEM: 48 (36.6); URM: 27 (20.6); NRCM: 54 (41.2).

(4) Estimated average annual direct costs for HCC patients was 33,044 CNY.

(5) The percent of decrease in total direct expense (Total direct costs/household income per

year median) after reimbursement was 36.1% in HCC group (33,044–17,273, 61.9–38.8%).

(6) After reimbursement it could save 24% of patients not undergoing catastrophic health

expenditure health in HCC groups.

Hu et al. (26) Patient Beijing and

Guangzhou

Retrospective

cohort Study

Hospital-based 596 CHB-related

disease

(1) The total annual cost per patient for HCC was 6,615 USD in Beijing and 6,054 USD in

Guangzhou.

(2) Beijing: direct economic burden: 6,084 USD, indirect Economic Burden: 531 USD.

(3) Guangzhou: direct economic burden: 5,472 USD, indirect Economic Burden: 582 USD.

Lang et al. (27) Payer Taiwan, 2002 Retrospective

case-control study

Hospital-based 2873 (1) Group 1 (survived<1 year): 895 patients, averagemedical care costs: 206,573 TWD (6,259.7

USD, 2002), year 2002 value).

(2) Group 2 (survived ≥1 year but died before the end of 2002): 735 patients, 237,032 TWD

(7,182.7 USD, 2002).

(3) Group 3 (still surviving by the end of 2002): 858 patients for initial phase, 140,403 TWD

(4,254.6 USD, 2002); 1011 cases for continuous phase, 8,687 TWD (263.2 USD, 2002) per

month.

(4) For the average HCC patient, the 10-year lifetime cost was 418,554 TWD (12,683.4 USD,

2002).

Lei et al. (28) Patient 13 Provinces,

2014

Cross-sectional

study

Hospital-based 1196 (of 2223 liver

cancer)

(1) HCC is the major pathological type of liver cancer.

(2) Medical expenditure of HCC was 50,937 CNY, Non-medical expenditure was 4,592 CNY.

Overall expenditure was 55,529 CNY.

(3) Economic impact of overall expenditure on patients’ family:

• Expenditure of newly diagnosed course/Annual expenditure of illness of HCC: 48,150 CNY;

• Self-reported predicted reimbursement ratio of HCC: 48.1%;

• Out-of-pocket expenditure of HCC: 25,896 CNY;

• Previous year household income: 56,536 CNY.

(4) Self-reported degree of economic pressure of HCC:

• Not at all (5.2%);

• Somewhat but manageable (15.2%);

• Heavy (30.5%);

• Overwhelmed (49.1%).

Nguang et al.

(29)

Payer Taiwan, 2016 Retrospective

cohort study

Hospital-based 5522 (1) Total healthcare expenditure (insurance payments) for treating HCC patients was

approximately 92 million USD (92,269,551), including 53.4 million USD (58%) for hospital

care and 38.7 million USD (42%) for outpatient and emergency department services.

(2) Underlying comorbid conditions, liver transplants, hepatectomy, and trans arterial

chemoembolization were associated with increased total cost, with liver transplants having

the greatest impact over time.

Ran et al. (30) Patient Beijing, 2018 Cross-sectional

study

Hospital-based 4174

hospitalizations

(1) Total hospitalization expenses: 158,320,500 CNY, average hospitalization expenses per time:

29,896.82 CNY (IQR:14,306.36, 50,567.79).

(2) HCC was the second most expensive disease in this large tertiary hospital.

UEM, the basic health insurance for urban employees medical scheme; URM, the basic health insurance for urban residents medical scheme; NRCM, the new rural cooperative medical scheme.
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TWD (4,254.6 USD, 2002) at the initial phase, 8,687 TWD per
month at the continuous phase (263.2 USD, 2002), and 418,554
TWD (12,683.4 USD, 2002) for a 10-year lifetime.

Non-medical Costs
Three studies explored the direct non-medical cost of patients
with HCC by specific questionnaires. The non-medical costs in
these studies normally referred to additional meals, additional
nutrition supplements, transportation, accommodation and
informal nursing worker fee due to illness. Che et al. reported the
non-medical cost of patients with HCC in Yunnan province was
565 CNY annually (25). The average non-medical expenditure in
13 provinces in mainland China was 4,592 CNY per case (28).

Indirect Costs
The indirect costs were estimated from the social perspective in
two studies in which the work loss of both patients and their
families due to HCC were considered. Hu et al. reported that
the average indirect economic burden of HCC in Beijing and
Guangzhou were 531 USD and 582 USD (26). It was discovered
by Lei et al. that the working day loss of patients and their
caregivers due to HCC diagnosis was about 70.5 days, including
41.4 days for patients with HCC and 29.1 days for accompanying
persons (28).

Health Insurance Payments
The impact of health insurance on patients’ economic burden was
also explored by two studies. Che et al. found almost all patients
in Yunnan province were covered by at least one of the health
insurance schemes (25): namely the New Rural Cooperative
Medical Scheme (41.2%), the Urban Employee Basic Medical
Insurance (36.6%), and the Urban Resident Basic Medical
Insurance Scheme (20.6%). After reimbursement, the median
percentage of decrease in annual total direct expense was 36.1%
(11,928 CNY) in patients with HCC. In terms of the catastrophic
health expenditure, health insurance could save more than
24% of patients with HCC not undergoing catastrophic health
expenditure. Ran et al. also analyzed patients with medical
insurance (30), and the results showed that during 2017–2018,
medical insurance payments covered a total of 12,617.5 thousand
CNY for patients with HCC.

QoL Correlated With HCC
Study Characteristics
Of the 27 studies identified, 21 included outcomes onQoL effects:
11 of these were prospective cohort studies, 8 were cross-sectional
studies, 1 was case-control study, and 1 was interrupted time
series. The 21 studies encompassed a total of 3,060 HCC patients
and were conducted in Shanghai (n = 1), Chongqing (n = 3),
Hebei (n = 1), Guangxi (n = 1), Jiangxi (n = 1), Yunnan (n
= 1), Hong Kong (n = 8), and Taiwan (n = 5). Summarized of
characteristics of QoL studies are provided in Table 4.

Generic, Disease-Specific and Supplementary

Measures of QoL in Chinese Patients
The European Organization for Research and Treatment
for Cancer Quality of Life Questionnaire Core-30 (EORTC
QLQ-C30) (n = 11) and the Functional Assessment of
Cancer Treatment-General (FACT-G) (n = 3) were the 2

most commonly used measures to assess generic QoL. The
EORTC QLQ-C30 reported 5 functional domains (physical,
role, emotional, cognitive and social functioning), 8 symptom
domains, 1 financial problem and 1 global health status (54).
The FACT-G included 4 subscales for physical, social/family,
emotional and functional well-being (55).

The European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire Core-18 (EORTC
QLQ-HCC18) (n = 8), the Functional Assessment of Cancer
Treatment-Hepatobiliary (FACT-Hep) (n = 2), and the quality
of life-liver cancer (QOL-LC) (n = 1) were the 3 standardized
instruments to assess disease-specific QoL. The EORTC QLQ-
HCC18 assessed 8 symptom domains for fatigue, body image,
jaundice, nutrition, pain, fever, abdominal swelling and sex life,
which was primarily proposed for patients with HCC (56). The
FACT-Hep was used widely for liver cancer-specific assessment,
consisting of FACT-G and newly validated hepatobiliary subscale
(57). The Chinese versions of both of these tools have
demonstrated good validity, reliability, and responsiveness (48,
58). For Chinese patients diagnosed with liver cancer, the QOL-
LCwas specifically developed, and the disease-specific items were
evaluated in terms of the symptom/side effect subscale (59).

In addition to conventional assessment instruments
mentioned above, 2 original studies reported the development
of supplementary measures for Chinese patients with HCC,
which included QLQ-C30, QLQ-HCC18 index scores and Mini
Nutritional Assessment (MNA) (34, 36). C30 and HCC18 index
scores could represent all domains of QLQ-C30 and HCC18,
respectively (36). The mathematical formulas were presented
as follows:

C30 index score = [(100− global QoL)+ (100− physical functioning)

+(100− role fuctioning)+ (100− emotional functioning)

+(100− cognitive functioning)+ (100− social functioning)

+fatigue+nausea and vomiting+pain+dyspnoea+insomnia

+appetite loss+constipation+diarrhea+financial difficulties]/15;

HCC18 index score = (fatigue+body image+jaundice+nutrition+pain

+fever+abdominal swelling+sex life)/8 (36).

The index scores had more advantages in clinical practice, since
they converted complex QoL data to more straightforward tools.
The MNA, a nutritional assessment tool, performed better than
global functional status and global QoL of the EORTC QLQ-C30
to predict functional status and QoL in Chinese patients with
HCC (34).

QoL in Chinese Patients With HCC Compared With

Benign Liver Diseases and the General Population

HCC Compared With Benign Liver Diseases
Patients with HCC had lower physical functioning (QOL-
LC score: 42 ± 10), symptoms/side effects (41 ± 7), social
functioning (28 ± 10) and global QoL (150 ± 24) than patients
with benign liver diseases (P < 0.05), but showed no difference
in psychological functioning (39 ± 10 vs. 40 ± 10; P > 0.05) and
self-assessment (70± 15 vs. 75± 15; P > 0.05) (50).
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TABLE 4 | Characteristics of selected QoL studies.

Study Region Study design Sample

source

Sample size Measure(s) QoL data

Measures of QoL in Chinese patients

Hsu et al. (34) Taiwan Cross-sectional

study

Hospital-

based

300 MNA-LF, MNA-SF, EORTC

QLQ-C30 V3.0

(1) Both the long-form and short-form of the MNA performed better than GQL and GFS in predicting

quality of life and functional status of patients with HCC.

(2) The MNA is suitable for identifying the risk of deteriorating quality of life or functional status, in

addition to identifying the risk of malnutrition, in patients with HCC.

Li et al. (36) Hong Kong Prospective

cohort study

Hospital-

based

472 EORTC QLQ-C30, EORTC

QLQ-HCC18, C30 and

HCC18 index-scores

(1) In multivariate analysis, independent prognostic HRQOL variables for OS were QLQ-C30 pain (HR

1.346 [1.092–1.661], P = 0.0055), QLQ-C30 physical functioning (HR 0.652 [0.495–0.860), P =

0.0024); QLQ-HCC18 pain (HR 1.382 [1.089–1.754], P= 0.0077) and QLQ-HCC18 fatigue (HR 1.441

[1.132–1.833], P = 0.0030).

(2) C30 index-score (HR 2.143 [1.616–2.841], P < 0.0001) and HCC18 index-score (HR 1.957 [1.411–

2.715], P < 0.0001) were highly significant factors for OS.

(3) The median OS of patients with C30 index-score of 0–20, 21–40, 41–60, 61–100 were 16.4, 7.3,

3.1, 1.8 months respectively (P < 0.0001); while for HCC18 index-score: 16.4, 6.0, 2.8, 1.8 months

respectively (P < 0.0001).

Yang et al. (48) Yunnan Interrupted time

series

Hospital-

based

114 EORTC QLQ-HCC18,

FACT-Hep

(1) The internal consistency Cronbach’s α were > 0.60 for all domains (exception of Jaundice 0.38), and

all test-retest reliability coefficients were > 0.80.

(2) Four out of eight domains had statistically significant changes with effect size standardized response

mean ranging from 0.31 to 0.73.

HCC compared with benign liver diseases and the general population

Fan et al. (32) Taiwan Cross-sectional

study

Hospital-

based

286 EORTC QLQ-C30, EORTC

QLQ-HCC18, Brief

IPQ, Jalowiec coping scale

(1) Patients with HCC had worse global QoL, physical, role, cognitive and social functioning, but better

emotional functioning than the general population.

(2) Cognitive representation was significant predictors of global QoL, physical functioning and emotional

functioning.

(3) Cognitive representation mediated the relationships between physical variables and global QoL,

physical functioning and emotional functioning, but coping only mediated the relationship between

cognitive representation and global QoL.

Wei et al. (45) Guangxi Cross-sectional

study

Hospital-

based

63 CD-RISC, EORTC QLQ-C30

V3.0, EORTC QLQ-HCC18

(1) The total health status score of QLQ-C30 was (56.61 ± 27.24) points, with lower quality of life scores

and higher clinical symptoms scores.

(2) Emotional functioning, social functioning, and general health status were positively correlated with the

total score of psychological resilience (r = 0.382, P < 0.01; r = 0.324, P < 0.01; r = 0.383, P < 0.01).

(3) Symptoms of fatigue, pain, fatigue, and nutritional changes were negatively correlated with the total

score of psychological resilience (r = −0.303, P < 0.05; r = −0.286, P < 0.05; r = −0.360, P <

0.01; r = −0.259, P < 0.05).

Zhang et al.

(50)

Hebei Case-control

study

Hospital-

based

81 HCC 44 benign

liver diseases

QOL-LC V2.0 (1) The scores of physical functioning (42 ± 10), symptom/side effect (41 ± 7), social functioning (28 ±

10) and total QoL (150 ± 24) of HCC group were lower than that of control group (P < 0.05).

(2) The scores of physical functioning, symptom/side effect are negatively correlated with the way of case

finding, TNM stage, Child-Pugh class, respectively.

(3) The score of psychological functioning is positively correlated with age.

(4) The score of social functioning is positively correlated with age, education level, income, and mode of

payment, and negatively correlated with the way of case finding.

Physical factors and symptoms associated with QoL

Fielding et al.

(33)

Hong Kong Prospective

cohort study

Hospital-

based

176 liver cancer

358 lung cancer

FACT-G, Visual analog: eating

ability, eating appetite, eating

enjoyment, self-care ability,

and current health perception

(1) No association between QoL and survival in patients with liver cancer.

(2) Less advanced cancer stage and better appetite were associated significantly with longer survival in

patients with liver cancer.

(Continued)
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TABLE 4 | Continued

Study Region Study design Sample

source

Sample size Measure(s) QoL data

Li et al. (37) Hong Kong Prospective

cohort study

Hospital-

based

445 EORTC QLQ-C30, EORTC

QLQ-HCC18, C30 and

HCC18 index-scores

(1) Significant correlations were found between IL-8 levels and EORTC QLQ-C30, QLQ-HCC18, C30,

and HCC18 index-scores.

(2) The strongest correlated factors were those reflective of constitutional symptoms, namely QLQ-C30

“appetite loss” (with Pearson’s correlation coefficient, r = 0.322, P < 0.0001); QLQ-C30 “fatigue” (r =

0.311, P < 0.0001); QLQ-C30 “role functioning” (r = −0.305, P < 0.0001); QLQ-HCC18 “nutrition” (r

= 0.317, P < 0.0001); and QLQ-HCC18 “fatigue” (r = 0.306, P < 0.0001).

(3) Moderate but significant correlations were also observed with HCC18 index score (r = 0.321, P <

0.0001), and C30 index score (r = 0.306, P < 0.0001).

(4) QoL factors were also significantly correlated with mIBI.

Li et al. (38) Hong Kong Prospective

cohort study

Hospital-

based

445 EORTC QLQ-C30, EORCT

QLQ-HCC18, C30 and

HCC18 index-scores

(1) Higher inflammatory states were significantly correlated with worse QoL.

(2) For CRP and CRP/alb ratio, the QoL factors with higher correlations included C30 and HCC18 index-

scores, certain QLQ-C30 domains and items (“physical functioning”, “role functioning”, “fatigue”,

“pain”, “appetite loss”) and QLQ-HCC18 items (“fatigue”, “body image”, “nutrition” and “abdominal

swelling”), where the Pearson’s correlation coefficients were up to 0.416.

(3) Multivariate analyses indicated that worse QoL factors were significantly correlated with worse scores

in GPS, IBI and PI.

Li et al.

(39)

Hong Kong Prospective

cohort study

Hospital-

based

472 EORTC QLQ-C30, EORCT

QLQ-HCC18, C30 and

HCC18 index-scores

(1) After adjusting for clinical variables, significant correlations were found between QoL (QLQ-C30 and

QLQ-HCC18) and dichotomized liver function variables (including Child-Pugh class, ALBI grade and

the presence of ascites).

(2) It was demonstrated that QoL had significant and potentially clinically important correlations with

continuous liver function variables (albumin, bilirubin, ALP and albumin-to-ALP ratio), with the highest

Spearman’s rank correlation coefficient (rho) exceeding 0.4.

(3) HCC18 and C30 index scores were also significantly correlated with these liver function variables.

HCC18 index score, which had rho up to 0.37, generally performed better than C30 index score,

which had rho up to 0.33.

Qiao et al. (42) Shanghai Cross-sectional

study

Hospital-

based

140 FACT-Hep (1) The mean FACT-Hep scores were reduced significantly from TNM Stage I to Stage II, Stage IIIA, Stage

IIIB group (687 ± 39.69 vs. 547 ± 42.57 vs. 387 ± 51.24 vs. 177 ± 71.44, P = 0.001).

(2) Regarding the physical and emotional well-being subscales, scores decreased gradually from Stage I

to Stage IIIB (P = 0.002 vs. Stage I; P = 0.032 vs. Stage II; P = 0.033 vs. Stage IIIA).

(3) Mean FACT-Hep scores varied by Child-Pugh class, especially in the subscales of physical well-being,

functional well-being and the hepatobiliary cancer (P = 0.001; P = 0.036; P = 0.032 vs. Child A).

(4) For the social and family well-being subscale, only Child C scores were significantly lower as compared

with Child A scores (P = 0.035).

(5) For the subscales of functional well-being and hepatobiliary cancer, there were significant differences

for Child A, B and C (P = 0.002 vs. Child A).

Wong et al.

(46)

Hong Kong Prospective

cohort study

Hospital-

based

253 liver cancer

334 lung cancer

FACT-G, MISS-Cog,

ChPSQ-9, The single-item

visual analog to assess eating

appetite, optimism, and

depression

(1) There were no differences in QoL, patient satisfaction, and psychosocial measures between the 2

cancer groups.

(2) The patients’ informational support from medical staff did not predict QoL, but all psychosocial

factors emerged as a covariate of the satisfaction in predicting QoL; after controlling for

sociodemographic and psychosocial variables, only satisfaction predicted QoL.

Wong et al.

(47)

Hong Kong Prospective

cohort study

Hospital-

based

253 liver cancer

250 breast cancer

334 lung cancer

242

nasopharyngeal

cancer

FACT-G, Eating function:

eating ability, eating appetite,

eating enjoyment, Pain rating

(visual analog), Depression

(single item)

(1) Patients with liver cancer reported lower scores in total QoL, physical, functional, emotional, eating

appetite, and depression than patients with nasopharyngeal cancer.

(2) After controlling for sociodemographic and medical variables, pain, depression, and eating function

significantly predicted overall QoL, physical, and functional well-being over time (all cancer).

(3) Patients with liver cancer had a slightly decreased score in eating appetite, ability, and enjoyment.

(Continued)

F
ro
n
tie
rs

in
P
u
b
lic

H
e
a
lth

|w
w
w
.fro

n
tie
rsin

.o
rg

9
A
p
ril2

0
2
2
|
V
o
lu
m
e
1
0
|A

rtic
le
8
0
1
9
8
1

241242

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Z
o
u
e
t
a
l.

B
u
rd
e
n
o
f
H
e
p
a
to
c
e
llu
la
r
C
a
rc
in
o
m
a

TABLE 4 | Continued

Study Region Study design Sample

source

Sample size Measure(s) QoL data

Yeo et al. (49) Hong Kong Prospective

cohort study

Hospital-

based

233 EORTC QLQ-C30 (1) Significant independent predictors of shorter survival were advanced Okuda staging (P = 0.0030; HR

= 2.058), high baseline total bilirubin (P = 0.0008; HR = 1.013) and worse QoL score in the appetite

score domain (P = 0.0028; HR for 10 point increase = 1.070).

(2) Patients who were entered into the chemotherapy trial (P = 0.0002; HR = 0.503), those who scored

better in the physical functioning domain (P = 0.0034; HR for 10 point decrease = 0.911) and the

role functioning domain (P = 0.0383; HR for 10 point decrease = 0.944) of the QoL questionnaire,

were associated with longer survival.

Demographic characteristics and psychological factors associated with QoL

Fan et al. (31) Taiwan Cross-sectional

study

Hospital-

based

33 Semistructured interview (1) The impact of disease: HCC was associated with physical symptoms and psychosocial stress, as well

as positive changes.

(2) Illness perceptions: patients perceived HCC as a long-term and chronic disease that could not be

cured but might be controlled.

(3) Coping strategies: these included focusing on managing HCC and its symptoms, emotional

responses, and leading a normal life.

Huang et al.

(35)

Taiwan Cross-sectional

study

Hospital-

based

77 BFI-T, PSQI-Taiwan Form,

Depression subscale of the

HADS

(1) Fatigue, sleep disturbance, and depression are positively interrelated and co-occur in patients with

HCC.

(2) Depression completely mediates the effects of sleep disturbance on fatigue.

Jie et al. (40) Chongqing Prospective

cohort study

Hospital-

based

218 EORTC QLQ-C30, Brief IPQ (1) When comparing the patients in the disclosed group with the patients who were uninformed, the

patients in the disclosed group had higher scores for global QoL at discharge (P = 0.013) and higher

scores on understanding of their illness regarding illness perceptions (P = 0.022).

(2) When comparing the patients in the ‘autonomy-satisfied’ group with the patients whose desire

for disclosure was not satisfied, the patients in the autonomy-satisfied group had better emotional

functioning and better global QoL at discharge (P < 0.001 and P = 0.001, respectively).

(3) Additionally, the patients in the autonomy-satisfied group had higher scores for personal control (P =

0.009) and lower scores for emotional reaction (P = 0.007) regarding illness perceptions, even after

controlling for other confounding factors.

Jie et al. (41) Chongqing Prospective

cohort study

Hospital-

based

300 PCL-C, PTGI, EORTC

QLQ-C30

(1) Compared with the uninformed group, patients in the disclosed group had lower scores for PTSS (P

< 0.001), higher scores for PTG (P < 0.001), better emotional functioning (P < 0.001), and better

global QoL (P = 0.006) at 1 month after discharge.

Qiu et al. (43) Chongqing Cross-sectional

study

Hospital-

based

220 EROTC QLQ-C30, Brief IPQ,

SCSQ, SSRS

(1) The mean score of quality of life was obviously higher in the male patients than the female patients (P

< 0.001).

(2) In regard to illness perceptions, personal control (β = 1.707, P = 0.003), identity of symptoms (β

= −1.315, P = 0.016) and illness comprehensibility (β = 1.489, P = 0.014) were significantly

correlated to the global QoL.

Shun et al. (44) Taiwan Prospective

cohort study

Hospital-

based

104 SDS, HADS, SCNS-SF34 (1) Overall symptom distress decreased monthly, with the highest level before discharge. Compared with

the elderly group, the young group had a significantly higher level of symptom distress (P = 0.024) but

had a lower level of this 2 months after discharge.

(2) Patients in the young group whoweremale (β =−14.24, P= 0.012) and single/widowed (β = −19.17,

P = 0.033) and with higher levels of education (β = 1.38, P = 0.020), stage C (β = 30.21, P = 0.006),

good functional status (β = 0.78, P = 0.024), and higher levels of symptom distress (β = 2.67, P <

0.0001) and anxiety (β = 6.03, P < 0.0001) had higher levels of overall unmet supportive care needs.

(3) For the elderly group, those patients with recent diagnosis status (β = −14.08, P = 0.008), portal

vein thrombosis (β = 31.32, P = 0.011), and higher levels of symptom distress (β = 2.09, P =

0.003), anxiety (β = 4.60, P < 0.0001), and depression (β = 2.71, P = 0.007) had higher levels of

overall unmet care needs.

(Continued)
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TABLE 5 | The pooled data and norms of the EORTC QLQ-C30 subscales.

Pooled

data

Norms, general

populationa
Norms,

heterogeneous

cancera

N 1,588 7,802 23,553

Global quality of life 57.1 (5.5) 71.2 (22.4) 61.3 (24.2)

Physical functioning 77.6 (6.7) 89.8 (16.2) 76.7 (23.2)

Role functioning 81.2 (8.2) 84.7 (25.4) 70.5 (32.8)

Emotional functioning 74.9 (3.6) 76.3 (22.8) 71.4 (24.2)

Cognitive functioning 76.4 (5.4) 86.1 (20) 82.6 (21.9)

Social functioning 68.5 (7.4) 87.5 (22.9) 75.0 (29.1)

Fatigue 36.4 (4.4) 24.1 (24) 34.6 (27.8)

Nausea/vomiting 8.9 (2.5) 3.7 (11.7) 9.1 (19)

Pain 26.4 (9.5) 20.9 (27.6) 27.0 (29.9)

Dyspnoea 20.3 (8.2) 11.8 (22.8) 21.0 (28.4)

Insomnia 27.5 (9.4) 21.8 (29.7) 28.9 (31.9)

Appetite loss 20.8 (8.3) 6.7 (18.3) 21.1 (31.3)

Constipation 13.4 (3.8) 6.7 (18.4) 17.5 (28.4)

Diarrhea 12.7 (3.2) 7.0 (18) 9.0 (20.3)

Financial difficulties 40.8 (10.5) 9.5 (23.3) 16.3 (28.1)

Means and standard deviations shown.
aData from Scott et al. (60).

HCC Compared With the General Population
Patients with HCC had worse QoL than the general population,
especially in global QoL (32, 45), physical (32, 45), role
(32), cognitive (32), social functioning (32, 45), pain (45),
insomnia (45), appetite loss (45), and financial difficulties
(45). Conversely, patients reported better scores in emotional
functioning (P < 0.05 for all) (32).

The EORTC QLQ-C30 was applied in 11 of 21 studies to
measure QoL, but means and standard deviations were only
provided in 6 studies (34, 36, 41, 43, 45, 49). We compared
the pooled means and standard deviations in baseline of the 6
studies (total HCC cases, 1,588) with the norms which provided
by EORTC Group for the general population and patients with
heterogeneous cancer (Table 5) (60). Patients with HCC had
worse global QoL (t = −6.78; P < 0.01), physical functioning (t
=−4.79; P< 0.01), cognitive functioning (t=−4.766; P< 0.01),
social functioning (t =−6.798; P < 0.01), fatigue (t = 5.588, P <

0.05), appetite loss (t = 3.792; P < 0.05) and financial difficulties
(t = 5.149; P < 0.05) than the general population. Additionally,
patients with HCC had worse cognitive functioning (t =−3.049;
P < 0.05), but better role functioning (t = 3.44; P < 0.05) and
emotional functioning (t = 2.546; P < 0.05) than cancer patients.

Physical Factors and Symptoms Associated With

QoL in Chinese Patients

Physical Factors Associated With QoL
Better liver function was significantly correlated with better
QoL. Patients with better Child–Pugh classification had better
QoL, mainly in terms of higher physical well-being, functional
well-being and fewer hepatobiliary symptoms (P < 0.05) (39,
42, 50). Similarly, patients with better ALBI grade or the
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presence of ascites had higher physical functioning or worse
abdominal swelling respectively (P < 0.001) (39). In addition
to dichotomized liver function variables, lower serum bilirubin
levels, higher albumin levels, lower alkaline phosphatase (ALP)
levels, better albumin-to-ALP ratios were correlated with better
QoL (39).

Tumor stages were negatively related to QoL. The mean
FACT-Hep scores of Chinese patients with HCC were markedly
decreased with the increasing TNM Stages (Stage I was 687 ±

39.69 vs. Stage II 547± 42.57 vs. Stage IIIA 387± 51.24 vs. Stage
IIIB 177 ± 71.44; P = 0.001) (42). The most impaired subscales
of QoL were physical, emotional well-being (measured by FACT-
Hep; P < 0.05) and symptom/side effect (measured by QOL-LC;
P < 0.05) (42, 50).

There were also significant negative correlations between
inflammatory states and QoL. Patients with higher IL-8 levels
suffered worse QoL, especially in constitutional symptoms,
namely worse role functioning, appetite loss, fatigue, and
nutrition (P < 0.0001) (37). For C-reactive protein (CRP) and
CRP-to-albumin ratio, the QoL factors with higher negative
correlations included physical and role functioning, as well as
with higher positive correlations included fatigue, pain, appetite
loss, body image, nutrition, and abdominal swelling (P <

0.0001 for all) (38). Worse QoL factors were also significantly
associated with worse scores in Inflammation-Based Index,
Glasgow Prognostic Score, and Prognostic index (37, 38).

Furthermore, QoL was considered as a significant predictor
for survival time (36, 49). Yeo et al. indicated that significant
independent predictors for survival were QLQ-C30 physical
functioning (HR 0.911 [0.856-0.969]; P = 0.0034), role
functioning (HR 0.944 [0.894-0.996]; P = 0.0383) and appetite
loss (HR 1.070 [1.023–1.118]; P = 0.0028) in patients with
unresectable HCC (49), whereas the results from Li et al. reported
that independent prognostic QoL factors for survival consisted
of QLQ-C30 physical functioning (HR 0.652 [0.495–0.860]; P
= 0.0024), pain (HR 1.346 [1.092–1.661]; P = 0.0055), QLQ-
HCC18 fatigue (HR 1.441 [1.132–1.833]; P = 0.0030), pain (HR
1.382 [1.089–1.754]; P = 0.0077) in patients affected by any stage
of HCC (36).

Symptoms Associated With QoL
Severe symptoms were significantly associated with worse QoL,
including appetite loss and pain (46). It was proved that worse
eating appetite (P < 0.001) and higher reported pain (P <

0.001) predicted lower FACT-G total scores (worse QoL) (46).
Moreover, eating ability and performance status were correlated
positively with patient QoL (32, 47).

Demographic Characteristics and Psychological

Factors Associated With QoL in Chinese Patients

Demographic Characteristics Associated With QoL
Older patients had better QoL (44, 50), mainly in terms of
psychological functioning and social functioning (P < 0.05)
(50). The female gender was associated with worse QoL (QLQ-
C30 score for female patients was 41.36 ± 24.06 vs. 55.74 ±

22.03 for male patients; P < 0.001) (43). Higher education
levels were correlated with better social functioning (P <

0.05) (50). Furthermore, income and mode of payment were
correlated positively with social functioning, while the way of
case finding was correlated negatively with physical and social
functioning and correlated positively with symptoms/side effects
(P < 0.05) (50).

Psychological Factors Associated With QoL
Depression was correlated negatively with QoL (47). One
study showed positive correlations among depression, sleep
disturbance and fatigue. These symptoms occurred together in
HCC patients. Depression had complete mediating effects for
the impact of sleep disturbance on fatigue (35). Meanwhile,
a recent study showed that the EORTC QLQ-HCC18 and
Center for Epidemiological Survey, Depression Scale (CES-
D) for HCC patients were correlated with scores in various
fields (P < 0.05), and self-esteem and optimism completely
and partially mediated the effects of QoL on depressive
symptoms respectively (51), which suggested that psychological

intervention to strengthen the patient
′

s self-esteem and optimism
could be helpful to reduce the symptoms of depression
in patients.

Moreover, QoL and depression were significantly associated
with care needs. This was supported by evidence that patients
with good functional status and higher levels of symptom
distress, anxiety and depression had higher levels of overall
unmet care needs (P < 0.05) (44).

Psychological resilience and QoL were positively interrelated.
Emotional, social functioning, and global QoL were positively
correlated with psychological resilience (r = 0.382, P < 0.01; r =
0.324, P < 0.01; r = 0.383, P < 0.01) (45). Symptoms of fatigue,
pain, fatigue, and nutritional changes were negatively correlated
with psychological resilience (r = −0.303, P < 0.05; r = −0.286,
P < 0.05; r = −0.360, P < 0.01; r = −0.259, P < 0.05) (45).
Clinically, improving psychological resilience of HCC patients
could promote symptom management and improve QoL.

Illness perception and coping were significantly correlated
withQoL. Patients who had positive illness perceptions had better
QoL, while patients who made more emotion-oriented coping
reported worse QoL (31, 32). Furthermore, personal control (β =

1.707, P = 0.003), identity of symptoms (β =−1.315, P = 0.016)
and illness comprehensibility (β = 1.489, P = 0.014) regarding
illness perceptions were greatly correlated with global QoL (43).

Additionally, diagnosis disclosure and patient autonomy had
impacts on illness perceptions and QoL. Patients who were aware
of cancer diagnosis had better illness comprehensibility (P =

0.022) and global QoL (P = 0.013) (40). Autonomy-satisfied
patients had lower emotional reaction (P = 0.007) and better
personal control (P = 0.009), and had better global QoL (P =

0.001), emotional functioning (P < 0.001) (40). Consequently,
the desires of patients for autonomy in regard to their diagnosis
disclosure should be satisfied. Meanwhile, diagnosis disclosure
also correlated to less severe posttraumatic stress symptoms (P
< 0.001), greater posttraumatic growth (P < 0.001), better global
QoL (P = 0.006), and better emotional functioning (P < 0.001)
(41). Besides, patients who satisfied with medical services had
better QoL (46).
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DISCUSSION

This systematic review provided a landscape of the burden
caused by HCC in greater China in terms of economic and
QoL dimensions from database inception to Apr 6, 2021. The
economic impacts on patients with HCC have been receiving
rising attention worldwide in the past decades (8, 61–63).
Nevertheless, few studies have reported the economic burden of
patients with HCC in greater China, and only 6 studies have been
identified and included in the present review. As far as the study
region was concerned, no publication investigated the economic
burden of patients with HCC at a national level. Despite the 2
studies that analyzed the expenditure of HCC in one province or
city (26, 28), other studies only focused on a single area, including
Taiwan (27, 29), Yunnan province (25) and Beijing (30).

The research methodologies and data sources employed
in the included studies were heterogeneous. Two cross-
sectional designs and one cohort design were adopted using
questionnaires to explore more specific individual expenditures
(25, 26, 28). The data of 3 other studies were drawn from
the expenditure data of different electronic databases, including
the national health insurance database, cancer registry claims
data and hospital health records. Such research designs only
provided the information of patients’ direct medical costs. Non-
medical costs and indirect costs, such as supportive services,
loss of productivity and family burden, were not considered
individually. Although direct hospitalization costs caused huge
economic burden for patients with HCC, numerous studies have
shown that in addition to the direct medical costs, the economic
burden on the family caused by the disease was also extremely
significant (64, 65). Therefore, the studies that analyzed the
hospitalization data from database could not fully explain the
other costs that HCC patients and their families had to bear.
In this review, 3 studies that employed questionnaire design
reported the economic burden of patients in greater China.
One cohort study analyzed both the direct medical costs and
indirect costs, and 2 cross-sectional studies investigated the
medical costs, non-medical costs and family/household health
expenditure of patients with HCC. In 2009, Hu et al. reported
that the annual economic burden (direct and indirect cost) of
patients with HCC in Beijing and Guangzhou were 6,615 USD
(45,180.5 CNY, 2009), and 6,054 USD (41,348.8 CNY, 2009),
where the direct cost accounted for 92.0% [6,084 USD (41,553.72
CNY, 2009)] and 90.4% [5,472 USD (37,373.76 CNY, 2009)]
(26). The study conducted by Che et al. in Yunnan province
between 2012 and 2013 showed that the average annual direct
costs for patients with HCC were 33,044 CNY of which the total
direct costs/household income per year was 61.9%. These results
revealed the big economic impact of HCC on patients and their
families (25). Another research reported that the average total
expenditure per HCC patient was 55,529 CNY during 2012-2014
based on the 13 provinces in mainland China, including 50,937
CNY of medical expenditure and 4,592 CNY of non-medical
expenditure (28). Based on current studies in greater China,
HCC imposed a substantial economic burden on patients. The
results also showed that health insurance reimbursement could
alleviate patients’ health care financial burden with high levels

of household economic status. The patients who lived in first-
line cities might have a higher economic burden than patients
who lived in other regions, and the cost of patients with HCC
from hospitals and communities also varied greatly, prompting
the need for further investigation in the future.

Almost all studies in this review reported the annual direct
medical expenditure of HCC. Studies in the US reported that
the median overall direct costs for per patient with HCC were
176,456 USD (66), and the annual estimates of lost productivity
were 3,553 USD per patient (63). In Australia, the total health
expenditure attributed to HCC in 2019–2020 was estimated to
be 31,775 USD per patient with HCC, while the total cost of
HCC inpatient admissions was 26,438 USD per patient (67). The
cost of HCC in Japan was calculated to be 607.2 billion JPY in
2014 (68). It was difficult to directly compare the costs of HCC
among different studies due to different regions, health systems,
calculation methodologies, the currency and year of calculating
prices. Since greater China still had a relatively lower average
household income than these developed countries, the economic
burden of HCC patients in greater China was still large.

Concerning the QoL burden, the EORTC QLQ-C30 and the
FACT-G were the most commonly used measures to assess
cancer-specific QoL in patients diagnosed as HCC. The EORTC
QLQ-HCC18 and the FACT-Hep supplemented the EORTC
QLQ-C30 and the FACT-G, respectively, as disease-specific
modules for the assessment of patients with HCC. The Chinese
versions of these 4 measures showed good validity and reliability
(48, 58, 69, 70), and were suitable for use in Chinese patients.
The QOL-LC was also appropriate for Chinese patients due to
its cultural sensitivity. We further identified 3 supplementary
measures of QoL for use involving Chinese patients. C30
and HCC18 index scores were developed to summarize and
analyse raw QoL data to render QLQ-C30 and HCC18 more
communicable and meaningful (36). The MNA was suitable to
identify the malnutrition and deteriorating QoL for Chinese
patients (34). These tools could serve potentially as standardized
measures for QoL research regarding patients with HCC in
the future.

Compared with medical indices such as functional index,
survival rate and mortality rate, the scores of QoL could be
more informative as it comprehensively covered all aspects of
performance and health status (71). The present review suggested
that compared with the general population, Chinese patients with
HCC had poor QoL in terms of physical, cognitive functioning
and severe symptoms, consistent with the previous results based
on the patients with HCC across the globe (72). However,
Chinese patients also had worse social relationships, different
from the global result (72). Additionally, Chinese patients with
HCC had poorer QoL than patients who had benign liver
diseases, especially social and physical aspects. Side effects of
treatments and severe symptoms might cause impaired physical
functioning, especially weight loss, pain, digestive problem,
diarrhea and fever.

The physical and psychosocial predictors for QoL in
Chinese patients with HCC were identified in this review.
Regarding the physical variables, patients who had a better liver
function, early tumor stage, less severe inflammatory states and
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symptoms, and better eating ability and performance status had
better QoL. Psychosocial factors such as better psychosocial
resilience, positive illness perceptions, diagnosis disclosure,
patient autonomy, and satisfaction of medical services predicted
better QoL, whereas depression and emotion-oriented coping
indicated worse QoL. The findings suggested that physicians and
patients could improve these physical and psychosocial factors to
promote QoL correlated with HCC in daily clinical practice.

This systematic review provided the most up-to-date and in-
depth overview of the available data about the cost and QoL of
HCC in greater China. It revealed the substantial economic and
QoL burden of HCC in the region. The findings can contribute
to gauge whether health resource allocations match the burden
of HCC in greater China and supply useful information for
evaluating the population’s health status. The burden of HCC
measures can also provide significant insights into clinical gaps,
leading to further research on the causes of the HCC burden and
their resolutions. In addition, as we make great efforts to measure
and improve our knowledge of the HCC burden, we may have an
opportunity to address the existing methodological challenges to
investigate this field further.

However, several limitations of this review can be addressed
in future studies. Firstly, limited research provided information
on HCC disease staging or progression related to the frequency
of clinical services and hospitalizations. More comprehensive
health-related costs may be demonstrated by taking into account
further disease information. Secondly, differences in the results
reported might be a consequence of differences in methodologies
and tools for measurement. Thirdly, only a few studies provided
the baselinemeans and standard deviations of QoL data, resulting
in limitations regarding pooled data and conduction of meta-
analysis. Fourthly, norms of EORTC for the general population
were based on individuals from multiple nations except China
and might not be representative of Chinese populations.
However, a growing body of research is now exploring the
applicability of the applications of EORTC in greater China,
and there will be more evident in the future to verify reliability
and validity of EORTC in Chinese populations. Lastly, living
standards in greater China have improved substantially over
the past few decades, and improvements in socioeconomic
structure, health system, clinical treatment, patient education,
and employment support may also affect the disease economic
costs and QoL for HCC patients. The specific and quantitative
relationship between living standards and disease burden
requires further investigation.

CONCLUSION

In summary, HCC has bought a significant economic burden
to patients and their families in greater China. HCC also
negatively impacted QoL in Chinese patients, especially in
physical, cognitive, social functioning and severe symptoms.
As the data about the economic and QoL burden of HCC
in greater China is lacking, more investigations are needed
to provide a deeper interpretation of the disease burden of
patients with HCC in greater China in recent years. Moreover,
further studies should focus on the disease-related economic
impacts on both patients and their families, the effects of physical
factors and psychological factors on QoL, the interactions
between physical factors and psychological factors, and other
predictors that can improve patients’ QoL with HCC in
greater China.
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Background: Progress has been achieved by using acupuncture widely for poor

endometrial receptivity (PER). However, different acupuncture dosages may lead to

controversy over efficacy.

Objective: To evaluate the evidence-based conclusions of dose-related acupuncture

on infertile women with PER.

Method: References were retrieved from nine databases from inception to 26

February 2022. This meta-analysis included randomized controlled trials (RCTs) that

investigated the dose-related efficacy of acupuncture for PER with outcomes of

endometrium receptivity (ER) parameters by transvaginal sonography (TVS) and the

subsequent pregnancy outcomes in three acupuncture-dose groups: the high-dosage

group (three menstrual cycles), the moderate-dosage group (one menstrual cycle), and

the low-dosage group (two or four days). Since there remained sufficient heterogeneity

among the three subsets, we prespecified seven subgroup variables (four clinical and

three methodological) to investigate the heterogeneities.

Results: A total of 14 RCTs (1,564 women) of moderate or low overall quality were

included. The results were different when the dosage of acupuncture was restricted. For

the moderate or high-dosage group, CPR and part of ER parameters were improved

in the acupuncture group (i.e., CPR: OR = 2.00, 95% CI [1.24, 3.22], p = 0.004, I2

= 0% in one menstrual cycle; OR = 2.49, 95%CI [1.67, 3.72], p < 0.05, I2 = 0% in

three menstrual cycles). However, for the low-dosage group, no statistical difference was

observed in CPR (OR = 0.07, 95% CI [−0.10, 0.23], p = 0.44, I2 = 82%) and a part of

the ER parameters. In subgroup analysis, four subgroup variables (the routine treatment,

risk of performance bias, duration of acupuncture treatment, and the age of participants)

could explain some of the heterogeneities across all trials.

249250

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.858587
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.858587&domain=pdf&date_stamp=2022-04-28
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:lvxy@jxr-fertility.com
mailto:jenny_yang_jie@126.com
https://doi.org/10.3389/fpubh.2022.858587
https://www.frontiersin.org/articles/10.3389/fpubh.2022.858587/full


Zheng et al. Analysis of Acupuncture Dose-Related Efficiency in PER

Conclusion: The finding indicated that the trend of relatively more acupuncture dosage

showed better effects for poor endometrial receptivity among PER women. It remains a

potential heterogeneity in our studies. Further high-quality trials with a homogeneity trial

design need to be conducted.

Keywords: dose-related, acupuncture, endometrial receptivity, meta-analysis, heterogeneity analysis

INTRODUCTION

The incidence of infertility has begun to increase annually (1, 2),
and it has gradually become the third most common disease
worldwide (3). Potential embryonic development, optimal
endometrial receptivity (ER), and synchronization of the embryo
and endometrium play critical roles in a successful pregnancy (4).
ER refers to the endometrium’s ability to allow the blastocyst to
attach and grow. Impaired ER will reduce the synchronization
and lead to infertility. Approximately 2/3 of embryo implantation
(ET) failure is closely related to poor endometrial receptivity
[PER; (5, 6)]. However, little progress has been achieved for
PER over three decades after the introduction of in vitro
fertilization (IVF), which has achieved great improvement in
embryo quality (4).

Acupuncture has been widely used to treat infertility for a
long period. Some potential mechanisms have been postulated
to explain the role of acupuncture in the IVF procedure. Firstly,
for the stimulation of ovary induction, electro-acupuncture can
alter several different neuroendocrinological factors, such as
β-endorphin, which can mediate the hypothalamus-pituitary-
gonadal (HPG) and-adrenal axes (HPA) and regulate the
menstrual cycle, ovulation, and fertility (7). Secondly, electro-
acupuncture can circulate the blood flow of the uterus, reduce
the resistance of uterine arteries (8), and increase ovarian
blood flow through the ovarian sympathetic nerves (9). Thirdly,
acupuncture may have the efficacy of meditating the immune
response for the achievement and maintenance of a successful
pregnancy (10). Besides, acupuncture can reduce the anxiety
level (11) and regulate serum cortisol (CORT) and PRL (12),
which simulate estradiol (E2) and progestin (P) independently.
However, the dosage of the acupuncture intervention varies from
2 (13) to 18 sessions (14) (lasting for three menstrual cycles), and
the efficacy of acupuncture remains a contention worldwide. In
2002, Paulus et al. (13) conducted the first randomized controlled
trial (RCT) which evaluated the efficacy of acupuncture for
women undergoing in vitro fertilization and embryo transfer
(IVF-ET) with two sessions of acupuncture (25min before ET
and after ET) and found out that acupuncture could significantly
improve clinical pregnancy rate (CPR), which was 42.5% in the
acupuncture group compared to 26.3% in the control group.
However, many trials (15–18) which attempted to repeat this
outcome with the same intervention (2 sessions of acupuncture)
have not been successful. Moreover, Ajeena et al. (19) found out
that six sessions of transcutaneous electrical nerve stimulation
(TENS), which is a kind of electro-acupoint stimulation, are
beneficial to increase endometrial thickness in healthy women at
their childbearing age. For the duration of three menstrual cycles

of acupuncture, Zhuang et al. (20) found that CPR and EMTwere
improved significantly, while Shuai et al. (14) did not find out
the same outcome in EMT. Furthermore, Belinda (21) confirmed
that infertility is a complex medical issue, often associated with
either significant previous gynecological issues/pathology and/or
with advanced-age patients (>30 y or <40 y). Infertile women
who receive longer-term treatment may benefit from the effects
of regular acupuncture on their other health issues. But it did not
mention the optimal dosages of acupuncture.

