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Editorial on the Research Topic

Chronic airway diseases, lung cancer, and their interaction

Chronic respiratory diseases include chronic airway diseases, chronic cough, pulmonary

fibrosis, pulmonary infection, and lung cancer. Asthma and chronic obstructive pulmonary

disease (COPD) are the most common chronic respiratory diseases, both are inflammatory

diseases in small airways. Asthma affects 300 million people in the world (1). Important

components of the asthma syndrome include severity, age of onset and the presence of

eosinophilia and IgE-mediated allergy to inhaled proteins. Type 2 immune responses are

dominant in asthma in Westernized societies, but most cases of asthma in the developing

world are non-atopic (2). COPD is also a heterogeneous disease and a leading cause of death

and disability worldwide. It characterizes as persistent airflow obstruction and respiratory

symptoms. The disease is caused by exposure to inhale cigarette smoke and air pollutants,

in combination with genetic, developmental, and social factors (3). Lung cancer can be

classified into two broad histologic classes: small cell lung carcinomas (SCLC) and non-

small cell lung carcinomas (NSCLC). It is the leading cause of cancer mortality worldwide.

Smoking is also the major cause of lung cancer (about 90% of cases). Radon gas, asbestos, air

pollution exposures, and chronic infections can also contribute to lung carcinogenesis (4).

With the advanced omics technologies, clinical managements for chronic airway

diseases and lung cancer have been revolutionized. For asthma, IgE-specific antibodies,

leukotriene receptor antagonists, Th2 type cytokines, therapies against tumor necrosis factor

(TNF), vitamin D, probiotics, pathogen-associated molecular patterns (PAMPs) and toll-

like receptors (TLRs) agonists, and interferons (IFNs) are all possible treatment means (5).

Inhaled corticosteroids (ICS) are still the mainstay for asthma treatment and short-acting

beta-agonists (SABAs) can also rapidly reduce airway bronchoconstriction. Although these

advanced biologic therapies have reduced the exacerbations rates of moderate to severe

asthma by 50% (6), two-thirds of patients with severe asthma treated with biologics continue

to have uncontrolled diseases (7). For COPD, there’s currently no cure for the disease, but

treatments can help to slow the progression of the condition. The effective managements

of COPD include stopping tobacco, inhalers, pulmonary rehabilitation, surgery, or lung

transplant. For lung cancer, treatments include surgery, radiation therapy, chemotherapy,

targeted therapy, and immunotherapy (4). Treatments with tyrosine kinase inhibitors (TKIs)

and immune checkpoint inhibitors (ICPIs) have been emerged as valuable therapies for

some lung cancer patients. Combining with other traditional therapeutic options, targeted

therapies and immunotherapies show great potential in lung cancer treatments.
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Personized medicine or precision medicine requires to

understand host genetic factors and environmental factors.

Chronic airway diseases and lung cancer are caused by

combinations of the two factors. Asthma and COPD exacerbations

are often linked to the bacterial and viral infections. Human

rhinovirus (HRV) and non-typeable Haemophilus Influenzae

(NTHi) infections contribute to airway diseases (8, 9). Lower

respiratory tract infections (LRTI) are leading causes of morbidity

and mortality in the world, accounting for 4.4% of deaths among

all ages (10). Klebsiella pneumoniae (Kp) is a nosocomial gram-

negative bacterial pathogen and can cause community-acquired

bacteraemia, liver abscess, urinary tract infection and pneumonia.

In this special collection Yang et al. identified 49 patients had

sequence type 11 (ST11) from 139 patients infected Klebsiella

pneumoniae. Patients with ST11 Kp infection can increase

mortality in hospital and the infection could be regarded as an

independent risk factor for mortality in respiratory ward. The

human microbiota plays an important role in immune system

development and tissue homeostasis. Microbiome in human lungs

exhibits a low biomass and is dominated by dynamic fluxes of

microbial clearance and immigration. Respiratory diseases can

disrupt the microbial-host interface and affect disease development

(11). Zhu et al. presented a cross-sectional study of sputum

samples from 36 healthy volunteers and 34 patients with an acute

exacerbation of chronic obstructive pulmonary disease (AECOPD)

in Inner Mongolia area in China with high-throughput sequencing

of 16S rDNA. The airway microbiota of the AECOPD population

was different from that of the healthy population. The diversity of

airway microbiota was lower than that of the healthy population.

Long-term use of ICS plus long-acting beta agnoist (LABA) leads

to lower alpha diversity in AECOPD patients. In a meta-analysis,

Liu et al. analyzed testosterone deficiency in COPD patients. They

found uncertainty for improving the quality of life of COPD

patients with anabolic-androgenic steroids (AASs) treatment,

suggesting longer and larger future studies for better clarifying

the efficacy of AASs. Dendritic cells (DCs) are important bridges

to connect innate and adaptive immunity. Xuan et al. presented

a systematic review on the roles in respiratory diseases such as

lung carcinoma, asthma, pulmonary fibrosis, and pulmonary

Langerhans cell histiocytosis, COPD and microbial infection. Hui

et al. presented another meta-analysis to summarize the association

between polymorphism of angiotensin-converting enzyme (ACE)

gene and asthma risk. The genotypes DD and ID of ACE gene

associated with circulating ACE levels. High circulating ACE levels

contributed to the development of asthma. Acupuncture at the

sphenopalatine ganglion (SPG) for seasonal allergic rhinitis (SAR)

is widely applied to treat seasonal allergic rhinitis in China, but

the effectiveness is not clear. Wang et al. provided a protocol for a

parallel-design, three-armed, patient-assessor blinded randomized

controlled trial. The results of the clinical trials would bring the

outcomes of the effectiveness of acupuncture treatment on SAR.

Lung cancer is still the most common cancer in China. Li et al.

investigated the epidemiology of lung cancer in China from 1990

to 2019. They identified top five risk factors including smoking,

ambient particulate matter pollution, second hand smoke, high

fasting plasma glucose, and household air pollution from solid

fuels. The results provided valuable clues for the prevention and

treatment of lung cancer in China. Liang et al. found rapid on-

site evaluation (ROSE) examination can increase the diagnostic

accuracy of malignant diseases during endobronchial ultrasound-

guided transbronchial needle aspiration (EBUS-TBNA). The

method can reduce the number of intraoperative punctures. Shen

et al. analyzed patients with multiple lung nodules, they applied

four factors including chronic