Therefore, the purpose of this systematic review is to evaluate
the efficacy of acupuncture in improving the ER for infertile
women with PER and to identify the optimal acupuncture plan
(in terms of duration of acupuncture intervention, and optimal
intervention measurement). The finding can be used to obtain
more vigorous evidence-based clinical practice.

METHOD

Protocol and Registration
The systematic review protocol has been registered on
the prospective international register of systematic review
(PROSPERO: registration number is CRD42020206790) (https://
www.crd.york.ac.uk/PROSPERO/).

All contents and report details were strictly referred
to as Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) (22), as shown in
Supplementary Material S1.

Literature Search Strategy
References were retrieved from nine databases: four English
databases (i.e., PubMed, Embase, Cochrane Library, and Web
of Science), and five Chinese databases, i.e., SinoMed (formerly
Chinese Biomedical Database), Chinese National Knowledge
Infrastructure (CNKI), Wanfang Data, China Biomedical
Literature Database, and China Science Journal Database (VIP
database) from inception to 25 February 2022. The search
strategy was based on the guidance of the Cochrane handbook.
The language was limited to English and Chinese. The search
strategies are shown in Supplementary Material S2.

In addition, to reduce the publication bias, we searched for
lists of relevant references. Clinical trial registries, i.e., Menstrual
Disorders and Subfertility Group (MDSG) Specialized Register,
Cochrane Central Register of Controlled Trials (CENTRAL),
World Health Organization International Clinical Trials Registry
Platform, Chinese clinical registry, and Clinical Trials. Gov, and
we manually searched key journals and meetings such as the
European Society for Human Reproduction and Embryology
(ESHRE) and American Society of Reproduction Medicine
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(ARSM) for relevant articles, including relevant journals and
conferences abstracts, by connecting with the coordinator.

Inclusion and Exclusion Criteria
Study Participants
In our study, the starting points are those patients who suffered
from PER where the uterine factor is routinely evaluated by
transvaginal sonography (TVS) without anatomic abnormality.
Repeated implantation failure (RIF) (23) and polycystic ovarian
syndrome (PCOS) (24) were included considering impaired ER
can be found in the categories of patients.

Study Intervention and Comparison
We collected randomized controlled trials (RCTs) that compared
verum acupuncture with placebo acupuncture, or no adjuvant
treatment in the review. In a broad sense, verum acupuncture
included auricular acupuncture, electro-acupuncture, manual
acupuncture, and transcutaneous electrical acupoint stimulation
(TEAS) with or without moxibustion. Placebo acupuncture
included placebo acupuncture devices, shallow acupuncture,
non-acupoints or non-therapeutic acupoints, andmock electrical
stimulation. No adjuvant treatment only included western
routine treatment.

Study Outcomes Measures
The primary outcome was the clinical pregnancy: the presence
of at least one intrauterine gestational sac or fetal heartbeat
confirmed by ultrasound 4–6 weeks after embryo transfer or
ovulation, and at least one of the following outcomes was
extracted as the secondary outcomes by TVs:

i) EMT: It refers to the distance between the endometrium’s
anterior and posterior walls, including the uterine cavity
gap. EMT is one of the most frequently employed indirect
predictors of ER. The pregnancy outcome was significantly
higher in women with 7 < EMT ≤14mm (25). However,
EMT is a conflicting indicator in predicting the pregnancy
outcome alone (26).

ii) Endometrium pattern (EMP), according to Gonen’s criterion
(27): Type A, trilinear or multilayered endometrium, strong
echo in the outer and moderate parts, hypoechoic or dark
areas in the inner layer, and unmistakable linear echo in
the uterine cavity; Type B, weak trilinear, isolated echo
in the moderate, inconspicuous echo in the moderate
uterine cavity; and Type C, strong echo, no intrauterine
midline echo. Type A with “triple-line” appears important in
improving the pregnancy rate (25).

iii) Blood flow indicators include the resistance index (RI), pulse
index (PI), endometrial vascular index (VI), flow index (FI)
of the uterine artery, and endometrial blood flow: peak
systolic velocity/ end-diastolic blood velocity (S/D) (28).
Reducing uterine vascular RI and improving uterine blood
flow can improve the implantation rate (29).

iv) Live birth: The live birth is newborns (>28 weeks of
gestation) who were delivered with signs of life. Live birth
rate (LBR is a ratio of live birth and clinical pregnancy).

We excluded RCTs that extracted EMT as the only outcome after
acupuncture treatment because the utilization of EMT as a tool
to decide on IVF cycle cancellation is not justified based on
the current meta-analysis (30). The Chinese herb utilization was
excluded to evaluate the efficacy of acupuncture precisely.

Selection of Studies and Data Extraction
Two reviewers (XYZ and HMY) independently selected the
studies, extracted data, and downloaded the citations into Note
Express software Version 2.6.1 (Aegean Sea software company,
Beijing, China) for data management and eliminated the
duplicate research by software. Any discrepancies were resolved
through further discussion with the third reviewer (FGW).

For trials to be eligible, intervention dosage (duration and
frequency) for acupuncture treatment is extracted in detail.
We categorized the acupuncture dosages into three groups:
low, moderate, and high. Moderate-dosage group was defined
as “one menstrual cycle” of acupuncture duration [including
the acupuncture conducted during the controlled ovarian
hyperstimulation (COH) procedure in IVF or during frozen-
thawed embryo transfer (FET)]. For the duration of acupuncture
that was less than “one menstrual cycle,” we extracted studies in
the “low-dosage group,” while for acupuncture duration that was
more than “one menstrual cycle,” we extracted the studies in the
“high-dosage group.”

Assessment of Included Studies
Assessment of Bias
The risks of bias of RCTs were assessed using the Cochrane
Collaboration’s tool (31). The criteria consist of seven items:
i) selection bias (random sequence generation and allocation
concealment); ii) performance bias (blinding of participants and
personnel); iii) detection bias (blinding of outcome assessment);
iv) attrition bias (incomplete outcome data); v) reporting bias
(selective reporting), and vi) other bias. Each study was evaluated
as high, moderate, low, or very low for each evidence.

The Quality of Evidence
We used the Grades of Recommendation, Assessment,
Development, and Evaluation [GRADE; (32)] score to assess the
quality of each piece of evidence. The quality was classified into
high, moderate, or very low, and five reasons to possibly rare
down the quality of each evidence are as follows: i) limitation
in study design or execution (risk of bias); ii) inconsistency of
results, inconsistent results; iii) evidence of indirectness; iv)
imprecision; v) publication bias. Each study was evaluated as
high, low, or unclear risk of bias for each item.

Data Synthesis and Analysis
We used the RevMan5.4.1 provided by the Cochrane
Collaboration to analyze data. For dichotomous data (CPR,
LBR, and EMP), we expressed the results for each study as
the odds ratio (OR) with a 95% confidence interval (CIs).
For continuous data (EMT, RI, PI, and S/D), we expressed
the results as the difference or standardized mean difference
(SMD) with 95% CI. If data could be synthesized, we used
descriptive analysis to solve this problem. For pooled data, we
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used I-square (I2) statistics, which indicates the proportion
of variability across trials not explained by sampling variation
alone, and the Cochran Q-test for heterogeneity assessing (31).
A fixed-effects model was performed for low heterogeneity (I2

< 50% statistics or the Cochran Q-test, p > 0.05), otherwise,
random-effects were performed. We used network construction
between acupoints-associated and duration-associated to show
their relationship visually.

To find out the dose-related efficacy of acupuncture, we
divided the extracted data into three groups based on the different
dosages of acupuncture intervention separately (2 or 4 days only,
one menstrual cycle, or three menstrual cycles). We assessed the
likelihood of publication bias by constructing funnel plots and
the Eggers’ test.

Subgroup Analyses
For pooled data, characteristics varied from different studies.
We used subgroup analysis instead of meta-regression to find
the source of heterogeneity, mainly considering the insufficient
number of included studies. Subgroup analysis was based
on four clinical characteristics: i) acupuncture duration; ii)
intervention of different routine treatment (IVF-ET, FET, or
clomiphene citrate (CC)/letrozole (LE) for ovulation induction);
iii)acupuncture used alone or with other intervention; iv) mean
age of participants (≥35 years or not) and three methodological
characteristics: i) risk of blinding of participants and personnel
(low risk or high risk); ii) risk of random sequence generation
(low risk or high risk); and iii) risk of allocation concealment (low
risk or high risk).

For each subgroup analysis, we performed a single covariate
weighted random effects with 95% confidence interval in Stata
version 16 (StataCorp) to investigate whether differences in
effects of adjuvant acupuncture between the covariate’s two
subgroups were statistically significant. For each single covariate
subgroup analysis, we calculated the interaction p-value of the
test and the percentage of the heterogeneity explained by the
covariate (I2).

RESULTS

Selection of Studies
Figure 1 shows the details of the study selection process.

The PRISMA flow diagram (Figure 1) shows the details of the
study selection proces. Of the 101 identified trials, 76 studies were
excluded after screening full-text (6 studies were not available
for full-text. Six studies were not RCTs, seven studies had no
outcomes for interests, 34 studies had the only outcome of
EMT, which cannot represent ER in our opinion, and 34 other
studies were also excluded because of low quality or repeated
publication). Thus, 14 RCTs with a total of 1,564 participants
met the inclusion criteria. Twelve (14, 16, 20, 33–41) studies were
conducted in China [ten studies (14, 20, 33, 34, 36–41) were from
the mainland, China and two were (16, 35) from Taiwan, China],
and two (13, 42) were from Germany.

Trial Characteristics
Table 1 shows the characteristics of RCTs included in the review.
The differences in trial eligibility criteria were that six trials

(14, 20, 34, 36, 39, 41) includedwomenwith RIF and one trial (37)
included women with PCOS. The duration of the acupuncture
sessions differed among trials (Table 1). Three studies (13, 16, 42)
conducted two sessions around ET and one study (35) conducted
4 sessions during COH. Some women received acupuncture for
almost one menstrual cycle [acupuncture was performed for 1
month before FET in one study (38) and during FET in three
studies (36, 39, 40)]. Meanwhile, the other six trials (14, 20, 33, 34,
37, 41) lasted for three menstrual cycles before embryo transfer.
Six studies (13, 16, 33, 35, 38, 42) conducted IVF-ET of routine
treatment, seven studies (14, 20, 34, 36, 39–41) were performed in
FET, and one study (37) administered letrozole (LE) and human
chorionic gonadotropin (HCG) for the induction of ovulation in
routine treatment.

For the frequency of the collected studies, one study (41)
did not mention the frequency of acupuncture, three studies
(33, 34, 40) conducted acupuncture every day, three studies (36,
37, 39) were conducted every other day, two studies (20, 38) were
conducted three times a week, while one study (14) conducted for
six times per cycle. However, all of the collected studies did not
mention the total dosage of acupuncture treatments, except that
three studies (13, 16, 42) were conducted only for 2 days (25min
before and after ET), and one study (35) was conducted for 4 days
in total.

Besides, the acupoints-associated and duration-associated
network construction chart (Figure 2) shows that various
acupoints were selected in treating PER. Among the whole
trails, SP6, EX-CA1, RE4, ST36, and LR3 were the top five
acupoints, and three menstrual cycles were the most frequently
used duration for the whole treatment.

The Methodological Quality of Included
Trials
Risk Bias of Included Studies
A summary of the risks of bias is presented in Table 2 and
Figure 3. Three trials (33, 35, 41) did not mention random
sequence generation. Eight studies (13, 14, 16, 20, 33, 35, 41, 42)
mentioned allocation concealment, which used opaque sealed
envelopes subjects to assign included subjects randomly. As
presented in Table 1, only one study (16) utilized Streitberger
control. Zhao et al. (39) used shallow needles (depth <5mm)
placed on the non-acupoints. Dieterle et al. (42) used an actual
needling procedure on acupoints that were designed not to affect
fertility, Wang et al. (41) conducted sham acupuncture (acupoint
pressing stimulated epidermal irritation slightly without de qi),
two studies (14, 40) utilized mock TEAS, and others used no
intervention as the control group. For 4 studies (20, 37, 38, 40),
some randomized women were recruited from the beginning but
did not complete the treatment (i.e., there was no embryo transfer
or they did not complete the ER tests), and missing data were
not reported which would increase the attrition bias. Four studies
(33, 36, 39, 41) remained with other unclear biases.

GRADE for Quality of Each Evidence
Fourteen reviews (13, 14, 16, 20, 33–42) included 24 outcomes
that were related to the efficacy of acupuncture for PER. There
was low or very low evidence to indicate that acupuncture
might improve the CPR or ER parameters when acupuncture
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FIGURE 1 | The PRISMA flow diagram of study screening process. *The studies were excluded because that the utilization of EMT as a tool to decide on IVF cycle

cancelation is not justified based on the current meta-analysis.
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TABLE 1 | Characteristics of included trials.

References N* Study

population

Mean age Acupuncture group Control group† Starting time of intervention§

And the duration of intervention

Outcomes Routine

treatment

Chen and Hau

(33)

T:57

C:57

i)age: 24–35y

ii)IVF-ET

iii)regular

menstrual cycles

T:31 ± 3

C:31 ± 3

Acupuncture& Moxibustion (n = 57)

i)Acupuncture: [Needles stimulated

manually by rotating, lifting, and thrusting

the handle of the needle to maintain de qi

sensation, both during initial insertion and

after 10min]

ii)Moxibustion: [Light the moxibustion strip

to navel ¶ until the patient feel warm for

30min]

No adjuvant treatment (n = 57) Ac time: during COH

Frequency: every day

Duration:3 menstrual cycles

EMT, EMP,

S/D, PI, RI

IVF-ET

Paulus et al. (13) T:80

C:80

i)IVF-ET T: 32.1 ± 3.9

C: 32.8 ± 4.1

Acupuncture& auricular acupuncture

(n = 80)

i) Acupuncture: [soreness, numbness, or

distention around the point = Deqi

sensation) occurred during the initial

insertion.]

No adjuvant treatment (n = 80) Ac time: around ET

Frequency: 25min before and after

embryo transfer

Duration:2 days

EMT, PI, CPR IVF-ET

Ho et al. (35) T:30 T:26 i)IVF-ET T: 35.5 ± 4.5

C: 34.0 ± 5.2

Electro-acupuncture (n = 30)

[The needles were twirled by hand to

evoke a needle reaction; this often resulted

in soreness, numbness, and distension

around the point, The needles were then

attached to an electrical stimulator at a

low frequency of 10Hz for 30min]

No adjuvant treatment (n = 14)‡ Ac time: during COH (from day 2 of

the study to the day before oocyte

retrieval)

Frequency: Twice a week for 2

weeks

Duration:4 days

PI, CPR IVF-ET

Dieterle et al.

(42)

T:116

C:109

i)infertility T: 35.1 ± 3.8

C:34.7 ± 4.0

Acupuncture & auricular acupuncture

(n = 116)

i)Acupuncture: [soreness, numbness, or

distention around the point = Deqi

sensation) occurred during the initial

insertion.]

ii) auricular acupuncture: [a special

Chinese medical drug (the seed of

Caryophyllaceae) was placed on the

patient’s ears. The seeds remained in

place for 2 days and were pressed twice

daily for 10min. 3 days after ET, all

patients received a second acupuncture

treatment.]

Placebo acupuncture & placebo

auricular acupuncture (n = 109)

i)Placebo acupuncture: [the same

needle reaction was utilized as the

acupuncture group with acupoints

designed not to influence fertility] ii)

placebo auricular acupuncture: [the

same needle reaction was utilized

as the acupuncture group with

acupoints designed not to

influence fertility]

Ac time: after ET

Frequency: immediately

after ET and again 3 days later

Duration: 2 days

EMT, CPR IVF-ET

Zhong ** et al.

(43)

T:51

C:52

i)age <35y

ii)IVF-ET

iii)normal BMI

T:31.37 ± 2.91

C:33.19 ± 2.57

TEAS (n = 50) g

[TEAS (HANS, Beijing, China) stimulated

via waves at 2Hz frequency, 8–25mA,

which was the level of maximal tolerance

without discomfort.]

Mock TEAS (n = 50)†† [Ineffective

electrical stimulation]

Ac time: during FET (from day 2 or

3 of each cycle to 1 day before ET)

Frequency: every day

Duration:1 menstrual cycle

EMT, EMP, RI,

PI, EMB, S/D

FET

(Continued)
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TABLE 1 | Continued

References N* Study

population

Mean age Acupuncture group Control group† Starting time of intervention§

And the duration of intervention

Outcomes Routine

treatment

Wang et al. (41) T:30

C:30

i)infertility

ii)RIF

T:35.0 ± 3.71

C:34.7 ± 3.18

Acupuncture& Moxibustion (n = 30)

i) Acupuncture: [Needles manipulated to

obtain de qi for 30min]

ii)Moxibustion: [Burned moxa stuck at the

top of needles]

Sham acupuncture& Placebo

moxibustion (n = 30) i)Sham

acupuncture: [Acupoint pressing

stimulated epidermal irritation

slightly without de qi.] ii)Placebo

moxibustion: [Electromagnetic

waves bake electric lamp produced

the sensation of heat only.]

Ac time: three courses before FET

(one course: 10 days before the

period starting treatment to the day

before the next menstruation)

Frequency: not mentioned

Duration:3 menstrual cycles

EMP, RI, PI,

CPR

FET

Shuai et al. (14) T:34

C:34

i)age: 25–40 y

ii)regular

menstrual cycles

iii)RIF

T: 29.47 ± 3.24

C: 29.65 ± 2.60

TEAS (n = 34):

[TEAS (LH202H HANS, Huawei Co Ltd,

Beijing, China) using dispersed-dense

waves at 2Hz frequency. The intensity was

set to approximately 10–20mA]

Mock TEAS (n = 34) [TEAS

electrodes applied to the same sites

and received intermittent 2Hz (10 s

on and 20 s off) TEAS at an intensity

of 5mA.] h

Ac time: three menstrual cycles

before the scheduled FET

Frequency: six times per cycle

Duration: 3 cycles (18 treatment

sessions in all).

EMT, EMP,

CPR, LBR

FET

Zhao et al. (39) T:38

C:34

i)age <38y

ii)RIF

T:32.57 ± 4.25

C:33.71 ± 4.22

Electro-acupuncture (n = 38):

[Needles manipulated to obtain de qi and

connected electric-wire, the density wave

(2/80Hz) was set to the maximum comfort

intensity that the patient could tolerate]

Shallow acupuncture (n = 34):

[Shallow needles (depth <5mm)

placed on the non-acupoints, and

not manipulated to achieve “de qi”

sensation. Electrode wires

connected with the shallow needles

without electrical current]

Ac time: during FET (from day 2 or

3 of each cycle to 1 day before ET)

Frequency: every other day

Duration:1 menstrual cycle

EMT, EMV, FI,

RI, VFI, CPR

FET

Zhuang (20) T:36

C:36

i)age:24–45

ii)RIF

T: 34.2 ± 5. 31

C: 34.26 ± 5.30

Acupuncture & Moxibustion &

Cupping (n = 34) ‖

i)Acupuncture: [Needles manipulated to

obtain de qi for 30min]

ii)Moxibustion: [Burned moxa stuck at the

top of needles]

iii)Flash Cupping: [Flash cupping

stimulated at abdominal acupoints until

flushing skin during the follicular phase

and luteal phase.]

No adjuvant treatment (n = 35) ‖ Ac time: three menstrual cycles

before the scheduled FET

Frequency: three times a week

Duration:3 menstrual cycles

EMT, EMB, RI,

PI, CPR, LBR

FET

Ma and Zhang

(36)

T:35

C:35

i)age:25–40y

ii)RIF

iii)BMI:

18.5∼23.9 kg

/m2

iv) more than

two high-grade

embryos

remained

T:30.04 ± 2.98

C: 30.55 ± 3.71

Acupuncture (n = 35)

[Needles stimulated manually by rotating,

lifting, and thrusting to obtain de qi until

the maximum comfort intensity that the

patient could tolerate, different acupoints

selected before and after embryo transfer.]

No adjuvant treatment (n = 35) Ac time: during FET and

immediately after ET

Frequency: every other day

Duration:1 menstrual cycle

EMT, RI, PI,

CPR

FET
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TABLE 1 | Continued

References N* Study

population

Mean age Acupuncture group Control group† Starting time of intervention§

And the duration of intervention

Outcomes Routine

treatment

Chen and Hau

(33)

T:25

C:31

i) age:22–40y

ii)RIF

iii)EMP:C type

T:35.64 ± 3.73

C:36.0±2.98

Acupuncture & Moxibustion (n = 25)

i)Acupuncture: [Needles manipulated to

obtain de qi for 30min]

ii)Moxibustion: [Burned moxa stuck at the

top of needles]

No adjuvant treatment (n = 31) Ac time: three menstrual cycles

Frequency: every day

Duration:3 menstrual cycles

EMT, EMP, RI,

PI, CPR

FET

So (16) T:185

C:185

i) normal uterine

cavity

A: 35.64±3.73

C: 36.0±2.98

Acupuncture (n = 185)

[Needle reaction (soreness, numbness, or

distension around the puncture sites or

sometimes propagate along the

corresponding meridians which termed

the DeQi sensation) was elicited during the

initial insertion]

Placebo acupuncture (n = 185)

[The Streitberger’s placebo needles

were used, which was blunt. When

it was pushed forward against, the

skin, the needle slid into the handle

and the whole needle

appeared shortened.]

Ac time: around ET

Frequency: 25min before and after

embryo transfer

Duration:2 days

VI, FI, VFI,

SEVI, SEVFI,

SEFI, CPR,

LBR

IVF-ET

Lin et al. (37) T:35

C:35

i) age:20∼40y

ii)PCOS (based

on Rotterdam

criteria, 2003)

T: 27.74 ± 3.07

C: 26.71 ± 2.98

Electro-acupuncture &

Moxibustion(n=32)

i)Electro-acupuncture: [Filiform needles

were used at different acupoints with

continuous wave, 2Hz in frequency and

tolerable current intensity based on

different phase of menstrual cycle.]

ii)Moxibustion: [ginger-isolated

moxibustion: the moxa cone was placed

on the ginger and ignited with red skin in

the local area, once every two days,

30min each time]

No adjuvant treatment (n=35) Ac time: during COH

Frequency: every

two days

Duration:3 menstrual cycles.

EMT, RI, PI,

S/D, CPR

letrozole

and HCG

Zhong et al. (38) T:32

C:32

i)infertility

ii)age:35–42y

iii)underwent

IVF-ET

T: 36.52 ± 2.11

C: 36.19 ± 1.95

Electro-acupuncture (n = 30)‡‡

[Needles manipulated to obtain de qi and

connected electrode wires, dilatational

wave, maximum comfort intensity that the

patient could tolerate for 30min, every

other day.

No adjuvant treatment (n = 31)‡‡ Ac time: 1 menstrual cycle before

the scheduled IVF-ET

Frequency: three times a week

Duration:1 cycle

EMT, EMP, PI,

RI, S/D, CPR

IVF-ET

*Number randomized; †For the control group trials, the procedure was given the same as the acupuncture group; § Based on the start time of the first acupuncture session: in menstruation or after menstruation; ¶ Navel is an acupoint

of Ren meridian based on Traditional Chinese Medicine (TCM); ‡12 patients in the control group were excluded from the study: four of them failed ovarian stimulation and the other eight participants were declined to participate further

after randomization; ** Three groups were set in the trial, TESA vs. Mock TESA vs. no adjuvant control group, we collected the first group and the second group in our study; †† One patient in acupuncture group quitted and two patients

in control group fell out due to incomplete data; ‖ Two patients in the acupuncture group interrupted treatment because of out of work and one patient in the control group embryo transferred advanced; ‡‡ In acupuncture group, one

patient dropped out and one was excluded due to insufficient data. In the control group, one patient dopped out.

T, the treatment group; C, the control group; COH, control ovarian hyperstimulation; Ac, acupuncture; EMT, endometrial thickness; EMP, endometrial pattern; S/D, peak systolic velocity/ end-diastolic blood velocity; EMB, endometrial

blood; RI, resistive index; PI, pulse index; IVF-ET, in vitro fertilization and embryo transfer; ET, embryo transfer; CPR, clinical pregnancy rate; TEAS, transcutaneous electrical acupoint stimulation; RIF, repeated implantation failures; HCG,

human chorionic gonadotropin; PCOS, polycystic ovarian syndrome, ‡§, ¶, ‖, **, ††, ‡‡.
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FIGURE 2 | The acupoints and acupuncture duration in included studies. (A) The frequency of acupoints in included studies. (B) The acupoints-associated and

duration-associated network construction (The size of each circle or triangle represent the frequency in the studies).

TABLE 2 | Risk of bias summary of included trials.

Random

sequence

generation

(selection bias)

Allocation

concealment

(selection bias)

Blinding of

participants and

personnel

(performance bias)

Blinding of

outcome

assessment

(detection bias)

Incomplete

outcome data

(attrition bias)

Selective

reporting

(reporting bias)

Other bias

So (16) Low risk Low risk Low risk Unclear risk Low risk Low risk Low risk

Dieterle et al. (42) Low risk Low risk Low risk Unclear risk Low risk Low risk Low risk

Ho et al. (35) Unclear risk Low risk Low risk Unclear risk Low risk Low risk Low risk

Paulus et al. (13) Low risk Low risk High risk Unclear risk Low risk Low risk Low risk

Chen and Hau (33) Unclear risk Low risk High risk Unclear risk Low risk Low risk Unclear risk

Shuai et al. (14) Low risk Low risk Low risk Unclear risk Low risk Low risk Low risk

Zhong et al. (43) Low risk Unclear risk Low risk Unclear risk High risk‡ Low risk Low risk

Wang et al. (41) Unclear risk Low risk Low risk Unclear risk Low risk Low risk Unclear risk §

Luo et al. (34) Low risk Unclear risk High risk Unclear risk Low risk Low risk Low risk

Zhao et al. (39) Low risk Unclear risk High risk Unclear risk Low risk Low risk Unclear risk¶

Ma and Zhang (36) Low risk Unclear risk High risk Unclear risk Low risk Low risk Unclear risk

Zhuang (20) Low risk Low risk High risk Low risk High risk‡ Low risk Low risk

Lin et al. (37) Low risk Unclear risk High risk Unclear risk High risk‡ Low risk Low risk

Zhong et al. (38) Low risk Unclear risk High risk Unclear risk High risk‡ Low risk Low risk

‡ In these trials, one to three participants fell out due to interrupt treatment and did not finish the whole treatment, but the authors did not synthesis the intention to treat analysis; §

This trail did not mention about the procedure of IVF-ET, and the measurement of endometrium thickness or endometrium pattern; ¶ In this trial, the measurements of ER were not

mentioned. We considered the outcomes of ER, especially about the ultrasound procedure might cause measurement bias. But the outcome of CPR would not be expected to cause

an important bias due to the measurements. Thus, we thought the bias is not clear.
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FIGURE 3 | Risk of bias summary of included trials.
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TABLE 3 | Quality of evidence-based on GRADE.

Outcome indicators No. of studies No. of participants Effect [95% CI] I2 Quality of

evidence
Intervention group Control group

CPR

Low dosage group 4 411 388 1.42 [0.63, 3.20] 82% ⊕©©©

Very low (b, d, e)

Moderate dosage group 4 153 150 2.00 [1.24, 3.22] 0% ⊕⊕©©

Low (a, e)

High dosage group 6 212 220 2.49 [1.67, 3.72] 0% ⊕©©©

Low (a, e)

Total 14 776 758 1.97 [1.97, 2.79] 56% ⊕©©©

Very low (a, b, e)

EMP

Moderate dosage group 3 115 116 1.41 [0.25, 7.90] 85% ⊕©©©

Very low (a, b, d)

High dosage group 6 212 220 3.25 [2.05, 5.15] 10% ⊕⊕©©

Low (a, e)

Total 9 327 336 2.48 [2.26, 4.90] 71% ⊕©©©

Very low (a, b, e)

LBR

Low dosage group 1 185 185 0.68 [0.44, 1.05] - ⊕©©©

Very low (d, e)

High dosage group 2 68 69 2.96 [1.42, 6.16] 0% ⊕⊕©©

Low (a, e)

Total 3 253 254 1.68 [0.54, 5.27] 83% ⊕©©©

Very low (a, b, d, e)

EMT

Low dosage group 2 196 189 −0.06 [−0.54,

0.41]

81% ⊕©©©

Very low (b, d, e)

Moderate dosage group 4 153 150 0.75 [0.08, 1.42] 87% ⊕©©©

Very low (a, b, e)

High dosage group 5 182 190 0.51 [0.04, 0.98] 80% ⊕©©©

Very low (a, b, e)

Total 11 531 529 0.48 [0.13, 0.83] 87% ⊕⊕©©

Low (a, b)

RI

Moderate dosage group 4 153 150 −0.74

[−1.44,−0.04]

88% ⊕©©©

Very low (a, b, e)

High dosage group 5 185 188 −0.94 [−1.41,

−0.48]

77% ⊕©©©

Very low (a, b, e)

Total 9 338 338 –0.86 [–1.23,

–0.48]

82% ⊕©©©

Very low (a, b, e)

PI

Low dosage group 3 140 108 −0.13 [−0.45,

0.20]

23% ⊕⊕©©

Low (d, e)

Moderate dosage group 3 115 116 −1.02 [−1.64,

−0.40]

79% ⊕©©©

Very low (a, b, e)

(Continued)

Frontiers in Public Health | www.frontiersin.org 11 April 2022 | Volume 10 | Article 858587259260

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zheng et al. Analysis of Acupuncture Dose-Related Efficiency in PER

TABLE 3 | Continued

Outcome indicators No. of studies No. of participants Effect [95% CI] I2 Quality of

evidence
Intervention group Control group

High dosage group 5 185 188 −2.35 [−3.59,

−1.11]

96% ⊕©©©

Very low (a, b, e)

Total 11 440 412 –1.33 [-1.93,

–0.72]

93% ⊕©©©

Very low (a, b, e)

S/D

Moderate dosage group 2 80 81 −2.24 [−3.86,

−0.62]

93% ⊕©©©

Very low (a, b, e)

High dosage group 2 89 90 −1.61 [−3.87,

0.65]

97% ⊕©©©

Very low (a, b, e)

Total 4 169 171 –1.91 [–3.08,

–0.75]

95% ⊕©©©

Very low (a, b, e)

a: Download one level for serious risk of bias: failure to develop and apply appropriate eligibility criteria (inclusion of control population), flawed measurement of both exposure and

outcome, failure to adequately control confounding, or Incomplete or inadequately short follow-up. b: Downgraded one level for serious inconsistent: inconsistency refers to an

unexplained heterogeneity of results, which includes the wide variance of point estimates across studies, minimal or no overlap of confidence intervals (CI), and statistical criteria,

including tests of heterogeneity which test the null hypothesis that all studies have the same underlying magnitude of effect, have a low p-value (p < 0.05), indicating to reject the null

hypothesis. c: Downgraded one level for serious indirectness: including differences in the population (applicability), differences in interventions (applicability), differences in outcomes

measures (surrogate outcomes), and indirect Comparisons. d: Downgraded one level for serious imprecision: dichotomous outcomes and continuous outcomes were considered

separately, including that, optimal information size criterion was not med, or 95% CI overlaps no effect. e: Downgraded one level when publication bias is suspected.

was performed in low-, moderate-, or high-dosage groups. The
qualities of the evidence are shown in Table 3.

Efficacy Analysis
The RCTs included in this study varied in study design, especially
in ways of intervention of treatment group, such as, manual
acupuncture (MA) alone (16, 36), electro-acupuncture (EA)
alone (35, 38, 39), MA or EA with moxibustion (20, 33, 34, 37,
41), MA with auricular acupuncture (13, 42), and TEAS (14, 40).
Meanwhile, the duration of acupuncture differed for trails, such
as 2 or 4 days of acupuncture, one or three menstrual cycles.
Finally, we categorized these trails according to the duration of
acupuncture treatment in three groups: the high-dosage group
[three menstrual cycles; (14, 20, 33, 34, 37, 41)], the moderate-
dosage group [one menstrual cycle; (36, 38–40)], and the low-
dosage group [2 or 4 days; (13, 16, 35, 42)].

Comparisons of Endometrial Receptivity Outcomes

by the Duration of Acupuncture

Intervention With Low Dosage
For the primary outcome, CPR was from four trials [(13, 16, 35,
42); n= 815], but the statistical between the studies was found to
be significant (I2 = 82%, p= 0.007). A random-effect model was
performed, and no statistical significance was found (p = 0.39,
OR= 1.42, 95%CI [0.63, 3.20] (Figure 4A).

For the secondary outcomes, EMT was available in two trials
(43, 44; n= 385), and there was significant heterogeneity between
these trials (I2 = 81%, P = 0.02). Pooling the results of these two
trials into the random-effects showed no distinct EMT between
the treatment group and the control group (P = 0.79, SMD =

−0.06 95%CI [−0.54, 0.41] (Figure 5A). Only two trials (36, 44; n
= 160) collected PI, and Ho et al. (35) measured the left and right

uterine arteries that were separated into two groups for analysis.
No statistical significance was performed (p = 0.44, SMD =

−0.13, 95%CI [−0.45, 0.20] (Figure 6A), and mild heterogeneity
was found between the studies (I2 = 23%, p = 0.27) in the
random-effect model. LBR was from only one study (16), and
the measurement of acupuncture with the control group did not
show a statistically significant benefit (P = 0.08, OR = 0.68,
95%CI [0.44, 1.05] (Figure 7A). EMP and RI were not measured
with 2 or 4 days of acupuncture.

Intervention With Moderate Dosage
Four studies [(36, 38–40); n = 309] conducted acupuncture
treatment for one menstrual cycle, and CPR data were found
in all of these trials. There was significantly higher CPR of
acupuncture vs. the control group (P= 0.004, OR= 2.00, 95%CI
[1.24, 3.22] without heterogeneity (I2 = 0%, P= 0.74; Figure 4B).

There were also significant benefits in EMT, PI, RI, S/D. A
total of four trials [(36, 38, 43, 44); n = 309] included EMT, the
acupuncture treatment significantly increased the endometrial
thickness (p = 0.03, SMD = 0.75, 95%CI [0.08, 1.42]) with
significant heterogeneity (I2 = 87%, p < 0.01) (Figure 5B);
three trails(37, 39, 41; n = 237) included PI, acupuncture can
significantly decreased PI (p = 0.01, SMD = −1.02, 95%CI
[−1.64, −0.40] with high heterogeneity (I2 = 79%, p = 0.008)
(Figure 6B); four trails (37, 39–41; n = 309) conducted RI,
acupuncture can significantly reduce the RI (p = 0.04, SMD
= −0.74, 95%CI [−1.44, −0.04] with high heterogeneity (I2 =

88%, p < 0.01) (Figure 8A); and two trails (39, 41; n = 167)
conducted S/D, acupuncture can significantly reduce S/D (P =

0.007, SMD = −2.24, 95%CI [−3.86, −0.62] with significant
heterogeneity (I2 = 79%, P < 0.01) (Figure 9A). No significant
difference was found in EMP [three trails (36, 38, 40), n= 237, P
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FIGURE 4 | Effects of acupuncture on CPR based on intervention of low dosage (A), moderate dosage (B), and high dosage (C).

= 0.070, OR= 1.41, 95%CI [0.25, 7.9]; Figure 10A]. LBR was not
measured with acupuncture treatment for one menstrual cycle
before embryo transfer.

Intervention With High Dosage
The pooled indicators of CRR, EMT, PI, EMP, RI, and LBR
showed significant differences between the acupuncture group
and the control group, while S/D showed non-significant
differences. A total of six trails [(14, 20, 33, 34, 37, 41); n = 440]
evaluated the CPR, acupuncture can significantly improve CPR
(P<0.05, OR=2.49, 95%CI [1.67, 3.72] without heterogeneity (I2

= 0 %, P = 0.89) (Figure 4C). For ER parameters, EMT was
significantly thicker in the acupuncture group from five trials
(14, 20, 33, 34, 37) (n= 380, P= 0.03, SMD= 0.51, 95%CI [0.04,
0.98] with high heterogeneity (I2 = 80%, P < 0.01; Figure 5C);
PI: four trails (20, 33, 37, 41), n = 316, P < 0.05, SMD = −2.35,
95%CI [– 3.59, −1.11] with high heterogeneity (I2 = 96%, P <

0.01; Figure 6C); RI: four trails (20, 33, 37, 41), n= 316, P < 0.05,
SMD=−0.94,95%CI [−1.41,−0.48] with high heterogeneity (I2

= 77%, P < 0.01; Figure 8B); EMP was significantly improved
in 6 trails (14, 20, 33, 34, 37, 41), n = 440, P < 0.05, OR =

3.25, 95%CI [2.05, 5.15] with small heterogeneity (I2 = 10%,
P = 0.35) (Figure 10B). For LBR, it was significantly increased
in two trails (14, 20), n = 140, P = 0.004, OR-2.96, 95%CI
[1.42, 6.16]) with non-significant heterogeneity (I2 = 0%, P =

0.82) (Figure 7B). However, there was no significant difference
between the acupuncture treatment group and the control group
in S/D [two trails (33, 37), n = 184, P = 0.16, SMD = −1.61,
95%CI (−3.78, 0.65)] with high heterogeneity (I2 = 97%, p <

0.01; Figure 9B).

Subgroup Analysis and Investigation of Heterogeneity
However, the duration of acupuncture subgroup analysis did not
significantly explain this statistical heterogeneity [interaction p
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FIGURE 5 | Effects of acupuncture on EMT based on intervention of low dosage (A), moderate dosage (B), and high dosage (C).

= 0.53 for clinical pregnancy outcome and interaction p = 0.09
for endometrium thickness, respectively (Figure 4)]. We used
subgroup analysis to find out the heterogeneities of the outcomes.
With a wide range of study designs, we chose seven variables to
assess heterogeneity, according to four clinical characteristics and
three methodological characteristics. The heterogeneity analysis
was only conducted in EMT, EMP, RI, and PI due to the amounts
of included studies.

Generally, 4 subgroup variables (routine treatment, risk
of performance bias, duration of acupuncture treatment,
and the age of participants) could explain some of the
heterogeneities across all trials (Figure 11). Routine treatment
was significantly different with subgroup analysis in EMT, RI,
PI (EMT: interaction p = 0.003; RI: interaction p = 0.03;
PI: interaction p < 0.05, respectively), risk of performance
bias (blinding of participants and personnel) was significantly
different with subgroup analysis in RI (interaction P =

0.003). Subgroup analysis in PI was significantly different
when restricted in the duration of acupuncture treatment (P
= 0.004), and EMT was almost statistically significant when
restricted in the age of participants (interaction P=0.05).
That is, heterogeneity is reduced when restricted to variables
(i.e., the maximum I2 percentage change of the subgroup
was 43%).

Furthermore, considering the controlled intervention of
different comparisons is the heterogeneity, and we made a
further subgroup analysis in different dosage groups according
to the different way of controlled group: no intervention or
placebo treatment. As shown in Supplementary Material S3,
though we found converse results in the re-subgroup analysis, the
heterogeneities remained high among the groups.

Publication Bias Analysis
The funnel plot (see Figure 12) of the primary outcome CPR
showed a small positive studies effect, with the smaller studies
showing more benefit being conducted than larger studies, and
also positive results were easily published by researchers. The
Eggers’test p = 0.003, which means there is public bias in the
collected studies.

DISCUSSIONS

Summary of the Main Results
To the best of our knowledge, this is the first comprehensive
review addressing the pooled analysis of whether dose-related
acupuncture therapeutic efficacy improves ER for infertile
women. Finally, we collected 14 trials in our review, including
four (36–39) updated relevant studies.
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FIGURE 6 | Effects of acupuncture on PI based on intervention of low dosage (A), moderate dosage (B), and high dosage (C).

Generally, acupuncture can significantly improve the CPR
and the ER parameters (EMT, EMP, RI, PI, and S/D) with
moderate or high heterogeneity (I2: 56–95%), whereas the LBR
was not statistically significant between the two groups with high
heterogeneity (I2 = 83%), also. For the primary outcome, CPR
was significantly increased in themoderate and high acupuncture
groups without heterogeneity, whereas in the low-dosage group,
CPR failed to show a significant improvement with considerable
heterogeneity (I2 = 82%) (Table 3). For the ER parameters, EMP
was significantly improved in the high-dosage group with a small
heterogeneity (I2= 10%) and was not statistically significant in
the moderate group with considerable heterogeneity (I2 = 85%)
(Table 3). Though the total heterogeneity of EMP was moderate
(I2 = 71%), we failed to find the sources of the heterogeneity
(Figure 11A). The decrease of PI showed a significant difference
in the high-dosage andmoderate group between the acupuncture
group vs. the controlled one with considerable heterogeneity (I2

= 96% and I2 = 79%, respectively), whereas, in the low-dosage
group, no significant difference was found with considerable
heterogeneity (Table 3). The total heterogeneity of PI was
high (I2 = 93%) in our analysis, and not only the duration
of acupuncture but also the different routine treatments for

infertile women were attributed to the source of heterogeneity
(interaction P < 0.01, < 0.01, respectively) (Figure 11B). EMT
was significantly improved in the moderate- and high-dosage
groups with significant heterogeneity (I2 = 87%, I2 = 80%,
respectively), and was not statistically different in the low-
dosage group with considerate heterogeneity (I2 = 81%). The
total heterogeneity of EMT was high (I2 = 87%) too, and we
found out that the different routine treatment was attributed
to the source of heterogeneity (interaction P = 0.003). The
heterogeneity was decreased and was 65% in the IVF-ET group
and 84% in the FET group (Figure 11C). Though the significant
decreases of RI were shown in the moderate- and high-dosage
acupuncture groups, the heterogeneities were significant too (I2

= 88%, I2 = 77%, respectively) (Table 3). In our subgroup
analysis, the routine treatment and the method of the compared
intervention (placebo acupuncture was utilized or not) may be
the sources of heterogeneity (Figure 11D). LBR was statistically
improved in the high-dosage group while it was non-significant
in the low-dosage group. S/D was significantly decreased in both
moderate and high-dosage groups. However, the indicators of
S/D and LBR showed high heterogeneities in the studies (I2

= 95, I2 = 83%, respectively) (Table 3). Considering the small
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FIGURE 7 | Effects of acupuncture on LBR based on intervention of low dosage (A) and high dosage (B).

FIGURE 8 | Effects of acupuncture on RI based on intervention of moderate dosage (A) and high dosage (B).
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FIGURE 9 | Effects of acupuncture on S/D based on intervention of moderate dosage (A) and high dosage (B).

FIGURE 10 | Effects of acupuncture on EMP based on intervention of moderate dosage (A) and high dosage (B).
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FIGURE 11 | Heterogeneity analysis of four endometrial receptivity characteristics by seven variables. (A) endometrial pattern; (B) pulse index; (C) endometrial

thickness; (D) resistance index. Seven variables including four clinical characteristics. Acupuncture duration, intervention of different routine treatment (IVF-ET, FET or

clomiphene for ovulation induction), acupuncture used alone or with other interventions and mean age of participants (≥35y or not) and three methodological

characteristics blinding of participants (sham/placebo or no adjuvant treatment); random sequence generation (adequate or not); allocation concealment (adequate or

not) (*:0.000 of Pheterogeneity means <0.00001).

numbers of included studies that measured the LBR and the
S/D, the heterogeneity analysis was not performed. Above all,
comparisons were evaluated as a very low to moderate level of
evidence, even very low and low, mostly based on the GRADE
(Table 3).

Thus, the therapeutic effect of acupuncture in different dosage
groups is relatively weak so far. Though it is difficult to draw
a definitive conclusion that acupuncture is more effective, we
discussed the findings based on our subgroup analysis under the
method of study design.

Analyses Based on Acupuncture Dosage
Above all, the evaluation among the outcomes from the included
studies and acupuncture dosage resulted in different therapeutic
effects. Though significant heterogeneities were not found,
the trend of relatively more dosage showed better effects in
CPR, EMT, PI (moderate or high dosage showed significantly
improved while the low dosage did not), and EMP (high dosage
was significantly improved while the moderate did not; Table 3).

Our findings of the relationship between acupuncture
therapeutic efficacy and the dosage were consistent with the
previous studies. White et al.(45) thought the dose may be

affected by the state of the patient (e.g., nervous, immune,
and endocrine systems); different doses may be required for
different conditions. For the analgesia of acupuncture, a system
review (46) evaluated whether the effect of acupuncture is dose-
related for symptom management in knee osteoarthritis. Based
on the consideration of the number of points needled during
each treatment; de qi response; frequency of treatment per
week; and several treatment sessions, the study found out that
the effect may be associated with the dose of acupuncture,
with a higher dosage (the number of points needled ≥9; de
qi response; frequency ≥2 sessions a week; the total number
of treatment sessions ≥8) related to better treatment outcomes
in terms of relief of pain and dysfunction in patients with
knee osteoarthritis. Gao (47) utilized functional MRI (fMRI) in
evaluating acupuncture efficacy in treating migraine. Four weeks
of acupuncture treatments strengthened the brain connection to
improve therapeutic efficacy in migraine when compared with 2
weeks. For the acupuncture modulation in default mode network
(DMN) of the brain with fMRI, Lin et al. (48) suggested that
enhancing the acupuncture dose could potentially be applied as a
means of modulating brain activity. For improving the outcome
of women who underwent IVF, Magarelli et al.(12) suggested that
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FIGURE 12 | Funnel plot of trials meeting inclusion criteria (CPR). The Egger’test P = 0.003.

patients receiving acupuncture weeks before the stimulation of
IVF (usually 4 weeks at two treatments per week until the day
of retrieval) and in the times before egg retrieval and ET may
benefit more than those patients treated just pre-/post-ET. In
a systematic and meta-review, Zheng et al. (49) reported that
the pooled biochemical pregnancy rate (BPR) was significantly
higher in the acupuncture group than in the controls (OR =

2.07, P = 0.02). The CPR, LBR, and IR results tended to be
higher when acupuncture treatment was conducted during the
COH time (from the starting time of the menstrual cycle to the
oocyte retrieval). Whereas, the pooled BPR, CPR, OPR, LBR, IR,
andMR showed no significant differences when acupuncture was
performed only around the day of ET (i.e., CPR: p= 0.48).

Infertility for womenwith PER is a complexmedical issue with
multiple factors, often associated with previous gynecological
issues/pathology (e.g., fibroids, endometriosis, autoimmune
disease, etc.). Although patients may benefit from two sessions
of acupuncture treatment (13), many studies (15–17, 33) failed
to repeat this outcome. Thus, chronic conditions of long-
term duration need larger dosages of acupuncture, especially in
patients with multiple health issues.

Why S/D is lower in three-cycle treatments than in one cycle?
It was found that there were more stressful and uncomfortable
feelings during the IVF process in the acupuncture group (50).
Also, the S/D is a parameter of the uterine artery. The S/D
of women will change under too much stress and discomfort.
Besides, how many acupuncture sessions should be performed
for participants who suffered PER is necessary to reconsider
because of the financial burden and time cost for PER (51).

Analyses Based on the Cause of
Heterogeneity
Heterogeneity was expected due to the variables of the
routine treatment, acupuncture treatment duration, performance
bias (blinding of participants and personnel), and the age
of participants.

For routine treatment for infertile women, to the best of our
knowledge, IVF-ET is a procedure in which fresh embryos would
be transferred after ovarian stimulation, while FET is frozen
embryo transfer. Ovarian stimulation for IVF would affect the
luteal phase and the window of implantation (WOI) by altering
the endocrinological environment of the endometrium. That is,
ovarian stimulation will reduce ER in IVF-ET (52), whereas
FET in subsequent cycles avoids possible adverse effects without
ovarian stimulation. For women with PCOS, LE has been used as
the traditional medication to induce ovulation for being superior
to CC in ER (53). But it is uncertain whether LE for PCOS will
improve the EMT compared to the programmed COH cycle (54).

For blinding of participants and personnel, placebo
acupuncture treatment is not inert in numerous studies
(55), and the possibility that some of the sham interventions may
have acupuncture-specific efficacy (56, 57). Even in Madsen’s
review (58), a greater effect of acupuncture with penetrative
placebo needles compared with the non-penetrative placebo
needles was found (P = 0.04). Furthermore, the device or
method of different placebo interventions is possible resource
of heterogeneity. To the best of our knowledge, four different
types of placebo acupuncture: i) placebo acupuncture device
(with a blunt needle tip, pressing the skin without penetrating),
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including Streitberger’s needle [(15, 16, 59); the needle tip is
blunt but a pricking sensation is felt by the patient, simulating
the puncturing of the skin] and Park needle [(60, 61); this device
has a retractable needle shaft and a blunt tip. Acupuncturists
were instructed to lightly place the sham needle on the surface
of the skin with no manipulation of the needle to minimize
any physiological effect]; ii)shallow acupuncture (39), which
stimulates at the real acupoints (sham acupuncture was
standardized as minimal-depth needling without stimulation
“DeQi”); iii) non-acupoints (17) or non-therapeutic acupoints
(42) utilization in the control group, and iv)Mock electrical
stimulation [(14, 62); the technique has been shown to constitute
a successful placebo treatment in functional brain networks (61).
However, the difference of placebo efficacy among the above
placebo intervention was not found in an accepted way (63).
Thus, the potential heterogeneity may be also related to the
placebo intervention.

For the age of participants, one of the major factors related to
the decline in fertility with age is the aging uterus. However, the
underlying factors that decrease endometrial receptivity in older
women are still unclear.

Though different interventions in the treatment group
(acupuncture was used alone or not) showed no significant
heterogeneity, the previous meta-analysis showed the
intervention in the treatment group accounts for some
heterogeneity (64). Further analysis should be conducted.
Furthermore, other potential variables, such as the way of
measurement of three-dimensional ultrasound, may cause
heterogeneity and care should be taken when the therapeutic
efficacy of acupuncture treatment is evaluated.

Research Strengths
To reduce the risk of bias, we only included the studies
of randomized trials. We assessed the GRADE score to
determine the strength of evidence. We excluded the RCTs
with the outcome of EMT only for a more reliable result. To
strengthen the efficacy of our findings, we explored the cause
of heterogeneity associated with the clinical characteristics and
methodological characteristics.

Research Limitations
The review included moderate or low-quality studies. In our
review, the duration of acupuncture was assessed. However,
based on the study design of acupuncture trial guideline,
Standards for Reporting Interventions in Controlled Trials of
Acupuncture (STRICTA), and the frequency and starting time
of acupuncture should be also considered in acupuncture dosage
evaluation. Also, the variables subgroup analysis did not decrease
the heterogeneity, which indicated that there were still potential
factors in the collected studies. Therefore, a standardized
individualized acupuncture program with a homogeneity trial
design needed to be performed to evaluate the therapeutic
efficacy of acupuncture, such as enough fixed acupuncture

treatment dosage. The latest RCTs or negative unpublished trials
were unlikely to be included in our analysis, so there was some
publication bias.

CONCLUSION

Overall, the trend of relatively higher acupuncture
dosage showed better effects for poor endometrial
receptivity, though, it is difficult to draw a definitive
conclusion with the considered heterogeneities among
the outcomes and insufficiently high quality of the
evidence. More high-quality studies with a homogeneity
trial design need to be conducted to explore the
efficacy of acupuncture for improving PER for infertile
women. Also, there should be more consensus and
dimensionality in the assessment of the measurement of
the three-dimensional ultrasound.
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Objective: The aim was to evaluate the efficacy and safety of vancomycin or daptomycin
(VAN/DAP), antistaphylococcal β-lactam (ASBL), trimethoprim-sulfamethoxazole (TMP-
SMX), and combination therapy of VAN/DAP + ASBL in the management of methicillin-
resistant Staphylococcus aureus (MRSA).

Methods: Databases including PubMed, Cochrane Library, Embase database, and
google scholar were searched on 1 September 2021. The randomized control trials
(RCTs) and comparable clinical studies of VAN/DAP, VAN/DAP + ASBL, ASBL, and TMP-
SMX in the management of MRSA were identified. A network meta-analysis was
conducted with STATA 14.0.

Results: Seven RCTs and two matched cohorts with 1,048 patients were included in the
analysis. The pooled results showed that VAN/DAP + ASBL had a significantly lower rate of
persistent bacteremia >3 days than VAN/DAP alone [OR:0.46, 95%CI (0.26, 0.81), p <
0.001]. No obvious differences were observed in the outcomes of all-cause mortality,
relapsed bacteremia, microbiological treatment failure, embolic or metastatic infection, and
total adverse events. However, the ranking results showed that VAN/DAP + ASBL had
slightly better efficacy (all-cause mortality, persistent bacteremia >3 days, duration of
bacteremia, microbiological treatment failure, and relapsed bacteremia) but slightly higher
adverse events than VAN/DAP alone. No obvious differences in the comparisons of VAN/
DAP vs. ASBL, and VAN/DAP vs TMP-SMX in the analyzed outcomes. The ranking results
revealed that ASBL and TMP-SMX did not have better efficacy or lower adverse events
compared with the treatment of VAN/DAP.

Conclusion: The efficacy of VAN/DAP + ASBL was slightly but not significantly better than
VAN/DAP alone in the management of MRSA.
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INTRODUCTION

Antibiotic resistance is a major global health problem, and
methicillin-resistant Staphylococcus aureus is a serious threat
among Gram-positive drug-resistant bacteria. (Vestergaard
et al., 2019)According to its original source, MRSA can be
divided into hospital-acquired MRSA and community-
acquired MRSA. In China, the proportion of MRSA
obtained by hospitals has reached 50.4%. (Shang et al.,
2016)The proportion of methicillin-resistant Staphylococcus
aureus in Europe decreased from 26.6% in 2007 to 16.8% in
2015, but it is estimated that the incidence of MRSA infection
in the European Union / European Economic area actually
increased by 1.28 times over the same period. (Borg and
Camilleri, 2021)It has high morbidity and mortality and can
cause metastatic or complex infections such as infective
endocarditis or septicemia. (Hassoun et al., 2017)It seriously
endangers the life and health of patients and causes huge
economic losses and heavy burdens to the global medical
system.

Currently, the standard treatment for MRSA bacteremia is
vancomycin or daptomycin (VAN/DAP) (Liu et al., 2011).
However, their efficacy is limited and there are many
disadvantages such as poor tissue permeability and slow killing
time (Rybak, 2006). Some alternative medicines such as
trimethoprim-sulfamethoxazole (TMP-SMX) and ceftaroline
have been evaluated in the treatments of MRSA in recent
years (Campbell et al., 2012; Holmes et al., 2015). Another
strategy for treating MRSA infection is to combine the
standard regimen with other drugs. Many in vitro data studies
have demonstrated that VAN/DAP in combination with
antistaphylococcal β-lactam (ASBL) has a synergistic effect on
MRSA strains, which can increase the speed of bacterial killing
(Holmes et al., 2015). Whether the combination of VAN/DAP
with β-lactam has obvious better outcomes than VAN/DAP is
still inconclusive.

Network meta-analysis is a new meta-analysis method that
uses the evidence of comprehensive randomized trials to evaluate
the relative effectiveness of two or more interventions (Cipriani
et al., 2013). The purpose of this study is to evaluate the efficacy
and safety of VAN/DAP, VAN/DAP + ASBL, ASBL, and TMP-
SMX in the management of MRSA.

METHODS

Search Strategy and Study Selection
A systematic review was performed based on the guidelines for
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement (Page et al., 2021).
Four electronic databases including PubMed, Cochrane
Library, Web of Science, and Embase database were
searched for the clinical studies of VAN/DAP in the
management of MRSA from inception to 1 September 2021.

MeSH terms and related synonyms including “staphylococcus
aureus,” “bacteremia”, “Staphylococcus aureus bacteremia”,
“vancomycin,” “vancocine,” “vancomicina,” “daptomycin,”
“cubicin,” and “LY146032” were combined and searched. No
language limitation was used while searching the databases. All
records we retrieved were imported into Endnote X9, and
duplicate records were removed by using this software and
manually. Two researchers assessed the relevance of each
article by reading the title and abstract individually.
According to the selection criteria, full-text scanning was
conducted to evaluate the eligibility of each related study.
Any discrepancies and inconsistencies during the entire
evaluation process of the two researchers were resolved by
discussion or inquiring with a third researcher.

Selection Criteria
The trials were included when they met the following criteria:
(Vestergaard et al., 2019) the article types were RCTs or
clinical studies with comparable basic characteristics;
(Shang et al., 2016) patients were diagnosed with MRSA by
one or more positive blood cultures for S. aureus within two
calendar days; (Borg and Camilleri, 2021) the treatment in the
control group was using VAN or DAP; treatment in the
intervention group was using one of the VAN/DAP +
ASBL, ASBL, or TMP-SMX; ASBL was a class of drugs but
not specific drugs.

Studies were excluded if they met the following conditions:
(Vestergaard et al., 2019) significant difference existed in the
basic characteristic of two group of patients; (Shang et al.,
2016) patients were associated with other diseases such as the
liver and kidney insufficiency; (Borg and Camilleri, 2021)
patients were infected with MSSA rather than MRSA;
(Hassoun et al., 2017) some other treatments besides those
we mentioned above were added during the treatment; (Liu
et al., 2011) the study did not provide raw data in the article
and we could not obtain it by contacting the corresponding
author; (Liu et al., 2011) the outcomes were rare and no other
study had similar outcomes; we were unable to conduct a
combination of analyses.

Data Collection and Quality Assessment
For each included study, two independent researchers
collected all available data from the article. The information
including the first author’s name, year of publication, journal,
study design, treatments in experimental and control groups,
number of patients in each group, and reported outcomes were
collected and collated in Microsoft Excel 2016. The important
outcomes which were reported in three or more studies and
measured in the same way were pooled and defined as the
outcomes of this study. The primary outcomes of this study
were all-cause mortality and total adverse events, and the
secondary outcomes included duration of bacteremia days,
microbiological treatment failure, relapsed bacteremia, and
embolic or metastatic infection.
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The quality of the included studies was assessed by two
independent reviewers based on the tools provided in version
5.1.3 of the Cochrane Handbook. Each trial was evaluated and
scored according to the following criteria: random sequence
generation, the blindness of participants and result evaluators,
incomplete result data reporting, allocation concealment, selective
data result reporting, and other deviations. The disagreement
between the two reviewers was resolved through discussion or
inquiry with the third reviewer.

Data Synthesis and Analysis
Odds ratio (OR) and 95% confidence interval (95% CI) were
used for the statistical analysis of binary variables, and
weighted mean difference (WMD) and 95% CI were used
for the analysis of continuous variables. The random effect
model was adopted in the analysis because inconsistency
might exist between different trials and treatments. The
comparisons between every two interventions for every

outcome were conducted. The ranking analysis which could
rank the best to worst interventions for every outcome was
introduced to distinguish the best treatment. The consistency
analysis was evaluated by the node-splitting analysis and the
publication bias was accessed by funnel plots. All analyses
were conducted with the software of STATA version 14.0. The
packages of “network,” “mvmeta,” and “netfunnel” were used
during the analyses . p < 0.05 was regarded as a statistical
difference.

RESULTS

Baseline Characteristics of Included
Studies
A total of 1866 records were retrieved and screened first by
reading the titles and abstracts. The remaining 46 articles were
evaluated by full-text scanning. Nine studies (Fowler et al.,

FIGURE 1 | PRISMA flow diagram of the study selection process for network meta-analysis.
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2006; Dilworth et al., 2014; Paul et al., 2015; Davis et al., 2016;
Pericàs et al., 2018; Geriak et al., 2019; Hamed et al., 2020;
McCreary et al., 2020; Tong et al., 2020) with 1,048 patients
were finally enrolled into our analysis. The whole process of
the literature search and screening is shown in Figure 1. The
baseline characteristics of the included studies are presented in
Table 1.

The included studies were seven RCTs and two matched
cohorts with comparable basic characteristics. Most of the
RCTs were randomized groups and described adequate
randomization in detail. The detailed information about
allocation sequence concealment was well described in most of
the included RCTs. Attrition bias and reporting bias were well-
performed. The risk-of-bias assessment is summarized in
Figure 2.

Network Meta-Analysis of All-Cause
Mortality
Seven studies with 951 patients described the outcome of all-
cause mortality. No significant differences were detected among
the four treatments. With VAN/DAP as the reference, the ORs
and 95%CIs of VAN/DAP + ASBL, ASBL, and TMP-SMX were
0.78(0.32, 1.92), 1.34 (0.43, 4.18), and 2.36 (0.60, 9.27),
individually. These results are presented in Figure 3A.

Ranking results for these interventions showed that VAN/DAP
+ASBL was the best and was slightly better than other treatments.
ASBL was the worst for this outcome (Figure 4A).

Network Meta-Analysis of Persistent
Bacteremia
Four studies with 489 patients reported the number of patients
with persistent bacteremia for more than 3 days. Results
showed that VAN/DAP + ASBL had a significantly lower
rate of persistent bacteremia longer than 3 days than VAN/
DAP [OR = 0.51, 95%CI (0.29, 0.91), p < 0.001]. With VAN/
DAP as the reference, the OR and 95% CI of ASBL and TMP-
SMX were 1.09 (0.20, 5.94) and 0.86 (0.34, 2.14). All results are
presented in Figure 3B. The ranking results revealed that
VAN/DAP + ASBL ranked 1st and was the best treatment
in this outcome (Figure 4B).

Six studies described the duration of bacteremia days. There
were no significant differences among VAN/DAP, VAN/DAP
+ ASBL, and TMP-SMX. With VAN/DAP as the reference, the
SMD and 95%CI of VAN/DAP + ASBL and TMP-SMX were
0.46 (0.26, 0.81) and 0.86(0.34,2.14). The ranking results
revealed that VAN/DAP + ASBL had the shortest duration
of bacteremia days and was slightly better than the other
treatments. All these results are shown in Figure 4C.

TABLE 1 | Characteristics of the included randomized controlled trials in network meta-analysis.

Authors Year Journal Study design Experimental group Control group Samples
(E/C)

Main outcomes

Tong et al.
(2020)

2020 JAMA RCT VAN/DAP + ASBL
(flucloxacillin, cloxacillin,
or cefazolin)

VAN/DAP 174/178 All-cause mortality; persistent
bacteremia; relapsed bacteremia;
microbiological treatment failure;
adverse events

Geriak et al.
(Geriak et al.
(2019)

2019 Clinical Infectious
Diseases

RCT VAN/DAP + ASBL
(ceftaroline)

VAN/DAP 17/23 All-cause mortality; persistent
bacteremia; median duration of
bacteremia days; adverse events

Davis et al.
(2016)

2015 Antimicrob Agents
Chemother

RCT VAN/DAP + ASBL
(flucloxacillin)

VAN/DAP 31/29 All-cause mortality; median duration of
bacteremia days; relapsed bacteremia;
embolic or metastatic infection; adverse
events

McCreary et al.
(2020)

2019 Open Forum
Infectious Diseases

MatchedCohort VAN/DAP + ASBL
(ceftaroline)

VAN/DAP 58/113 All-cause mortality; median duration of
bacteremia days; microbiological
treatment failure;

Dilworth et al.
(2014)

2014 Antimicrob Agents
Chemotherapy

MatchedCohort VAN/DAP + ASBL
(ceftaroline)

VAN/DAP 50/30 All-cause mortality; microbiological
eradication

Hamed et al.
(2020)

2020 Future Microbiol RCT VAN/DAP ASBL
(ceftobiprole)

195/195 All-cause mortality; microbiological
eradication; relapsed bacteremia;
embolic or metastatic infection; adverse
events

Pericàs et al.
(2018)

2018 Clinical
Microbiology and
Infection

RCT VAN/DAP ASBL (imipenem) 7/8 All-cause mortality; persistent
bacteremia; adverse events

Fowler et al.
(2006)

2006 New England
Journal of Medicine

RCT VAN/DAP ASBL (nafcillin,
oxacillin, or
flucloxacillin)

120/116 The median duration of bacteremia
days; adverse events

Paul et al.
(2015)

2015 BMJ RCT TMP-SMX VAN/DAP 53/51 All-cause mortality; persistent
bacteremia; microbiological treatment
failure; adverse events

E/C, Experimental group versus control group; JAMA, Journal of the American medical association; BMJ, British medical journal; RCT, randomized controlled trial; VAN/DAP, vancomycin
or daptomycin; ASBL, antistaphylococcal β-lactam; TMP-SMX, Trimethoprim-sulfamethoxazole.
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Network Meta-Analysis of Relapsed
Bacteremia
Six trials with 879 patients were analyzed. Results suggested that
there were no significant differences among VAN/DAP, VAN/
DAP + ASBL, and ASBL. With VAN/DAP as the reference, the
OR and 95%CI of VAN/DAP + ASBL and ASBL were 0.85(0.47,
1.55) and 0.54(0.25, 1.17). The ranking results showed that ASBL
was the best, and VAN/DAP + ASBL ranked 2nd. All these results
are shown in Figure 4D.

Network Meta-Analysis of Microbiological
Treatment Failure
Five trials with 604 patients were pooled in this analysis. No
significant differences were found among VAN/DAP, VAN/DAP
+ ASBL, ASBLA, and TMP-SMX. With VAN/DAP as the
reference, the OR and 95%CI of VAN/DAP + ASBL, ASBL,
and TMP-SMX were 0.52 (0.13, 2.15), 1.32(0.32, 5.47), and 1.97
(0.28, 14.11), respectively. These results are presented in
Figure 3E. The ranking results revealed that VAN/DAP +
ASBL was the best. VAN/DAP ranked 2nd (Figure 4E).

Network Meta-Analysis of Embolic or
Metastatic Infection
Three studies reported embolic or metastatic infection, recruiting
158 patients. The pooled estimates showed that the differences
among VAN/DAP + ASBL, VAN/DAP, and ASBL were not

significant. With VAN/DAP as the reference, the OR and 95%
CI of VAN/DAP + ASBL and ASBL were 0.28(0.03, 2.92) and
0.43(0.03, 5.34). The ranking results showed that VAN/DAP +
ASBL was the best. These results are presented in Figure 4F.

Network Meta-Analysis of Adverse Events
Seven trials described the total number of adverse events and were
combined. Results showed that there were no significant
differences in the incidence of any adverse events among the
four treatments. With VAN/DAP as the reference, the OR and
95%CI of VAN/DAP + ASBL, ASBL, and TMP-SMX were 1.71
(0.55, 5.35), 1.54 (0.31, 7.53), and 1.44(0.30, 6.78), respectively.
These results are shown in Figure 3G. The ranking results
revealed that VAN/DAP ranked 1st, TMP-SMX ranked 2nd,
VAN/DAP + ASBL ranked 3rd, and ASBL was the worst
(Figure 4G).

Consistency Analysis
The node-splitting analysis was adopted to evaluate inconsistency
by comparing the differences between direct and indirect
evidence. The publication bias was evaluated by funnel plots.
No obvious inconsistency and publication bias were detected in
all outcomes.

DISCUSSION

From the comparisons of VAN/DAP and the combination
therapy of VAN/DAP + ASBL, we found that (Vestergaard

FIGURE 2 | Risk of bias graph and summary of the included studies (A) reviewers’ judgments about each risk of bias item for eligible studies and (B) the judgments
about each risk of bias item presented as percentages across all eligible studies.
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et al., 2019) VAN/DAP + ASBL significantly reduced the
number of patients with persistent bacteremia >3 days.
(Shang et al., 2016) No obvious difference was observed
between VAN/DAP + ASBL and VAN/DAP in the
outcomes of all-cause mortality, relapsed bacteremia,
microbiological treatment failure, embolic or metastatic
infection, and adverse events. (Borg and Camilleri, 2021)
The ranking results revealed that VAN/DAP + ASBL was
slightly better than VAN/DAP alone in all-cause mortality,
persistent bacteremia >3 days, duration of bacteremia,
microbiological treatment failure, and relapsed bacteremia.

Some previous studies reported similar outcomes. Atalla
and Mylonakis (2020) pointed out that the blood culture
bacteria clearance rate of the combined group (VAN/DAP +

ASBL) was faster than that of the standard group (VAN/DAP).
Hagihara et al. (2012) reported that the combination of
vancomycin and ASBL in simulated human exposure
increased the killing rate of these MRSA isolates and
resulted in a greater overall antibacterial effect. Holubar
suggested that the combination of vancomycin or
daptomycin with β-lactam antibiotics was associated with a
shorter duration of bacteremia, but there was no significant
clinical benefit. (Holubar et al., 2020) However, Wang pointed
out that the combination therapy has certain clinical benefits,
but it may be related to the use of a certain type of beta-lactam
drugs in the experimental group, such as ceftaroline, and
perhaps ceftaroline itself has anti-MRSA effects. (Wang
et al., 2020) Some scholars believe that the clinical effect of

FIGURE 3 | Forest plots for the outcomes. (A) All-cause mortality; (B) Persistent bacteremia; (C) Duration of bacteremia days; (D) Relapsed bacteremia ; (E)
Microbiological treatment failure; (F) Embolic or metastatic infection; (G) Adverse events. VAN/DAP, Vancomycin or daptomycin; ASBL, antistaphylococcal β-lactam;
TMP-SMX, trimethoprim-sulfamethoxazole.
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combined therapy is related to the length of treatment time
and the concentration of IL-10 in the blood. (Geriak et al.,
2019; Johnson et al., 2021) MRSA is naturally resistant to β-
lactam drugs, resistance is usually conferred by the acquisition

of a nonnative gene encoding a penicillin-binding protein
(PBP2a), with a significantly lower affinity for β-lactams.
This resistance allows cell-wall biosynthesis, the target of β-
lactams, to continue even in the presence of typically
inhibitory concentrations of antibiotics (Peacock and
Paterson, 2015), and the significant changes in the cell-wall
composition required for vancomycin resistance make these
strains resistant to β-lactams antibiotics are more sensitive
(Domenech et al., 2005). In vitro studies have demonstrated
synergistic interactions between vancomycin and a wide
variety of β-lactams against S. aureus (Fox et al., 2006;
Ortwine et al., 2013). The proposed mechanism for
vancomycin and β-lactam synergy is related to cell-wall
thinning via the addition of a β-lactam, which increases
vancomycin binding to target sites during cell wall synthesis
(Sarkar et al., 2017). A study found that adding ASBL to VAN/
DAP therapy for at least 24 h within 72 h could increase the
odds of clinical success (Alosaimy et al., 2020).

As for the results of TMP-SMX and ASBL in the treatment
of MRSA. Even though no significant differences were detected
with VAN/DAP, the ranking results showed that ASBL and
TMP-SMX were less efficient than VAN/DAP in most of the
outcomes. Some previous studies had reported similar results.
Tissot-Dupont et al. (2019) reported that TMP-SMX did not
achieve noninferiority compared with vancomycin among
patients with invasive MRSA infections. There were also
some different conclusions. Eliakim-Raz et al. (2017)
pointed out that TMP-SMX had an efficacy profile superior
to that of vancomycin in the treatment of MRSA pneumonia,
with lower rates of overall mortality and the same safety
profile. As for ASBL, it is often adopted in the treatment of
MSSA. It was reported that Cefazolin and Ertapenem could
rapidly clear persistent MSSA (Ulloa et al., 2020). Recently, it
was also explored in the management of MRSA. Ceftaroline
and ceftobiprole are the first β-lactams with antiMRSA activity
(Lee et al., 2018). Many in vitro studies (Espedido et al., 2015;
Sader et al., 2015) had demonstrated the potent in vitro activity
of Ceftaroline against MRSA isolates causing bacteremia. In a
matched clinical cohort study, Arshad et al. (2017) compared
Ceftaroline fosamil with VAN and DAP for MRSA bacteremia.
They found that Ceftaroline fosamil, especially as salvage
therapy, had a longer duration of bacteremia but
comparable clinical outcomes with VAN/DAP for MRSA
bacteremia patients. These results were somewhat similar to
our results.

Our meta-analysis had certain limitations. First, although
the quality of the studies we included was relatively high, the
number of studies included in our analysis was insufficient,
which may affect the accuracy of the results. Second, some of
the outcome indicators included in the study were not perfect
which made it impossible to combine and analyze these results.
It might cause incomplete analysis results or omission of some
results. Third, the follow-up time of included studies was quite
different. Some of the included studies only followed-up for a
short period which might influence the pooled results.
Therefore, more high-quality studies are needed in the
future to evacuate the results of our study.

FIGURE 4 | The ranking plots for the efficacy outcomes (A) All-cause
mortality; (B) persistent bacteremia; (C) Duration of bacteremia days; (D)
Relapsed bacteremia; (E) Microbiological treatment failure; (F) Embolic or
metastatic infection; (G) Adverse events. VAN/DAP, Vancomycin or
daptomycin; ASBL, antistaphylococcal β-lactam; TMP-SMX, trimethoprim-
sulfamethoxazole.
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CONCLUSION

VAN/DAP + ASBL had slightly but not significantly better
efficacy than VAN/DAP alone in the treatment of MRSA.
ASBL and TMP-SMX didn’t have better efficacy or lower
adverse events than VAN/DAP.
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Introduction: Antidepressants are the front-line treatments for major depressive
disorder (MDD), but remain unsatisfactory in outcome. An increasing number of patients
are interested in acupuncture and moxibustion treatment as complementary therapies.
This study aims to evaluate the efficacy and safety of integrative acupuncture and
moxibustion (iAM) treatment in patients with MDD.

Methods and Analysis: This multicenter, single-blind, 2 × 2 factorial randomized trial
will enroll 592 patients with MDD of moderate severity from nine hospitals. All patients
will be randomized, in a ratio of 2:2:2:1, through a computerized central randomization
system, into four groups (the combined, iAM-only, sertraline-only, and placebo groups).
Participants will undergo a 12-week intervention with either 50 mg of sertraline or a
placebo once a day and active/sham iAM treatment three times per week. The primary
outcome is depression severity, assessed using the Hamilton Depression Scale-17. The
secondary outcomes include self-rated depression severity, anxiety, and sleep quality.
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The primary and secondary outcomes will be measured at weeks 0, 4, 8, 12, and the
8th week posttreatment. Safety will be evaluated through liver and kidney function tests
conducted before and after treatment and through monitoring of daily adverse events.
An intent-to-treat principle will be followed for the outcome analyses.

Conclusion: This trial will provide sufficient evidence to ascertain whether iAM is
effective and safe for treating MDD and provides a suitable combination strategy
for treating MDD.

Clinical Trial Registration: [www.chictr.org.cn], identifier [ChiCTR2100042841].

Keywords: acupuncture, moxibustion, auricular acupuncture, integrative treatment, depressive disorders,
sertraline

INTRODUCTION

Depressive disorders are common worldwide, and their
prevalence reaches up to 4.4 and 4.2% of the global and Chinese
populations, respectively (1). Major depressive disorder (MDD)
is the most prevalent subtype and a leading cause of global disease
burden (2). Estimates show that by 2030, this disorder is likely
to rank high in the measure of total global disability-adjusted
life years (DALY) (3). If left untreated, MDD can lead to suicide
in 2.5% of patients (4). Thus, it is recognized as a major public
health issue, having a substantial impact on individuals, families,
and society (5, 6).

MDD is characterized by a lasting dysphoric mood, loss
of interest or enjoyment, as well as fatigue or reduced
energy. Patients with MDD often experience anxiety symptoms,
sleep disturbances, cognitive impairment, and even other
somatic symptoms (7–9). The treatment is currently based on
symptom control, achieving remission, and restoring patients’
function to baseline levels (10). The guideline-recommended
treatments include a range of psychological interventions, such
as behavioral activation, cognitive behavioral therapy, counseling,
interpersonal psychotherapy, and pharmacological interventions
such as first- and second-generation antidepressants. Despite the
vast range of available treatments, a survey based on 17 countries
has found that untreated rates of mental disorders are very high
in low- and middle-income countries, ranging from 76 to 85%
(11). A Chinese report illustrated that the number of patients
with depressive symptoms, who received treatment for MDD
was < 10% in four provinces (12).

The reasons for low treatment rates are inadequate
medical resources, the social stigma associated with mental
disorders, concerns about adverse drug reactions, and over-
reliance on medication (12). These factors adversely affect
patients, minimize their chances and motivation to receive
any treatment, and are barriers to treatment. Due to the
lack of professional psychologists, particularly in low- and
middle-income countries, antidepressants are more frequently
prescribed than psychological interventions (13). Second-
generation antidepressants, such as selective serotonin reuptake
inhibitors, are usually recommended as the front-line treatment
for MDD based on the clinical guidelines (13–15). However,
there are still debates regarding the effectiveness of medication

because of limitations, such as delayed onset (16, 17), inadequate
response in up to 50% of patients (4, 18), and lack of adherence
in 30% (19). These limitations are additional barriers to effective
treatment. Interestingly, patients nowadays show a preference
for complementary therapies (12, 20).

Acupuncture is a therapy representative of Traditional
Chinese Medicine (TCM) and is a common clinical practice
in China (21). Internationally, acupuncture is used to treat
depression and is recommended for primary care in the
United Kingdom (22, 23). In 2016, the American College of
Physicians recommended it as a complementary and alternative
medicine in the clinical practice guidelines for adult patients
with MDD (15). Currently, various styles of acupuncture are
used in clinical practice, ranging from traditional/classical to
modern, such as abdominal, auricular, and electro-acupuncture.
The advantages of these different styles may vary, and two or
more techniques may be applied jointly in clinical practice for
diseases with complex symptoms (24). Moxibustion is another
treatment that involves burning moxa and producing heat to
stimulate acupoints and is mostly used with acupuncture to
enhance the treatment’s effect (25). Although MDD is not a
simple disease consisting of a single symptom, most previous
trials on treatment and acupuncture have only focused on the
outcomes of a single-acupuncture therapy, which is deficient in
terms of integrative intensity and treatment principles. Although
there is an increasing accumulation of randomized trials on
acupuncture and depression, these studies have methodological
limitations and do not provide high-quality experimental
evidence (26).

Since 2000, we have studied the effect of acupuncture
on depression and formed an integrative acupuncture and
moxibustion (iAM) treatment protocol called “Shugan Tiaoshen”
(27). Specifically, this treatment protocol uses acupuncture and
moxibustion to regulate the “Liver Qi” and spirit, which are
associated with managing mood and energy in TCM theory. Our
previous pilot studies (28, 29) showed that this integrative therapy
could improve depressive symptoms and sleep quality in people
with mild to moderate depression. Therefore, this protocol
was designed as a large-sample multicenter 2 × 2 factorial
randomized trial, which aimed to investigate the effectiveness
and safety of this integrative therapy for patients with moderate
MDD, as well as identify a suitable treatment strategy.
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MATERIALS AND METHODS

Design and Setting
This study is being conducted at nine clinical hospitals in China,
covering the northern, southern, eastern, and western parts of the
country. The primary sponsor is the Second Affiliated Hospital of
Guangzhou Chinese Medical University (Guangdong Provincial
Hospital of Chinese Medicine, GPHCM). Ethical approval was
obtained from the Ethics Committee of the GPHCM (No.
BF2020-186). This trial was registered at the Chinese Clinical
Trial Registry (ChiCTR2100042841), and all patients will be
required to provide written informed consent to participate. The
study is being conducted in compliance with the local regulations
and international principles established in the Declaration of
Helsinki. This protocol follows the guidelines of the Standards
for Reporting Interventions in Clinical Trials of Acupuncture
(30) and the Standard Protocol Items: Recommendations for
Interventional Trials (31).

A total of 592 patients with MDD with moderate symptoms
will potentially be recruited and randomly assigned per a 2
(active/sham iAM) × 2 (sertraline/placebo) factorial design with
a ratio of 2:2:2:1 into active iAM and sertraline (hereafter referred
to as combined treatment group), active iAM and placebo (iAM-
only group), sham iAM and sertraline (sertraline-only group),
and sham iAM and placebo (placebo group).

Eligibility Criteria
The inclusion criteria for this study are as follows: (1) diagnosis
of MDD according to the Diagnostic and Statistical Manual of
Mental Disorders 5th Edition criteria and the Standard for TCM
Diseases and Syndromes Therapeutic Results, published by the
Chinese TCM Authority (ZY/T001.1-94); (2) age of 18–65 years,
with an educational level higher than junior middle school; and
(3) with a written consent form. Patientes will be exclude if
they meet the following criteria: (1) Hamilton Depression Scale-
17 (HAMD-17) scores ≤17 or >24; (2) suicidal tendency; (3)
treatment with antidepressants over the last 6 weeks before
enrolment; (4) history of psychiatric diseases (schizophrenia,
bipolar disorder, substance abuse, and others); (5) brain organic
diseases, severe somatic diseases, patient or strong family history
of epilepsy; (6) skin lesions or diseases, severe diabetes, tumor,
and significant organ dysfunction or severe internal diseases; (7)
pregnant, intending to become pregnant, or lactating.

Recruitment and Consent
Participants will be recruited from the nine centers via
local advertising, newspapers, and the internet, and interested
individuals will be instructed to contact research assistants by
phone or email to make an appointment. During the first
visit, psychological interviews will be conducted, evaluated, and
recorded according to the inclusion and exclusion criteria to
ensure each individual’s eligibility. Eligible participants will be
given detailed information about the trial and consent forms.
Then, research assistants will obtain a signed form from those
willing to participate. The study flow diagram is shown in
Figure 1.

FIGURE 1 | Randomized trial flow diagram.

Randomization and Allocation
The allocation will be concealed using a central randomization
method. A 2:2:2:1 permuted block sequence will be generated by
the central randomization system of the GPHCM, which divides
the eligible participants into either the combined treatment, iAM-
only, sertraline-only, or placebo groups. The entire allocation
process will be performed by a specific staff member.

Blinding
The participants, data managers, and statisticians will be blinded
to the treatment allocations, which will not be revealed until
the end of the study. However, this cannot be done for
acupuncturists, because acupuncturists must provide the proper
iAM treatment, active or sham, according to the patients’
allocations. Participants will be given the corresponding labeled
bottle filled with either medication or placebo pills, which will
be identical in appearance. Each participant will be treated with
acupuncture and moxibustion in a separate room to ensure
adequate privacy. Due to the nature of auricular acupuncture,
acupuncturists rather than participants will be instructed to
remove the needles. In addition, acupuncturists and researchers
will be instructed not to communicate with the participants about
the possibility of their allocations.

Intervention
The participants will receive active/sham integrative acupuncture
and moxibustion treatment three times a week, with each

Frontiers in Medicine | www.frontiersin.org 3 May 2022 | Volume 9 | Article 761419282283

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-761419 May 24, 2022 Time: 15:18 # 4

Zhang et al. Integrative AM Treatment for MDD

FIGURE 2 | The iAM implementation and intervention processes. (A) Implementation process of active iAM intervention; (B) Implementation process of sham iAM
intervention; (C) Intervention frequency of the iAM.

interval > 24 h, for a total of 36 times for 12 consecutive weeks.
The integrative treatment process is illustrated in Figure 2.

The Integrative Acupuncture-Moxibustion Treatment
and Sham Method
The iAM treatment protocol comprises three interventions:
manual acupuncture, moxibustion, and auricular acupuncture
(Figure 2). For the manual acupuncture, patients will be asked to
lie in the supine position, wearing eye masks for a better curative
effect. After skin disinfection with 75% alcohol, acupuncture will
be performed at the following acupoints: Baihui (GV20), Yintang
(GV29), Touwei (ST8), Jiuwei (CV15), Zhongwan (CV12), Qihai
(CV6), Taichong (LR3), Hegu (LI4), and Sanyinjiao (SP6) using
tube needles (Hwato Suzhou Medical Instruments, Suzhou,
China). The locations of the acupoints are shown in Figure 3.
Needle lifting, thrusting, and twisting will be used to achieve the

“Deqi” sensation, which is believed to indicate effective needling
based on the TCM theory (32). The needles will be retained
in situ for 30 min and then removed. The same procedure will
be performed for the sham conditions, but without percutaneous
puncture using blunt-tipped needles, meaning that the “Deqi”
sensation will not be achieved. Detailed information about the
active/sham acupuncture method and needle sizes are shown in
Table 1 and Figure 4.

After acupuncture, moxibustion will be performed (Figure 2).
Patients will be asked to lie in the prostrate position, wearing
eye masks. The alternate groups of selected acupoints are
Feishu (BL13), Geshu (BL17), Danshu (BL19), and Yongquan
(KI1) in one group, and Pohu (BL42), Geguan (BL46),
Yanggang (BL48), and Yongquan (KI1) in the other (Figure 5).
Wanhua oil will be smeared evenly on the skin to fix
moxa cones and prevent heating. A moxa cone, 2 mm in
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FIGURE 3 | Acupuncture acupoints and locations.

TABLE 1 | Details regarding active acupuncture and sham methods.

No. Acupoint Active acupuncture Sham acupuncture

Needing method Needles sizes Needing method Needle size

1 Baihui (GV20) Punctured perpendicularly reaching the periosteum 0.25 × 25 mm All needle slightly pressed but did not penetrate the skin 0.40 × 25 mm

2 Yintang (GV29) Punctured perpendicularly reaching the periosteum 0.25 × 25 mm 0.40 × 25 mm

3 Touwei (ST8) Punctured perpendicularly reaching the periosteum 0.25 × 25 mm 0.40 × 25 mm

4 Jiuwei (CV15) Punctured perpendicularly 0.3 cun 0.22 × 40 mm 0.40 × 40 mm

5 Zhongwan (CV12) Punctured perpendicularly 1 cun 0.22 × 40 mm 0.40 × 40 mm

6 Qihai (CV6) Punctured perpendicularly 1 cun 0.22 × 40 mm 0.40 × 40 mm

7 Taichong (LR3) Punctured perpendicularly 0.5 cun 0.25 × 25 mm 0.40 × 25 mm

8 Hegu (LI4) Punctured perpendicularly 0.5 cun 0.25 × 25 mm 0.40 × 25 mm

9 Sanyinjiao (SP6) Punctured perpendicularly 0.5 cun 0.25 × 25 mm 0.40 × 25 mm

1 cun = 25 mm.

diameter and 3 mm in height, will be placed and ignited
using a joss stick (Figure 6). It will be removed when
two-thirds of it have burned off. Two moxa cones will be
applied at each point. In sham moxibustion, the moxa cones
will not be ignited.

Finally, auricular acupuncture will be performed. The
acupoints of the heart (CO15), liver (CO12), and kidney
(CO10) will be selected for the intervention (Figure 7A).
Auricular needles (33) (0.2 mm in diameter, 0.6 mm in
length; Seirin Co Ltd., Shimize-City, Japan) will be used
on the points of the unilateral auricle and removed by
the acupuncturists in the subsequent treatment. Auricular

acupuncture will be conducted on one side of the auricle
for one treatment and the other side for the next treatment,
alternating between the two sides of auricles. For sham
conditions, fake auricular needles will be used and not placed
(Figures 7B,C).

The participants in the combined treatment and the iAM-only
groups will receive the iAM treatment, while in sertraline-only
and placebo group will receive the sham iAM treatment.

Treatment Vs. Placebo
The participants in the combined treatment and sertraline-only
groups will be given a bottle filled with the antidepressant
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FIGURE 4 | Active vs. sham acupuncture. Shaft needles are punctured subcutaneously in active acupuncture, while blunt needles are not punctured
subcutaneously in sham acupuncture.

FIGURE 5 | Moxibustion acupoints and locations.

medication sertraline (Approval No. h10980141, Pfizer
Co., Ltd.), and instructed to take 50 mg orally after
breakfast, once a day, continuously for 12 weeks.
The participants in the iAM-only and placebo groups
will receive a bottle filled with placebo pills made of

starch instead. The placebo pills do not differ from the
antidepressants in appearance.

Due to changes in the participants’ illness, there will be no
prohibitions on medication changes during the trial. However,
any changes will be checked by psychiatrists and recorded.
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FIGURE 6 | Moxibustion intervention. (A) Presents the size of a moxa cone; (B) and (C) present the demonstration of lighting a moxa cone.

Study Visits and Measures
Five visits will be performed in this study. The study schedules
and measures are displayed in Table 2. During the screening
visit, patients will undergo psychological interviews to screen
for eligibility according to the inclusion and exclusion criteria.
Diagnosis of TCM syndrome types, demographic information,
and medical history will be obtained. Eligible patients will then
undergo assessment and baseline data collection. Three visits will
take place during the treatment period (weeks 4, 8, and 12), with
one follow-up visit at week 20. The study assessments will include
HAMD-17, the Patient Health Questionnaire-9 (PHQ-9), the
Hamilton Anxiety Scale (HAMA), the Pittsburgh Sleep Quality
Index (PSQI), sleep actigraphy, and adverse event reporting.
Liver and kidney function tests will also be performed to assess
safety, and blood samples will be collected only at baseline (week
0) and after treatment (week 12). Data collection and analysis
will be conducted by three research assistants blinded to the
treatment allocations.

Outcome Measures
Primary Outcomes
The HAMD-17 is an established clinician-rated assessment of
depressive symptom severity and encompasses psychological
and somatic symptoms (34). It assesses the severity of

17 depression symptom items over the previous week and
has five factors: anxiety/somatization, cognitive impairment,
“psychomotor retardation,” weight, and sleep changes. A higher
HAMD-17 score implies more severe depressive symptoms.
Severity is classified as no depression (score ≤ 7), mild (score 8–
16), moderate (score 17–24), and severe (score ≥ 25). A score of
<8 will be interpreted as remission, and a decrease greater than
50% as an effective treatment response. This measure has been
shown to be reliable (35, 36). And in this study, the HAMD-17
scores measured in week 12 after treatment are defined as the
primary outcome.

Secondary Outcomes
The PHQ-9 is a self-administered version of the Primary
Care Evaluation of Mental Disorders diagnostic instrument for
depression disorders (37). Its score for each criterion ranges from
0 (“not at all”) to 3 (“nearly every day”) (37). Thus, the higher the
score, the more severe the patient’s depression. It is sensitive to
changes and is used as a brief depression severity measurement
(38, 39). The 14-item version of the HAMA is designed to
standardize clinical assessments of anxiety, where the scores for
each item are rated on a 5-point scale from 0 (“not at all”) to
4 (“nearly every day”). HAMA-14 classifies anxiety factors into
physical and mental symptoms. Items 1–6 and 14 reflect mental
symptoms, while items 7–13 reflect somatic anxiety symptoms.
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FIGURE 7 | Auricular points and needles. The locations of selected auricular points are shown in (A); the intervention methods of the auricular needles and sham
needles are shown in (B) and (C).

The PSQI is a self-rated questionnaire that assesses sleep
quality and disturbances for up to a 1-month period. It is
a recommended measure for treatment effectiveness studies
of global sleep quality. From the 19 included items, seven
sub-scores will be calculated, including sleep quality, latency,
habitual efficiency, duration, disturbances, medication use,
and daytime dysfunction (40). The sum of these components
yields a global score of 21, with a higher score indicating
poorer sleep quality. A PSQI score > 5 implies poor sleep,
and a three-point change suggests a clinical effect. In addition,
actigraphy, which used a bracelet-like monitor, will be used
as a supplemental tool to assess sleep quality (YWK-P9;
BOZHILUN, Inc., Shenzhen, Guangdong, China). It can
monitor data regarding real-time sleep quality, blood oxygen
saturation, blood pressure, heart rate, exercise situation, and
other indicators, which can be used to assess the physical
condition. In our study, we will use this method to collect
quantitative sleep data and supplement sleep quantity
information. Each participant will have a smartphone
application connected by Bluetooth to the actigraphy
to collect data.

Safety Assessment
Venous blood samples will be collected through venipuncture to
assess liver and kidney function at baseline and posttreatment.

Adverse event records will be monitored and recorded at every
visit to assess the safety of the intervention.

Quality Control
Before the start of the recruitment period, a training workshop
will be organized for the entire research team, including
acupuncturists and research assistants. Acupuncturists who will
provide the treatment are licensed by the Ministry of Health of
the People’s Republic of China and will have received training
in the application of integrative acupuncture and moxibustion
treatment. These requirements will be ensured before the trial
to ensure strict adherence to the study protocol and familiarity
with the administration process. The research team will also
be supplied with a written protocol and standard operating
procedure documents.

Data will be collected from information recorded in the
case report forms and an online data management platform
(eMedInform, LinkerMedTechCo., Ltd., Beijing, China), a data
recording and control system for clinical scientific research.
All modifications will be marked on the case report forms
and system. Data quality will be checked regularly by research
assistants, which will be overseen by monitors. Audits will
be performed regularly by the GPHCM Department of
Science Research. Data monitoring will be conducted regularly,
adhering to standard operating procedures by the Guangdong
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TABLE 2 | Schedule of study visits and assessments during the enrolment,
treatment, and follow-up periods.

Treatment period Follow-up

Screening
and

baseline

Week 4 Week 8 Week 12 Week 20

Inclusion/exclusion
criteria

×

Consent ×

Allocation ×

Active/Sham iAM
intervention

× × ×

Sertraline/placebo drug
intervention

× × ×

Demographic
information

×

Medical history taking ×

TCM Syndrome Types ×

PHQ-9 × × × × ×

HAMD-17 × × × × ×

HAMA × × × × ×

PSQI × × × × ×

Sleep Actigraphy
measures

× × × × ×

Blood sample for liver
and kidney function
tests

× ×

Adverse events report × × × ×

Adherence scale × × × ×

Medication record × × × ×

iAM, integrative acupuncture and moxibustion; TCM, Traditional Chinese Medicine;
PHQ-9, Patient Health Questionnaire; HAMD-17, Hamilton Depression Scale-
17; HAMA, Hamilton Anxiety Scale; PSQI, Pittsburgh Sleep Quality Index;
×, required item.

International Clinical Research Center of Chinese Medicine
(Guangzhou, China). In case of participant withdrawal during
the treatment period or the follow-up phase, the reasons shall
be clarified only if the participant is willing and the rate
statistically analyzed.

Statistical Analysis
Efficacy analyses will be performed based on the intent-to-
treat (ITT) principle unless stated otherwise. We have defined
two study populations: full analysis set (FAS) and per-protocol
set (PPS). The FAS is defined as all treated patients with a
baseline HAMD-17 score and at least one HAMD-17 score on
treatment. PPS includes only those patients who all completed the
allocated treatment. Demographic and other basic characteristics
will be summarized according to the assigned groups. Categorical
variables will be summarized as frequencies and percentages, and
continuous variables as mean ± SD for normally distributed and
median for non-normally distributed data.

Two separate analyses of the primary outcomes will be
performed. First, for the long-term effect, an analysis of variance
model with a 95% confidence interval will be used to compare
the mean change in the HAMD score among the groups without
adjusting for any covariates. Second, a linear mixed model will

be performed. For the secondary outcomes, the chi-square test
will be used to assess the effect of the intervention on binary
outcomes. Logistic regression analysis or generalized estimating
equations will be used to analyze the categorical outcomes. The
reliability, validity, and item responses of the questionnaires will
also be included in our analyses. Safety analyses will be performed
on safety set (SS), i.e., all randomized participants administered
at least one treatment. All statistical analyses will be performed
using SAS 9.3 or SPSS 18.0. All tests of significance will be
two-sided, with a maximal type I error risk of 5%.

Sample Size Calculation
The sample size was calculated based on the mean and SD
of the HAMD-17. According to our previous pilot study, the
data measured after treatment for 8 weeks can be considered
clinically significant (10.47 ± 6.24 in the combined treatment,
12.03 ± 5.78 in the iAM-only, 12.17 ± 5.78 in the sertraline-
only, and 19.11 ± 3.92 in the placebo groups). PASS 11.0 was
applied to calculate sample size. We applied a 2:2:2:1 ratio to
the four groups. For a statistical power of 90%, with a two-tailed
significance level of 5%, the sample size was 72 for the placebo
group and 144 for each of the other three groups (alpha = 0.05,
beta = 0.10, n = 503). Assuming a dropout rate of approximately
15%, we required a sample size of 85 for the placebo group and
169 for each of the remaining three groups.

DISCUSSION

MDD is a prevalent disorder with a low treatment rate
and significant burden (12). Pharmaceutical therapies are the
guideline-recommended front-line treatments (15, 41), but 30–
50% of patients with MDD do not respond to antidepressant
medications (4). Moreover, the side effects of these treatments
often result in low adherence rates and limited efficacy. As
traditional Chinese therapies, acupuncture and moxibustion are
popular and widely accepted. An increasing number of studies
in the literature have demonstrated that acupuncture and related
treatments may be safe and effective for depressive disorders
(42, 43).

Although the antidepressant qualities of acupuncture are
widely recognized, a single-acupuncture technique can not
completely treat the clinical issue due to the complexity
and diversity of depressive symptoms. We formulated iAM
treatments to improve the efficiency of single-acupuncture
therapy. The acupoint selection protocol was based on the TCM
theory of regulating “Liver Qi” and spirit, which, according to
this theory, play essential roles in managing mood and energy.
If “Liver Qi” stagnates, it may negatively affect mood and result
in apathy and low self-esteem (29). The integrative treatment
process is formulated in three steps; the first step applies
acupuncture to regulate “Liver Qi” and spirit, the second applies
moxibustion to augment the effect, and the third applies auricular
acupuncture to consolidate and extend the curative effect.

To our knowledge, this study is the first multicenter, large-
sample, 2 × 2 factorial randomized trial to date assessing the
efficacy and safety of iAM treatment in patients with MDD.
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In this regard, this will be the most comprehensive nationwide
trial in terms of the participants, as they will be recruited from
nine clinical centers covering seven provinces and eight cities
in China. In this four-armed clinical trial, we will focus on
the different efficiencies among active iAM plus antidepressants,
active iAM plus placebo, sham iAM plus antidepressants, and
sham iAM plus placebo to treat MDD. We will then investigate
whether iAM positively affects MDD, as well as any augmentative
effects and safety concerns when combined with sertraline. Given
these outcomes, we can assume that this treatment program
could play an essential role in preventing depression. In addition,
this study is also expected to form a standardized, applicable
integrative regimen to promote extensive implementation in
improving depressive disorders.

This study has two limitations. Due to the nature of
intervention in clinical trials, the study cannot be conducted in
an ideal blind-controlled setting. Moreover, the outcomes of our
study cannot be interpreted as effective for any one of these three
therapies in iAM treatments when used separately.

CONCLUSION

This clinical trial is designed to prove the hypothesis
that integrative acupuncture and moxibustion treatment
can augment the effectiveness and safety of conventional
antidepressant therapy. The results will also provide more
evidence regarding the effectiveness and safety of integrative
acupuncture and moxibustion, potentially leading to alterations
or supplementations to the routine treatment strategy.
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Background: Family socioeconomic position (SEP) in childhood is an important factor

to predict some chronic diseases. However, the association between family SEP in

childhood and the risk of lung cancer is not clear.

Methods: A systematic search was performed to explore their relationship. We selected

education level, socioeconomic positions of parents and childhood housing conditions

to represent an individual family SEP. Hazard ratios (HRs) of lung cancer specific-mortality

were synthesized using a random effects model. Two-sample Mendelian randomization

(MR) was carried out with summary data from published genome-wide association

studies of SEP to assess the possible causal relationship of SEP and risk of lung cancer.

Results: Through meta-analysis of 13 studies, we observed that to compared with the

better SEP, the poorer SEP in the childhood was associated with the increased lung

cancer risk in the adulthood (HR: 1.25, 95% CI: 1.10 to 1.43). In addition, the dose-

response analysis revealed a positive correlation between the poorer SEP and increased

lung cancer risk. Same conclusion was reached in MR [(education level) OR 0.50, 95%

CI: 0.39 to 0.63; P < 0.001].

Conclusion: This study indicates that poor family socioeconomic position in childhood

is causally correlated with lung cancer risk in adulthood.

Systematic Review Registration: identifier: 159082.

Keywords: lung cancer risk, socioeconomic position (SEP), meta-analysis, dose response, Mendelian

randomization

BACKGROUND

The relationship between everyday-life situations in childhood and chronic diseases has received
increased attention across a number of disciplines in recent years (1–4). In addition to the
genetic effects, the effects of social environment in early life can also impact one’s later life (5, 6).
Early prediction of high incidence of lung cancer can play an important role in preventing lung
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cancer-specific death. Early detection and treatment of lung
cancer is a promising strategy to reduce lung cancer mortality (7).

SEP is one of the interfering factors of health of family
members (8, 9). Family SEP in childhood consists of many
conditions, including years of schooling, parents’ social status,
childhood housing conditions and so on (10, 11). So far, family
SEP in childhood is an increasingly important factor to predict
chronic diseases. Multiple studies have indicated that there is an
association between SEP and the risk of chronic disease (12–
15). Some cohort studies have also demonstrated the impact of
family SEP in childhood on adult risk of mortality and cancer
incidence (16–29). Overall, poor SEP in early years has an impact
on adult morbidity and mortality, especially in cardiovascular
and gastrointestinal disorders (30, 31). However, there has been
little reliable evidence that lung cancer in adulthood may be
related to family SEP in childhood (32, 33).

In this study, we sought to investigate the association
between SEP in childhood and lung cancer risk in adulthood. A
meta-analysis with dose response and a two-sample Mendelian
Randomization (MR) were performed using single or multiple
single nucleotide polymorphisms (SNPs) as an instrument
in instrumental variable analyses by studying known genetic
determinants of the exposure variable of interest.

MR uses genetic variants as instrumental variables for
assessing causal relationships from observational data (34) and
is an established method for probing questions of causality
in observational epidemiology (35). MR technique is being
extensively applied to estimate the long-term causal effects of
various exposures on clinical and epidemiological outcomes
using observational data (36). MR is an established approach
to evaluate the effect of an exposure on an outcome. Most
importantly, unlike main effect MR studies, gene x environment
interaction studies are susceptible to confounding factors (37).

METHODS

Search Strategy and Inclusion Criteria
Two investigators (W.R., L.C.) independently searched, PubMed,
Web of Science from their inceptions (1966 and 1947,
respectively) to June 1, 2020, for cohort studies related to
family SEP in childhood and lung cancer in adulthood, without
language restrictions. Keywords used were “socioeconomic
position (SEP)”, “cohort”, “lung cancer”, “risk”, as well as their
Medical Subject Headings (MeSH) terms. Only papers published
in English were included. Details of the search terms and
inclusion/exclusion criteria are shown in Figure 1.

The inclusion criteria were: (i) cohort study design; (ii)
all cases were lung cancer patients, and data were classified
according to different SEP, regardless of subtypes of lung cancer;
(iii) In addition, the exclusion criteria were: (i) small sample sizes;

Abbreviations: CI, Confidence interval; GWASs, Genome-wide association

studies; HR, Hazard ratio; ILCCO, International Lung Cancer Consortium; IVW,

Inverse Variance-Weighted; MeSH, Medical Subject Headings; MR, Mendelian

randomization; OR, Odds ratios; RR, Relative risk; SCLC, Small cell lung

cancer; SNP, Single-nucleotide polymorphism; TSMR, Two-sample Mendelian

randomization; BMDS, Benchmark Dose Software.

(ii) non-English publications; (iii) lack of data and necessary
information for meta analysis or dose response analysis.

All the included studies were divided into two groups: (I)
studies reported adjusted estimates of the hazard ratios (HR)
(including relative risk and odds ratios) and 95% confidence
interval (95% CI); (II) studies missed data mentioned above.
We also included studies that graded data based on parents’
financial status and family life in childhood, and overall impact.
The quintile or quartile method was incorporated and the first
level was used as the reference.

Data Acquisition Quality Assessment
Data were extracted by two investigators (W.R., H.Z.)
independently, and any disagreements came to consensus
after discussion. Basic data were recorded from all eligible
studies, including the first author’s name, publication year,
country, study period, period of follow-up, number of lung
cancer patients and HR with their 95% Cl. The results were
reviewed by two senior investigators (L.W., H.J.).

Quality Assessment
The quality of the studies was evaluated using a score system
that was designed with reference to the Newcastle-Ottawa Scale
(NOS) tool (38–40). The system is based on a 0-9 points, with 9
reflecting the highest quality and 0 the lowest. Each point was
allocated for the following: (I) representativeness of exposure
arm(s), (II) selection of the comparative arm(s), (III) origin of
exposure source, (IV) demonstration that outcome of interest
was not present at start of study, (V) studies controlling the most
important factors, (VI) studies controlling the other main factors,
(VII) assessment of outcomewith independency, (VIII) adequacy
of follow-up length (to assess outcome), (IX) lost to follow-up
acceptable (< 10% and reported).

Two researchers (W.R. and G.F.) independently evaluated the
methodological quality of each included published cohort study.
The results of the quality assessment were used for descriptive
purposes, to provide an overall assessment of the quality of the
included studies (38, 41–44).

A meta-analysis was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines and the study protocol of this study is
1,59,082 (45, 46). We collected study-specific HR with 95% Cl for
lung cancer to combine the data. Through Cochran’s I2 statistic,
we examined the heterogeneity across studies and statistical
heterogeneity was considered if an I2 statistic ≥ 50% (47). A
random effect model was employed to synthesize hazard ratios
(HRs) for lung cancer-specific mortality if high heterogeneity
existed (p < 0.5, I2 > 50%), otherwise a fixed effect model
was conducted.

We utilized Funnel plot tests, Begg’s test and Egger’s test
to evaluate the publication bias (48–50). In addition, subgroup
analysis was performed according to gender. Sensitivity analysis
was conducted by excluding each study in turn to access the
stability of results and potential sources of heterogeneity. All
statistical manipulation was employed by Stata software (version
12, StataCorp, TX, USA). All P-values were 2-tailed; statistical
significance was set at P-value < 0.05 (51).
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FIGURE 1 | Flow diagram detailing the search strategy and identification of studies used in meta-analysis.

The dose-response study was analyzed by Benchmark Dose
Software 3.1.2(BMDS 3.1.2) (52). All steps were established under
the BMDS guidelines (53–56). Multiple models were selected for
analysis, including extra risk assumptions for background and a
benchmark response of 5% (39, 40). According to the included
studies, the dose response was divided into two categories: family
economic status in childhood and childhood housing conditions.
At the same time, according to the original data with or
without adjustment, it was divided into adjusted and unadjusted
group for subgroup analysis and publication bias analysis. In
all dose-response models, we used Exponential models and
Hill models as the main dose-response observation results,
(57) while using other results for verification. Duplicate studies
were excluded.

MR Analysis Using Summary Statistics
The MR method was based on the following three assumptions:
(i) the instrumental variables are strongly associated with the
family SEP in childhood; (ii) the instrumental variables affect
cancer only through their effect on family SEP in childhood
and not through any alternative causal pathway; and (iii) the
instrumental variables are independent of any confounders (58,
59). To avoid the potential violation of the first assumption,

we selected SNPs that meet the threshold of genome-wide
significance (P < 5 × 10−8). Besides, we applied some methods
including weighted median and MR–Egger to test the second
assumption. Then we evaluated the directional pleiotropy based
on the intercept obtained from the MR Egger analysis to satisfy
the third assumption (60). We also performed a leave-one-out
analysis in which we sequentially omitted one SNP at a time,
to evaluate whether the MR estimate was driven or biased by a
single SNP.

The analysis was conducted to estimate the effect of family

SEP in childhood (X) on the risk of lung cancer (Y) using genetic

variants (g), and the causal estimate is equal toYg/Xg (61). For the
association between genetic variants and family SEP in childhood

(Xg), summary data were utilized from published Genome-Wide
Association Studies (GWASs), (62–77) including Social
Science Genetic Association Consortium (SSGAC) (1,060,068
individuals), MRC Integrative Epidemiology Unit (MRC-IEU)
(2,49,790 individuals), UK Biobank (75,244 individuals) and
Neale Lab (4,55,571 individuals) (Supplementary Table 1)
(78–80). Summary statistics for the association between genetic
variants and lung cancer (Yg) are from the International
Lung Cancer Consortium (ILCCO) (27,209 individuals)
(Supplementary Table 2) (69).
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TABLE 1 | Pooled estimates from random effects meta-analysis, expressing the HR of risk of lung cancer.

Outcome Adjusted group Unadjusted group

HR (95%Cl) P-value I2 HR (95%Cl) P-value I2

Overall 1.25 (1.10–1.43) 0.04 48.90% 1.42 (1.21–1.66) <0.001 73.40%

Male 1.10 (0.96–1.26) 0.78 0.00% 1.52 (1.13–2.06) 0.01 87.10%

Female 1.09 (0.88–1.35) 0.57 0.00% 1.28 (1.07–1.54) 0.01 19.40%

Both sexes 1.40 (1.20–1.62) 0.04 48.80% 1.63 (1.15–2.32) 0.01 58.70%

HR, Hazard Ratio.

We selected uncorrelated variants to construct the
instrumental variables in the two-sample MR analysis. Using
both summary statistics for Yg and Xg, an Inverse Variance-
Weighted (IVW) meta-analysis was employed to estimate the
effect of genetically determined family SEP in childhood on the
risk of lung cancer using the method of Burgess et al. (81):

β̂IVW =

∑g
i=1 XgYgσYg

−2

∑g
i=1 Xg

2
σYg

−2
, se

(

β̂IVW

)

=

√

1
∑g

i=1 Xg
2
σYg

−2

where Xg is the beta estimate for the association between the
SNP and family SEP in childhood, Yg is the beta estimate for
the association between the SNP and lung cancer, and σYg is
the standard error for Yg. Corresponding HR and 95% CIs were
calculated using β

IVW and se(βIVW).
In addition, MR-Egger and Weighted Median were also

conducted to identify the causality. Ward ratio would only be
observed when the first three models cannot be used due to
lack of SNPs (82). Leave-one-out analysis was conducted to
estimate whether the result was driven by a single SNP.MR-Egger
regression was also performed to access the pleiotropy.

RESULTS

Family Socioeconomic Position in
Childhood and the Risk of Lung Cancer in
Adulthood Observational Analyses
A total of eight cohort studies consisting of 2,779,242 cases were
included in the final meta-analysis, (16, 17, 20, 23–28) and seven
studies were included in the final dose-response analysis (16–
22). The age of the included participants ranged from 14 to
74, the majority of the respondents were between the age of
30 to 64 with 2,413 respondents recorded to have died from
lung cancer, details about patients characteristics of these studies
can be seen in Supplementary Table 3. Supplementary Table 4

presented the result of the quality assessment. Results and study
characteristics including name of first author, publication year,
country or region, follow-up period, sample size and number of
cases or deaths, type of outcome, gender, age range, HRs and 95%
CIs were extracted and can be seen in Supplementary Table 5.

The results of quality assessment did not suggest any
evidence of publication bias (Supplementary Figures 1, 2)
[Unadjusted group: (Begg: 0.673; Egger: 0.182)]; [Adjusted

group: (Begg:1; Egger:0.228)]. And sensitivity analysis
was performed by sequentially excluding individual studies
(Supplementary Figures 3, 4).

In unadjusted group, the pooled HR for family economy
conditions with best family SEP in childhood group was 1.42
(95% CI, 1.21, 1.66) (I2 = 73.4%, P < 0.001) (Table 1, Figure 2).
The risk was slightly lower than adjusted group: 1.25 (95% CI,
1.10, 1.42) (I2 = 48.9%, P = 0.04) (Table 1, Figure 3). Subgroup
analysis based on sex using the provided adjusted original data
resulted in a pooled HR of 1.09 (95% CI 0.95, 1.26) (I2 =

0.0%, p = 0.78) for male, a pooled HR of 1.10 (95%CI 0.88,
1.35) (I2 = 0.0%, p = 0.57) for female, and a pooled HR of
1.39 (95%CI 1.20, 1.62) (I2 = 48.9%, p = 0.04) for both sexes.
Subgroup analysis based on sex that provided unadjusted original
data resulted in a pooled HR of 1.52 (95% CI 1.13, 2.06) (I2 =

87.1%, p = 0.006) for male and a pooled HR of 1.28 (95%CI
1.07, 1.54) (I2 = 19.4%, p = 0.007) for female and a pooled
HR of 1.63 (95%CI 1.15, 2.32) (I2 = 58.7%, p = 0.006) for
both sexes. The above results was consistent in dose response
used the model summary with BMR of 1 Std. Dev. including the
family economic conditions of parents and childhood housing
conditions (Supplementary Figure 5).

Genetically Determined Family SEP in
Childhood Was Associated With Risk of
Lung Cancer in Adulthood
Genetically predicted lower family SEP in childhood was
associated with significantly higher odds of lung cancer (Table 2).
The causal relationship between length of education and lung
cancer was verified first. Using conventional MR analysis, one
SD longer education was associated with a 50% lower risk of
lung cancer (SSGAC 1: OR 0.50, 95% CI: 0.39, 0.63; P: 0.001).
Another gene pool with the same exposure factor was also
included for verification in our study, showing one SD longer
education (genetic predisposition by 4 SNPs) was associated
with a 60% lower risk of lung cancer (SSGAC 2: OR 0.40, 95%
CI 0.32, 0.50; p: 0.001). With a sample size of 27 209, our
sample provided sufficient statistical power (> 80%) to detect
a causal effect of educational attainment on lung cancer. Power
calculations on MR analysis were performed according to Brion
et al. (83).

Meanwhile, associations were consistent in sensitivity analyses
using weighted median (OR 0.57, 95% CI 0.45, 0.71; P: 0.001;
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FIGURE 2 | Forest plot of population-based cohort studies of family SEP and lung cancer, stratified by sex (unadjusted group).

Okbay et al.) (OR 0.58, 95% CI 0.48, 0.70; P < 0.001; Lee et
al.) and MR-Egger method (OR 0.56, 95% CI 0.17, 1.88; P:
0.35; Okbay et al.) (OR 0.75, 95% CI 0.60, 0.94; P: 0.01; Lee et
al.), but provided less precise estimates than with conventional
MR (IVW method). Nonetheless, their causal estimates were
similar in terms of direction and magnitude, and they were
unlikely to occur by chance alone. These results were consistent
with the hypothesis that genetic pleiotropy does not drive
the result.

We also analyzed and observed the relationship between other
exposure factors related to family SEP in childhood and lung
cancer, and we found that the P-values for the intercept were
large and the estimates adjusted for pleiotropy suggested null
effects in four exposure factors: number of children fathered
(Neale Lab): (OR 0.92, 95% CI: 0.29, 2.84; p: 0.88); mother’s
age at death (Neale Lab): (OR 1.00, 95% CI: 0.19, 5.26; p:
1.00); and average total household income before tax (MRC-
IEU): (OR 0.90, 95% CI: 0.77, 1.04; p: 0.156). Nine out of
the 15 independent exposure factor gene pools were unable

to be analyzed due to the lack of SNPs corresponding to
lung cancer.

DISCUSSION

Based on data from 2,779,242 respondents, we observed

that poorer family SEP in childhood means higher lung
cancer risk in adulthood compared to controls. The overall
dose-response of multiple models also demonstrated this
trend. This phenomenon was partially verified by Mendelian

randomization of two samples, but the causal relationship
between some genes was still unclear. Through meta-analysis,
we analyzed both the adjusted (age/adult social class) and
unadjusted data, and strengthened the credibility by mutual
authentication. The results showed a link between family SEP

in childhood and the risk of lung cancer in adulthood in the
unadjusted group.
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FIGURE 3 | Forest plot of population-based cohort studies of family SEP and lung cancer, stratified by sex (adjusted group).

People in poor family economic conditions were more
likely to smoke, leading to a higher risk of lung cancer (84).

Furthermore, the poor face a variety of problems that may pose
other risks including malnutrition, violence, AIDS, and other
infectious diseases, which also correlate with lung cancer risk
(85, 86). The dose-response curve of family SEP in childhood
also contribute to risk. Specifically, the lower the family economic
conditions in childhood and the worse the childhood housing
conditions, the more likely a person is to develop lung cancer
in adulthood. This result has been verified in both the adjusted
and unadjusted groups. We selected factors as comprehensive
as possible to explore the relationship between family SEP in
childhood and the risk of lung cancer in adulthood using two
sample MR. Only the data from the official database were
used, which made our data more reliable and useful. The
results show that there is a clear causal relationship between
the length of education and the occurrence of lung cancer.
People with low education during childhood were more likely
to smoke or be exposed to undesirable living environments,

and lack relevant basic medical knowledge. Moreover, Children
of parents who smoke perceived casual smoking to be safer
and then reported wanting to smoke in response to smoking-
related cues more than children of non-smoking parents (87).
It should be noted that further research is needed to prove the
relationship between father’s age of death and lung cancer. On
the one hand, although our results showed a strong correlation
between SEP and the risk of lung cancer, only one SNP
was included. This is too small to calculation of explained
variance. This limited the representativeness of the result of
father’s death of age and lung cancer. On the other hand,
early parental death, when a child experiences the loss of a
parent before age 18, is one of the most severe stressors and
a potential risk factor for adult psychopathology (88). It may
cause an increased likelihood of poor habits, for example,
smoking, which in turn lead to lung cancer. Worth mentioning,
among the results related to education duration, the results
of incorporating the genome determined by Okbay et al. were
slightly different from the previous results of Zhou et al. (89).
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This may be explained by these observations: the statistical
significance was set as P-value < 0.001 instead of 0.01 in
the R package used for two-sample MR (34, 90). Because of
this, the positive results of our study are more reliable. For
the negative result in two-sample Mendelian randomization,
we believe that further researcher is required to verify the
result. Because the data of the SNPs in the existing studies
are still limited, the final results of these studies have not yet
been proven.

Three strengths of our study should be highlighted. First, to
our knowledge, this is the most comprehensive meta-analysis
estimating the relationship between family economic position
in childhood and the risk of lung cancer in adulthood. The
collection of such large sample data to assess the cancer risk
for different family SEP in childhood around the world has not
previously been performed. Second, we included adjusted and
non-adjusted data for all-factors to mutually verify the dose-
response of parents’ socioeconomic status and family congestion
in childhood. Third, this is the first study to explore the causal
relationship between family SEP in childhood and the risk in
adulthood by two sample MR. This research offered evidence
for researcher focus on epidemiological characters in early
detection of lung cancer and clinical staff of early diagnosis of
lung cancer.

There are several limitations in our study. First, the studies
included for meta-analysis and dose-response studies originated
from the UK, Norway, and the Netherlands, there is the
risk of introducing potentially heterogeneity. Second, because
of the long-term follow-up needs of this study, included
studies do not have data from recent years. Third, because
the included cohort studies were all-factor epidemiological
studies, subgroups of different lung cancer subtypes or specific
age could not be established in the meta-analysis. Fourth, in
terms of meta-analysis, due to the lack of subgroup data, the
results obtained by the adjusted male and female subgroups
were not statistically significant. Another potential limitation
is that we only included common polymorphisms. Finally,
although we have included many different exposure genes to
build connections with lung cancer gene pool, some Mendelian
randomization results are negative. However, limited SNPs
of SEP can lead to false negative result. Further verification
is needed to make a precise conclusion for the reason
given above.

This research needs to be improved. Cohort results from other
countries and expanded observations from lung cancer to all-
factor risk are necessary for future studies. Genetic characteristics
of continents other than Europe should also be included.
Overall, our research confirms our conjecture: the family SEP
in childhood is inversely proportional to the risk of lung cancer,
which has a positive effect on the early diagnosis and intervention
of lung cancer.

CONCLUSION

This study indicates that poor family SEP in childhood
is a causal risk factor for lung cancer, and thus lung
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cancer screening should be more heavily considered for
these populations. More research is needed to cross-validate
these findings.
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Clinical Effectiveness of Conservative
Treatments on Lumbar Spinal
Stenosis: A Network Meta-Analysis
Xuanwei Chen1, Zhizhan Zheng2 and Jianhua Lin1*

1The First Affiliated Hospital of Fujian Medical University, Fujian, China, 2Xianyou Country General Hospital, Fujian, China

Objective: To systematically evaluate the clinical effectiveness of conservative treatments
including pharmacological treatments and nonpharmacological treatments on patients
with lumbar spinal stenosis.

Methods: We searched six electronic databases systematically for randomized clinical
trials published between January 2000 and July 2021, including the China National
Knowledge Infrastructure, WanFang Data, PubMed, MEDLINE, Embase, and the
Cochrane library. The studies focused on the therapeutic effects of pharmacological
treatments including calcitonin, antiepileptics, neurotrophic drugs, nonsteroidal anti-
inflammatory drugs, Chinese Traditional Medicine, limaprost, and nonpharmacological
treatments like physiotherapy for treating lumbar spinal stenosis were included. The
outcome was measured using the visual analog scale, Oswestry Dysfunction Index,
Japanese Orthopaedic Association Score, and EuroQol Five Dimensions
Questionnaire. The quality of eligible studies was assessed by using the Cochrane
recommended bias risk assessment tool. Stata was used to conduct the network
meta-analysis.
Results: A total of 12 randomized control trials with 1,194 patients were included. The
network meta-analysis showed that for the visual analog scale, a better therapeutic effect
was noted while using Chinese Traditional Medicine and physiotherapy, followed by
analgesics drugs and limaprost. Limaprost and calcitonin were better in decreasing the
Oswestry Dysfunction Index. In terms of the Japanese Orthopaedic Association Score, the
use of traditional Chinese Medicine and limaprost were associated with a better
improvement than other treatments. Meanwhile, limaprost combined with analgesics
drugs was found to be effective to improve the EuroQol Five Dimensions Questionnaire.

Conclusion: Among the commonly used conservative treatments for the treatment of
lumbar spinal stenosis, limaprost may have better efficacy in improving the Japanese
Orthopaedic Association Score and decreasing the Oswestry Dysfunction Index, with a
beneficial effect on decreasing the visual analog scale and improving the EuroQol Five
Dimensions Questionnaire.

Systematic Review Registration: website, identifier registration number.

Keywords: visual analog scale, Japanese Orthopaedic Association Score, Oswestry Dysfunction Index, Euroqol Five
Dimensions Questionnaire, limaprost
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INTRODUCTION

Lumbar spinal stenosis (LSS) is a degenerative disease that
commonly occurs in the elderly population (Verbiest, 1980),
with a high prevalence rate worldwide (LaBan and Imas,
2003). Studies in Japan have shown that the prevalence of
symptomatic LSS is 10.0% in the general population (Ishimoto
et al., 2012) and approximately 22.5% in the general population of
America (Kalichman et al., 2009). In China, the prevalence rate of
LSS is approximately 3.9%–11.0% (Letao, 2021), and the rate is
expected to increase with the aging of the Chinese population.

Degenerative changes in the intervertebral discs, ligamentum,
and synovial joints lead to normal narrowing of the spinal canal
and reduction of the internal diameter of the nerve root canal,
which irritates or compresses the neurovascular vessels and
causes a series of clinical symptoms (Rui, 2020). The typical
symptoms of patients with LSS include back pain or intermittent
claudication, resulting in the reduction of the patients’ quality of
life (QoL) and mobility (Mangone et al., 2020; Rui, 2020).

The major objective of LSS treatment is to reduce pain, improve
numbness symptoms, and increase the patient’smobility. The guideline
of LSS (Rui, 2020) recommends surgery as the best treatment for
patients with severe LSS, and conservative treatments including
pharmacological treatments like medications, nonpharmacological
treatments like physiotherapy, lifestyle changes, and others for
patients with mild-to-moderate LSS. The commonly used drugs
include calcitonin, mecobalamin, gabapentin, celecoxib, loxoprofen,
indomethacin, Chinese Traditional Medicine (CTM), and limaprost
(Rui, 2020). Although these interventions are commonly used among
patients with LSS in the real world, the efficacy of the interventions still
remains unknown for related studies are limited. Therefore, our study
aims to systematically evaluate the clinical effectiveness of conservative
treatments on patients with LSS by network meta-analysis, thus
providing evidence for clinical practice.

METHODS

Searching Strategy
A systematic search was conducted in six electronic databases,
including the China National Knowledge Infrastructure (CNKI),
WanFang Data, PubMed, MEDLINE, Embase, and Cochrane
library from January 2000 to July 2021. The terms used for
searching included LSS, the visual analog scale (VAS), the
Japanese Orthopaedic Association (JOA) scores, the Oswestry
Disability Index (ODI), and 6 min walking test. The detailed
searching strategy is shown in the Supplementary Material.

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria were followed by Patient-
Intervention-Control-Outcomemethods (daCosta Santos et al., 2007).

The main inclusion criteria were as follows: 1) individuals with
LSS were included, excluding those with combined orthopedic
diseases such as lumbar disc herniation and fracture, 2)
randomized controlled studies (RCTs) focusing on the
effectiveness comparison of conservative treatments were
eligible to be included in this study, and 3) various outcomes

related to the disease were considered to be included, but
inclusion was not limited to pain (including leg pain and back
pain), disability, physical function, the QoL, adverse events, the
satisfaction rate of patients, and recovery. Moreover, the studies
focusing on the effects of limaprost in Japanese were included for
supplementary, as limaprost was widely used in Japan and
generated a lot of clinical evidence.

The studies meeting one of the following criteria would be
excluded: 1) publications that are duplicated or studies without
full text and 2) studies with a study period of more than 3 months
were excluded to maintain consistency.

Conservative treatments in clinical practice were farmore complex
than the guideline recommendation, so treatment classification was
conducted. The pharmacological treatments were categorized as
calcitonin, antiepileptics, neurotrophy drugs, analgesics, CTM, and
limaprost according to their mechanism and effects. Since
nonpharmacological treatments are messy in the real world and
the related studies are limited, it is difficult to make further
categories of nonpharmacological treatments; nonpharmacological
treatments were defined as physiotherapy in this study. Limaprost
was the only drug with a specific indication for the treatment of LSS,
and its mechanism is to improve the microcirculation of patients with
LSS which is different from other drugs (Kurokawa et al., 2011; Kim
et al., 2016), making it a separate category. The treatment included in
each category were as follows: antiepileptics included gabapentin;
neurotrophy drugs included mecobalamin, vitamin B6, etc.;
physiotherapy included acupuncture, massage, cupping, etc.;
analgesics included nonsteroidal anti-inflammatory drugs
(NSAIDs) such as celecoxib and etodolac, pregabalin, etc.; CTM
included Biqi granules, Chinese herbal soup, etc. Drug combined
with physiotherapy was defined as drug medication. As for the
combined treatment of analgesics and neurotrophic drugs, it was
classified as analgesics in this study. Moreover, abbreviations were
used in tables/figures to be clearer. Lim represents limaprost, Ana
represents analgesics drugs, Phy represents physiotherapy, Cal
represents calcitonin, Antiep represents antiepileptic drugs, and
Neu represents neurotrophic drugs.

As these clinical outcomes are assessed by different scales and
methods, a wide range of indicators will be considered for
inclusion in this study. Pain was measured using different
scales, such as the VAS, Numeric Rating Scale (NRS), and
Verbal Rating Scale (VRS). Disability was measured using
scales such as the ODI and the Roland Morris Disability
Questionnaire (RMDQ). Physical function was measured
using the JOA score, max walking distance, pain-free walking
distance, and 6-min walking distance. As for QoL, scales like the
EuroQol Five Dimensions Questionnaire (EQ-5D) and the
short-form health survey questionnaire were commonly used.
Recovery was measured by the effectiveness rate and
improvement rate. Adverse events were defined as any
adverse events reported in the literature, with no restriction
on the level of adverse events.

Study Screening
Following the search, all references of identified studies were
imported into the reference management software, NoteExpress.
After removing duplicates, two reviewers evaluated the titles and
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abstracts of the identified studies according to the inclusion and
exclusion criteria. Reasons for the exclusion were recorded and
reported. For studies included by the title and abstract screening,
the full text was reviewed carefully to determine the final
inclusion decision. Any disagreement between the two
reviewers regarding inclusion and exclusion at each stage of
the selection process was resolved through discussions, or by a
third reviewer.

Data Extraction and Quality Evaluation
Two reviewers independently collected data from the selected
articles. The corresponding authors were contacted through
email to collect detailed information, in case of any
uncertainty. The extracted information from the included
studies was as follows: 1) the basic information of the study,
including the title, author, and year; 2) baseline characteristics of
the study participants and the treatment; 3) outcomes and the
results; and 4) the risk assessment of the study.

The quality of included studies was assessed by the bias risk
assessment tool, which is recommended by the Cochrane
Handbook version 6.3 for Systematic Reviews of Interventions
(Higgins et al., 2022). This tool includes seven items, including
random methods, allocation concealment, blinding researchers
and participants, blinding research results, completeness of data,
selective reporting of research results, and other biases. These
items were classified into low risk, high risk, and unclear based on
the specific research content.

Statistical Methods
A network meta-analysis was conducted by using Stata. For
each clinical indicator, the network plot was drawn,
respectively, to demonstrate the comparison of
interventions. In the network plot, the lines represented
the number of included studies and the node represented
the number of patients included in the intervention. The
thicker the node, the more studies included; the larger the
node, the more patients included. As for the effectiveness, it
was measured by the ranking of the area under the curve. The
larger the area under the curve, the better the effect of the
intervention. The node-splitting method was performed to
test consistency, and p < 0.05 was used as the level of
statistical significance. The sensitivity analysis was
conducted by using the inverted funnel chart.

RESULTS

There were 7,302 articles with 4 Supplementary Material in
total according to the searching strategy. After exclusion, 12
studies involving 1,194 patients with LSS were included.
Among the included studies, eight studies were from
China (750 patients), two studies were from Japan (172
patients), one study was from Iran (90 patients), and one
study was from Korea (182 patients). The study selection
flowchart is shown in Figure 1. The basic information of all
included studies is shown in Table 1, and the results of the
bias risk assessment are shown in Table 2.

Among all outcomes, only the VAS, ODI, JOA, and EuroQol
Five Dimensions Questionnaire (EQ-5D) were available for
analysis, while other outcomes could not be analyzed due to
various reasons. Among the included articles, there was no
article reporting any results of the VRS, SF-8, or 6-min
walking distance. The NRS, the Roland Morris Disability
Questionnaire (RMDQ), the MOS item short from the health
survey (SF-36), and adverse effects could not be analyzed due to
the limited data and unformed network. Moreover, there were
various definitions of walking distance, improvement rate, and
effectiveness rate in studies and therefore these outcomes were
not analyzed.

Visual Analog Scale
There were 8 studies with 821 patients reporting the VAS. The
evaluated treatments included the treatment with limaprost,
analgesics drugs, physiotherapy, TCM, and limaprost combined
with analgesics drugs (see Figure 2). As illustrated in the figure,
a larger number of studies were noted in the intervention of TCM
and physiotherapy, and more patients were reported in the
intervention of analgesics drugs and physiotherapy.

The consistency model used for the analysis of the
inconsistency test results was 0.07 > 0.05. The differences in
interventions for reducing the VAS are shown in Figure 3. The
area under the curve and the mean rank are shown in Table 3.
Therefore, in terms of reducing the VAS, the ranking of efficacy
was CTM > physiotherapy > analgesics drugs > limaprost >
limaprost combined with analgesics drugs.

Oswestry Disability Index
There were five studies with 610 patients reporting the ODI. The
evaluated treatments included the treatment with calcitonin,
analgesics drugs, antiepileptic drugs, limaprost, limaprost
combined with analgesics drugs, physiotherapy, and CTM (see
Figure 4). As illustrated in the figure, more patients were noted in
the intervention of physiotherapy.

The consistency model used for the analysis of the
inconsistency test results was 0.81 > 0.05. The differences in
interventions for reducing the ODI are shown in Figure 5, and
the area under the curve and the mean rank are shown in Table 4.
The results indicate that in terms of reducing the ODI, the
therapeutic efficacy was ranked as limaprost > calcitonin >
CTM > limaprost combined with analgesics drugs > analgesics
drugs > antiepileptic drugs > physiotherapy.

Japanese Orthopaedic Association Scores
There were five studies with 445 patients reporting the JOA. The
evaluated treatments included the treatment with analgesics
drugs, limaprost, physiotherapy, neurotrophic drugs, and CTM
(see Figure 6). As shown in the figure, more patients were noted
in interventions of CTM and physiotherapy.

The inconsistency model used for the analysis of the
inconsistency test results was 0.0008 < 0.05. The differences in
interventions on increasing the JOA are shown in Figure 7, and
the area under the curve and the mean rank are shown in Table 5.
Based on these results, the efficacy ranking was CTM > limaprost
> physiotherapy > neurotrophic drugs > analgesics drugs.
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FIGURE 1 | Flowchart for selection of studies.

TABLE 1 | Characteristics of included studies.

Study Number of Cases Intervention Measure Duration/Month Outcome

Intervention Group Control Group

Haddadi et al., 2016 30/30/30 Calcitonin Antiepileptic drugs; physiotherapy 3 ②

Kim et al., 2016 60/61/61 Limaprost Analgesics; limaprost + Analgesics 2 ①②④

Wei, 2013a 35/34 Neurotrophic drugs CTM 1 ③

Wei, 2013b 60/60 Analgesics Physiotherapy 1.25 ①②

Zhenqiu, 2019 40/40 CTM Physiotherapy 2 ①③

Jian, 2013 66/69 Analgesics Physiotherapy 1 ③

Yang, 2019 30/30 Analgesics Physiotherapy 1 ①

Haishan, 2020 58/58 CTM Physiotherapy 3 ①②

Xiaoping, 2020 34/34 CTM Physiotherapy 1 ①③

Xiaoxia, 2020 51/51 CTM Physiotherapy 1 ①②

Matsuyama, 2005 67/26 Limaprost Physiotherapy 2 ①③

Takahashi et al., 2013 56/23 Limaprost Analgesics 2 ④

Note: ①,VAS; ②, ODI; ③, JOA; ④, EQ-5D.

TABLE 2 | Bias assessment of included studies.

Studies Method for
randomization

Allocation
concealment

Blinding Completeness of
outcome data

Selective outcome
reporting

Other Bias

Patients and
researchers

Personnel for
outcome measurement

Haddadi et al., 2016 Low risk Low risk Unclear Unclear Low risk Low risk Low risk
Kim et al., 2016 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Wei, 2013a Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Wei, 2013b Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Zhenqiu, 2019 Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Jian, 2013 Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Yang, 2019 Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Haishan, 2020 Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Xiaoping, 2020 Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Xiaoxia, 2020 Unclear Unclear Unclear Unclear Low risk Low risk Low risk
Matsuyama, 2005 Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Takahashi et al., 2013 Unclear Unclear Unclear Unclear Low risk Low risk Low risk
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EuroQol Five Dimensions Questionnaire
There were 2 studies with 261 patients reporting the EQ-5D. The
evaluated treatments included the treatment with limaprost,
analgesics drugs, and limaprost combined with analgesics
drugs (see Figure 8).

The consistency model fitted for the analysis of the
inconsistency test results was 0.90 > 0.05. The differences in
interventions on increasing the EQ-5D are shown in Figure 9,
and the area under the curve and the mean rank are shown in
Table 6. These results demonstrate that the efficacy ranking was

FIGURE 2 | Network plot for included studies on VAS.

FIGURE 3 | Mean difference for VAS between treatments.

TABLE 3 | Area under the curve and the mean rank for VAS.

Treatments Area under the Curve
(%)

Mean Rank

CTM 99.0 1.0
Phy 74.4 2.0
Ana 31.0 3.8
Lima 24.5 4.0
Lima + Ana 21.1 4.2

FIGURE 4 | Network plot for included studies on ODI.

FIGURE 5 | Mean difference for ODI between treatments.

TABLE 4 | Area under the curve and the mean rank for ODI.

Treatments Area Under the Curve
(%)

Mean Rank

Lima 75.7 2.5
Cal 66.3 3.0
CTM 63.2 3.2
Lima + Ana 61.1 3.3
Ana 46.5 4.2
Antiep 44.3 4.3
Phy 26.1 5.4
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limaprost combined with analgesics drugs > analgesics drugs >
limaprost.

Sensitivity Analysis
The inverted funnel charts of the VAS, ODI, and JOA were drawn
to assess the publication bias, as shown in Figure 10. There was

no further analysis on the EQ-5D due to the comparatively
limited number of included studies using the EQ-5D as an
outcome. These figures were basically symmetrically
distributed, indicating the minimized publication bias among
included studies. As for the clinical similarity and methodological
similarity, an assessment was conducted by two reviews and the
result showed that the similarity was robust and valid.

DISCUSSION

In the real world, the conservative treatment for patients with LSS
includes pharmacological treatments like various medications
and nonpharmacological treatments like exercising, massage,
and so on. This study aimed to evaluate the effectiveness of
the commonly used conservative treatment for patients with LSS,
hoping to provide evidence for the clinical practice.

For reducing the VAS, CTM and physiotherapy were found to
be the most effective treatments, which was consistent with the
Chinese guideline (Group, 2014) and other studies. As mentioned
in the Chinese expert consensus in 2014 (Group, 2014),
physiotherapy including massage, acupuncture, electrotherapy,
hyperthermia, and other treatments has relatively positive short-
term efficacy than others. However, the long-term efficacy is not
clear, which needs further study. A systematic review by Kim et al.
(2013) evaluated the effects and safety of acupuncture, and the
results showed that the acupuncture group had significantly
favorable improvement over the control group on pain
intensity, overall symptoms, and function outcomes related to
LSS and the QoL. In this study, half of the physiotherapy was
acupuncture, and all the CTM treatments were treatments
combining physiotherapy and related drugs, which makes the
ranking results more reasonable and comprehensible.

In terms of reducing the ODI and improving the JOA, the use
of limaprost also demonstrated good efficacy than other
commonly used drugs, with second ranking in the ODI and
first ranking in the JOA, respectively. Up to now, limaprost is the
only chemistry drug that is reported to have the specific
indication of LSS, making it an important and preferred
treatment in clinical practice (Matsudaira et al., 2009; Wang,
2019). As for other drugs, they are only able to relieve the

FIGURE 6 | Network plot for included studies on JOA.

FIGURE 7 | Mean difference for JOA between treatments.

TABLE 5 | Area under the curve and the mean rank for JOA.

Treatments Area under the curve
(%)

Mean Rank

CTM 88.3 1.5
Lima 81.0 1.8
Phy 45.8 3.2
Neu 34.9 3.6
Ana 0.0 5.0

FIGURE 8 | Network plot for included studies on EQ-5D.
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symptoms, to some extent. And this superior efficacy may be due
to the unique mechanism of limaprost, to reduce pain by
improving the blood flow and antiplatelet aggregation in the
cauda equina or nerve roots (Matsudaira et al., 2009; Wang,
2019).In addition, evidence has been accumulated for limaprost,
which has been preliminarily used in Japan since the 1980s. RCT
conducted by Matsudaira et al. (2009) showed that limaprost
resulted in considerably greater improvements in the SF-36
subscales, and was also significantly better than etodolac for
leg numbness, neurogenic intermittent claudication distance,
and subjective improvement and satisfaction. Kim et al. (2016)
compared the effects of limaprost and pregabalin individually and
in combination for the treatment of LSS. The results showed that

the efficacy of limaprost for patients with LSS was not inferior
compared to that of pregabalin or the combination of limaprost
and pregabalin in terms of disability.

In addition, limaprost also showed better efficacy in improving
patients’ QoL. Kim et al. (2016) compared the EQ-5D scores of
limaprost, pregabalin, and limaprost combined with pregabalin. The
results showed that the baseline-adjusted EQ-5D scores improved
significantly over time in all three groups after treatment. Takahashi
et al. (2013) performed a survey to assess the relationships between
the QoL and the therapy with limaprost or etodolac (an NSAID).
The mean EQ-5D utility value for patients was 0.59 ± 0.12, which is
much lower than the reported utility for patients with type 2 diabetes
and stroke (0.86 and 0.84, respectively), suggesting that patients with
LSS had poorer QoL. The EQ-5D utility value was increased by ≥ 0.1
points in significantly more patients in the limaprost group, whereas
no significant changes occurred in the etodolac group.

This is the first study to evaluate the therapeutic efficacy of
commonly used conservative treatments for LSS by network meta-
analysis. However, there are some limitations to our study. First, the
number of studies included in specific endpoints and the sample size of
some studies are small, whichmay lead to the uncertainty of the results.
Therefore, it is necessary to use further high-quality RCT studies to
verify the findings of our study. Second, the clinical outcomes in this
study are limited too. These results also indicate the lack of the current
study in the LSS field, making it difficult for clinical practice. Further
studieswith long-termobservation and a large sample shall be called on
for better guidance and evidence support in clinics.

CONCLUSION

This network meta-analysis systematically assessed the clinical
effectiveness of conservative treatments in patients with LSS
worldwide. Our findings demonstrated that limaprost has
better efficacy in reducing the ODI, improving the JOA, and
improving the QoL, while physiotherapy and CTM are found
most effective in reducing the VAS in the short term after
treatment. Our study provides a ranking of the therapeutic
efficacy of treatments, and thus, provides the appropriate
evidence to support clinical practice. However, our study
still has some limitations, including the lack of studies from
western countries and the small population size in included

FIGURE 9 | Mean difference for EQ-5D between treatments.

TABLE 6 | Area under the curve and the mean rank for EQ-5D.

Treatments Area under the curve
(%)

Mean Rank

Lima + Ana 77.4 1.5
Ana 39.4 2.2
Lima 33.2 2.3

FIGURE 10 | Inverted funnel chart on VAS, ODI, and JOA.
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studies. Thus, further studies with a large sample and high
quality are preferred to generate more valid evidence and to
make up for the limitations of this study.
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This study summarizes the intrinsic criteria for the recommendation of orphan drugs in

England, Scotland, Canada, and Australia with the aim of understanding the rationale

for the variability in decision-making and to provide a reference for the establishment

of criteria in the process of access to health insurance for orphan drugs in different

countries and the construction of national uniform criteria. A comparative analysis of

60 health technology assessment (HTA) guidelines of 15 drug-indication pairs appraised

by four countries (England, Scotland, Canada, and Australia) from 2017 to 2018 was

done, including an in-depth analysis of a case study. Agreement levels were measured

using kappa scores. Associations were explored through correspondence analysis. The

four countries possess some homogeneity in the assessment, but each has its own

preferences. Poor agreement exists between England, Scotland, and Canada (−0.41 <

kappa score < 0.192). In the correspondence analysis, England placed more emphasis

on treatment methods in terms of control type when making recommendations. Canada

and Scotland focused more on trial type with Canada placing more emphasis on phase

III and open-label trials and on cost-utility analysis, while Australia was less studied in

terms of economic models. Different countries have different goals when establishing

HTA decisions for orphan drugs due to their different degrees of orphan drug coverage.

Different countries should not only combine their unique values of clinical benefit and

cost-effectiveness in the assessment of orphan drugs but also give different weights

during the HTA process, after considering account the development of the country itself.

Keywords: orphan drugs, health technology assessment (HTA), consistency analysis, correspondence analysis,

health insurance reimbursement

INTRODUCTION

The incidence of rare disease is low; however, rare diseases, which are defined
differently in different countries and regions, often endanger health and life. The
general principle of the definition of a rare disease is based on the prevalence or
number of people with the disease. In the United States (US), a rare disease is
defined as a condition that affects fewer than 200,000 people in the country (1).
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In the European Union (EU), a rare disease is one that affects no
more than 1 person in 2,000 people (2). In Australia, a disease is
considered rare if it affects <5 in 10,000 people (3).

Health technology assessment (HTA) is a systematic
evaluation of the safety, effectiveness, and economic and social
aspects of medical technologies via an analysis of knowledge
about health technologies based on research and practice using
the principles and methods of evidence-based medicine (4). In
terms of safety, the number of patients with rare diseases is small
compared to common diseases. This factor makes it difficult to
conduct traditional randomized controlled double-blind trials
of orphan drugs to test clinical efficacy, resulting in higher
difficulties in the design and implementation of clinical trials,
often allowing only single-arm trials, with historical treatment as
the default control, or real-world studies to observe the actual
clinical effects of orphan drugs after they are launched (5). In
terms of economics, the small population of indications for
orphan drugs and the fact the cost of diagnosis and treatment
of orphan drugs is often high make it difficult to meet the
requirements of the traditional incremental cost-effectiveness
ratio (ICER) or quality-of-life (QoL) ratio thresholds for
evaluation (6). Novartis’ Zolgensma, a one-time gene therapy
for spinal muscular atrophy tops the list with a price tag of
$2.125 million in 2021 (7). Some articles point out that by 2024,
orphan drugs are expected to reach $242 billion, capturing
one-fifth of worldwide prescription sales, and orphan drugs
sale in the world are expected to grow at a compound annual
growth rate of 12.3% from 2019 to 2024, which is approximately
double the rate foreseen for non-orphan drugs market (8). In
addition, other reasons for these high costs, such as the high
heterogeneity and low recognition rate of rare diseases that make
the diagnosis and treatment difficult and the cost of orphan
drugs higher, have been reported. Due to these specificities of
HTA for rare diseases, traditional methods, such as randomized
controlled trials (RCTs) and cost-effectiveness analyses, may not
be applicable to many rare diseases, and orphan drugs are often
more prone to uncertainty in cost-effectiveness assessments than
common diseases, which makes the process of HTA and health
decision making more difficult (9).

It has been shown that an increasing number of countries
use HTA to provide relevant information for health technology
reimbursement (10). In HTA, cost-effectiveness analysis is one of
the commonly used methods for which ICER, especially ICER
based on quality-adjusted life years (QALY), has a wide range
of applications (11). In the reimbursement of orphan drugs,
quality adjusted life year (QALY) is the main QoL indicator for
reimbursement decisions, while the treatment of rare diseases can
meet the cost effectiveness criteria required for the use of ICER.
Relatively speaking, ICER and QALY are not the only factors
influencing the reimbursement decision as other social factors
that influence the reimbursement decision can be found (12).
The National Institute for Health and Clinical Excellence (NICE)
gives a relatively generous margin to rare diseases when applying
QALY as the threshold for evaluation indicators (13).

At the same time, reimbursement for orphan drugs has
encountered challenges, both because clinical evidence may be
difficult to collect due to the small number of patients and

because their treatments do not meet the cost effectiveness
criteria required to use ICERs and are associated with the high
price and uncertainty of orphan drugs. More flexible criteria for
assessing the clinical value of orphan drugs along with more
high-quality clinical evidence for the use of orphan drugs may be
needed to increase the likelihood of orphan drug reimbursements
by enabling regulators and payers to consistently assess the risks
and benefits of orphan drugs in a more efficient manner (12).

Drug reimbursement methods vary across countries ranging
from universal health insurance for reimbursement to third-
party payment reimbursement by insurance companies,
which are separately funded and administered with different
reimbursement rates. However, although a proportion of orphan
drugs are reimbursed, the proportion of orphan drugs that are
reimbursed is still only a small fraction of the total number of
orphan drugs (14, 15). In terms of orphan drugs, countries have
successively conducted the experience of exploring HTA for rare
diseases; however, a need to actively explore a more normative
HTA program still exists (9).

After considering well-established assessment systems, similar
decision-making criteria, different technical approaches, publicly
available HTA reports, and language, four countries were selected
for this study: (1) England, (2) Scotland, (3) Australia, and
(4) Canada, with the National Institute for Health and Care
Excellence (NICE) (16), Scottish Medicines Consortium (SMC)
(17), Pharmaceutical Benefits Advisory Committee (PBAC) (18,
19), and Canadian Agency for Drugs and Technologies in Health
(CADTH) (20). The purpose of this study was to systematically
compare health technology assessment procedures of orphan
drugs in these four countries to summarize the intrinsic criteria
of orphan drugs recommended in these four countries. The
reasons for the variability in access decisions were explained,
and countermeasures were proposed to reduce the variability and
provide a reference for the establishment of criteria in the process
of access to health insurance for orphan drugs. This information
will provide a reference for the establishment of criteria for
orphan drugs in the health insurance access process.

OBJECTS AND METHODS

Research Subjects
The report was selected from the official websites of the health
technology assessment agencies of the four countries, namely
NICE, SMC, PBAC, CADTH. NICE produces health technology
appraisal guidance to ensure that all National Health Service
(NHS) patients have equal access to the most clinically effective
and cost-efficient treatments (21). The SMC evaluates drugs to
make decisions to recommend, not recommend, or recommend
use with restrictions, and drugs approved by the SMC are
automatically entered into the Area Drug and Therapeutics
Committees (ADTC) reimbursement list. Drugs that are not
approved are not entered on the ADTC’s reimbursement list,
and use of such drugs will be restricted (22). Therapeutic Goods
Administration (TGA) is responsible for the marketing approval
and orphan drug status of pharmaceutical products in Australia.
The Life Saving Drugs Program (LSDP), a free orphan drug
program for patients with rare diseases, is available from the
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LSDP. Before a drug can be offered on the LSDP, it must be
evaluated by PBAC as clinically necessary and effective, but it is
not recommended for inclusion in the Pharmaceutical Benefits
Scheme (PBS) due to unacceptable cost effectiveness (23, 24).
In Australia, the reimbursement evaluation of orphan drugs
is independent of their cost-effectiveness as long as sufficient
evidence of their clinical benefits has been demonstrated
(25). The CADTH’s recommendation for inclusion on the
provincial reimbursement list can be classified as “recommended
for inclusion,” “recommended for conditional inclusion,” “not
recommended for inclusion at current submission prices,” and
“not recommended for inclusion,” based on a combination of
clinical effectiveness and economics (26–28).

This study used the orphan drugs queried by NICE in 2017–
2018 as a benchmark and queried the corresponding orphan
drugs reports for the same drug in three other countries,
including a total of 65 orphan drugs. Since this study was
expected to explore the factors that influence the relevant
authorities in the four countries when conducting orphan drug
assessments by having different recommendations for the same
drug in different country assessments, orphan drugs that did
not have identical assessment results in the four countries were
included in this study; thus, 15 drugs were finally included
(Table 1).

Research Methods
Nvivo Qualitative Analysis
This study used the Nvivo software to code the reports and
systematically present trends in the focus of clinical evidence
and economic models found in different country reports.
NVivo is one of the computer-assisted qualitative data analysis
software systems (CAQDAS) developed by QSR International
(Melbourne, Australia), the world’s largest qualitative research
software developer. This software allows for qualitative inquiry
beyond coding, sorting, and retrieval of data. It was also designed
to integrate coding with qualitative linking, shaping, and
modeling (29). By importing the queried assessment reports into
Nvivo 12.0, the reports in the file were coded correspondingly
(Appendix Table 1) after the creation of the node system
(Appendix Figures 1A–C), and the criteria present in the access
decisions in the four countries in terms of clinical evidence were
explored through the case node classification and node matrix.

SPSS Consistency Analysis and Correspondence

Analysis
The coded nodes were exported to an Excel spreadsheet, and
the data were entered with the help of SPSS 20.0. A kappa
consistency and correspondence analyses were performed for
the HTA of orphan drugs in four countries. In this paper,
the secondary nodes “clinical trials,” “clinical endpoint,” and
“economic models” under the primary node “clinical evidence”
were selected. By analyzing the correspondence between the
country or recommendation situation and the assessment
evidence, a scatter plot distribution between the country or
recommendation situation and each node element is presented.
This analysis was done to analyze the preference of countries by
vector distance, specifically by connecting a line from the center

(0.0) to any point and extending it in the reverse direction, and
then drawing the other points to this line and its extension to
make a vertical line. The closer the vertical point is to the positive
vector direction, indicates the closer the relationship is, and the
preference can be ranked.

RESULTS

Consistency Analysis of the Four
Countries’ Assessments
The values in the Table 2 are Kappa scores with progressively
higher concordance ranging from−1 to 1 during the consistency
testing of these 15 drugs. This time, only three other national
technology assessments were tested for consistency with each
other, and the results are shown in Table 2. The data in the
table show a poor consistency between England, Scotland, and
Canada (−0.410 < kappa score < 0.192), but in comparison, the
consistency between England and Scotland is stronger.

Analysis of the Main Influencing Factors in
Each Country
Correspondence Analysis Between Country and

Clinical Evidence
After performing the corresponding analysis of national and
clinical evidence, the SPSS result indicated that the first and
second dimensions carried 89% of the information with a chi-
square value of 10.436, p = 0.316 > 0.05, meaning that the
association was not significant (Figure 1).

According to the vector analysis method, using the “trial type”
in Figure 1 as an example, a vector from the center to the “trial
type” was drawn and then a vertical line (blue line) from England,
Scotland, Australia, and Canada to this line and the extension line
(red line) was drawn. Scotland’s distance to the vertical line was
closer to the positive vector direction, indicating that Scotland
is more concerned about the “trial type”. The other results are
analyzed in the same way to roughly derive the main concerns of
each country.

Each of the four countries has its own focus on the process
of health technology assessment with England being strongly
associated with the control type, indicating that England focuses
more on the control type. Australia focuses more on the effect
type followed by the assessment of the main effect evidence.
Canada focuses more on the trial type followed by Scotland. In
terms of the control type, the emphasis extended from highest
to lowest in England, Scotland, Australia, and Canada, while the
four countries with a higher emphasis on the effect type were
Australia and England.

Correspondence Analysis Between Country and

Economic Model
After the corresponding analysis of the country and economic
model, the SPSS result indicates that the first and second
dimensions carry 97.4% of the information, and the chi-square
value was 25.038, p = 0.124 > 0.05, showing that the association
was not significant (Figure 2).

According to the vector analysis method, “cost-effectiveness
analysis” in Figure 2 was used as an example, and a vector from

Frontiers in Public Health | www.frontiersin.org 3 June 2022 | Volume 10 | Article 861067312313

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhou et al. Orphan Drugs’ Health Technology Assessment

TABLE 1 | HTA assessment for orphan drugs.

No. Generic name

(trade name)

Manufacturers Year Whether to review

(yes, recommended and type of recommendation/yes, not recommended/no)

NICE

(England)

SMC

(Scotland)

PBAC

(Australia)

CADTH

(Canada)

1 Ibrutinib

(Imbruvica)

Janssen 2017 Recommended Not recommended – Not recommended

2 Everolimus

(Afinitor)

Novartis

Pharmaceuticals

2017 Recommended Recommended – Not recommended

3 Daratumumab

(Darzalex)

Janssen 2017 Recommended Restricted use – NOT

recommended

4 Pegylated

liposomal

irinotecan

(Onivyde)

Shire 2017 Not recommended NOT

recommended

Recommended –

5 Afatinib (Giotrif) Boehringer

Ingelheim Pty

Ltd

2017 Not recommended Not recommended Recommended Recommended

6 Vandetanib

(Caprelsa)

Sanofi 2018 Not recommended Not recommended Recommended Recommended

7 Romiplostim

(Nplate)

Amgen 2018 Recommended Restricted use – Not recommended

8 Eltrombopag

(Revolade)

GlaxoSmithKline 2018 Recommended Restricted use Recommended Not recommended

9 Cabozantinib

(Cabometyx)

Ipsen 2018 Recommended Not recommended – –

10 Cenegermin

(Oxervate)

Dompé 2018 Not recommended Not recommended Recommended –

11 Cabozantinib

(Cometriq)

– 2018 Recommended Not recommended – –

12 Obinutuzumab

(Gazyvaro)

Roche 2018 Recommended Not recommended Recommended Recommended

13 Ixazomib with

lenalidomide and

dexamethasone

(Ninlaro)

Takeda 2018 Recommended Not recommended Recommended Not recommended

14 Pirfenidone

(Esbriet)

Roche 2018 Recommended Restricted use Recommended Not recommended

15 Lenvatinib with

everolimus

(Kisplyx)

Eisai 2018 Recommended Recommended Recommended Not recommended

“-” Reports on health technology assessment opinions on pharmaceuticals are not available on the official website of health technology assessment agencies in Canada or Australia.

the center to the “cost-effectiveness analysis” was constructed
after which a vertical line (blue line) from England, Scotland,
Australia, and Canada to this line and its extension (red line) was
drawn. The vertical line corresponding to Australia was closer
to the positive vector direction, indicating that Australia is more
concerned with “cost-effectiveness analysis”

After performing other vector distance analyses, it can be seen
that in the analysis of health technology assessment reports in
the four countries, Canada focuses most on the assessment of
cost-utility and cost-minimization analyses. Scotland is closely
related to many elements in the assessment process, including
cost-minimization analysis, series of treatment models, and cost-
utility analysis. England and Australia focus on cost-effectiveness

and for cost-utility analyses, and the emphasis is on the order of
Canada, Scotland, England, and Australia.

Correspondence Analysis Between Recommendation

and Clinical Evidence
After obtaining the correspondence analysis of the
recommendation situation and clinical evidence, the SPSS
result indicated that the first and second dimensions carried
nearly 100% of the information, and the chi-square value was
6.621, p = 0.357 > 0.05, indicating that the association was not
significant (Figure 3).

According to the vector analysis method, taking the
“recommendation” in Figure 3 as an example, the vector was
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TABLE 2 | Kappa consistency test scores for the four country assessments.

England Scotland Canada Australia

England — 0.192 −0.410 *

Scotland — −0.320 *

Canada — *

Australia —

The column “*” is not in line with the Kappa test conditions.

FIGURE 1 | Correspondence analysis biplot (country and clinical evidence).

constructed from the center to the “recommendation”, and then
the “effect type”, “main effect evidence” and “control type” were
made to this straight line and the extension line (red line) tomake
a vertical line (blue line). The vertical line made by the “effect
type” was closer to the vector positive direction, which indicated
the “effect type” was closer to the “recommendation”.

Among the three types of recommendation, the
recommendation focused on the effect type, evidence of
main effects, and control type in order, which were optimized
to facilitate good results in the HTA evaluation of drugs, The
non-recommendation and restriction types focused more on
the evaluation of the trial type, which may indicate that the trial
type influences the national recommendation of a drug when it
is evaluated.

Correspondence Analysis Between Recommendation

and Economic Model
After the correspondence analysis of the recommended and
economic models, the SPSS result indicated that the first and
second dimensions carried nearly 100% of the information with
a chi-square value of 17.555, p = 0.130 > 0.05, showing that the
association was not significant (Figure 4).

FIGURE 2 | Scatterplot of country and economic model correspondence

analysis.

FIGURE 3 | Correspondence analysis biplot (recommendation and clinical

evidence).

According to the vector analysis method, taking the
“recommendation” in Figure 4 as an example, the vector
was constructed from the center to the “recommendation”
after which the “placebo,” “series of treatment models,” “cost-
minimization analysis” and “cost-effectiveness analysis” were
drawn to this straight line and the extension line (red line) to
the vertical line (blue line). The vertical line formed by the “cost-
effectiveness analysis” was closer to the positive vector direction,
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FIGURE 4 | Correspondence analysis biplot (recommended scenarios and

economic model).

indicating that the “cost-effectiveness analysis” was closer to
the “recommendation”.

According to the scatter plot (Figure 4), the recommendation
focused on the elements of cost-effectiveness and cost-
minimization analyses, serial of treatment models, standard of
care, and placebo in that order, which can be considered to have
some influence on the recommendation, but most focus was
on cost-effectiveness analysis. The non-recommendation focused
more on treatmentmethod, cost-utility analysis, and placebo, and
the restricted recommendation focusedmore on standard of care.

Case Analysis
To present a more intuitive picture of the process of forming
opinions on drug reviews by national health technology
assessment bodies, the drug assessment process can be outlined
by means of a case study, which can then be combined
with the above conclusions for the purpose of promoting
understanding or mutual argumentation. The subject of this case
study was Obinutuzumab.

Introduction to Obinutuzumab
Rituximab was first approved by the United States Food andDrug
Administration (FDA) on November 26, 1997 for the treatment
of relapsed or refractory non-Hodgkin’s lymphoma (NHL). As
the concept of rituximab resistance emerged, in this context,
scientists developed Obinutuzumab as a way to compensate for
the lack of rituximab. Obinutuzumab is a novel, humanized, type
II glycoengineered monoclonal antibody (mAb) directed against
the CD20 antigen found on the surface of most malignant and
benign B-cell-derived cells. The glycoengineering process used
in the development of this agent increases its anti-lymphoma
activity by enhancing binding affinity to the FcγRIII receptor on
immune effector cells (30).

Obinutuzumab Recommendations by Four Countries
Roche Pharmaceuticals submitted applications for evaluation of
Obinutuzumab to four countries in 2016–2017 and the HTAs and
agencies in each of the four countries gave different evaluations.
Overall, the four countries analyzed the value of the drug in terms
of clinical effectiveness, safety, and cost-effectiveness to reach a
conclusion on whether to recommend the drug.

Scotland explicitly does not recommend the drug, whereas
Australia and Canada both recommend it. England also
recommended the drug although with two conditions: (1) a
Follicular Lymphoma International Prognostic Index (FLIPI)
score >2 in patients with follicular lymphoma and (2) the
company offered Obinutuzumab at the same discount as agreed
in the patient access program.

Analysis of the Four-Country Assessment Process
Throughout the health assessment reports from the four
countries, the first common point of assessment that was
addressed was drug effectiveness. The clinical evidence from
Australia, Scotland, and the UK all came from the same
trial, GALLIUM, while the clinical evidence from Canada
came primarily from another clinical trial, GADOLIN. The
clinical evidence from the GALLIUM trial is representative
of the three countries and meets the requirements for testing
the clinical effectiveness of Obinutuzumab. The Australian
evaluators concluded that Obinutuzumab was significantly
better than rituximab in terms of progression-free survival
(PFS). The Canadian evaluators based clinically meaningful
improvements in PFS and overall survival (OS) while under
treatment with Obinutuzumab and the net clinical benefit of
the drug in combination with bendamustine. Scotland verified
obinutuzumab’s good clinical performance in terms of PFS
while England concluded that Obinutuzumab delayed disease
progression in the short-term, but its long-term impact on PFS
is uncertain.

Similar to clinical outcomes were drug safety studies,
which were given more attention in all four countries. The
Australian evaluation found more patients with renal function-
related adverse events and toxic effects (AEs) while taking
Obinutuzumab. The Canadian evaluation noted a higher
frequency of serious AEs in the Obinutuzumab combination
group. The Scottish safety evaluation concluded that because
Obinutuzumab was used concurrently with chemotherapy
during the induction phase, it was difficult to fully determine
the overall impact of AEs due solely to Obinutuzumab. England
had similar findings to the first three with obinutuzumab-based
therapy having a higher incidence of AEs when compared with
rituximab-based therapy.

In addition to the aforementioned efficacy and safety, the
cost-effectiveness of the drug was also highlighted in the four
countries’ evaluations. While Canada, Scotland, and England all
reported extensively on the cost-effectiveness of Obinutuzumab,
Australia did not mention it throughout the report, consistent
with the findings from the corresponding analysis above. Canada
did not consider the uncertainty of the incremental effect of
Obinutuzumab in the economic model but rather placed great
importance on the assessment model, the selection of indicators,
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and the reasonableness of the data in the cost-effectiveness
assessment. A key factor in Scotland’s refusal to recommend
the drug for use in the country was the lack of stability in the
cost- effectiveness analysis model submitted by the applicant
company. England, while also acknowledging the immaturity of
the duration of treatment effect and clinical data in the model
analysis, also felt that significant uncertainty in the evidence base
and incremental cost effectiveness ratio existed. However, the
Committee concluded that Obinutuzumab was a cost-effective
approach to the use of NHS resources in England for patients
with untreated follicular lymphoma (FLIPI score >2).

The four countries possess some homogeneity among their
assessments, but some particularities in certain countries could
be noted. The most notable feature of the Australian assessment
body is the two rounds of risk-benefit assessment that it
conducts, which aims to achieve optimal treatment outcomes
while controlling treatment risks. In addition, Canada has a
pharmacovigilance in addition to a risk management program
designed to identify identifiable and potential risks and missing
information to ensure safe use ofmedications. One element of the
Scottish assessment process is novel in that it sought the views of
physicians and patients who use the drug in order to consider
the added value of Obinutuzumab as an orphan drug in the
context of existing treatment in the NHS in Scotland. England’s
assessment also considered the innovative nature of the drug with
the committee hearing from clinical experts that Obinutuzumab
has a similar mechanism to rituximab and that Obinutuzumab is
not an innovative drug.

DISCUSSION

Of the 15 drugs studied above, Australia was found to have a
recommended status for the nine drugs for which assessments
were available with a single assessment that did not qualify for
Kappa analysis and therefore could not be tested for consistency
between Australia and the other countries. Canada and England
had only recommendation and non-recommendation statuses,
while Scotland also had a restricted status, which allowed
for better application of drugs to achieve better symptomatic
use and reduce adverse effects of drugs. The four countries
differed in their preferences for assessing clinical evidence
and the economic model for orphan drugs. England placed
more emphasis on treatments in terms of control type than
did the other countries, Canada had a greater proportion of
Phase III and open-label trial types and focused more on
cost-utility analysis, while Australia was less studied in terms
of economic model, probably because of the different review
processes in these four countries. In Australia, the PBAC’s
primary role is to recommend which medicines should be
subsidized, and the Australian government determines the final
listing decision (31). The NHS in England must comply with
positive recommendations by NICE, a process that resembles
the Scottish NHS boards. These differences may explain why
less attention has been paid to the economic modeling aspect
in Australia.

For national clinical trials, England and Scotland focus more
on the assessment of clinical trial directions, while Canada and
Australia focus on the assessment of clinical endpoints. PBAC
has a clear preference for head-to-head RCT (if available) and
indirect comparisons (32), while placebo comparisons are listed
as acceptable evidence for NICE and SMC (5), the strength of
evidence required for clinical trials vary to different countries.
In the analysis of clinical uncertainty, it can also be seen that
uncertainty in evidence and study design occupies most of
the English and Scottish evaluation reports followed by clinical
effectiveness, indicating that these two countries are likely to
focus on these two aspects of uncertainty when conducting their
evaluations. Their processes precisely indicate the focus and
difficulty of addressing orphan drugs in health evaluation and
needs more attention.

The case study demonstrates that although Scotland affirmed
the good clinical performance of Obinutuzumab in PFS, it
still refused to recommend the drug for reimbursement in this
country due to the lack of stability of the submitted cost-
effectiveness analysis model. In contrast, England recommended
the drug for reimbursement by limiting its indications and taking
advantage of discounts agreed upon the patient access scheme.
The decision making in Canada and Australia was focused on the
clinical benefit of the drug and neglected to assess the uncertainty
of the economic benefit. This finding also matched the results of
the analysis in the article by Nicod (5) in which the SMC seems
less likely to approve drugs with high and uncertain clinical cost-
effectiveness and the CDR seems to place more emphasis on the
relative effectiveness of new treatments among others.

The poor consistency of the four national assessments may
be due to the fact that the focus of the assessment of orphan
drugs in different countries is based on the prevalence of rare
diseases in their countries, and that the efficacy requirements
for orphan drugs may differ from country to country, with each
country focusing on the criteria of the actual development in
their country when conducting the assessment. Selection of study
subjects is a component of health technology assessment report
with variability in the review opinions of the four countries. The
differences may also be due to the existence of manual coding
errors and the limitations of the information obtained from the
15 orphan drug reports that were selected. In future studies,
the sample size should be enlarged, and more representative
countries should be selected to extrapolate the findings.

ACTIONABLE RECOMMENDATIONS

Due to the specificity of rare diseases, clinical trials have a small
subject population, and the efficacy is often uncertain while the
effectiveness and efficacy of drugs are factors of great concern
to countries with respect to the HTAs of orphan drugs. The
uncertainty of efficacy will lead to an increase in the instability
of pharmacoeconomic models, thus making the results of cost
effectiveness of drugs unstable and often not cost effective due to
the high price of orphan drugs, which eventually leads to orphan
drugs not being recommended to the health insurance list of each
country or strictly limited for certain indications.
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Countries have different levels of economic development and
social conditions, such as population, and large uncertainties
in their clinical evidence and economic evidence exists, which
brings challenges to the HTA review process in each country.
Currently, no uniform standards in the review of orphan drugs
exist, so countries show differences in their attention to different
types of evidence when making decisions. In the process of
HTA of orphan drugs, the analysis should not be limited to
cost effectiveness but also evaluate various factors, such as the
innovativeness of orphan drugs, the increase in the utility of
family members, and the improvement of life satisfaction when
treating them on the basis of the sustainability of health insurance
funds and through the collection of real-world data, in order
to enhance the accessibility of drugs for patients. In addition,
the uncertainty of the clinical use of orphan drugs through real-
world data collection can be reduced and the economics of
orphan drugs not only through NHS reimbursement but also
through multi-channel economic sharing mechanisms could be
improved, so that more patients with rare diseases can be treated
and their economic burden can be effectively alleviated through
price agreements or joint multi-level protection.

For example, in England, ICERs for common drugs must meet
the threshold of £20,000–30,000 per QALY to enter the NHS
system, but the majority of ICERs for orphan drugs are higher
than the upper threshold of willingness to pay set by England,
and NICE has introduced social value judgments to evaluate
orphan drugs, namely combining the social benefits of orphan
drugs, innovation, the number of people with the rare disease, the
specificity of the disease condition, and others to decide whether
to include them in the NHS system (33). In addition, NICE
conducted a highly specialized technology evaluation (HSTE)
for high-value drugs (ultra-rare drugs) with a willingness-to-pay
threshold adjusted to cost £100,000 per QALY obtained. It is also
clear from the case studies that in response to the uncertainty of
the long-term effects of orphan drug efficacy and the instability

of economic models, England has saved some patients first by
entering into price agreements and then collecting evidence and
revising the results in subsequent evaluations.

Currently, the focus of HTA development is very different
among different countries, and different countries have different
degrees of orphan drug coverage and different goals when
making HTA decisions for orphan drugs. A need to fix the
HTA shortcomings, build a more mature assessment mechanism,
and explore a more complete and appropriate reimbursement
pathway in the field of rare diseases exists with a view to
providing a basis for health decision-making. Concurrently,
exploring the use of real-world data for orphan drug access
and security and making good use of HTA to promote more
marketing and inclusion of orphan drugs in health insurance
combined with the country’s own development, can guarantee
the safety and accessibility of orphan drugs, and actively
safeguard the rights of patients with rare diseases.
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Objective: Evidence is scarce about the effect of noise exposure on the risk of dementia.

We conducted a systematic review and dose-response meta-analysis, aiming to explore

the association between noise exposure and the risk of dementia.

Methods: We searched PubMed, EMBASE and the Cochrane Library to collect

studies on chronic noise exposure and the risk of dementia from database inception to

September 18, 2021 without language limitations. Two authors independently screened

the literature, extracted data and assessed the risk of bias of the included studies. A

dose-response meta-analysis and subgroup analysis were then conducted to detect

the association between noise exposure and the risk of dementia by using Stata 14.0

software. This study is registered on PROSPERO (CRD42021249243).

Results: A total of 11 studies were eligible for qualitative synthesis, and nine were

eligible for quantitative data synthesis. All of them showed moderate to high quality

scores in the assessment of risk of bias. We found a positive linear association

between the noise increment and dementia risk (R2 = 0.58). When noise exposure

increased 57 dB, the RR of dementia was 1.47 (95% CI: 1.21–1.78). From the

outcome subgroup of AD, AD and dementia, VaD and NAD, we also found a

positive association (R2 = 0.68, 0.68, 0.58, respectively). When noise exposure

increased by 25 dB, the RRs were 1.18 (95% CI: 1.14–1.23), 1.19 (95% CI: 1.14–

1.23) and 1.17 (95% CI: 1.06–1.30), respectively. We found a nonlinear association

between the noise increment and dementia risk when only cohort studies were

included (R2 = 0.58). When noise exposure increased by 25 dB, the RR of dementia

was 1.16 (95% CI: 1.12–1.20). From the subgroup of AD, AD and dementia,

VaD and NAD of cohort studies, the regression curve showed a nonlinear positive

association (R2 = 0.74, 0.71, 0.43, respectively). When noise exposure increased by
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25 dB, the RRs were 1.17 (95% CI: 1.12–1.21), 1.17 (95% CI: 1.12–1.22) and 1.13 (95%

CI: 0.99–1.28), respectively.

Conclusion: Based on the current evidence, exposure to noise may be a specific risk

factor for dementia. To better prevent dementia, more rigorously designed studies are

needed to explore the etiological mechanism of noise and dementia.

Keywords: noise exposure, dementia, mild cognitive impairment, Alzheimer’s disease, dose-response meta-

analysis

INTRODUCTION

Dementia is a kind of disease characterized by severe cognitive

impairment, including several subtypes, such as Alzheimer’s

disease (AD), cerebrovascular disease, Lewy body dementia, and

Huntington’s disease (1). Alzheimer’s disease contributes the

majority of patients with dementia, accounting for approximately

60∼80% of cases (2). Studies have shown that there were

approximately 46 million people diagnosed with AD globally

in 2015, and the number may reach 115.4 million by 2050 (3).
The prevalence of dementia is estimated to be 7% in people
above the age of 65, and the rate rises exponentially with age
(1, 4). Tau and β-amyloid (Aβ) deposition are considered to
be the possible pathological mechanisms of dementia, AD and
cognitive impairment (5, 6). However, the cause of dementia
has not been expounded completely. Hypertension, diabetes,
high body mass index (BMI), smoking, and air pollution are
thought to be risk factors for dementia thus far (1, 7). Mild
cognitive impairment (MCI) is a state between normal cognition
and dementia that is considered a premonitory symptom of
dementia with preserved basic cognitive abilities (8). MCI may
convert into dementia when specific diagnostic criteria are
used or exposed to more risk factors (8, 9). Dementia or
MCI can be diagnosed mainly by history-taking, neurological
examination and imaging examination (4, 10). However, there
was no specific therapy for any subtype of dementia or MCI.
Drugs such as cholinesterase inhibitors, N-methyl-D-aspartic
acid (NMDA) receptor antagonists, selective serotonin reuptake
inhibitor (SSRI) antidepressants and rehabilitation training are
only used for symptomatic and supportive treatments (11–13).

With the development of modernization and
industrialization, noise is ubiquitous in life. The World
Health Organization (WHO) estimated that 1∼1.6 million
disability-adjusted life years (DALYs) are lost each year due to
noise exposure in Western European countries (14). Increasing
evidence has shown that noise is associated with many diseases,
such as ischemic heart disease (IHD), stroke, metabolic disorders
and cognitive dysfunction (15, 16). Recent studies believe that
noise may increase the risk of dementia. Animal experiments
have shown that environmental noise exposure can influence
cognitive performance, along with changes in Tau and β-amyloid
(Aβ) at the same time (17, 18). Although it is not clear completely
how noise results in dementia pathologically, some papers have
reported varied relationships between them. Linares et al. (19)
found that short-term exposure to noise may be associated
with hospital admission for dementia. Chen et al. (20) found

that roads closer to heavy traffic can increase the incidence of
dementia, which may be the effect of noise and air pollution.
However, Andersson et al. (21) conducted a cohort study in 2018
and reported no association with traffic noise and AD or vascular
dementia (VaD). There was not enough evidence to clarify the
relationship between them. Several recent reviews also suggested
an ambiguous link between noise and dementia (22, 23). Studies
have proposed several hypotheses about the pathogenesis
mechanism of noise and dementia. Experimental evidence
has shown that noise may lead to dementia by neurovascular,
neuroendocrine or oxidative stress factors (7, 15, 24, 25). In
addition, studies have reported an association between hearing
loss and dementia but have not explained the link between
hearing loss and noise (26, 27).

A systematic review conducted in 2020 summarized seven
studies related to traffic noise with dementia, including
Parkinson’s disease, dementia, Alzheimer’s disease, and
hospitalizations for dementia-related illnesses (28). However, this
review only focused on traffic noise and did not systematically
report traffic noise and the risk of dementia. Furthermore, two
reviews conducted in 2018 by the WHO focused on the effect of
environmental noise on wellbeing, quality of life and cognitive
impairment in multiple dimensions (14, 29). Hegewald et al.
(30) carried out a meta-analysis of traffic noise and mental
health (including depression, anxiety, dementia and AD) but
did not perform a quantitative synthesis of dementia and
AD due to different outcomes. Our research team previously
summarized the experimental and epidemiological studies of
the relationship between chronic noise exposure, cognitive
impairment and degenerative dementia but did not conduct
a systematic review (31). Some new evidence of dementia
emerged after the retrieval time of the studies above so that
more evidence can be included and synthesized. Thus, given
that there was no quantitative meta-analysis before, in this
study, we reviewed existing studies to conduct a systematic
review and dose-response meta-analysis, aiming to summarize
the evidence regarding the risk of dementia when exposed to
chronic noise.

MATERIALS AND METHODS

We conducted this systematic review following the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines (32). This
systematic review and meta-analysis was registered with
PROSPERO (CRD42021249243).
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Search Strategy
Two authors (LM and YZ) independently searched the
PubMed, EMBASE and Cochrane Library databases to collect
observational studies on chronic noise exposure and the
risk of dementia. We searched all studies without language
restriction from inception to 18 September 2021. We used
MeSH and free text terms to identify the relevant literature.
The detailed search strategy of each database is attached
in the Supplementary Material. An additional search was
performed among the references of the included studies to
identify potentially eligible studies. We also manually searched
the references of published reviews to collect additional

relevant studies.

Inclusion and Exclusion Criteria
We used a population-intervention-comparator-outcomes-study

design (PICOS) to identify the inclusion criteria. (1) Participants:

People who were not diagnosed with any cognitive dysfunction

(including dementia, Alzheimer’s disease or MCI) without age
limitations were included in the cohort study; People in case

group were diagnosed with any cognitive dysfunction (including
dementia, Alzheimer’s disease or MCI), and the control group
were not diagnosed with any cognitive dysfunction in case-
control study. (2) Exposure/Control: Exposure group exposed
to chronic noise, including traffic noise, community noise and
occupational noise. The control group was not exposed to
chronic noise. (3) Outcome: Association between chronic noise
exposure and dementia. (4) Study design: Cohort studies, case-
control studies or cross-sectional studies were included in this
study. Because of the restrictions of research topics and ethics,
no randomized controlled trials (RCTs) can be included.

The exclusion criteria for this study were as follows: (1)
cohort studies included people diagnosed with any cognitive
dysfunction before baseline; case-control studies included people
with major psychiatric disorders or significant disease that could
interfere with cognition; (2) studies that explored the association
between hearing loss and dementia, cognitive dysfunction or AD
but did not search for the relationship with hearing loss and noise
exposure; (3) studies that could not extract data; (4) in vitro or
animal experiments; (5) duplicate data; (6) reviews, letters, case

FIGURE 1 | Flowchart of literature screening.
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reports, protocols, conference abstracts and any article without
full text; and (7) studies were not published in English.

Data Extraction
Two authors (LM and YZ) independently selected the studies
by title, abstract and full text. Disagreements were resolved
by discussion or consultation with a third reviewer (LH). We
extracted the data from each retained study by using a unified
information extraction table. The extracted terms included first
author, study country/region, publication year, study design,
inclusion number, analysis number, sex, age, follow-up periods,
noise (sources, level and assessmentmethod), dementia (type and
assessment method), number of patients, adjusted covariates and
risk estimate indicators, including the relative risk (RR), hazard
ratio (HR), odds ratio (OR) and regression coefficient (β). If
the risk indicators in each study were adjusted by covariates,
we extracted all the adjusted risk indicators. The main adjusted
factors included (1) baseline information: age, sex, body mass
index; (2) socioeconomic status: education, household income
occupational environment; (3) disease and lifestyle factors:
stroke, cardiovascular disease, ApoE4 level, smoking, alcohol
consumption, physical activity; and (4) other exposure: NOx,
PM2.5, PM10. For the studies that had missing main data, we
asked the authors for the full data by email. One author extracted
the data, and another author checked the accuracy. The questions
were solved through the examination of the original articles
and discussion.

Risk of Bias Assessment
Two authors (LM and YZ) independently assessed the risk of
bias using the Newcastle-Ottawa scale (NOS) for cohort and
case-control studies and Agency for Healthcare Research and
Quality (AHRQ) recommended items for cross-sectional studies.
Disagreements were resolved by discussion or consultation with
a third reviewer (LH). There is no recognized tool to assess
the risk of bias in observational studies. The NOS is the most
commonly used scale for cohort studies or case-control studies
and is a semiquantitative system (33, 34). The assessment of
bias of cohort studies and case-control studies included eight
domains. And the details and scales of evaluation can be available
in reference (30, 35). The Agency for Healthcare Research and
Quality (AHRQ) recommended using 11 terms to assess the risk
of bias of cross-sectional studies (https://www.ahrq.gov/). The
details of the assessment method are available in reference (36).

Statistical Analysis
We used Stata 14.0 to perform the meta-analysis. Aiming to
clearly research the relationship between noise exposure and
dementia, we conducted a dose-response analysis between the
dose of noise exposure and the risk of dementia (37–39). Lden is
an annual long-term average A-weighted equivalent continuous
noise level integrating compound metrics (40, 41). Given that
the retained studies used different noise assessment methods to
evaluate the exposure quantitatively, we converted the different
noise metrics into the most commonly used method (Lden)
(15, 16). The detailed conversion methods were available in
the study raised by Brink et al. (40). The median dose of the

category groups was considered the corresponding dose. When
the boundary of the category was open, the median dose of this
category was set at the lower boundary multiplied by 1.5 in the
highest category, and the dose was set as zero in the lowest
category (38). A one stage robust error meta-regression method
(REMR) was utilized to analysis the dose-response associations.
In this study, restricted cubic spline (RCS) with three knots
was applied to model potentially nonlinear associations, and
centering was done to eliminate the effects of inconsistency in
reference group by subtracting the reference dose from the non-
reference dose for each reported non-reference effect (42). R2

was used to measure the overall fit of the regression equation,
and slope equality test was applied to test for nonlinear trends
(42–45). Subgroup analysis was performed by different categories
of dementia. Publication bias and sensitivity analysis were not
performed on analyses with<10 studies due to the low sensitivity
of qualitative and quantitative tests.

RESULTS

Search Results and Study Characteristics
The study search and selection process is shown in Figure 1.
From the three databases, we identified 4,828 publications after
removing duplications. After title and abstract retrieval, 41
studies were included in the full text screening. Of the potentially
eligible publications after full text screening, we excluded 18
studies because they were just reviews or systematic reviews; 6
studies because the exposure was not noise; and six studies had
no outcomes of interest. Finally, 11 studies (21, 41, 46–53) were
eligible for qualitative synthesis, and nine studies (21, 41, 46, 47,
49, 51–53) were eligible for quantitative data synthesis.

The baseline information of the included studies is shown
in Table 1. The risk estimate between noise exposure and
dementia outcomes from each reviewed study is attached in
the Supplementary Material. Among the 11 eligible studies, five
studies were from North America, including two studies from
Canada and three from the USA. The other five studies were
from Western/Northern Europe (Sweden, Germany, The UK,
Danmark and Spain). Eight studies were cohort studies (21, 46,
47, 49, 50, 52, 53), two were cross-sectional studies (48, 51)
and one (41) included cohort studies and case-control studies.
The noise sources in the 11 studies included traffic noise and
community noise. Most of the studies used Lden, Lnihgt or Leq
indicators to describe noisemagnitude. The studies used different
outcomes to describe cognitive impairment, including dementia,
vascular dementia (VaD), Alzheimer’s disease, mild cognitive
impairment (MCI) and non-Alzheimer’s dementia (NAD). In the
included studies, two studies were based on the same first author
and study population (53), in which the data were extracted. In
addition, some studies reported multiple different indicators in
one study, and we also extracted all the data severely.

Risk of Bias Assessment
With regard to different types of studies, we used different
assessment methods to evaluate the risk of bias. The quality
scores are presented in Table 1, and evaluation details are
provided in the Supplementary Material. All the included
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TABLE 1 | Characteristics of the included studies.

First

author, year

Country/

Region

Study design Total sample/

Analysis

sample

Sex (male/

female)

Age (range/

mean)

Follow-up

time

(years)

Noise

type

Noise

assessment

Noise

value (dB)

Types of

dementia

Outcome

assessment

Quality

assessment

(NOS/AHRQ)*

Andersson et al.

(21)

Umeå, Sweden cohort study 1721/1721 985/736 55–85/68.5 ±

9.4

7 traffic noise Umeå Municipality

Noise

Survey/Leq.24 h

<55; ≥ 55 dementia NINCDS–ADRDAa 7

Tyas et al. (50) Manitoba,

Canada

cohort study 1355/694 261/433 65–93/74.0 ±

5.8

5 community

noise

scale NA AD NINCDS–ADRDA 7

Weuve et al. (52) Chicago, USA cohort study 7909/5227 1986/3241 NA/73.7 ± 6.9 4.1 community

noise

universal kriging

model developed

for the Chicago

area/Leq

10:00–16:00

range 51.1–78.2 AD; MCI NINCDS–ADRDA 8

Yuchi et al. (41) Metro

Vancouver,

Canada

case–control

study

13498/13498 NA 45–84/NA 5 community

noise

Lden case range

33.0–86.5; control

range 4.4–92.4

AD hospital records 7

cohort study 633949/

633949

300197/

333752

45–83/NA Lden case range

44.5–77.2; control

range 32.2–85.8

NAD hospital records 9

Fuks et al. (49) North Rhine–

Westphalia,

Germany

cohort study 834/288 0/288 67–80/74.5±

2.2

25 community

noise

Lden mean 55.9 ± 7.7 MCI CERAD

Neuropsychological

Assessment Batteryb

7

Lnight mean 47.2 ± 7.4 MCI CERAD

Neuropsychological

Assessment Battery

traffic noise ICBEN Daytime NA MCI CERAD

Neuropsychological

Assessment Battery

ICBEN Night NA MCI CERAD

Neuropsychological

Assessment Battery

Yu et al. (53) California

Sacramento

Valley, USA

cohort study 1789/1612 680/932 >60/70.2 ±6.8 6.5 traffic noise Leq; 24-h

Noise/Nighttime

Noise

mean Lden=68.5

± 8.9 Lnight=60.4

± 8.9

MCI 3 MSE/SEVLTc 7

Yu et al. (53) California

Sacramento

Valley, USA

cohort study 1789/1612 680/932 >60/70.2 ±6.8 6.5 traffic noise Leq; 24-h Noise mean Lden=68.5

± 8.9

MCI 3 MSE/SEVLT 7

Tzivian et al. (51) Ruhr,

Germany

cross–sectional

study

4157/2050 1007/1043 NA/64.1 ± 7.7 NA traffic noise Lden; Lnight mean Lden=53.74

± 9.49

Lnight=44.88 ±

9.17

MCI International Working

Group on MCI criteria

10

(Continued)
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cohort studies and case-control studies showed high quality
scores. One cross-sectional study was rated as high quality (51),
and the other was rated as moderate quality (48).

Dose-Response Meta-Analysis
A total of nine studies (21, 41, 46, 47, 49, 51–53) were included in
the dose-response meta-analysis, which contained a population
of 2,728,317. Heterogeneity analysis results showed that there
was heterogeneity among the studies (I2 = 78.7%, P < 0.001).
The noise range of the studies we analyzed was from 22.5 dB
to 100.3 dB. From the dose-response analysis of all studies
(Figure 2A), we found a positive linear association between the
noise increment and dementia risk (R2 = 0.58, slope test: F=
1.53, P= 0.223). When noise exposure increased 57 dB, the RR
of dementia was 1.47 (95% CI: 1.21–1.78). Seven cohort studies
including 2,078,820 participants reported chronic noise exposure
and the risk of dementia (21, 46, 47, 49, 52, 53). Heterogeneity
analysis results showed that there was heterogeneity among
the studies (I2 = 50.0%, P < 0.001). When only these cohort
studies were included (Figure 2B), we also found a non-linear
association between noise increment and the risk of dementia
(R2 = 0.58, slope test: F = 39.38, P < 0.001). When noise
exposure increased by 25 dB, the RR of dementia was 1.16 (95%
CI: 1.12–1.20).

Subgroup Analysis
Five studies (21, 41, 46, 47, 52) reported noise exposure and the
risk of AD (I2 = 78.1%, P < 0.001). The outcome showed a
nonlinear positive correlation (R2 = 0.68, slope test: F = 5.11,
P = 0.047). When the noise increment was within 10 dB, as the
noise increased, the relative risk of AD rose steeply (Figure 3A).
In contrast, the curve rises slowly in the range of more than 10
dB. When noise exposure increased by 25 dB, the RR was 1.18
(95% CI: 1.14–1.23).

From the outcome subgroup analysis of AD and dementia,
we discovered a nonlinear positive association (R2 = 0.67, slope
test: F = 4.90, P = 0.049). Five studies (21, 41, 46, 47, 52)
were included in this subgroup (I2 = 75.0%, P < 0.001). The
characteristics of the dose-response analysis were similar to those
of the AD subgroup (Figure 3B). When noise exposure increased
by 25 dB, the RR was 1.19 (95% CI: 1.14–1.23). Regarding the
subgroup analysis of VaD and NAD, four studies (21, 41, 46, 47)
were included (I2=68.5%, P<0.001). The dose-response analysis
presented a nonlinear correlation (R2 = 0.58, slope test: F = 0.21,
P = 0.660), with a 25 dB noise increment RR of 1.17 (95% CI:
1.06-1.30) (Figure 3C).

We also conducted a subgroup analysis of the cohort studies.
Four cohort studies (21, 46, 47, 52) were included in the AD
subgroup (I2=67.1%, P < 0.01). The dose-response analysis
showed a nonlinear association (R2= 0.74, slope test: F=19.72,
P=0.004) (Figure 3D). When noise increased by 25 dB, the RR
was 1.17 (95% CI: 1.12–1.21). In the four cohort studies (21, 46,
47, 52) of the subgroup of AD and dementia (I2 = 63.0%, P <

0.01), the dose–response analysis showed a nonlinear association
(R2 = 0.71, slope test: F = 13.69, P = 0.008) (Figure 3E).
When noise increased by 25 dB, the RR was 1.17 (95% CI:
1.12–1.22). Three cohort studies (21, 46, 47) were included in
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the subgroup of VaD and NAD (I2 = 8.9%, P = 0.35). There
was also a nonlinear association between noise exposure and
outcomes (R2= 0.43, slope test: F= 39.48, P= 0.008) (Figure 3F).
When noise exposure increased by 25 dB, the RR was 1.13 (95%
CI: 0.99–1.28).

The above three subgroups of cohort studies presented similar
dose response analysis characteristics. When the noise exposure
increment was under 15 dB, the RR increased steeply as the noise
increased. The curve began to level off in the range of more than
15 dB.

Sensitivity Analysis and Publication Bias
Considering that there were fewer than 10 eligible studies,
sensitivity analysis and Begg’s and Egger’s tests for publication
bias were not used for the meta-analysis due to the low efficiency
of qualitative and quantitative tests.

DISCUSSION

From the meta-analysis of the nine observational studies,
we found a significant positive association between the noise
exposure increment and the risk of dementia, which was identical
to previous experimental studies. For the subgroup analysis, the
groups were divided based on the different subtypes of dementia
to explore the source of heterogeneity. The AD group, the AD
and dementia group, and the VaD and NAD group showed
similar positive associations between noise exposure and the risk
of outcomes. The subgroup analysis of cohort studies presented
similar dose-response analysis characteristics. When the noise
exposure increment was under 15 dB, the RR increased steeply
as the noise increased.

In this study, we used REMR method to conduct the dose-
response meta-analysis. The REMR method is a special case of
the one-stage generalized least-squares trend (GLST) approach,
which may have better error estimation and a better visual fit to
the data than GLST model (42). The execution of the model need
not extract the covariation from the data. It has been reported
that the model can be an alternative method for the synthesis of
dose-response data from different studies when there is lack of
independence in estimates from the same study (42, 45).

From our study, we found associations between noise
exposure and the risk of dementia. Few large cohort studies
have focused on this field, and no high-quality evidence (meta-
analysis) has been conducted in the past. To the extent of
our knowledge, two systematic reviews have focused on noise
exposure and cognitive impairment (14, 28). The two studies
were supported by theWHO and delivered as part of the evidence
that made up the Environmental Noise Guidelines for the
European Region. One of them evaluated the quality of evidence
on the effect of environmental noise on cognition, which was
based on the population of children (14). Thirty-four eligible
studies were included, and most of them were cross-sectional
studies. The study found that aircraft noise was associated with
poorer long-term memory, reading and oral comprehension
in children, with moderate quality of evidence. The study
indicated that the lack of evidence from longitudinal and
intervention studies was the key limitation of the available study

(14). Another study reviewed the associations of environmental
noise with mental health, including cognition, dementia and
other neurodegenerative outcomes (28). Similar to the study
above, the evidence was strong enough to estimate the effects
of environmental noise on children’s reading comprehension,
but the effects on dementia and neurodegenerative results still
lacked evidence.

Apart from noise, other environmental factors were
concerned with influencing cognitive function. The Lancet
Commission published a report about dementia prevention,
intervention and care in 2020, in which air pollution was
considered a potential risk factor for dementia (54). A systematic
review in 2019 similarly pointed toward an association
between exposure to pollutants and increased risk of dementia,
particularly for PM2.5 and NOx (55). Similar to noise, Aβ

deposition is considered a potential mechanism of the effect
of air pollution on dementia. Some publications have explored
the association between air pollution and cognitive function
(21, 41, 47, 48, 51). Although most of the studies adjusted the
outcome risk factors for air pollution or conducted sensitivity
analyses, the results of air pollution and noise may still have
cross influence. Furthermore, Tzivian et al. (51) mentioned that
the results of noise adjusted by air pollution were more robust
than air pollution adjusted by noise. They also concluded that air
pollution and traffic noise may synergistically influence cognitive
function in adults in another analysis (56). Few studies have
focused on the association effect between air pollution and noise.
Whether the effect was enhanced or weakened still needs further
research wshen air pollution and noise act on cognitive function
at the same time.

Nevertheless, some studies have concluded that there was no
significant association between noise exposure and dementia risk.
Andersson et al. (21) suggested that road traffic noise would not
cause dementia and that the effect may be mainly influenced
by air pollution exposure. Similar results were found in another
study (41). However, both studies considered the effect of air
pollution as combined exposure on the outcome. Given that there
were great differences in environmental factors and noise values,
future studies should be conducted that consider the potential
joint effects of multiple environmental exposures.

Although population-based ecological studies or
observational studies are limited, some scholars still explore
the mechanism of the effect of noise based on animal or
cytological experiments. Noise exposure can influence brain
structure directly and then damage cognitive function. A study
conducted in 1998 reported that exposure to noise stress could
significantly damage the cognitive function of the prefrontal
cortex by conducting primate experiments (57). In addition,
the experiment also suggested that the molecular mechanism
of impairment may be associated with a hyperdopaminergic
mechanism (57). Similarly, some experimental studies have
explored the influence of noise stress and brain structures,
indicating that chronic traffic noise can reduce the brain volume
in the prefrontal cortex and lead to thickness in the hippocampus
and amygdala area, which may activate stress reactions to
increase the release of dopamine (58–61). Furthermore, studies
have reported that long-term railway noise exposure may damage
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FIGURE 2 | Dose-response meta-analysis between noise exposure and risk of all kinds of dementia. The horizontal axis represents the noise increment, and the

vertical axis represents the relative risk of noise increase to dementia. The two dashed lines represent the upper and lower limits of the 95% confidence interval for

relative risk. (A) dose-response analysis of all studies. (B) dose-response analysis of cohort studies.

FIGURE 3 | Dose-response meta-analysis between noise exposure and risk of different types of dementia. The horizontal axis represents the noise increment, and the

vertical axis represents the relative risk of noise increase to dementia. The two dashed lines represent the upper and lower limits of the 95% confidence interval for

relative risk. (A) dose-response analysis of noise increment and AD risk in all studies. (B) dose-response analysis of noise increment and risk of AD and dementia in all

studies. (C) dose-response analysis of noise increment and risk of VaD and NAD in all studies. (D) dose-response analysis of noise increment and AD risk in cohort

studies. (E) dose-response analysis of noise increment and risk of AD and dementia in cohort. (F) dose-response analysis of noise increment and risk of VaD and NAD

in cohort studies.

learning and memory function in the temporal lobe (62, 63).
We noticed that several studies mentioned the dopamine release
mechanism, indicating that it may be a pathway of the cause
of dementia.

Moreover, noise exposure may damage cognitive function
via the neuroendocrine pathway. More studies have indicated
that noise can activate the hypothalamic–pituitary–adrenal axis
(HPA), thus increasing the secretion of adrenocorticotropic

Frontiers in Public Health | www.frontiersin.org 8 June 2022 | Volume 10 | Article 832881326327

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Meng et al. Noise Exposure and Dementia

hormone, corticosterone and the catecholamine hormone
system to affect learning and memory function (24, 64–
66). Disorders of the neuroendocrine pathway can result in
anxiety-like behavior, learning and memory impairment, and
balance dysfunction (59). Aβ peptide deposition and tau protein
hyperphosphorylation are considered possible pathological
mechanisms of AD (5). Some evidence has also reported that
chronic noise exposure may aggravate the deposition of Aβ and
tau protein hyperphosphorylation, which might be regulated
by the HPA axis (65, 67, 68). Furthermore, glucocorticoids
and corticosterone regulated by the HPA axis may affect the
oxidative stress response, in turn causing changes in Aβ and tau
protein (59, 69).

A number of studies reported similar findings based on their
experiments, which lays the foundation for population-based
studies in the future. In general, based on previous studies,
the mechanism of noise exposure and cognitive impairment is
considered to be associated with changes in brain structure, stress
reactions, the HPA axis and neuroendocrine factors. As the key
link of possible pathways, the HPA axis has been related to
other pathways, suggesting that there may be a close connection
between several mechanisms.

This study has some limitations. First, although we searched
the main common databases more comprehensively, the
included studies still lacked quantity, so the number of studies we
contained was limited. Second, from the baseline characteristics
of the included studies, we found that the noise assessment
methods, noise exposure types or outcome assessment methods
were different from each other, which may increase the sources
of heterogeneity. Limited by the number of included studies,
we could not perform further analysis. Third, we included
case-control studies and cross-sectional studies, which is not
a relatively robust study design to explain the relationship.
Compared with cohort studies, case-control studies and cross-
sectional studies may likely have recall bias and selection
bias, which influence the accuracy of the results. Also we
have not investigated the potential sources of heterogeneity
formally. However, this is the first quantitative analysis of the
relationship between noise exposure and the risk of dementia,
providing quantitative evidence for the etiology of dementia.

Dose-response meta-analysis further elucidated the relationship
of the increment of noise exposure and dementia, which provides
accurate data for the prevention and treatment of dementia in
the future.

CONCLUSION

In conclusion, we found a significant association between noise
exposure and the risk of dementia. Based on the current
evidence, exposure to noise may be a specific risk factor for
dementia. Since current studies mainly focus on community
noise and traffic noise, more high-quality longitudinal studies
should pay attention to other noise sources, such as occupational
noise exposure and risk of dementia. In addition, to better
prevent dementia, rigorously designed animal experiments are
also needed to explore the etiological mechanism of noise
and dementia.
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Magdalena S. Bögl 1, Gerhard Ruzicka 1, Sophie Gupta 1, Martin Lutnik 1,
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Aims: To evaluate the performance of the ABC (Age, Biomarkers, Clinical history) and

CHA2DS2-VASc stroke scores under real-world conditions in an emergency setting.

Methods and Results: The performance of the biomarker-based ABC-stroke score

and the clinical variable-based CHA2DS2-VASc score for stroke risk assessment were

prospectively evaluated in a consecutive series of 2,108 patients with acute symptomatic

atrial fibrillation at a tertiary care emergency department. Performance was assessed

according to methods for the development and validation of clinical prediction models

by Steyerberg et al. and the Transparent Reporting of a Multivariable Prediction Model

for Individual Prognosis or Diagnosis. During a cumulative observation period of 3,686

person-years, the stroke incidence rate was 1.66 per 100 person-years. Overall, the

ABC-stroke and CHA2DS2-VASc scores revealed respective c-indices of 0.64 and 0.55

for stroke prediction. Risk-class hazard ratios comparing moderate to low and high to

low were 3.51 and 2.56 for the ABC-stroke score and 1.10 and 1.62 for the CHA2DS2-

VASc score. The ABC-stroke score also provided improved risk stratification in patients

with moderate stroke risk according to the CHA2DS2-VASc score, who lack clear

recommendations regarding anticoagulation therapy (HR: 4.35, P = 0.001). Decision

curve analysis indicated a superior net clinical benefit of using the ABC-stroke score.

Conclusion: In a large, real-world cohort of patients with acute atrial fibrillation

in the emergency department, the ABC-stroke score was superior to the

guideline-recommended CHA2DS2-VASc score at predicting stroke risk and refined risk

stratification of patients labeled moderate risk by the CHA2DS2-VASc score, potentially

easing treatment decision-making.
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INTRODUCTION

The more than 13 million strokes that occur worldwide each
year drive constant efforts to optimize patient management (1,
2). Up to one-third of incident ischemic strokes are cardio-
thromboembolic in source and associated with atrial fibrillation
(AF) (2, 3). Adequate long-term management of AF needs to be
initiated early, preferably during the patient‘s initial presentation
to the emergency department (2, 4).

Risk stratification schemes for AF patients have been
continuously improving over recent years (5–7). Routine
clinical risk assessment is widely based on the CHA2DS2-VASc
score. While the CHA2DS2-VASc score uses clinical variables,
the more-recent ABC (Age, Biomarkers, Clinical history)-
stroke score incorporates age and clinical history of previous
stroke/transient ischemic attack with two cardiac biomarkers:
high sensitivity cardiac troponin T (hs-cTnT) and the pro-B-type
natriuretic peptide N-terminal fragment (NT-proBNP) (8–11).

Risk prediction based on the ABC-stroke score appears
superior to that obtained with the CHA2DS2-VASc score (6,
12). However, clinical presentation and medical history of
patients with AF can vary greatly, which strongly impacts
relevant biomarkers. Therefore, a detailed characterization of
score performance at the subgroup level is essential. In the
emergency setting, no optimal score for stroke prediction in
patients with AF has yet been defined (13, 14). The current
study evaluated the performance of the biomarker-based ABC-
stroke score and the clinical variable-based CHA2DS2-VASc
score, which is recommended by current guidelines, in patients
with acute symptomatic AF in the emergency department.

METHODS

Ethical Approval
This study, which was conducted in accordance with ICH-
GCP guidelines and the Declaration of Helsinki, was approved
by the Ethics Committee of the Medical University of Vienna
(1568/2014); Patients gave written consent before participation.
The study was registered at clinicaltrials.gov (NCT03272620).

Emergency Department Cohort
This study included a consecutive series of patients with
acute, symptomatic, hemodynamically stable, first-detected, or
recurrent nonpermanent AF who presented to the emergency
department of the Medical University of Vienna, a tertiary care
academic institution, from 2011 to 2018. Only patients with
acute symptoms strongly suggestive of tachyarrhythmia, such
as palpitations, whose 12-lead ECG confirmed the presence
of AF were eligible. Data were prospectively collected within
the framework of a local, standardized AF registry that was
previously described (13). Patients with permanent AF (n =

139) and cases of hemodynamic instability in which AF occurred
as an epiphenomenon of the underlying disease (n = 87)
were not included in the registry. Prospective enrolment into
the registry required that the patient’s AF be confirmed by
a 12-channel ECG and that they provided informed consent.
Demographic data, comorbidities, medication intake, previous

electrical cardioversion attempts, CHA2DS2-VASc score, blood
gas analysis, laboratory results, vital signs (heart rate, blood
pressure, and oxygen saturation), symptoms and time of onset,
and previous treatments were recorded. Treatment strategies for
acute control of rate and rhythm were based on the European
Society of Cardiology guidelines and considered the patient’s left
ventricular function, hemodynamics, medication intake (such as
anticoagulants), and comorbidities (2, 4).

Laboratory Values and Measurements
Serum NT-proBNP and hs-cTnT assays were processed on
a Cobas E602 Module Console (ECLIA, Roche Diagnostics
GmbH, Mannheim, Germany) with coefficients of variation and
reference ranges of 5.7% and 0–14 ng/L for hs-cTnT and 3.7%
and 0–125 pg/mL for NT-proBNP. The limit of blank was 3
ng/L for hs-cTnT. The limits of detection were 5 ng/L for hs-
cTnT and 5 pg/mL for NT-proBNP (according to CLSI EP17-A
guidelines) (13).

Cohorts Used to Derive the ABC-Stroke
and CHA2DS2-VASc Scores
A comprehensive report on the development of the ABC-stroke
score based on the ARISTOTLE trial has recently been published
(8). Briefly, 18,201 patients with AF at risk of stroke were
randomized to receive oral anticoagulation with either warfarin
or apixaban. The 14,701 patients with available biomarkers for
ABC-stroke score derivation were followed for a median time of
1.9 years. The development, validation, and performance of the
CHA2DS2-VASc score has been described in detail previously (5).

Outcome
The outcome was defined following the International
Classification of Diseases (ICD), 10th Revision, German
Modification (2020) and assessed in a total of 2,108 patients
that were not censured for treatment or medical history. The
outcome was ischemic stroke (I63.-) and included patients
with haemorrhagic transformation (I.69.3) but not primary
intracerebral hemorrhage (I61.-). In addition, trained study
fellows used a structured telephone interview with the patient or,
in cases of death or communication difficulties, the next of kin
to complete a standardized follow-up questionnaire developed
at our institution to systematically assess the outcome. The
observation period ended on either the last date of follow up or
the date of death.

Statistical Methods
We present categorized data as absolute counts and relative
frequency, and continuous data as median and 25–75%
interquartile range (IQR). The 1-year risk of stroke was
calculated for each patient using both the ABC-stroke score
and the CHA2DS2-VASc score, irrespective of stroke history
or whether or not the patient was on anticoagulation therapy.
The discriminatory capabilities of the scores were evaluated
using Harrel’s c-indices (15), Kaplan-Meier curves, and hazard
ratios. These were applied to predefined risk classes with 0–
1%, 1–2%, or >2% risk of stroke within 1 year. The predictive
capabilities of the ABC-stroke score and CHA2DS2-VASc risk
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TABLE 1 | Demographics and baseline characteristics of study patients by CHA2DS2-VASc risk classes.

Total Treatment recommendation based on CHA2DS2-VASc

No To be considered

non-sex CHA2DS2-VASc

Yes

<1 1 >1

n = 2,108 Available* (n) n = 219 Available* (n) n = 437 Available* (n) n = 1,452 Available* (n)

General characteristics

Age, years (IQR) 68 (59–76) 51 (37–58) 62 (53–68) 73 (66–80)

Female sex, n (%) 911 (43) 87 (40) 163 (37) 661 (46)

Comorbidities

Heart failure, n (%) 369 (17.5) 4 (1.8) 59 (13.5) 306 (21.1)

Hypertension, n (%) 1,236 (58.6) 0 (0.0) 200 (45.8) 1,036 (71.3)

Diabetes mellitus, n (%) 344 (16.3) 0 (0.0) 12 (2.7) 332 (22.9)

Prior stroke, n (%) 123 (5.8) 0 (0.0) 0 (0.0) 123 (8.5)

Coronary artery disease, n (%) 383 (18.2) 0 (0.0) 26 (5.9) 357 (24.6)

Prior myocardial infarction, n (%) 195 (9.3) 0 (0.0) 7 (1.6) 188 (12.9)

Peripheral artery disease, n (%) 93 (4.4) 0 (0.0) 3 (0.7) 90 (6.2)

AF history

First AF episode, n (%) 29 (1.4) 1 (0.0) 8 (0.4) 20 (0.9)

Heart rate, bpm (IQR) 131 (110–150) 1,097 135 (108–159) 148 134 (119–151) 208 129 (108–147) 714

Duration of AF symptoms, h (IQR) 6 (2–20) 846 4 (1–10) 121 6 (2–18) 190 7 (3–24) 535

Laboratory

NT-proBNP, pg/ml (IQR) 636 (150–2,153) 2,108 244 (64–782) 219 465 (133–1,588) 437 932 (192–2,433) 1,452

hs-Troponin T, ng/l (IQR) 12 (5–23) 2,108 7 (3–13) 219 8 (4–16) 437 13 (6–28) 1,452

Stroke risk scores

CHA2DS2-VASc (IQR) 3 (1–4) 1,984 0 (0–0) 219 1 (1–2) 437 3 (3–4) 1,328

ABC-stroke risk, 1-year (IQR) 0.9 (0.5–1.5) 2,018 0.5 (0.3–0.8) 219 0.7 (0.5–1.2) 437 1.1 (0.6–1.7) 1,452

Outcome

Stroke, n (%) 61 (3.0) 1 (1.4) 14 (4.7) 46 (3.2)

Time to event, months (IQR) 12.1 (3.5–32.2) 22.1 (1.0–33.8) 14.2 (3.9–24.4) 12.4 (2.8–32.2)

AF, atrial fibrillation; hs-Troponin T, high-sensitivity Troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide. *The number of patients for whom the variable was available.

TABLE 2 | Stroke incidence rates and hazard ratios for the ABC and CHA2DS2-VASc stroke risk classes.

Incidence rates and hazard ratios N Events Incidence rate◦ Hazard ratio p

ABC-stroke score

Low risk (<1%) 1,135 16 0.79 (0.49–1.30) 1.00 Ref

Medium risk (1–2%) 731 37 2.87 (2.08–3.96) 3.51 (1.95–6.31) <0.001

High risk (>2%) 242 8 2.12 (1.06–4.23) 2.56 (1.10–5.98) <0.030

CHA2DS2VASc

Low risk (<1%*) 504 10 1.21 (0.70–2.24) 1.00 Ref

Medium Risk (1–2%**) 409 10 1.29 (0.70–2.40) 1.10 (0.46–2.64) <0.832

High risk (>2%***) 1,195 41 1.97 (1.45–2.68) 1.62 (0.81–3.24) <0.170

*CHA2DS2-VASc ≤ 1.

**CHA2DS2-VASc = 2.

***CHA2DS2-VASc > 2 according to Oldgren et al. (6).
◦Per 100 person years.

score were then compared (5, 6, 16). C-indices were compared
utilizing 1,000-fold bootstraps.We performed sensitivity analyses
taking into account anticoagulation status, history of ischemic
stroke, the presence of acute heart failure and acute coronary
syndrome. The net clinical benefits of the ABC-stroke score and

the CHA2DS2-VASc score were determined with a decision curve
analysis (17). In this context, net clinical benefit was defined
as the relationship between the benefit of treating those who
need treatment and the harm of treating those who do not need
treatment. Decision curve analysis allows the evaluation of net
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TABLE 3 | C-indices for the ABC-stroke and CHA2DS2-VASc scores.

C-indices N Events Harrell’s C

ABC-stroke score

All patients with acute AF 2,108 61 0.64 (0.57–0.70)

Consider anticoagulation* 437 14 0.66 (0.51–0.80)

CHA2DS2VASc

All patients with acute AF 2,108 61 0.55 (0.49–0.60)

C-indices with 95% confidence intervals in parentheses for the ABC-stroke and CHA2DS2-VASc scores in the total cohort (n = 2,108) and in patients classified as “consider

anticoagulation” according to ESC guidelines (n = 437) (2, 4).

*Non-sex CHA2DS2-VASc = 1.

clinical benefit of a prognostic tool over a range of threshold
probabilities of having a positive outcome. Net clinical benefit is

calculated as
true positives

n −
false positives

n ∗ (
pt

1− pt ), where n is the

total number of patients, and pt is the threshold probability of
having a positive outcome. True and false positives are calculated
using pt as the cut-off point for determining a positive or
negative result. By calculating and plotting the net benefit for
all reasonable thresholds, the decision curve is then determined,
allowing comparison of several predictive models. The model
with the highest net benefit for a given threshold is assumed
to be the preferred one. This is shown in a coordinate system
with possible thresholds for stroke risk on the x-axis and the
net benefit per patient on the y-axis. In addition, the predictive
capabilities of the ABC-stroke score, discriminatory power, and
net clinical benefit, were assessed across CHA2DS2-VASc risk
classes. The analyses were conducted in accordance with the
recommendations on the derivation and validation of prediction
models proposed by Steyerberg et al. (1). Reporting followed
the Transparent Reporting of Multivariable Prediction Model
for Individual Prognosis or Diagnosis (TRIPOD) statement
(18). Missing data were included as separate categories for
each variable as appropriate. Stata/BE 17.0 for Mac (StataCorp,
College Station, TX 77845, USA) was used for data analysis.
Generally, a two-sided P-value < 0.05 was considered to be
statistically significant.

RESULTS

Demographics and Patient Characteristics
A consecutive series of 2,108 patients with acute symptomatic
AF were included in the study. Patient characteristics are shown
in Table 1. The median age was 68 years (IQR 59–76), 911
patients (43%) were female. The median time from onset of
arrhythmia-related symptoms to presentation was 6 h (IQR 2–
20). Of the 2,108 included patients, 733 patients (34.7%) were on
anticoagulation therapy at presentation, and 1,344 (63.8%) were
on anticoagulants at the time of discharge or transfer from the
emergency department (Supplementary Table 1). Within this
cohort, 123 patients (5.8%) had a history of ischemic stroke.

Outcome
Ischemic stroke occurred in 61 patients during the median
follow-up period of 23 months (IQR: 12–39). Incidence rates
of strokes per 100 person-years according to ABC-stroke score

FIGURE 1 | Kaplan-Meier estimated event rate for patients labeled as

moderate risk by the CHA2DS2-VASc score stratified by ABC-stroke risk

classes (≥1 vs. <1% risk of stroke per 1 year).

and CHA2DS2-VASc score risk classes are presented in Table 2

and corresponded to an overall incidence rate of 1.66 per
100 person-years.

Performance Evaluation
The hazard ratios for the ABC-stroke score and CHA2DS2-
VASc score are presented in Table 2. Cumulative event rates
and c-indices for both scores are shown in Table 3. Overall,
the ABC-stroke score had a c-index for stroke prediction of
0.64, and the CHA2DS2-VASc score had a c-index of 0.55. In
patients with moderate stroke risk according to the CHA2DS2-
VASc score, the ABC-stroke score provided improved risk
stratification (hazard ratio: 4.35, P = 0.001). Results from
sensitivity analyses in important clinical subgroups are available
in Supplementary Table 2. The ABC-stroke score performed
consistently in important subgroups, such as the anticoagulation
status at discharge, the presence of acute heart failure, and in
patients without acute coronary syndromes.

Decision Curve Analysis
The decision curve analyses showed a net benefit for using either
scoring system. The benefit of using the ABC-stroke score was
superior to that of the CHA2DS2-VASc score over the 1–5%
decision threshold range and was most prominent in patients
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FIGURE 2 | Decision curve analysis for the ABC-stroke score. Net benefit

(y-axis) reflects whether basing ischemic stroke risk prediction on the

ABC-stroke score provides greater benefit than harm. The unit of net benefit is

true positives (ischemic strokes) per patients. A net benefit of 0.01 means that

using the ABC-stroke score increases the number of correctly predicted

ischemic strokes by 1 out of 100 target patients, without changing the number

of false-positive stroke predictions. Threshold probability (x-axis) refers to the

cut-offs of predicted ischemic stroke risk used to decide treatment (19, 20).

labeled moderate risk by the CHA2DS2-VASc score, for whom
anticoagulation may be considered (Figures 1, 2).

The Kaplan-Meier estimated event rate stratified
by CHA2DS2-VASc risk classes are shown in the
Supplementary Figure 1.

DISCUSSION

We evaluated the performance of the biomarker-based ABC-
stroke score compared to the widely used clinical variables-based
CHA2DS2-VASc score in a large series of patients admitted to the
Medical University of Vienna Emergency Department with acute
symptomatic AF. The ABC-stroke score predicted stroke better
than the CHA2DS2-VASc score.

Because of their overall high stroke rates, it is important
that patients with AF receive adequate anticoagulation treatment
whenever indicated (2, 4, 21, 22). Thus, published guidelines
recommend the use of prediction tools to guide appropriate
treatment (2). While the clinical CHA2DS2-VASc score is
recommended for daily practice, biomarker-driven scores are
gaining in importance (2, 6, 8–10).

The ABC-stroke score has been validated, and its superiority
over other prediction models has been shown in several patient
cohorts (6, 8, 12, 23, 24). Its discriminative ability is based on
four variables: age, the history of previous stroke or transient
ischemic attack, and two cardiac biomarkers (hs-cTnT and NT-
proBNP) (8). While the ubiquitous availability of the two cardiac
biomarkers represents an advantage, their sensitivity to various
modifying factors should be kept in mind (6, 13, 14). Both
biomarkers included in the ABC-stroke score may be affected by
myocardial oxygen demand, which is altered by heart rate and
tachyarrhythmia severity (11, 14, 25). Since the ABC-stroke score
was developed in clinically stable patients with AF treated with

oral anticoagulation and enrolled in a randomized controlled
trial, its usefulness in an unselected “real-world” cohort of
patients presenting with acute AF to an emergency department
has not yet been determined.

To our knowledge, the current study is the first to show
that the ABC-stroke score performs well in a relatively
large and diverse emergency cohort. This present study
cohort had a wide spectrum of comorbidities and included
patients with significantly altered vital parameters, such as
ongoing tachyarrhythmia with median heart rates of 128
bpm at baseline (IQR: 110–131) (13, 26). Despite such
conditions potentially influencing the cardiac biomarkers
in the ABC-stroke score, it outperformed the guideline-
recommended CHA2DS2-VASc score that is based solely on
categorical variables (6). The wide inclusion criteria in the
study also permitted clinically important subanalyses. The ABC-
stroke score performed consistently in important subgroups,
irrespective of anticoagulation status and heart failure. However,
the ABC-stroke score performed less well in patients with
concomitant acute coronary syndrome. However, this is expected
because such a condition substantially alters cardiac troponin
levels. Therefore, acute coronary syndrome should be ruled out
before stroke risk stratification. The ABC-stroke score yielded
a higher stroke risk in moderate-risk patients than high-risk
patients. This was most likely due to a lower proportion of
patients in the moderate-risk group taking oral anticoagulants
(27). Nevertheless, decision curve analysis indicated superior
treatment decision-making with the ABC-stroke score compared
to the CHA2DS2-VASc score. Additionally, the ABC-stroke
score improved risk prediction within the subgroup of patients
classified as moderate risk by the CHA2DS2-VASc score. The
ABC-stroke score also more-accurately identified patients at a
low risk of stroke. Given the higher precision of the ABC-stroke
score, its use in this important acute cardiac setting may be
improve treatment decisions (2, 28).

The dynamic nature of the cardiac biomarkers included
in the ABC-stroke score may also be advantageous because
changes in these biomarkers may reflect differences in individual
stroke risk that may be modified by various factors (29, 30).
The latter could be of particular importance since continuous
re-evaluation of both stroke and bleeding risk are key for
assessing the risks and benefits of anticoagulant therapy (2).
However, it should be noted that the benefit-risk ratio of
oral anticoagulation in patients labeled moderate risk by the
CHA2DS2-VASc has not been well studied. In some individuals,
the anticoagulation risks may outweigh the benefits. Therefore,
in acute AF, the decision for long-term anticoagulation
must carefully and simultaneously balance individual stroke
and bleeding risks. Dynamic bleeding risk assessment could
include biomarker-based tools, such tools as the ABC-bleeding
score (31).

The stroke incidence rate was 1.66 per 100 person-years in
this study. This was lower than expected, especially compared
to elderly patients with AF. It is therefore possible that the
improved stroke prediction provided by the ABC-stroke score
could have an even greater impact in elderly populations, who
have a substantially higher risk of adverse events. Despite this
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lower incidence, our study clearly demonstrated that the ABC-
stroke score successfully predicts stroke risk in an emergency
department, particularly in cases where the CHA2DS2-VASc
score provides weak anticoagulation guidance. The ABC-stroke
score may therefore refine risk stratification. Another issue
encountered in routine clinical care is the turnaround time for
biomarker tests. However, these biomarkers are usually routinely
available in emergency departments with turnaround times of 1–
1.5 h and around-the-clock availability. The online availability of
the ABC-stroke score nomogram and its calculator also facilitates
its clinical application (https://www.ucr.uu.se/en/services/abc-
risk-calculators) (6, 8).

Strengths and Limitations
Clear strengths of the present ABC-stroke score validation are
its real-world emergency cohort of patients with AF, the long
combined observation period of 3,686 years, several clinically
relevant subgroups, and sensitivity analyses that included the
ABC-stroke score recalibration based on a recent study of
patients with AF not treated with oral anticoagulation therapy
(27). In addition, this evaluation utilized the principles and
methods for validating and reporting clinical prediction models
described by Steyerberg et al. and the TRIPOD consensus
statement (17, 18). However, a significant limitation of this study
was the lack of information regarding the cause of death in
deceased patients.

Finally, it should be noted that the study does not allow
conclusions to be drawn regarding patients with classic valvular
AF. These patients are only very sparsely represented in our AF
registry and therefore could not be investigated separately in the
present study.

CONCLUSION

In a large series of patients with acute AF treated in the
emergency department, the ABC-stroke score provided superior

stroke prediction over the CHA2DS2-VASc score. It also
improved the risk stratification of patients labeled moderate risk
by the CHA2DS2-VASc score, thereby easing anticoagulation
treatment decision-making.
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Background: Latin dance consists of various fast and stability-challenging

movements that require constant body adjustments to maintain proper

posture and balance. Although human gaits are assumed to be symmetrical,

several factors can contribute to asymmetrical behavior of the lower

extremities in healthy adults. These include lower limb dominance, ground

reaction forces, lower limb muscle power, foot placement angle, and range

of joint motion. Gait impairment can lead to a high risk of falling, diminished

mobility, and even cognition impairment. We hypothesized that Latin dancers

might have a more symmetric gait pattern and better balance ability than

healthy non-dancer controls.

Methods: We investigated the impact of Latin dance training on gait behaviors

and body balance. We recruited twenty Latin dancers and 22 normal healthy

subjects to conduct walking experiments and one-leg stance tests, and we

measured their kinematic data by inertial measurement units. We then defined

four performance indexes to assess gait performance and body stability to

quantify the potential advantages of dance training.

Results: We found that the two gait asymmetric indexes during the walking

test and the two performance indexes during the one-leg stance tests

were better in Latin dancers compared with the healthy control group.

The results confirmed the superiority of Latin dancers over the healthy

control group in gait symmetry and balance stability. Our results suggest

that Latin dancing training could effectively strengthen lower limb muscles

and core muscle groups, thereby improving coordination and enhancing gait

performance and balance.

Conclusion: Latin dance training can benefit gait performance and body

balance. Further studies are needed to investigate the effect of Latin dance

training on gait and balance outcomes in healthy subjects and patients

with gait disorders.
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Introduction

The maintenance of stable movements involves a
complex interaction of the nervous, musculoskeletal, and
cardiorespiratory systems (1). For this reason, gait can be a
sensitive indicator of overall health and functional status, even
in healthy adults without underlying pathological conditions
(2). For example, walking speed has even been recommended
as the “6th vital sign” (3). Gait impairment can lead to a high
risk of falling (4), diminished mobility (5), and even cognition
impairment. More than 30% of people over 65 years of age fall at
least once a year because of loss of balance and muscle weakness
(6). Thus, gait impairment may greatly affect the quality of life,
functional independence, and health status (7). The observation
of gait performance may therefore provide information on
many factors, such as musculoskeletal condition, neurological
status, dynamic balance, and postural control ability (8).

The mode and efficiency of a person’s gait depend on
core and lower limb muscle strength, coordination, and free
joint mobility (9, 10). Accumulating evidence suggests that
exercise interventions, such as muscle strength, endurance,
and balance training, can improve gait performance in healthy
adults, especially in elderly subjects (11). Exercise can also
help to reduce the rate of falls by approximately 25% and
the number of older adults who experience falls by 15%
(6). Dance is an easily accessible exercise that combines
strength and coordination practice and provides high levels of
enjoyment, thereby increasing exercise program adherence (12).
Dance-based exercises can improve balance capability and gait
performance in both young and old subjects (13, 14).

Latin dance is a type of ballroom dancing enjoyed by a
part of the general population for its physical and psychological
benefits. Latin dance consists of a complex dance sequence
involving three-dimensional motions. Technical requirements
include proper body posture, alignment, and rhythm which
require an effort to maintain static and dynamic balance. The
dance movement involves multiple segments of the body, with
continuous alternations between one-leg and double-leg stance
phases, such as hopping, sideways steps, or crossing one foot
behind the other, thus requiring strong postural control. As a
result, dancers become skilled at weight shifts that constantly
challenge their postural control systems to maintain balance.
This complex balance training enhances muscular strength,
endurance, and coordination. It may also be a beneficial activity
for gait stability since Latin dancing movements involve a
complex motion of core muscles and lower limb muscles.
The limited literature that has examined the effects of Latin
dance indicates that Latin dance practice can improve mobility,
strength, balance, and gait stability in older adults (15–17).
However, information regarding the actual quantitative gait
performance and balance ability of Latin dancers is lacking.

Human gait is a symmetrical and rhythmic periodic motion.
A gait cycle typically consists of about 60% stance phase and

40% swing phase, and both legs are usually symmetrical in
healthy persons. Therefore, gait performance can be assessed by
the symmetry of leg movements. Many methods are available
for obtaining gait information. For instance, Knutsson and
Richards (18) applied electromyogram signals to identify muscle
activation patterns. Optical motion capture systems, such as
VZ4000 (19) and VICON (20), used high-speed cameras to
record the positions of the markers attached to subjects.
For example, Wang et al. (21) applied VZ4000 to detect
stroke patients’ motions and automatically repeat the therapists’
interventive rehabilitation. Much research applied force plates
to obtain gait information. For instance, Wong et al. (22)
implemented load sensors to analyze foot contact patterns and
evaluate walking abilities. Daliri (23) and El Maachi et al.
(24) used the ground reaction forces underneath both feet to
detect subjects with Parkinson’s disease (PD). However, the
optical systems and the force plates can be costly, and their
measurements are restricted to particular locations. In addition,
the optical systems need to process markers’ position data into
corresponding velocity and acceleration data. Therefore, Bilro
et al. (25) used wearable optical sensors to monitor their subjects’
gaits. Díaz et al. (26) discussed the use of wearable sensor
technologies in gait analysis and motion research. In the present
paper, we applied inertial measurement units (IMUs) to measure
kinematic data and to evaluate the influences of Latin dance
training on gait behaviors and balance performance.

We recruited Latin dancers and age-matched healthy
subjects as a non-dancer control group to conduct experiments.
During the walking experiments, we attached two IMUs to
these subjects’ limbs to obtain their gait information. We also
conducted the one-leg stance tests and applied an IMU to
the subjects’ waists to measure their body movements. The
recorded IMU data were then used to evaluate the subjects’
gait performance and balance ability. The results showed that
Latin dancers tended to have better gait performance and body
stability compared to the normal control group.

Materials and methods

Experimental design and data
collection

This study was approved by the Institutional Review Board
of Cheng Hsin General Hospital, Taiwan [(876)110-22]. All gait
behaviors and balance performance data were collected from
participants who provided written informed consent.

We recruited 20 Latin dancers from a Latin dance studio
and 22 age-matched healthy subjects as a non-dancer control
group to conduct our experiments. Inclusion criteria of the
dancers were the following: (a) overall good health; (b) between
the ages of 20 and 60 years old; (c) practicing 3–6 days per
week and at least 5 years of experience in Latin dance; (d) no
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limb or leg discrepancy; (e) no history of surgery on the lower
limbs or spine; and (f) no history of musculoskeletal injury over
the lower back in the past 6 months. The non-dancer control
subjects were 22 age- and gender-matched healthy participants,
who had no experience with dance training and were free from
injury (no musculoskeletal injuries or neurological conditions).

The non-dancer control subjects participated in regular exercise
at a frequency of 2 or 3 times a week. Our subjects’ data are
illustrated in Table 1. These subjects took walking and stability
tests, and we measured their kinematic data to compare the
gait performance and body balance between Latin dancers and
non-dancer control subjects. For the walking experiments, we

TABLE 1 Basic data of the subjects.

Subject Age Gender Height (cm) Weight (kg) BMI Dancing experience (year)

D1 21 F 161 47 18.1 11

D2 35 F 166 51 18.5 10

D3 36 M 172 68 23 25

D4 29 F 161 51 19.7 6

D5 33 M 176 75 24.2 9

D6 28 F 161 50 19.3 10

D7 38 M 173 69 23.1 18

D8 25 F 162 53 20.2 10

D9 29 M 177 70 22.3 13

D10 27 M 173 70 23.4 14

D11 38 M 196 68 17.7 18

D12 30 M 176 71 22.9 19

D13 34 F 162 50 19.1 12

D14 26 M 175 60 19.6 10

D15 31 M 176 78 25.2 10

D16 35 F 158 48 19.2 9

D17 32 M 178 74 23.4 6

D18 42 F 162 51 19.4 21

D19 26 M 168 77 27.3 15

D20 27 F 156 49 20.1 14

Exercise experience

N1 35 F 182 95 28.7 Basketball, weight training

N2 33 F 163 75 28.2 Aerobics

N3 39 M 167 68 24.4 Walking

N4 40 F 151 58 25.4 Jogging, weight training

N5 25 F 154 48 20.2 Walking

N6 23 M 165 60 22.0 Football, weight training

N7 44 F 162 58 22.1 Pilates

N8 25 M 177 95 30.3 Jogging, yoga

N9 28 M 172 78 26.4 Walking

N10 29 M 171 67 22.9 Walking

N11 29 F 160 53 20.7 Walking, weight training

N12 31 M 174 75 24.8 Basketball, weight training

N13 28 M 170 58 20.0 Basketball, jogging

N14 34 F 156 70 28.8 Waking, mountain climbing

N15 28 F 168 46 16.3 Walking

N16 38 M 186 115 33.2 Walking

N17 38 M 164 75 27.9 Walking

N18 40 M 173 67 22.4 Basketball, mountain biking

N19 38 M 175 64 20.9 Jogging, walking

N20 33 F 160 64 25.0 Jogging, walking

N21 36 F 150 60 26.6 Jogging, walking

N22 38 F 161 59 22.7 Jogging, walking
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attached two IMUs to these subjects’ limbs to obtain their gait
information. We also conducted the one-leg stance tests and
applied an IMU to the subjects’ waists to measure their body
movements. The recorded IMU data were then used to evaluate
the subjects’ gait performance and balance ability.

Inertial measurement unit system

We applied the OPAL IMU system (27) with wearable IMUs
to measure the kinematic data of these subjects during the
experiments. The specifications of the OPAL IMU system are
illustrated in Table 2. Two IMUs were attached to the subjects’
lower limbs and one IMU was attached to the subjects’ waist, as
shown in Figure 1, to record the subjects’ kinematic data with a
sampling rate of 128 Hz.

Evaluation of gait performance

All subjects were required to walk in a straight line at
their most comfortable pace. We applied two IMUs to measure
the subjects’ angular velocities of the shanks on the sagittal
plane (28) (i.e., the y-axis in Figure 1) to investigate the gait
performance. For example, the angular velocities ωy of D3 and
N9 on the sagittal plane are shown in Figure 2, where the
important gait events are marked. All subjects’ angular velocities
are shown in Appendix 1.

We can further divide the gait responses into individual gait
cycles, because human gaits are regular and periodic. A complete
gait cycle is composed of a stance phase and a swing phase,
containing three important gait events in one gait cycle: the
mid-swing (MS), the heel strike (HS), and the toe-off (TO),
as shown in Figure 3 (29). The MS occurs when the angular
velocity of the shank on the sagittal plane reaches the maximum
in the gait cycle; the HS event occurs when the heel touches
the ground, where the angular velocity has the first negative
trough after the mid-swing; and the TO occurs when the toes
leave the ground (29). The stance phase is defined as the time
interval from the HS to the TO and accounts for about 60% of
the gait cycle. The swing phase is defined as the time interval

TABLE 2 Specifications of the OPAL IMU system (27).

Dimensions 43.7 × 39.7 × 13.7 mm

Weight < 25 g (with battery)

Resolutions 17.5 bits

Sampling rates 20–128 Hz

Transmission range 30 m line of sight

Ranges of the accelerometer ± 200 g

Ranges of the gyroscope ± 2,000 deg/s

Ranges of the magnetometer ± 8 Gauss

FIGURE 1

Gait measurements by IMUs. Two IMUs were attached to the
subjects’ lower limbs and one IMU was attached to the subjects’
waist to record the subjects’ kinematic data with a sampling rate
of 128 Hz. (A) Front view. (B) Rear view.

from the TO to the next HS and takes about 40% of the gait
cycle. Because gaits are periodic, a single gait cycle can be
measured from any gait event to the next same event on the
same foot. In this paper, we applied the IMU to measure gait
information and used the angular velocity of the shanks on
the sagittal plane to recognize these gait events (28, 30, 31).
Because subjects might have varying walking speeds, we marked
the HS events on the gait responses and divided the measured
IMU data into individual gait cycles. All subjects’ gait cycles are
illustrated in Appendix 2.

Differentiating the gait performance between dancers and
the healthy controls from their gait cycles is difficult because
of their similar appearance. Therefore, we proposed two
indexes to quantify the gait performance of these subjects
and to discuss the benefits of Latin dance training in
improving gait performance. Healthy persons tend to have
regular and periodic gaits, so the swing times of their two
legs should be similar. Suppose the time interval of one
complete gait cycle (from HS to HS) is represented as Tgait

and the swing time (from TO to HS) of that gait cycle is
TSW . The swing phase is then defined as the proportion
of the swing time in the complete gait cycle, as in the
following:

PSW =
TSW

Tgait
.

Therefore, we can define the asymmetry of the swing phases
as follows: (29, 32)

AsymSP =

∣∣(PSW)R − (PSW)L
∣∣

min
{

(PSW)R , (PSW)L

} × 100%,

where (PSW)R and (PSW)L represent the swing phase on the
right foot and the left foot, respectively. Gait symmetry has
been assumed in healthy persons, and the swing time on both
sides takes about 40% of the complete gaits. Therefore, the
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FIGURE 2

The angular velocities of D3 and N9 of the shank on the sagittal plane. The important gait events, such as the mid-swing, the heel strike, and the
toe-off, are marked. (A) On the left leg of D3. (B) On the right leg of D3. (C) On the left leg of N9. (D) On the right leg of N9.

FIGURE 3

A complete gait cycle. A complete gait cycle is composed of a stance phase and a swing phase, containing three important gait events in one
gait cycle: the mid-swing (MS), the heel strike (HS), and the toe-off (TO). The stance phase is defined as the time interval from the HS to the TO
and accounts for about 60% of the gait cycle. The swing phase takes about 40% of the gait cycle and is defined as the time interval from the TO
to the next HS.
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FIGURE 4

The gait cycles of D3 and N9. The dancer tended to have more uniform gait cycles than the non-dancer control, which indicates a superiority of
dancing training on gait performance. (A) On the left leg of D3. (B) On the right leg of D3. (C) On the left leg of N9. (D) On the right leg of N9.

FIGURE 5

The asymmetry of the swing phases of D3 and N9. The dancer tended to have smaller AsymSP than the non-dancer control, because of dance
training. (A) The dancer D3. (B) The non-dancer control N9.
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ideal AsymSP should be zero. However, gait asymmetry has been
reported in healthy adults. For instance, asymmetrical behavior
of the lower extremities was observed in spatio-temporal and
kinematic parameters, such as lower limb dominance, ground
reaction forces (33), electromyographic activities (34), lower
limb muscle power (35), stride length (36), foot placement
angle (37), and range of joint motion (38) in people without
impairments. Clinically, gait asymmetry may be associated with
a number of negative consequences, such as inefficient walking,
impaired balance control, and increased risk of musculoskeletal
injury to the dominant lower limb (39, 40). Apart from
pathological conditions, such as stroke, amputation, or cerebral
palsy, gait asymmetry is often observed in older adults and
is a risk factor for falls (41). Hence, we can use AsymSP to
evaluate the gait performance of our dancers and non-dancer
subjects. All subjects’ asymmetries of swing phases AsymSP are
illustrated in Appendix 3.

We can also define the ratio of swing time, denoted as RSW ,
as follows (29, 42):

RSW =
max

{
(TSW)R , (TSW)L

}
min

{
(TSW)R , (TSW)L

} × 100%,

where (TSW)R and (TSW)L represent the swing time on the
right side and the left side, respectively. Gait in healthy adults
has been assumed to be symmetric, so the swing time on
both legs should be similar. Thus, the ideal value of RSW
should be 100% (43). Nevertheless, previous work has reported
differences in gait parameters between the limbs (33–38).
Therefore, we applied RSW to evaluate the gait performance
of these subjects. All subjects’ ratios of swing time are
illustrated in Appendix 4.

Because the ideal value of AsymSP is zero and the ideal
value RSW is 100%, we were able to further quantify the gait
performance by the following indexes:

J1 =

(
1
N

N∑
i=1

∣∣AsymSP(i)
∣∣2)1/2

,

J2 =

(
1
N

N∑
i=1

|RSW(i)− 100|2
)1/2

,

where N is the number of gait cycles, and i represents the
i-th gait cycle.

Evaluation of balance ability

To investigate the balance ability, all subjects were required
to conduct the following one-leg stance tests:

(a) standing on the dominant foot with eyes open;
(b) standing on the dominant foot with eyes closed;
(c) standing on the non-dominant foot with eyes open;
(d) standing on the non-dominant foot with eyes closed.

The subjects were asked to stand on one foot for about 50 s
at each action if possible, but they were free to stand on both feet
if body balance could not be maintained. They could take a rest
of about 20 s between each action.

We implemented one IMU on the subjects’ waist to record
their angular velocities and linear accelerations during the
actions. When we stand on one foot, our bodies usually need to
adjust position to maintain balance, like an inverted pendulum.

FIGURE 6

The ratio of swing time of D3 and N9. The dancer tended to have better RSW than the non-dance control, because of dance training. (A) The
dancer D3. (B) The non-dancer control N9.
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Therefore, we were able to estimate the balance ability of these
subjects from their kinematic data.

We defined the following two indexes to quantify the
balance ability of the subjects:

J3 =
1
N

N∑
i=1

|ω(i)| =
1
N

N∑
i=1

(
ω2

x(i)+ ω2
y(i)+ ω2

z(i)
)1/2

,

J4 =
1
N

N∑
i=1

|a(i)| =
1
N

N∑
i=1

(
a2

x(i)+ a2
y(i)+ a2

z(i)
)1/2

,

where N is the total number of samples,
ωx(i), ωy(i), and ωz(i)are the three-axial angular velocities,
and ax(i), ay(i), and az(i) are the three-axial linear
accelerations measured from the IMU on the waist at the
i-th sample. That is, ω(i) and a(i) represent the absolute angular
velocity and acceleration of the waist at sample i. Because
subjects might have different balance durations, we defined
the average absolute angular velocities and the average linear
accelerations to estimate their balance ability. The subject’s
balance ability is considered better if the average angular
velocity and acceleration are smaller (i.e., the subject did not
need much effort to maintain balance).

Results

Evaluation of gait performance

We marked the HS events on the subjects’ gait responses and
divided the measured IMU data into individual gait cycles. For
example, the gait cycles of D3 and N9 are shown in Figure 4,
where the dancer D3 tended to have more uniform gait cycles
than the non-dancer control N9.

The asymmetries of the swing phases AsymSP and the ratio
of swing time RSW were applied to evaluate the gait performance
of dancers and healthy controls. For instance, the asymmetries
of the swing phases of D3 and N9 are shown in Figure 5,
while the ratio of swing time of D3 and N9 are shown in
Figure 6. From Figures 5, 6, the dancer D3 tended to have
better AsymSP and RSW than the non-dancer control N9. All
subjects’ asymmetries of swing phases AsymSP are illustrated
in Appendix 3, while all subjects’ ratios of swing time are
illustrated in Appendix 4.

We calculated each subject’s average asymmetry of the swing
phase AsymSP and average ratio of swing time RSW in each gait
cycle, as illustrated in Table 3 and Figure 7.

First, the average AsymSP of the dancers ranged between
2.19% (D9) and 6.79% (D8), while the average AsymSP of
the non-dancer controls ranged between 2.45% (N20) and
14.53 (N12). Second, the average RSW of dancers ranged
between 102.29% (D16) and 106.74% (D8), while the average
RSW of healthy controls ranged between 102.35% (N20) and

113.52% (N12). The dancers’ average AsymSP was closer to zero
compared to the non-dancer control subjects, and the dancers’
average RSW was closer to 100% compared to the non-dancer
control subjects.

Table 3 also illustrates the two indexes, J1 and J2, to quantify
the gait symmetry of the subjects. The results showed that, first,

TABLE 3 Average AsymSP data and average RSW for the test subjects.

Subject Average AsymSP Average RSW J1 J2

D1 5.05 105.39 6.11 6.62

D2 6.15 106.69 7.42 8.11

D3 2.43 102.41 3.37 3.12

D4 6.24 105.46 7.32 6.98

D5 2.73 103.00 3.53 3.65

D6 3.12 104.02 4.40 4.84

D7 3.20 103.70 4.01 4.26

D8 6.79 106.74 7.89 7.82

D9 2.19 102.31 2.99 3.00

D10 4.33 104.36 5.31 5.04

D11 4.85 104.81 5.27 5.81

D12 5.46 106.19 6.63 7.89

D13 4.11 105.45 5.83 7.26

D14 4.09 105.31 6.61 7.56

D15 3.29 103.24 4.00 3.87

D16 2.46 102.29 3.22 2.76

D17 5.43 104.32 6.22 5.25

D18 3.44 103.68 4.52 4.93

D19 3.71 103.40 5.02 4.88

D20 2.92 103.78 4.10 4.96

N1 8.46 110.33 10.65 12.19

N2 9.57 110.08 12.47 13.80

N3 6.15 106.30 7.96 7.72

N4 8.62 109.29 10.11 11.54

N5 11.14 111.81 13.07 13.50

N6 12.50 110.26 13.97 11.78

N7 3.44 102.80 4.63 3.14

N8 8.97 109.81 12.42 13.26

N9 9.37 108.27 11.32 9.53

N10 6.21 106.16 6.45 6.51

N11 12.01 110.54 13.31 12.68

N12 14.53 113.52 16.65 15.63

N13 5.78 105.08 7.16 6.52

N14 7.44 107.68 9.96 9.61

N15 6.11 108.11 8.11 10.21

N16 10.28 109.39 10.49 10.23

N17 4.82 104.61 7.91 8.28

N18 3.35 104.45 4.43 6.94

N19 4.57 104.64 6.68 6.60

N20 2.45 102.35 3.27 3.24

N21 8.20 107.70 9.07 9.25

N22 5.64 106.39 8.49 8.69
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FIGURE 7

The average AsymSP and RSW of subjects. The average AsymSP of the dancers ranged between 2.19% (D9) and 6.79% (D8), while the average
AsymSP of the non-dancer controls ranged between 2.45% (N20) and 14.53 (N12). The average RSW of dancers ranged between 102.29% (D16)
and 106.74% (D8), while the average RSW of healthy controls ranged between 102.35% (N20) and 113.52% (N12). The dancers tended to have
better gait symmetry than the non-dancer controls. (A) The average asymmetry of the swing phases AsymSP of each subject. (B) The average
ratio of swing time RSW of each subject.

the average J1 is 5.19%, with a standard deviation of 1.51%, for
the dancers. By contrast, for the non-dancer control group, the
average J1 is 9.48% with a standard deviation of 3.39%. Second,
the average J2 is 5.43%, with a standard deviation of 1.74%, for
the dancers, while it is 9.58%, with a standard deviation of 3.32%,
for the non-dancer control group. That is, the dancers tended to
have better gait symmetry than the control subjects.

Evaluation of balance ability

We implemented one IMU on the subjects’ waist to record
their angular velocities and linear accelerations to estimate the
balance ability of these subjects from their kinematic data during

the one-leg stance tests. For example, the three-axial angular
velocities and three-axial linear accelerations of D3 and N9,
when standing on the dominant foot with eyes open (action (a)),
are shown in Figure 8. All subjects’ IMU data during the one-leg
stance tests are illustrated in Appendix 5. The dancers tended to
make smaller movements than the control group to maintain
body balance. The subject’s balance ability is considered better
if the angular velocity and acceleration are smaller (i.e., the
subject did not need much effort to maintain balance). For
example, Figure 9 shows the absolute angular velocity ω(t) and
the absolute linear acceleration a(t) of D3 and N9 when standing
on the dominant foot with eyes open [action (a)]. Apparently,
the dancer D3 made much smaller body movements than the
non-dancer control N9 to maintain stability.
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FIGURE 8

The recorded kinematic data of D3 and N9 when standing on the dominant foot with eyes open. The dancers tended to make smaller
movements than the control group to maintain body balance. (A) The angular velocities of D3. (B) The angular velocities of N9. (C) The linear
accelerations of D3. (D) The linear accelerations of N9.

All subjects’ angular velocity and acceleration of the waist
during the one-leg stance tests are illustrated in Appendix 6.
The subjects’ average J3 and J4 during the one-leg stance tests
are shown in Figures 10, 11, respectively, which show that the
average J3 and J4 of the dancers were much lower than those of
the normal controls. The statistical data of Figures 10, 11 are
shown in Table 4. The dancers’ angular velocity index J3 were
about 80.68, 58.52, 60.66, and 77.34%, respectively, of those of
the healthy controls during the four actions. The dancers’ linear
acceleration index J4 were about 79.39, 65.20, 80.18, and 77.61%,
respectively, of the healthy controls during the four actions. That
is, the dancer group needed less body adjustment to maintain
postural stability.

Discussion

Evaluation of gait performance

In this paper, we assess gait performance by the symmetry
of gaits. Gait symmetry has been assumed in healthy persons,
and the swing time on both sides takes about 40% of the

complete gaits. Therefore, the ideal asymmetry of the swing
phase AsymSP should be zero and the ideal ratio of swing
time RSW should be 100%. However, as we described above,
gait asymmetry has been reported in healthy adults (33–
38). Clinically, gait asymmetry may be associated with a few
negative consequences, such as inefficient walking, impaired
balance control, and increased risk of musculoskeletal injury
to the dominant lower limb (39, 40). Gait asymmetry is often
observed in older adults and is a risk factor for falls (41).
Hence, AsymSP and RSW can be applied to evaluate the gait
performance of the dancers and non-dancer subjects. The
average AsymSP was 4.10% for dancers, but 7.71% for healthy
controls, while the average RSW was 104.33% for dancers,
but 107.71% for healthy controls. Our results showed that
the asymmetries of the swing phases of dancers are smaller
than those of non-dancer controls. Latin dance consists of a
complex dance sequence involving motion of core and hip
muscles. During dancing, core muscles, including the transverse
abdominis, multifidus, rectus abdominis, and erector spinae,
work in coordination to maintain proper body posture and
alignment. The unique hip motion, characterized by a rhythmic
rotation of the hips around the spine, is essential for Latin
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FIGURE 9

The absolute angular velocity and acceleration of D3 and N9 when standing on the dominant foot with eye open. The dancer made much
smaller body movements than the non-dancer control maintain stability. (A) The absolute angular velocity of D3. (B) The absolute angular
velocity of N9. (C) The absolute linear acceleration of D3. (D) The absolute linear acceleration of N9.

FIGURE 10

The performance index J3 during the one-leg stance tests. The dancers’ angular velocity index J3 were about 80.68, 58.52, 60.66, and 77.34%,
respectively, of those of the healthy controls during the four actions. (A) Standing on the dominant foot with eyes open. (B) Standing on the
dominant foot with eyes closed. (C) Standing on the non-dominant foot with eyes open. (D) Standing on the non-dominant foot with eyes
closed.
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FIGURE 11

The performance index J4 during the one-leg stance tests. The dancers’ linear acceleration index J4 were about 79.39, 65.20, 80.18, and 77.61%,
respectively, of the healthy controls during the four actions. (A) Standing on the dominant foot with eyes open. (B) Standing on the dominant
foot with eyes closed. (C) Standing on the non-dominant foot with eyes open. (D) Standing on the non-dominant foot with eyes closed.

dance, and the core and hip muscles work sequentially and
symmetrically. In addition, as Latin dancing is predominantly
based on walking actions, repeatedly performing dance steps
works the major thigh muscles involved in walking, such as
the quadriceps and hamstring muscles. Our data imply that
the Latin dancing might improve gait symmetry through the
enhancement of dynamic postural control and the strengthening
of the core and lower limb muscles. Another possible reason
for the Latin dancers’ gait superiorities is the body awareness
required in Latin dancing. Previous work has demonstrated that
ballroom dancing can provide benefits to body perception (44).
Latin dancing is a complex sensorimotor activity that integrates
many skills, such as rhythm, synchronization movements with
music, balance, coordination, and spatial sense. Dancers need
to perceive their anatomical body space and the planes of
movements, and then interact precisely via integration of tactile,
proprioceptive, kinesthetic, and environmental information.
Thus, Latin dancers may direct body awareness toward greater
positional body symmetry during walking.

Among the non-dancer controls, N7, N18, and N20 had
better gait symmetry compared with the others, possibly because
of their regular exercise programs. For example, subject N7
has been practicing Pilates regularly for more than 10 years.
Pilates is a combination of stretch and strengthening exercises
performed in a neutral spine position (45). Through stretching
and isometric, eccentric, and concentric muscle strengthening,
Pilates improves balance skills, proprioception, coordination,
and postural control. Therefore, Pilates exercises can also
improve various motor abilities and are effective in enhancing
postural stability, dynamic balance, flexibility, muscle strength,
and walking capabilities (46, 47). Subject N18 is a mountain
biker who has been riding mountain bikes regularly for more
than 10 years. Mountain biking is a dynamic activity that

requires participants to constantly change their body position
to adapt to the bumpy road (48). Both the abdominal and
core muscles play an important role in this form of exercise
to maintain good control of the bike, so that mountain bikers
have better balance and coordination skills compared with the
general population. Subject N20 conducts regular walking and
jogging, which are similar to the activities of the other control
participants. The regimen of jogging and walking, genetic
factors, or other environmental factors, such as nutrition, may
possibly play a role in maintaining gait symmetry.

Evaluation of balance ability

The one-leg stance is a frequently used clinical tool for
assessment of balance in persons with various balance disorders
(49). The subject’s balance ability is considered better if the
angular velocity and acceleration are smaller (i.e., the subject
did not need much effort to maintain balance). We found that
the dancers’ linear acceleration index J4 were about 79.39, 65.20,
80.18, and 77.61%, respectively, of the healthy controls during
the four actions. That is, the dancer group needed less body
adjustment to maintain balance. Our results showed that Latin
dancers had smaller trunk movements while conducting the
one-leg stance test, indicating that Latin dancers have better
postural steadiness compared with the non-dancer controls.
As mentioned above, Latin dancers tend to have stronger core
muscle strength, which plays a crucial role in maintaining both
posture and trunk stability. In contrast to gait asymmetry, the
one-leg stance is an easy clinical balance test that can assess a
person’s postural steadiness in a relatively static condition. Our
finding of improved leg stance in Latin dancers is important
clinically, since poor one-leg balance is a significant predictor of

Frontiers in Medicine 12 frontiersin.org

348349

https://doi.org/10.3389/fmed.2022.834497
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-834497 August 18, 2022 Time: 16:22 # 13

Liu et al. 10.3389/fmed.2022.834497

TABLE 4 The performance indexes J3 and J4 of the subjects during
the one-leg stance tests.

J3 J4

(a) (b) (c) (d) (a) (b) (c) (d)

Dancers

D1 0.062 0.190 0.087 0.140 1.603 1.569 0.422 1.074

D2 0.116 0.237 0.111 0.538 0.954 1.354 1.472 2.052

D3 0.046 0.134 0.045 0.220 1.240 3.292 1.546 2.685

D4 0.100 0.100 0.077 0.103 1.146 1.146 0.648 0.573

D5 0.037 0.070 0.043 0.082 2.145 2.244 1.660 1.904

D6 0.071 0.384 0.081 0.126 2.522 2.846 2.277 2.100

D7 0.057 0.110 0.064 0.127 1.350 1.093 2.247 1.949

D8 0.057 0.115 0.054 0.087 0.554 0.663 0.916 0.625

D9 0.057 0.218 0.052 0.311 1.924 2.023 1.063 1.499

D10 0.086 0.141 0.095 0.137 1.373 1.178 2.109 1.237

D11 0.032 0.081 0.032 0.039 1.874 1.781 1.049 1.153

D12 0.044 0.219 0.055 0.384 0.690 1.031 1.205 1.554

D13 0.076 0.216 0.104 0.163 1.650 1.732 1.614 1.409

D14 0.067 0.182 0.080 0.270 1.416 1.234 1.880 1.531

D15 0.052 0.240 0.066 0.173 2.283 1.993 2.752 1.833

D16 0.063 0.125 0.067 0.131 3.382 3.315 3.192 2.959

D17 0.048 0.087 0.060 0.409 3.409 3.239 2.412 3.270

D18 0.061 0.211 0.057 0.730 1.121 0.762 1.560 4.301

D19 0.052 0.301 0.086 0.290 2.758 2.609 3.596 3.473

D20 0.068 0.098 0.061 0.133 1.611 1.723 1.183 1.097

Average 0.063 0.173 0.069 0.230 1.750 1.841 1.740 1.913

Healthy controls

N1 0.057 0.400 0.467 0.230 4.773 5.881 5.704 5.023

N2 0.088 0.079 0.056 0.084 4.341 4.543 4.239 4.485

N3 0.076 0.629 0.097 0.882 1.787 3.699 1.800 3.426

N4 0.066 0.159 0.090 0.248 1.529 1.820 0.774 1.864

N5 0.084 0.177 0.088 0.177 0.945 2.348 2.151 2.389

N6 0.060 0.094 0.051 0.191 1.081 1.217 0.462 1.242

N7 0.085 0.072 0.054 0.079 2.598 2.364 1.852 1.847

N8 0.061 0.180 0.073 0.327 2.451 2.604 2.013 3.708

N9 0.125 0.183 0.149 0.160 2.534 2.794 2.076 2.069

N10 0.054 0.193 0.081 0.621 1.849 2.563 2.294 3.869

N11 0.094 0.227 0.095 0.170 3.695 3.306 3.601 2.913

N12 0.061 0.905 0.231 0.352 1.348 3.231 1.736 1.473

N13 0.040 0.375 0.057 0.187 1.115 1.595 1.537 2.576

N14 0.053 0.053 0.075 0.076 0.881 0.775 1.253 1.229

N15 0.158 0.103 0.351 0.373 1.291 3.264 2.516 2.402

N16 0.072 0.697 0.090 0.274 2.773 3.865 1.266 0.850

N17 0.083 0.208 0.092 0.222 3.046 2.840 3.181 2.885

N18 0.136 0.352 0.060 0.571 2.119 3.039 1.191 2.396

N19 0.044 0.112 0.038 0.105 1.745 2.606 0.879 0.897

N20 0.060 0.230 0.077 0.427 1.687 1.433 1.637 1.775

N21 0.082 0.673 0.068 0.594 3.898 4.331 4.600 3.793

N22 0.068 0.401 0.057 0.183 1.015 2.009 0.986 1.145

Average 0.078 0.296 0.114 0.297 2.204 2.824 2.170 2.466

injurious falls, especially in the elderly population (50). Vision
also plays a crucial role in processing and integrating other
sensory information involving postural control and balance
(51). We avoided the impact of visual feedback by conducting
the one-leg stance test with eyes both closed and open. The

dancers had significantly better balance with one-leg standing
with eyes open, as a less challenging level, but they also had
better balance with eyes closed, as a more challenging level,
through improved proprioception. That is, the Latin dancers
could still maintain better postural stability without visual
dependence. Our findings suggest that Latin dancing is a
promising exercise training for fall prevention.

However, this study has some limitations. One was that
only a small number of Latin dancers and non-dancer healthy
participants were recruited, so the data may not be generalizable
to Latin dancers at large. Another was that our study design was
a cross-sectional observational study, so further interventional
research is necessary to clarify the efficacy of Latin dance
training. A further limitation is that although we recruited
non-dancer controls who were physically active and exercised
regularly, the physical activity was reported by questionnaires
and the exercise types differed significantly among participants.
Further studies should focus on participants who engage in
the same sports to provide a better comparison with Latin
dancers. In the future, we plan to collect more kinematic
data and to consider other performance indexes to investigate
the potential advantages of Latin dance training in improving
postural stability, balance, and gait performance in patients with
neurological or orthopedic disorders.

Conclusion

This paper investigated the potential benefits of Latin
dance training on gait behaviors and balance ability. Several
factors, such as lower limb dominance, ground reaction forces,
lower limb muscle power, foot placement angle, and range of
joint motion, can contribute to asymmetrical behavior of the
lower extremities in people without impairments. Because Latin
dancing movements involve a complex motion of core muscles
and lower limb muscles, this type of exercise may be a beneficial
activity for improved gait stability. In this paper, we recruited
twenty dancers and twenty-two age-matched normal healthy
subjects to conduct walking experiments and one-leg stance
tests. Their gait responses and body movements were recorded
by IMUs and then used to evaluate gait performance and body
stability. We defined four performance indexes to quantify
gait performance and balance ability. The results showed that
Latin dancers had better gait symmetry and body balance than
the healthy control group, suggesting that gait performance
and stability might be improved by Latin dance training. The
possible contributing factors are enhancing dynamic postural
control, strengthening the core and lower limb muscles, and
better body awareness. Further studies are needed to investigate
the effect of Latin dance training on gait and balance outcomes
in healthy subjects and patients with gait disorders. This paper
applied the commercial OPAL IMU system because of its high
sampling rates and resolutions. In the future, the smartphone
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IMU system might be compatible as technologies advance and
can be used for performance evaluation in clinical practice.
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APPENDIX

Appendix 1
The angular velocities ωy of all subjects are available at http://140.112.14.7/∼sic/PaperMaterial/Dance_Gait_Responses.zip.
Appendix 2
The gait cycles of all subjects are available at http://140.112.14.7/∼sic/PaperMaterial/Dance_IMU_Data.zip.
Appendix 3
The asymmetry of swing phases (AsymSP) of all subjects are available at: http://140.112.14.7/∼sic/PaperMaterial/Dance_Asym_Data.zip.
Appendix 4
The ratio of swing time (RSW) of all subjects are available at: http://140.112.14.7/∼sic/PaperMaterial/Dance_Ratio_Data.zip.
Appendix 5
The IMU data on waist of all subjects are available at: http://140.112.14.7/∼sic/PaperMaterial/Dance_Gait_Responses.zip.
Appendix 6
The angular velocity and acceleration of the waist for all subjects are available at: http://140.112.14.7/∼sic/PaperMaterial/Subjects’

angular velocity and acceleration of the waist.zip.
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pharmacological interventions
for pruritus in primary biliary
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Background and objective: Pruritus is a common complication in patients with

primary biliary cholangitis (PBC). The pathogenesis is not clear, and also the

precise therapeutic measures remain alluring. In order to systematically

evaluate the efficacy and safety of drug interventions in the treatment of

pruritus associated with PBC, this systemic review and meta-analysis was

conducted.

Methods: The randomized controlled trials (RCTs) on drug interventions in the

treatment of pruritus associated with primary cholangitis were searched in the

electronic databases of PubMed, EMBASE, Cochrane Library, Web of Science,

and ClinicalTrials.gov. Two researchers independently screened the literature,

extracted and integrated the data, and assessed the bias risk of the selected

literature, according to the Cochrane handbook. Finally, the STATA 15.

0 software was used for the meta-analysis.

Results: A total of 23 RCTs involving 2,194 patients were studied, that included

12 pharmacological interventions. In terms of itching relief, compared with

placebo, UDCA, methotrexate and GSK2330672 had a definite effect in

improving pruritus (pruritus remission rate before and after treatment, p <
0.05). In terms of serum indexes, compared with placebo group, UDCA,

OCA, rifampicin, cyclosporine, NGM282, seladelpar and colchicine may

improve blood alkaline phosphatase (ALP) (p < 0.05), but only rifampicin

showed low heterogeneity. UDCA, bezafibrate, OCA, rifampicin,

NGM282 and others may improve blood γ-glutamyl transpeptidase (γ-GGT)

(p < 0.05), but due to the high heterogeneity and the limitation of research

samples, a clear conclusion cannot be drawn. In terms of adverse events, except

high (>15 mg/kg/day) and low doses (<13 mg/kg/day) of UDCA increased the

incidence of adverse events, there were no risk of increasing the incidence of

adverse events compared with placebo (p > 0.05), and a moderate dose of

UDCA (13–15 mg/kg/day) and malotilate (1,500 mg/day) may also help in

reducing the incidence of adverse events (p < 0.05).
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Conclusion: UDCA, methotrexate and GSK2330672 may relieve itching in

patients with PBC, but there is a lack of robust evidence to support their

effect on ALP or γ-GGT. Due to the heterogeneity in the published studies,

based on the present review, we cannot explicitly recommend any specific drug

for the treatment of PBC-related pruritus.

Systematic Review Registration: link-https://osf.io/2g8ya, identifier 10.17605/

OSF.IO/2G8YA

KEYWORDS

primary biliary cholangitis, pruritus, pharmacological interventions, alkaline
phosphatase, γ-glutamyl transpeptidase

Introduction

Primary biliary cholangitis (PBC), formerly known as

primary biliary cirrhosis, is an autoimmune liver disease,

which is predominantly seen in women. The interaction of

specific anti-mitochondrial antibodies with specific

autoantigens, accompanied by pathophysiological processes

such as bile duct injury, cholestasis, liver fibrosis and even

liver cirrhosis, are the main features of the pathological

progress of PBC (Lee et al., 2019; Gulamhusein and

Hirschfield, 2020). At present, the incidence of PBC is

geographically varied, and the number is on the rise too.

According to a survey, there are 118.75 cases of prostate

cancer per million people in the Asia-Pacific region (Zeng

et al., 2019), 218.1 cases per million people in North America,

145.9 cases per million people in Europe, and 189.0 cases per

million in Victoria, Australia (J et al., 2020). It was reported to be

346.0 cases per million in Sweden (HU et al., 2019), 149.0 cases

per million in Slovakia (Drazilova et al., 2020) and, 279.0 cases

per million in Italy (Rajaobelina et al., 2019). Environmental and

genetic factors play an important role in the occurrence of the

disease (Carey et al., 2015). The levels of serum alkaline

phosphatase (ALP) and γ-glutamyl transpeptidase (γ-GGT)
are generally increased in patients with PBC.

Fatigue and pruritus are the most common symptoms in

patients with PBC. Scratching, sleep deprivation, depression and,

even suicidal thoughts caused by itching affect 20%–70% of

patients (Beuers et al., 2014; Carey et al., 2015), seriously

affecting their quality of life. The accumulation and deposition

of bile acid and bile salt, the regulation of lysophosphatidic acid,

the abnormality of endogenous opioid receptors and the effects of

serotonin and substance P are considered to be the main

pathophysiological mechanisms of cholangitis pruritus (Bray

et al., 2018). Even so, the pathogenesis of cholestatic pruritus

has not been well described because of its diversity and

complexity (Tajiri and Shimizu, 2017; SP et al., 2019).

A cross-sectional study of 2194 PBC pruritus patients in

the United Kingdom shows that there is a lack of adequate

understanding, management and guidelines for the disease,

and there is insufficient evidence on the recommended

treatment (Hegade et al., 2019). There exist few evidence-

based guidelines for treating PBC pruritus, but the limitation is that

there are specific clinical conditions where these guidelines cannot

be applied. Ursodeoxycholic acid (UDCA) and OCA are drugs

approved by the U.S. Food and Drug Administration (FDA) for

the treatment of PBC, which can improve the liver biochemical

indexes, prolong survival time and delay the development of

esophageal varices. However, UDCA cannot completely cure

this disease, and its effectiveness in the treatment of cholangitis

pruritus is still controversial (JS et al., 2012). Interestingly, another

potential anti-PBC drug, OCA, was reported to increase the risk of

itching (Trauner et al., 2019). The search for an effective treatment

for PBC-related pruritus interventions has never stopped. Newer

pharmacological interventions have been reported such as

cholestyramine (TB et al., 1961), rifampicin (CN and SG,

1988), sertraline (MJ et al., 2007), ondansetron (JW et al.,

2005), maralixibat (Mayo et al., 2019), ileal apical sodium bile

acid transporter (ASBT) inhibitors such as GSK2330672 (Hegade

et al., 2017). In order to determine the efficacy and safety of

the available drugs for the treatment of PBC-

associated pruritus, we conducted a systematic review and

meta-analysis of pharmacological interventions in PBC-related

pruritus.

Materials and methods

We followed a predetermined protocol and the principles of

the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) for this systemic review and meta-analysis

(DG et al., 2009).

Search strategy

To systematically evaluate the efficacy of interventions, we

searched PubMed, EMBASE, Cochrane Library, Web of Science,

and ClinicalTrials.gov from inception up to June 2021. The

search strategy was implemented by an experienced medical

librarian.
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Strategies were selected using a combination of medical subject

headings (MeSH) and text words, and search terms included

“primary biliary cholangitis (cirrhosis),” “pruritus” or “pruritis”

or “itching,” and “randomized controlled trial.” The language was

limited to English, and the publication status was not restricted.

Selection criteria

The inclusion criteria were as follows

(1) The study was a randomized controlled trial (RCT).

(2) The diagnosis of PBC was based on at least two of the

following: the presence of anti-mitochondrial antibody

(AMA), cholestasis with an elevation of ALP activity,

histopathologic evidence of nonsuppurative cholangitis

and destruction of small or medium-sized bile ducts (KD

et al., 2019), and patients of primary biliary cholangitis with

persistent pruritus (course of disease≥3 months).

(3) All pharmacological interventions related to the treatment of

pruritus in PBC.

(4) Outcomes related to the efficacy and safety of pruritus in PBC.

Exclusion criteria

(1) The interventions are not suitable (more than three

interventions or the study interventions beyond our study).

(2) PBC associated with other underlying diseases.

(3) Unavailable data (there is no data we need in the study).

(4) Absence of a clear basic information about the study subjects.

(5) Duplicate publications.

(6) Studies with ambiguous diagnostic criteria.

Study selection and data extraction

Two reviewers (Chenyi Xu and Xuelian Lv) independently

extracted basic information about the articles (article title, first

author, year of publication, sample size, country or region), trial

design (participants, interventions, time span of the trial, follow-

up time), clinical efficacy and adverse events.

Clinical efficacy measures included pruritus scores;

0–10 numerical rating scale (NRS), quality of life scale for primary

biliary cirrhosis (cholangitis) (PBC-40), and 5-D itch scale (or the

pruritus relief rate before and after treatment). Secondary outcomes

were laboratory parameters such as the changes in serum alkaline

phosphatase (ALP) and gamma-glutamyl transpeptidase (γ–GGT).
We considered both iatrogenic and non-iatrogenic adverse events,

and carried out a quantitative analysis of these events.

Risk of bias assessment

Two investigators evaluated each of the included RCTs and

recorded the following six items, as per the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins

and Green, 2008): the methods of blinding, the generation of

information, data, distribution of randomized control

sequences, selective reports and other possible

problems. The risk of biases was marked as high, uncertain,

or low.

Statistical analysis

STATA15.0 (STATA statistical software: Release

15.0 College Station, TX: Stata Corp LP) was used to

analyze the data. Successive mean differences in pruritus

scores were reported as standardized mean differences

(SMD), and binary variables used risk ratios (RR) or odds

ratio (OR), providing a 95% confidence interval (CI) for each

effect. Heterogeneity was evaluated by I2, p < 0.05 was

considered to be statistically significant. The studies with

high heterogeneity (p ≤ 0.10 and I2 ≥ 50%) were analyzed

by random effect model, the studies with low heterogeneity

(p > 0.10 and I2 < 50%) were analyzed by fixed effect model.

The stability of the results was evaluated by subgroup analysis

and sensitivity analysis. If enough studies were included in

meta-analysis (n ≥ 10), funnel chart analysis was used for

evaluate publication bias.

FIGURE 1
Flow chart of trail selection.

Frontiers in Pharmacology frontiersin.org03

Xu et al. 10.3389/fphar.2022.835991

355356

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.835991


TABLE 1 Basic characteristics of 23 included studies.

Study and year Design Population Sample size Intervention Outcomes Follow-
up

Concomitant
treatment

UDCA

Hiroshi OKA 1990 RCT PBC. Mean age
59 years, 89%
female

22 UDCA
23 Placebo

UDCA 8–12 mg/kg/day (1) (2) (3) (4) 2 years None detailed

Poupon RE 1991 RCT PBC. Mean age
56 years, 92%
female

73 UDCA
73 Placebo

UDCA 13–15 mg/kg/day (1) (2) (3) (4) 2 years None detailed

Matti 1995 RCT PBC. Mean age
54.5 years, 92%
female

30 UDCA
31 Placebo

UDCA 12–15 mg/kg/day (1) (2) (3) (4) 2 years None detailed

Albert Parés 2000 RCT PBC. Mean age
54.1 years, 93%
female

99 UDCA
93 Placebo

UDCA 14–16 mg/kg/day (1) (2) (4) 2 years Cholestyramine at least
2 h after the intake of
UDCA or Placebo

E.Jenny heathcote
1994

RCT PBC.Mean age
56.4 years, 93%
female

111 UDCA
111 Placebo

UDCA 14 mg/kg/day (1) (3) (4) 2 years Cholestyramine, in the
morning or at least 4 h
before the trial capsules

P.M.Battezzati1993 RCT PBC.Mean age
54.5 years, 89%
female

44 UDCA
44 Placebo

UDCA 8.7 mg/kg/day (1) (3) (4) 1 year Cholestyramine take at
least 4 h before or after
the study drug

Poupon RE 1990 RCT PBC.Mean age
56.5 years, 91%
female

70 UDCA
68 Placebo

UDCA 13–15 mg/kg/day (1) (2) (3) (4) 2 years None detailed

K. D. Lindor1994 RCT PBC.Mean age
53 years, 89%
female

89 UDCA 91Placebo UDCA 13–15 mg/kg/day (1) (3) (4) 2 years Cholestyramine were
asked to take drug 2 h
after their study drug

Study and year Design Population Sample size Intervention Outcomes Follow-up Concomitant treatment

Rifampicin

Laura Bachs 1989 RCT PBC. Mean age
49.7 years, 100%
female

21 Rifampicin Rifampicin 10 mg/kg/day,
Phenobarbitone 3 mg/kg

(1) (2) (3) (4) 14 days None detailed

18 Phenobarbitone

Ana Podesta 1991 RCT PBC. Mean age
43 years, 93%
female

14 Rifampicin Rifampicin 300 mg twice a day (1) (3) (4) 3 months None detailed

14 Placebo

GSK2330672

Vinod S Hegade
2017

RCT PBC. Mean age
52.9 years, 90%
female

22 Placebo run-in GSK2330672 (1) (2) (3) (4) 28 days 19 patients taking
UDCA (14 mg/kg/day)
during study period

21 GSK2330672 45 mg twice per day on days
1–3, and 90 mg twice daily on
days4–14

21 Placebo

Maralixibat

M. J. Mayo 2019 RCT PBC. Mean age
53.4 years, 91%
female

21 Maralixibat
10 mg

Maralixibat 10 mg,10 mg/day (1) (2) (3) (4) 13 weeks None detailed

21 Maralixibat
20 mg

Maralixibat 20 mg, 20 mg/day

24 Placebo

Study and year Design Population Sample size Intervention Outcomes Follow-up Concomitant treatment

Obeticholic Acid

F. Nevens 2016 RCT PBC. Mean age
56 years, 91%
female

70 OCA5-10 mg OCA 5–10 mg/day or
10 mg/day

(1) (3) 1 year standard-of-care
UDCA (13–15 mg/kg/
day) or not

73 OCA 10 mg

73 Placebo

Kris V. Kowdley
2018

RCT PBC. Mean age
54 years, 85%
female

20 OCA 10 mg OCA10 mg/day or 50 mg/day (1) (3) (4) 3 months None detailed

16 OCA 50 mg

23 Placebo

(Continued on following page)
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Results

Study selection

A total of 468 records were retrieved from the electronic

database (PubMed n = 90, EMBASE n = 80, Cochrane Library n =

151, Web of Science n = 106, ClinicalTrials.gov n = 41), and

332 records were excluded after duplicates removed. After

browsing the titles and abstracts, 41 articles were excluded

based on article type (review n = 28, meta-analysis n = 12,

protocol n = 1). After that, 54 articles were assessed as full text

and 31 were excluded for the following reasons: not RCTs (n = 9),

improper intervention (n = 7), data duplication (n = 1),

unavailable data (n = 11), non-English literature (n = 1),

absence of a clear basic information about the study subjects

(n = 2). Finally, 23 studies were obtained. The details are shown

in the flowchart (Figure 1). Of the 23 studies included, eight were

RCTs studies of UDCA (Poupon et al., 1990; Oka et al., 1991;

Poupon et al., 1991; Battezzati et al., 1993; Lindor et al., 1994;

Heathcote et al., 1995; Vuoristo et al., 1995; Parés et al., 2000).

TABLE 1 (Continued) Basic characteristics of 23 included studies.

Study and year Design Population Sample size Intervention Outcomes Follow-
up

Concomitant
treatment

G. M Hirschfield
2014

RCT PBC. Mean age
55.1 years, 95%
female

38 OCA 10 mg OCA10 mg/day or 25 mg/day
or 50 mg/day

(2) (3) (4) 3 months UDCA
(15.6–16.3 mg/kg/day)48 OCA 25 mg

41 OCA 50 mg

38 Placebo

Bezafibrate

C. Corpechot 2018 RCT PBC.Mean age
53 years, 95%
female

50 Bezafibrate Bezafibrate 400 mg/day (1) (2) (3) (4) 2 years UDCA
(13–15 mg/kg/day)50 Placebo

Tatsuo Kanda 2003 RCT PBC.Mean age
56 years, 86%
female

11 UDCA with
Bezafibrate

Bezafibrate 400 mg/day (1) (2) (3) (4) 0.5 years UDCA (600 mg/day)

11 UDCA

Study and year Design Population Sample size Intervention Outcomes Follow-up Concomitant treatment

NGM282

M. J. mayo 2018 RCT PBC. Mean age
56.3 years, 91%
female

14 NGM282 0.3 mg NGM282 0.3mg, 0.3 mg/day (1) (2) (3) (4) 28 days None detailed

16 NGM282 3 mg NGM282 3mg, 3 mg/day

15 Placebo

Seladelpar (MBX-8025)

David Jones 2017 RCT PBC. Mean age
56 years, 95%
female

13 Seladelpar50 mg seladelpar50 mg,50 mg/day (1) (2) (3) (4) 12 weeks Continue UDCA at the
same dose13Seladelpar200 mg Seladelpar200 mg,200 mg/day

12 Placebo

Malotilate

A European
Multi--centre Study
Group 1993

RCT PBC. Mean age
54.4 years, 96%
female

52 Malotilate Malotilate:500 mg, three times
a day

(1) (2) (3) (4) 1.5 years None detailed

49 Placebo

Cyclosporine

R.H.Wiesner 1990 RCT PBC. Mean age
46.8 years, 97%
female

19 Cyclosporine cyclosporine (1) (2) (3) (4) 2 years None detailed

10 Placebo 4 mg/kg/day

Study and year Design Population Sample size Intervention Outcomes Follow-up Concomitant treatment

Colchicine

P. L. Almasio 2000 RCT PBC. Mean age
54.4 years, 90%
female

46 Colchicine plus
UDCA

Colchicine, 1 mg/daily (1) (2) (3) (4) 3 years Cholestyramine, no
more than 8 g/day

44 UDCA UDCA (5.4–11.6 mg/kg/day)

Methotrexate

M.T.
Hendrickse1999

RCT PBC. Mean age
57 years, 92%
female

30 MTX MTX, 7.5 mg/wk (on Friday,
Saturday, and Sunday of each
week, 2.5 mg/day)

(1) (2) (3) (4) 6 years None detailed

30 Placebo

Abbreviations: PBC, Primary biliary cholangitis; MTX, Methotrexate; OCA, Obeticholic Acid; UDCA, Ursodeoxycholic acid; (1) ALP, Alkaline phosphatase; (2) γ-GGT, Gamma-

glutamyltranspeptidase; (3)Number with pruritus, grade of pruritus; (4)Adverse event rate(%).
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The remaining 15 RCTs contained three studies of obeticholic

acid in PBC (Hirschfield et al., 2015; Nevens et al., 2016; Kowdley

et al., 2018), two studies of bezafibrate in PBC (Kanda et al., 2003;

Corpechot et al., 2018), and two studies of rifampicin (Bachs et al.

, 1989; Podesta et al., 1991), and one RCT each evaluating the ileal

bile acid transporter inhibitor GSK2330672 (Hegade et al., 2017),

FGF19 analog NGM282 (Mayo et al., 2018), selective PPAR-δ
agonist seladelpar (MBX-8025) (Jones et al., 2017), cyclosporine

(Wiesner et al., 1990), colchicine (Almasio et al., 2000),

methotrexate (Hendrickse et al., 1999), maralixibat (Mayo

et al., 2019) and malotilate (Listed, 1993).

The 23 RCTs included 2,194 patients, 92% of the study

population was women, and the average age was 54.9 years.

The studies included in our systematic review are shown in

Table 1.

Study quality

Of all the 23, 11 studies mentioned the randomization

techniques (including random sampling with computer

(Battezzati et al., 1993; Hendrickse et al., 1999; Hirschfield

et al., 2015; Hegade et al., 2017; Jones et al., 2017; Corpechot

et al., 2018; Kowdley et al., 2018; Mayo et al., 2019), or interactive

voice/web response system (Mayo et al., 2018), or random

numbers (Listed, 1993; Heathcote et al., 1995)), while two

studies were considered “high risk” because the random

methods were inappropriate (Podesta et al., 1991; Vuoristo

et al., 1995). Twelve studies followed allocation concealment

(including third-party random allocation (Poupon et al., 1990;

Battezzati et al., 1993; Lindor et al., 1994; Jones et al., 2017;

Corpechot et al., 2018; Mayo et al., 2018; Mayo et al., 2019),

sequence number (Listed, 1993; Heathcote et al., 1995;

Hendrickse et al., 1999; Hegade et al., 2017), or envelope

(Parés et al., 2000)). Of all the included studies, two followed

single-blind (Oka et al., 1991; Heathcote et al., 1995), and the rest

followed double-blind designs. The data evaluator was blinded in

five studies. All the 23 studies reported complete data and there

was no risk of other biases. The Cochrane deviation risk

assessment tool was used for risk assessment, and the results

are shown in Figures 2A,B.

Pruritus (relief rate)

Most trials reported only the number of patients with

pruritus pre-treatment and post-treatment, so we considered

the relief rate as the primary outcome. Among the eight

studies (Poupon et al., 1990; Oka et al., 1991; Poupon et al.,

1991; Battezzati et al., 1993; Lindor et al., 1994; Heathcote et al.,

1995; Vuoristo et al., 1995; Parés et al., 2000), of UDCA seven

documented itching. The results showed that UDCA combined

with or without cholestyramine, compared to placebo (RR = 1.85,

95%CI (1.40, 2.45), p < 0.001, I2 = 0.0%), had a significant

difference in relieving pruritus (Figure 3A). Among these, two

studies recorded the itching score in detail (Battezzati et al., 1993;

Parés et al., 2000). Compared with placebo, UDCA combined

FIGURE 2
The quality assessment of included trials based on the
Cochrane risk assessment tool. (A) Each risk of bias item presented
as percentages across all included studies; (B) Each risk of bias item
for each included study.
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FIGURE 3
(A)The effect of UDCA on pruritus relief compared with placebo. (B) Two studies of UDCA in pruritus scores compared with placebo. (C) OCA
increases the risk of pruritus compared with placebo. (D) The effect of Rifampicin on the rate of pruritus relief compared with placebo.
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with cholestyramine significantly reduced the itching score

(SMD = −1.78, 95% CI (−2.26, −1.29), p < 0.001, I2 = 64%),

but had a high heterogeneity (p = 0.095, I2 = 64.0%) (Figure 3B).

Three studies (Hirschfield et al., 2015; Nevens et al., 2016;

Kowdley et al., 2018) compared the relief of pruritus after OCA

treatment, and the heterogeneity among studies was low (p =

0.311, I2 = 14.4%). Meta-analysis showed that OCA increased the

incidence of pruritus, compared with placebo (RR = 1.511, 95%

CI (1.07, 2.12), p = 0.018) (Figure 3C).

Two studies (Bachs et al., 1989; Podesta et al., 1991)

compared the relief of pruritus after rifampicin treatment,

and the heterogeneity between the studies was low (p =

0.882, I2 = 0.0%). The results of meta-analysis showed that

rifampicin had no significant effect on itching compared with

placebo or control drugs [RR = 1.595, 95%CI (0.97, 2.63), p =

0.067] (Figure 3D).

One study (Wiesner et al., 1990) reported the incidence of

pruritus in patients with PBC, before and after treatment, with

cyclosporine and placebo. The results showed that

cyclosporine did not significantly reduce the incidence of

pruritus compared with placebo [RR = 0.726, 95%CI (0.51,

1.03), P = 0.072]

One study (Mayo et al., 2018) reported a comparison

between NGM282 and placebo. The results suggested that

NGM282 had no significant effect on 5-D itch score

[SMD = −0.429, 95%CI (−1.06, 0.20), p = 0.179] and VAS

score [SMD = 0.335, 95%CI (−0.29, 0.96), p = 0.293] in

patients with PBC.

One study (Listed, 1993) reported a comparison between

malotilate and placebo, which suggested that malotilate did not

significantly reduce the incidence of pruritus [RR = 1.083, 95%CI

(0.43, 2.73), p = 0.865].

One study (Jones et al., 2017) reported the comparison of

seladelpar and placebo after treatment. The results suggested that

seladelpar did not significantly reduce pruritus in patients with

PBC. The 5-D itch score [SMD = 0.000, 95%CI (−0.79, 0.79), p =

1.000] and VAS score [SMD = 0.138, 95%CI(−0.65, 0.92), p =

0.731] showed no significant alteration.

One study (Mayo et al., 2019) reported a comparison

between maralixibat and placebo. The results suggested that

maralixibat did not significantly reduce the pruritus 5-D itch

score in patients with PBC [SMD = −0.09, 95%CI (−0.59, 0.41),

p = 0.725].

A study (Hendrickse et al., 1999) on methotrexate showed

that, compared with placebo, it significantly reduced pruritus

scores [SMD = 1.000, 95%CI (−1.54, −0.46), p = 0.000].

In a comparative study (Vuoristo et al., 1995) between

colchicine plus UDCA and UDCA, it was found that

colchicine had no significant effect on reducing the incidence

of pruritus [RR = 0.964, 95%CI (0.42, 2.24), p = 0.931].

Another study (Hegade et al., 2017) on GSK2330672 used

different scoring systems to evaluate the change in pruritus score

before and after treatment. The percentage changes from baseline

itch scores were -57% [95% CI (−73, −42), p < 0.0001] in

NRS, −31% (−42~-20, p < 0.0001) in PBC-40 itching,

and −35% (−45~−25, p < 0.0001) in 5-D itch score.

One study (Parés et al., 2000) of UDCA could not be

analyzed because of the lack of data. Indicators changes

before and after treatment for all included studies are listed

in Table 2.

Alkaline phosphatase

Compared with placebo, UDCA, OCA and rifampicin could

reduce serum ALP levels, UDCA [SMD = -2.91, 95%CI

(−4.37, −1.44), p = 0.000], OCA [SMD = −5.56, 95%CI

(−9.82, −1.30), p = 0.011], rifampicin [SMD = −0.53, 95%CI

(−1.02, −0.04), p = 0.033]. However, the change brought about by

bezafibrate [SMD = −4.98, 95%CI (−12.09, 2.16), p = 0.172] was

not statistically significant. But the ALP results showed a high

degree of heterogeneity in UDCA (p = 0.000, I2 = 98.7%), OCA

(p < 0.01, I2 = 97.5%), and bezafibrate (p < 0.01, I2 = 98.8%)

(Figures 4A–C). However, the heterogeneity of the results of

rifampicin was low (p = 0.704, I2 = 0.0%) (Figure 4D). We

conducted sensitivity analysis (Supplementary Material S1) and

subgroup analysis (according to UDCA dose, low: <13mg/kg/d,

medium: 13–15mg/kg/d, high:>15mg/kg/d) (Supplementary

Material S2), study area (Asia, Europe, America)

(Supplementary Material S3), and if cholestyramine was used

as a combination (Supplementary Material S4).

A study (Wiesner et al., 1990) comparing cyclosporine with

placebo found that, cyclosporine was superior to placebo in

reducing ALP [SMD = −5.36, 95%CI (−6.98, −3.74), p = 0.000].

One study (Mayo et al., 2018) reported a comparison

between NGM282 and placebo. The results suggested that

NGM282 could significantly reduce the level of ALP in

patients with PBC [SMD = −1.205, 95%CI (−1.98, −0.44), p =

0.002].

One study (Listed, 1993) reported a comparison between

malotilate and placebo. The results showed no significant

difference in the reduction of ALP between the two

[SMD = −0.236, 95%CI (−0.63, 0.16), p = 0.238].

One study (Jones et al., 2017) reported a comparison between

seladelpar and placebo, which suggested that seladelpar

significantly reduced ALP [SMD = −2.224, 95%

CI(−3.24, −1.21], p = 0.000).

One study (Mayo et al., 2019) on comparison between

maralixibat and placebo concluded that maralixibat did not

significantly reduce serum ALP [SMD = −0.183, 95%CI

(−0.77, 0.40), p = 0.540].

A study (Vuoristo et al., 1995) on colchicine plus UDCA

against UDCA alone showed that, compared with UDCA,

colchicine plus UDCA significantly reduced ALP

[SMD = −0.183, 95%CI (−0.77, 0.40), p = 0.540]. The other

studies on methotrexate (Listed, 1993), colchicine (Almasio et al.,
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TABLE 2 Summary of results for studies were not included in the meta-analysis.

Study ID Intervention Change in
pruritus (event/noevent)

Change in
ALP(U/L) (MD ±
SD)

Change in
γ-GGT (U/L)
(MD ± SD)

Chang in
adverse events
(event/noevent)

F. Nevens 2016 OCA 10 mg 6/50 −130 ± 15 Not reported Not reported

Placebo −19/28 −14 ± 15

K.V. Kowdley 2018 OCA 10 mg Not reported −159 ± 67 Not reported 33/3

Placebo 1 ± 17 21/2

Hirschfield 2014 OCA 10 mg Not reported Not reported −92 ± 31 34/4

Placebo −1 ± 31 32/6

C. Corpechot 2018 Bezafibrate Not reported −60 ± 4 −38 ± 9 43/7

Placebo 0 ± 9 7 ± 16 45/5

Tatsuo Kanda 2003 Bezafibrate + UDCA 1/6 −310 ± 234 −31 ± 20 1/10

UDCA 0/5 −5 ± 219 −1 ± 14 0/11

Poupon RE 1990 UDCA 18/20 −417 ± 403 −413 ± 394 Not reported

Placebo 10/20 20 ± 328 −32 ± 512

Albert Parés 2000 UDCA Not reported −466 ± 56 −256 ± 33 9/90

Placebo −97 ± 64 −17 ± 30 6/87

P.M.Battezzati1993 UDCA 11/29 Not reported Not reported 4/40

Placebo 5/34 1/43

E.J Heathcote 1994 UDCA 24/63 −42 ± 99 Not reported 12/99

Placebo 16/63 3 ± 98 19/92

K. D. Lindor1994 UDCA 27/21 −711 ± 811 Not reported 21/68

Placebo 12/39 −300 ± 633 43/48

Laura Bachs 1989 Rifampicin 19/2 −316 ± 647 −99 ± 187 1/20

Phenobarbitone 8/10 125 ± 795 173 ± 294 3/15

Study ID Intervention Change in pruritus (event/noevent) Change in ALP (U/L) (MD ± SD) Change in γ-GGT (U/L) (MD ± SD) Chang in Adverse events (event/
noevent)

Ana Podesta 1991 Rifampicin 14/0 −383 ± 683 Not reported 0/14

Placebo 6/8 −92 ± 697 0/14

M. J. mayo 2018 NGM282 3 mg 5-D itch:-2.1 ± 4.7, VAS:-6.2 ± 15.6 −66 ± 57.7 −50.8 ± 71.9 22/8

Placebo 5-D itch:-0.2 ± 3.8, VAS:-12.6 ± 24.9 3.3 ± 57.3 −5.6 ± 47.3 12/3

R. H.Wiesner 1990 Cyclosporine 16/1 −143 ± 623 Not reported 15/4

Placebo 3/6 273 ± 345 5/5

A European Multi--centre study
group

Malotilate 8/16 −61 ± 111 Not reported 13/39

Placebo 6/20 −30 ± 150 2/47

David Jones 2017 Seladelpar200 mg (continue
UDCA)

4/1 −156 ± 100 Not reported 12/12

Placebo (continue UDCA) 3/1 4.7 ± 3.5 6/7

(Continued on following page)
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2000)and GSK2330672 (Hegade et al., 2017) did not report any

change of ALP level after drug treatment.

Gamma-glutamyl transpeptidase

Blood γ-GGT levels were reported in 5 RCTs of UDCA

(Poupon et al., 1990; Oka et al., 1991; Poupon et al., 1991;

Vuoristo et al., 1995; Parés et al., 2000)and two of bezafibrate

(Kanda et al., 2003; Corpechot et al., 2018). The results showed

that UDCA and bezafibrate could reduce serum γ-GGT levels

(UDCA [SMD = −2.18, 95%CI (−2.43, −1.93), p = 0.000],

bezafibrate [SMD = −2.65, 95%CI (−4.34, 0.96), p = 0.002])

(Figures 5A,B). However, there was obvious heterogeneity for

UDCA (p < 0.01, I2 = 98.9%) and bezafibrate (p < 0.01, I2 =

88.8%). Therefore, we conducted a subgroup analysis based on

the dose of UDCA (Supplementary Material S5), study area

(Supplementary Material S6) and whether cholestyramine was

combined with UDCA (Supplementary Material S7), to evaluate

its effect on serum γ-GGT. Sensitivity analysis showed that the

results were consistent (Supplementary Material S8).

A study (Hirschfield et al., 2015) on the effect of OCA in

serum γ-GGT showed that OCA reduced serum γ-GGT than

placebo [SMD = −2.935, 95%CI (−3.59, −2.28), p = 0.000].

One study (Bachs et al., 1989) reported a comparison

between rifampicin and placebo. The results suggested that

the former could significantly reduce the level of serum γ-
GGT [SMD = −1.123, 95%CI (−1.80, −0.44), p = 0.001].

One study (Mayo et al., 2018) reported a comparison

between NGM282 and placebo. The results suggested that

NGM282 can reduce the level of γ-GGT [SMD = −0.738, 95%

CI (−1.47, −0.01), p = 0.047] in patients with PBC.

A study (Mayo et al., 2019) on the effect of maralixibat on

serum γ-GGT, compared with placebo, showed no significant

difference between the two drugs [SMD = −0.068, 95% CI (−0.65,

0.52), p = 0.819].

The other two studies of OCA (Nevens et al., 2016; Kowdley

et al., 2018), three of UDCA (Battezzati et al., 1993; Lindor et al.,

1994; Heathcote et al., 1995), one of rifampicin (Podesta et al.,

1991), one of cyclosporine (Wiesner et al., 1990), one of

malotilate (Listed, 1993), one of seladelpar (Jones et al., 2017),

one of methotrexate (Hendrickse et al., 1999), one of colchicine

(Almasio et al., 2000) and one of GSK2330672 (Hegade et al.,

2017) did not report any change of serum γ-GGT level after

treatment.

Adverse events

Compared with placebo, the incidences of adverse events

with UDCA were lower [OR = 0.61, 95%CI (0.42, 0.89), p =

0.011], and there was no significant difference in OCA (OR =

1.03, 95%CI (0.61, 1.75), p = 0.901) and bezafibrate (OR = 0.99,T
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FIGURE 4
(A)The effect of UDCA in serum ALP. (B) The effect of OCA on serum ALP. (C) The effect of Bezafibrate on serum ALP. (D) The effect of
Rifampicin on serum ALP.
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95%CI (0.56, 1.74), p = 0.967). The results showed that the

heterogeneity was low, (for UDCA: p = 0.195 and I2 = 32.0%, for

OCA: p = 0.892 and I2 = 0.0%, and for bezafibrate: p = 0.504, I2 =

0.0%) (Figures 6A–C).

Sensitivity analysis of UDCA indicated that the results were

consistent (Supplementary Material S9). Subgroup analysis based

on UDCA dose (Supplementary Material S10), study area

(Supplementary Material S11), year of publication

(Supplementary Material S12) and whether UDCA was

combined with cholestyramine (Supplementary Material S13),

showed that the occurrence of adverse events was dose-

dependent. Both high (>15mg/kg/day) and low doses

(<13mg/kg/day) of UDCA increased the incidence of adverse

events, while the middle dose (13–15mg/kg/day) of UDCA did

not increase the incidence of adverse events.

A study (Mayo et al., 2018) on the comparison of adverse

reactions between NGM282 and placebo showed no

significant difference [OR = 0.917, 95%CI (0.36, 2.34), p =

0.856].

One study (Wiesner et al., 1990) reported no significant

difference in the incidence of adverse events when cyclosporine

and placebo were compared [OR = 1.579, 95%CI (0.44, 5.62), p =

0.481].

A study (Listed, 1993) compared malotilate with placebo,

showed that malotilate was superior than placebo in reducing

adverse events [OR = 6.125, 95%CI (1.31, 28.52), p = 0.021].

Two separate studies (Jones et al., 2017; Mayo et al., 2019)

reported no significant difference in the reduction of adverse events

between seladelpar (MBX-8025) and placebo groups [OR = 1.820,

95%CI (0.59, 5.62), p = 0.298], and betweenMaralixibat and placebo

[OR = 1.558, 95%CI (0.59, 4.13), p = 0.372].

Similarly, studies (Hendrickse et al., 1999; Almasio et al.,

2000; Hegade et al., 2017) reported no significant differences for

the adverse events between methotrexate and placebo [OR =

1.105, 95%CI (0.50, 2.46), p = 0.806], colchicine and placebo

[OR = 0.522, 95%CI (0.18, 1.53), p = 0.236], and

GSK2330672 and placebo [OR = 1.000, 95%CI (0.41, 2.47),

p = 1.000].

Two studies (Bachs et al., 1989; Podesta et al., 1991) reported

no significant difference in the reduction of adverse events

between rifampicin and placebo [OR = 0.286, 95%CI (0.03,

2.99), p = 0.296].

FIGURE 5
(A)The effect of UDCA on serum γ-GGT. (B) The effect of Bezafibrate on serum γ-GGT.
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FIGURE 6
(A)The adverse events for UDCA. (B) The adverse events for OCA. (C) The adverse events for Bezafibrate. (D) The adverse events for NGM282.
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Discussion

The rising incidence of pruritus in PBC and the lack of

effective treatment methods were serious concerns. One study

found that the incidence of pruritus can growing from 19% at the

beginning to 80% in 10 years later (Prince et al., 2002). Pruritus in

PBC was belong to cholestatic pruritus. Unlike histamine-related

pruritus, cholestatic pruritus had no evidence-based guidelines

because the underlying pathogenesis was unclear. Some studies

had shown that itching symptoms often occured in female

patients with PBC, accompanied by increasing levels of ALP

and γ-GGT, but the mechanism behind it was still unknown.

Existing studies had found that PBC-related pruritus was mainly

related to bile acids, lysophosphatidic acid A (LPA), G-protein

coupled bile acid receptor1 (GPBAR1), endogenous opioids, 5-

hydroxytryptamine (5-HT), nitric oxide and substance P. But

since the circulation level of these substances was not well

correlated with the severity of pruritus, there may be complex

interactions among multiple pruritus substances (Quarneti et al.,

2015). Firstly, for the treatment of PBC-related pruritus, we need

to rule out renal failure, psoriasis, idiopathic dermatitis and other

diseases that can cause pruritus. Secondly, drugs treatment and

non-drugs treatment measures should be adopted according to

the severity of the disease. The first-line treatment drugs were

mainly bile acid-binding resin (Gideon et al., 2017), such as

colesevelam hydrochloride, which has better therapeutic effect

than cholestyramine. Second-line therapeutic drugs such as

rifampicin, opioid antagonists (naltrexone) and modulators of

5-HT receptor pathway (sertraline) can be used as supplements

to first-line drugs. In addition, most of the non-drug treatments

belong to invasive treatment strategies, and liver transplantation

was the last choice for patients with intractable pruritus when all

treatment strategies were ineffective. Unfortunately, due to lack

of evidence-based evidence, the role of many drug interventions

in the treatment of cholestatic pruritus, including PBC was

uncertain. This result has also been confirmed in a recent

related study (Dervout et al., 2022).

Moreover, drugs for PBC were indispensable in the treatment

of pruritus. In recent years, newer target drugs were introduced,

which mainly focus on reducing cholestasis and reduced bile acid

toxicity, and are immunomodulatory in action and antifibrotic in

nature (Shah and Kowdley, 2020). However, the efficacy of these

drugs remains to be further evaluated. For example, OCA was a

semisynthetic chenodeoxycholic acid analogue, which can inhibit

bile acid synthesis and stimulate bile secretion to protect

hepatocytes by activating farnesol X receptor. Amazingly, it

was found that pruritus increased dose-dependently with

OCA treatment (Gong et al., 2008; Trauner et al., 2019), and

so it using in patients with PBC associated pruritus was limited.

Systematic reviews and meta-analyses on UDCA showed that it

improved the levels of serum ALP and γ-GGT, but there were no
significant effects on pruritus, fatigue, or reduction in adverse

events in PBC (Gong and Gluud, 2005). Similar results were

obtained for methotrexate (Guo et al., 2015), fenofibrate (Zhang

et al., 2015), and bezafibrate (Gong et al., 2007). Cyclosporin A

may significantly improving pruritus, but it had significant side

effects compared with placebo (Gerussi et al., 2021). However, we

found that these studies did not consider pruritus as a primary

outcome measure, and we need an effective and safe

pharmacological intervention for pruritus associated with PBC

was yet unmet.

Therefore, we conduct this systematic review and meta-

analysis to find the effective and safety pharmacological

intervention for managing pruritus in PBC.

Pruritus (relief rate)

This meta-analysis of 23 RCTs found that UDCA,

methotrexate and GSK2330672 improved pruritus (comparing

the pruritus relief rate before and after treatment). OCA may

increase the risk of pruritus, hence it was not recommended for

patients suffering from PBC pruritus. However, due to the

limited number of studies, it was suggested that more RCTs

be conducted to understand their role in improving the symptom

of itching (Specific data are summarized in Table 2).

Serum alkaline phosphatase and γ-
glutamyl transpeptidase

Serum ALP and γ-GGT were two important indicators for

the diagnosis and prognosis of PBC[57], while these also serve as

important markers to diagnose the existence of cholestasis. We

analyzed the effects of drug intervention on ALP and γ-GGT. All
the included studies reported that UDCA, OCA, rifampicin,

cyclosporine, NGM282, seladelpar and colchicine may

improve blood ALP. Further, UDCA, bezafibrate, OCA,

rifampicin and NGM282 may improve blood γ-GGT. We

found that rifampicin can significantly reduce the blood ALP

level with low heterogeneity, while UDCA and OCA have high

heterogeneity in reducing the level of ALP. Although UDCA and

bezafibrate reduce the level of blood γ-GGT, they have high

heterogeneity. Rifampicin and NGM282 were equally efficacious

in reducing blood ALP and γ- GGT, which was an area worthy of

further study.

Adverse events

The existing evidence showed that a medium dose of UDCA

(13–15mg/kg/day) and malotilate may have the benefit of

reducing the incidence of adverse events (p < 0.05), and these

studies showed low heterogeneity. It was also found that the other

drugs that inculded did not significantly raising the incidence of

adverse events compared with placebo (p > 0.05).
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Conclusion

In this study, we attempted to evaluate the efficacy and safety

of drug interventions in the treatment of PBC-associated pruritus.

It was found that UDCA, methotrexate, and GSK2330672 may

improve pruritus, but due to the existence of literature quality and

heterogeneity of the included drugs, we cannot recommend some

therapeutic drugs in line with clinical practice. Notably, with the

continuous accumulation of high-quality clinical trial evidence of

some emerging drugs such as bezafibrate and ileal apical bile acid

transporter inhibitors (GSK2330672), perhaps in the near future,

PBC-related pruritus will get more high-quality evidence and

standardized treatment, and the rate of utilization of liver

transplantation will become lower.
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Objectives: Studies of the diagnosis of hypertension have emphasized long-

term cost-effectiveness analysis, but the patient experience and costs of

blood pressure monitoring methods at the diagnosis stage remain unclear.

We studied four diagnostic methods: a new 1 h-automated office blood

pressure (BP) monitoring, office BP measurement, home BP monitoring, and

awake-ambulatory BP monitoring.

Methods: We carried out a comparative effectiveness study of four methods

of diagnosing hypertension in 500 participants with a clinical suspicion

of hypertension from three primary healthcare (PHC) centers in Barcelona

city (Spain). We evaluated the time required and the intrinsic and extrinsic

costs of the four methods. The cost-accuracy ratio was calculated and

differences between methods were assessed using ANOVA and Tukey’s

honestly significant difference (HSD) post-hoc test. Patient experience data

were transformed using Rasch analysis and re-scaled from 0 to 10.

Results: Office BP measurement was the most expensive method (€156.82,

95% CI: 156.18–157.46) and 1 h-automated BP measurement the cheapest

(€85.91, 95% CI: 85.59–86.23). 1 h-automated BP measurement had the

best cost-accuracy ratio (€ 1.19) and office BP measurement the worst (€

2.34). Home BP monitoring (8.01, 95% CI: 7.70–8.22), and 1 h-automated

BP measurement (7.99, 95% CI: 7.80–8.18) had the greatest patient approval:

66.94% of participants would recommend 1 h-automated BP measurement as

the first or second option.
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Conclusion: The relationship between the cost-accuracy ratio and

the patient experience suggests physicians could use the new 1

h-automated BP measurement as the first option and awake-ambulatory BP

monitoring in complicated cases and cease diagnosing hypertension using

office BP measurement.

KEYWORDS

blood pressure, hypertension diagnosis, patient experience, cost analysis, primary
care, cost-effectiveness research

Introduction

The diagnosis of hypertension requires accurate blood
pressure (BP) monitoring (1). Currently, international
guidelines accept four methods: the reference 24-h ambulatory
blood pressure monitoring (24 h-ABPM), home blood pressure
monitoring (HBPM), office blood pressure measurement
(OBPM), and automated office blood pressure measurement
(AOBP) (2–4).

In daily clinical practice, 24 h-ABPM is not feasible in
all cases due to the cost, the limited availability of devices,
and possible patient distress. Therefore, HBPM or OBPM is
often used to diagnose hypertension (5, 6). OBPM results in
a considerable proportion of false positive and false negative
diagnoses in patients with white coat syndrome or masked
hypertension. HBPM is a good alternative, although most
patients do not have a device at home before the diagnosis and
carry out BP readings in unsuitable conditions (7). Automated
BP devices, such as AOBP, are considered unattended office
BP monitoring (8). AOBP reduces the white coat effect and
measurements are close to mean daytime pressures obtained
with ABPM or HBPM. Physicians accept AOBP because it
offers measurements in a relatively controlled environment, and
the results are obtained rapidly (9). At present, the Canadian
hypertension guidelines and the American Heart Association
accept AOBP as a method of diagnosing hypertension (10, 11).
However, AOBP is not uniform (12): the first described AOBP
method recommended three to four BP readings over 5 min,
while others suggest more (13).

A recent paper reported on 1-h Automated Office
Blood Pressure (1 h-AOBP) measurement consisting of BP
measurement for 1 h every 5 min using the 24-h ABPM device.
1 h-AOBP has a sensitivity of 76.6% (95% CI: 71.1–81.5),
a specificity of 64.8% (95% CI: 57–72.1), with a diagnostic
accuracy greater than OBP and HBPM (14). 1 h-AOBP showed
similar results to HBPM and a reasonable variability compared
with awake-ABPM. ABPM is the gold standard; however, it
requires a device for the patient for 24 h, and the high incidence
of hypertension does not allow all patients to undergo screening
with this method (15). HBPM at home or the pharmacy is

a good alternative; however, clinicians often suspect patients’
technique is incorrect (2). OBPM has been reported to result in
overdiagnosis in 15–30% of cases and a higher risk of white coat
hypertension (5). Therefore, 1 h-AOBP, which uses the same
devices as ABPM for 1 h, allows multiple daily screenings and
avoids common disadvantages.

Physician decision-making when choosing a hypertension
diagnosis method is likely to vary during hypertension follow-
up (16). In primary healthcare (PHC) clinical practice or
outpatient clinics, where patients are highly independent and
the hypertension diagnosis is opportunistic when exploring
risk factors, physician choices are mostly discretional. Family
physicians and PHC nurses might prefer BP measurement
methods according to individual patient choices when they are
unable or unwilling to carry out a specific BP measurement
method (17). However, there is a lack of evidence on patient
preferences at the time of the diagnosis of hypertension.
Physician decision-making in the choice of hypertension
methods is also hampered by the lack of evidence on the
direct costs because studies have focused on long-term cost-
effectiveness (18, 19). Therefore, the objective of this study
was to evaluate the factors that most influence physicians
and patients when choosing a BP measurement method: the
accuracy of the method, the costs, and the patient experience.
We conducted a comparative effectiveness study to evaluate four
hypertension diagnostic methods, a 1-h automated office blood
pressure (1 h-AOBP), awake-ABPM, HBPM, and OBPM.

Materials and methods

Study context

We designed a comparative effectiveness study using the
view of the National Academies of Science to examine the cost-
accuracy and patient experience outcomes of the hypertension
diagnosis (20). This comparative effectiveness study was part of
a clinical trial carried out in three PHC centers in Barcelona
(Spain). The results of the clinical trial are published (14), and
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details of the study, the patient sample, and the characteristics of
the protocol are described elsewhere (21).

The four BP methods are described elsewhere (22), and
the BP methods studied were carried out according to clinical
guideline recommendations (12). Participants underwent 24
h-ABPM, 1 h-AOBP, HBPM, and OBPM. 1 h-AOBP used a
24-h ABPM device set up to measure BP every 5 min for
1 h. During the hour, the patient remained in the waiting
room or in a quiet consulting room in the PHC center,
without walking actively, eating, or smoking. After 1 h, the
device and arm cuff were removed. HBPM was carried out
according to daily clinical practice: Participants were required
to measure three BP readings over 3 days, but if they did not
have a valid BP device at home, they were asked to record
the BP in the pharmacy following the same requirements as
at home. A summary of the characteristics of BP methods
and requirements are in Supplementary Table 1 and all BP
diagnostic methods are described.

A total of 500 patients referred by family physicians for
a hypertension diagnosis underwent the four BP methods.
Exclusion criteria were severe physical or cognitive limitations,
episodes of any arrhythmia, any disease-causing permanent
tremor, arm circumference > 42 cm, arterial-venous fistula in
the arm, mental disorders or intolerance to the BP measurement
method, inability to attend the study at the PHC or programmed
hospitalization during the study. Data collection commenced in
June 2017 and the completion date was December 2019.

Data collection and outcomes

The time horizon of the study was determined as the
time when the family physician or nurse required a BP test
for hypertension to the obtention of the results. After each
BP method, participants completed a questionnaire on their
experience. This included comfort, time the test required, and
the degree of recommendation. Five-point visual scales were
used to assess comfort and time with higher points indicating
better patient experience. The degree of recommendation was
an item to rank the order of the four BP methods if patients had
to recommend them to other patients. The patient experience
data collection sheet is reported elsewhere, and further details
of the data collection are published and public available (21).
Accuracy figures were used as reported, using Awake-ABPM as
the reference method, with a diagnostic accuracy of 100% (14).
Accuracy reflected the probability that an individual would be
correctly classified by the method.

The cost of the visit was calculated according to Catalan
public healthcare system costs (23). Expenses reported by
participants (if any) and the cost of travel to the PHC were
calculated. In all cases, we considered a round trip for each
visit. Public transport (metro and bus) costs were estimated
(24). Taxi costs were calculated according to the price per

minute, established by the Barcelona metropolitan area as €
0.56 per minute (25), and the cost of traveling in private cars
was estimated per minute according to the scheme of allocation
for travel expense of the Spanish Tax Agency (26). The cost-
accuracy ratio estimated how much it cost to gain a unit
of diagnostic accuracy. Additionally, the time was estimated
in minutes as the time used to reach the PHC reported
by participants added to an estimated time of 10 min per
consultation. In the case of 1 h-AOBP we added 60 min because
the test takes place during this time in the PHC.

Statistical analysis

We carried out a cost-accuracy study with a similar
perspective to a cost-effectiveness analysis (27). Categorical
variables were presented as absolute frequencies and percentages
and continuous variables as mean and standard deviation (SD).
The time necessary was calculated by adding the transport times
and consultation times per patient; costs were calculated by
adding the consultation rates, transportation costs, and patient
expenses. The patient experience results from the questionnaire
were transformed into interval scaling using a Rasch analysis
(28), which first required verification of the goodness-of-fit of
the data to the model. Patient experience logit units from the
Rasch analysis were re-scaled to 0–10, where 10 meant the

TABLE 1 Participant characteristics.

Characteristics N = 500

Sex, female 244 (48.8)

Age (years) 59.7 ± 14.1

Ethnicity

Caucasian 434 (86.8)

Latin 53 (10.6)

Other 13 (2.6)

Educational level

Without studies 15 (3.0)

Primary school 56 (11.2)

High-school (up to 16 years) 71 (14.2)

High school or vocational studies (up to 18 years) 129 (25.8)

University studies or higher 229 (45.8)

Time used to reach the primary health care facility (minutes) 12.3 ± 8.9

Transport used

Walking 430 (86.0)

Private car 30 (6.0)

Public transport (metro, bus) 36 (7.2)

Taxi 4 (0.8)

Had a sphygmomanometer at home 269 (53.8)

Went to a pharmacy to check blood pressure (HBPM) 242 (48.4)

Mean price paid at pharmacy €0.6 ± 1.3

Data are presented as n (%) or mean ± standard deviation.
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best comfort and time experience and 0 the worst experience.
Patient experiences of BP methods were studied by examining
the overall mean experience and patient characteristics using
ANOVA. We used sociodemographic variables to examine
between-group differences: age, sex, educational level, and
ethnicity. We analyzed the proportion of the rank order of
the four BP methods with charts where the participant had to
recommend each BP method to other patients.

The cost study was carried out using ANOVA tests with the
mean costs and time of each BP method. In all analyses, the
results were expressed as mean and 95% confidence intervals
(95% CI). Differences between BP methods were examined
using Tukey’s honestly significant difference (HSD) post hoc
test. The analysis was made using Winsteps Rasch software and
R version 3.6.0 for Windows (29, 30).

Ethics

The study was approved by the Ethics Committee of the
Hospital Clinic of Barcelona (ref. number HCB/2014/0615) and
registered at ClinicalTrials.gov (NCT03147573). All participants
were informed of the study aims and provided written
informed consent.

Results

Of the 500 patients included, 244 (48.8%) were female, with
a mean age of 59.7 years (SD 14.1 years). Most participants
had a tertiary education and reached the PHC center by
walking < 13 min; they were not diagnosed with hypertension
but 53.8% of participants reported having a sphygmomanometer
at home. Participant characteristics are shown in Table 1.

The costs, diagnostic accuracy, and time study in Table 2
shows that 1 h-AOBP was the cheapest (€85.91, 95% CI: €85.59–
€86.23), while OBPM was the most expensive with a mean cost
of €156.82.91 (95% CI: €156.18–€157.46). On average, HBPM

required a shorter time to diagnosis than the other methods. The
cost-accuracy ratio showed that HBPM, 1 h-AOBP and awake-
ABPM were very similar, while the OBPM had an almost twofold
higher cost-accuracy ratio.

According to patient experience, the highest rated BP
methods were HBPM and 1 h-AOBP with 8 out of 10,
and the least valued was awake-ABPM with a mean score
of 5.19 (95% CI: 4.98–5.40). Pairwise comparison analysis
showed greater differences (> 2 points) in comparisons of
methods with awake-ABPM. The results are shown in Table 3.
ANOVA tests of the mean experience by BP method and group
characteristics showed significant but not relevant differences
(<1 point) by age group in OBP, HBPM, and 1 h-AOBP.
The results of this analysis are shown in Supplementary
Table 2.

Figure 1 shows the differences in the distribution of the
patient experience by BP method. The HBPM and 1 h-AOBP
produced almost the same experience, while the worst rated
was awake-ABPM. The stacked bar chart in the Figure 2 shows
that 66.94% of participants would recommend 1 h-AOBP to
other patients as the first or second option. Figure 3 shows the
relationship between the cost-accuracy ratio, and the patient
experience. BP methods with better cost-accuracy figures (close
to 1 in the x axis) were 1 h-AOBP and HBPM, with a similar ratio
to the gold-standard of awake-ABPM. However, 1 h-AOBPM
and HBPM showed the best relationship according to the cost-
accuracy ratio and high patient experience (y axis).

Discussion

We evaluated four methods of diagnosing hypertension
according to cost-accuracy and patient experience. The results
showed 1 h-AOBP had the best cost-accuracy, and the patient
experience was similar to HBPM. 1 h-AOBP and HBPM showed
the best outcome indicators compared with OBPM and awake-
ABPM.

TABLE 2 Cost and time study of diagnosing hypertension.

Method Total transport
costs [95% CI]

Time necessary in minutes
(consultations and

transport) [95% CI]

Total cost
[95% CI]

Cost-accuracy
ratio [95% CI]

Awake-ABPM € 1.37 [0.89–1.85] 103.33 [98.60–108.06] € 121.38
[120.89–121.85]

1.21 [1.24–1.25]

OBPM. € 1.82 [1.18–2.46] 137.78 [131.46–144.09] € 156.82
[156.18–157.46]

2.34 [2.33–2.34]

HBPM € 0.91 [0.59–1.23] 68.88 [65.73–72.04] € 86.23
[85.90–86.56]

1.25 [1.24–1.25]

1 h-AOBP. € 0.91 [0.59–1.23] 118.88 [115.73–122.04] € 85.91
[85.59–86.23]

1.19 [1.24–1.25]

Data are presented as mean [95% confidence intervals]. Awake-ABPM, Awake ambulatory blood pressure monitoring; OBPM, Office blood pressure measurement; HBPM, Home blood
pressure monitoring; 1 h-AOBP, 1 h- automated office blood pressure measurement.
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TABLE 3 ANOVA test and pairwise comparisons (Tukey HSD tests) to
examine the patient experience of each BT method.

BP test Patient experience
(handling and

time 0–10 scale)
mean and [95%

CI]

F P-value

Awake-ABPM 5.19 [4.98–5.40] 151.8 <0.001

OBPM. 7.32 [7.55–7.09]

HBPM. 8.01 [7.70–8.22]

1 h-AOBP. 7.99 [7.80–8.18]

Pairwise comparisons Mean difference
and 95% CI

P-value

OBPM vs. awake-ABPM 2.14 [1.74–2.53] <0.001

1 h-AOBP vs. awake-ABPM 2.80 [2.41–3.19] <0.001

1 h-AOBP vs. OBPM 0.67 [0.27–1.06] <0.001

HBPM vs. awake-ABPM 2.82 [2.43–3.22] <0.001

HBPM vs. OBPM 0.68 [0.29–1.08] <0.001

HBPM vs. 1 h-AOBP 0.02 [−0.38 to 0.41] 0.999

Patient experience

Patient preferences for handling and the time required was
clearly favorable to 1 h-AOBP and HBPM. The lower patient

endorsement of OBPM might be influenced by the number of
consultations and the time required (30). In contrast, awake-
ABPM, although it only requires two consultations, has the
drawback of wearing the BP measurement cuff and device for
1 day, meaning patients cannot carry out their daily activities
(e.g., ride a motorcycle or any activities involving physical effort)
(31). Patients clearly endorsed 1 h-AOBP and HBPM over
other BP methods, and this was not associated with patient
characteristics. Therefore, 1 h-AOBP and HBPM may be the
best methods for physicians based on the patient experience.
Studies of patient experiences in the diagnosis of hypertension
show that HBPM is better accepted than OBPM, mainly because
of patient confidence in the accuracy of BP measurement (32).
However, a nationwide physician survey in Canada—where
AOBP is most established, since the Canadian Hypertension
guidelines included it as a valid method—showed that the
preferred method of hypertension screening remains OBPM
carried out with mercury devices (54.2%) compared with AOBP
(38.8%) (33). A similar trend was observed in a survey carried
out in a large sample of physicians in Hong Kong with a lower
proportion of AOBP use (13.7%) and no use of HBPM (34).
In Europe, a recent BP monitoring and measurement method
guideline incorporated AOBP, although with relatively little
information on it (35). While OBPM has the worst indicators
and HBPM at the diagnostic stage might cause suspicion in
clinicians, we suggest that our results might persuade healthcare

FIGURE 1

Distribution plot with the experience (0–10 scale) by BP method. The yellow shape shows density of the data at different values of patient
experience, and the blue line and white dot are the inter-quartile rank and median, respectively.
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FIGURE 2

Lower part: staked bar chart with participants rank order of recommendation of each BP method to other patients. HBPM, Home blood
pressure monitoring. 1 h-AOBP, 1 h- automated office blood pressure measurement; OBPM, Office Blood Pressure measurement;
Awake-ABPM, Awake ambulatory blood pressure monitoring.

FIGURE 3

Relationship between the cost-accuracy ratio and the patient experience. HBPM, Home blood pressure monitoring. 1 h-AOBP, 1 h- automated
office blood pressure measurement; OBPM, Office Blood Pressure measurement; Awake-ABPM, Awake ambulatory blood pressure monitoring.
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providers and physicians to opt for new AOBP methods when
selecting the best monitoring to diagnose hypertension.

Cost of diagnosing hypertension

The cost study showed 1 h-AOBP had results similar to
HBPM, and the most expensive method was OBPM. Likewise,
the cost-accuracy analysis showed OBPM was almost twice as
good as the other methods, while 1 h-AOBP and awake-ABPM
had the best cost-accuracy values. Some reports advise AOBP
in all patients due to time or cost factors (31). Our results
show that AOBP is cheaper than other diagnostic methods.
To our knowledge, this approach to the effectiveness of BP
measurement methods has not been studied, as researchers have
prioritized cost-effectiveness (18). The evaluation of diagnostic
methods often stops after quantifying the accuracy of the
method compared with the gold-standard test (36). However,
in the diagnosis of hypertension, BP measurement is linked
to the patient experience and direct and indirect patient costs
(37), and, therefore, incorporating the patient experience within
the cost-accuracy framework is relevant in the evaluation of
replacing OBPM by 1 h-AOBP in daily clinical practice: 1
h-AOBP favors the three domains (cost, patient outcomes and
diagnostic accuracy).

The difference between the most expensive and the cheapest
BP method (OBPM vs. 1 h-AOBP) was €-70.91. These results
reflect real costs and have not been inflated but emerged from
the reality of the well-established Spanish PHC system. In Spain,
PHC is a core element of the health system, and is provided by
specialist family physicians and nurses (38). PHC is managed,
with few exemptions, by public trusts funded from the public
budget according to block grants, including acute and chronic
care, health promotion and prevention activities (39). While
the benefits are not subject to patient cost-sharing, our results
show that patients share indirect costs (e.g., number of visits).
The results on effectiveness, in terms of real costs, of a PHC
system according to the case study of diagnosing hypertension
with different BP methods meant we adapted the number of
visits to daily clinical practice differences in reimbursements,
which might be higher but might not alter the ranking of costs
of BP methods. We propose a feasible strategy to use 1 h-AOBP
according to the results and the sensibility and specificity of 1
h-AOBP (12): (1) If hypertension is suspected—not restricted
to opportunistic screening in the office—the physician should
program 1 h-AOBP, asking the patient to bring the HBPM
results. (2) Once the physician has the 1 h-AOBP and HBPM
results they will decide whether hypertension can be diagnosed
or, (3) in case of doubt, program 24 h-ABPM as a confirmatory
method. We suggest this strategy could deal with some of
the problems derived from false negatives and false positives
and reduce the difference in cost-utility with awake or 24
h-ABPM (15).

Limitations and strengths of the study

The study has some limitations. We carried out a cost-
accuracy and patient experience study to diagnose hypertension,
but not the follow up, and only studied direct costs. A health
technology assessment modeling study might answer the
question of the indirect costs, but this was not the aim of
our study. We aimed to motivate implementation of the most
cost-accurate BP method to diagnose hypertension and suggest
this is the first step to plan a cost-effectiveness study of
1 h-AOBPM. However, there is abundant literature on the
follow up of hypertension, and the diagnostic stage is critical
for subsequent monitoring. The reference test to diagnose
hypertension is the 24 h-ABPM has limitations with the
availability of the devices. However, this study examined the
cost-accuracy and patient experience indicators of the four
most important BP methods to diagnose hypertension. The
results provide evidence of all advantages and drawbacks to
help clinicians make better-informed decisions. The associated
costs correspond to PHC and may seem low. However, we
suggest the relative differences between BP methods can be
adapted to other healthcare provision, including hospitals.
Although the diagnosis of hypertension is highly dependent on
the physician, our results come from real-life conditions and
therefore physicians and healthcare managers could use the
results to establish standardized procedures.

Conclusion

We found 1 h-AOBP had the best cost-accuracy ratio, with
patient time and comfort indicators similar to HBPM. The
1 h-AOBP indicators of cost-accuracy and patient experience
might impact the speed of the diagnosis. Our findings are
important with respect to clinical strategies, as OBPM as a
diagnostic strategy for hypertension in PHC could cease, as it has
the highest costs, the lowest accuracy and is not well accepted
by patients. 1 h-AOBP might reduce healthcare diagnostic costs
and improve patients’ healthcare experience.
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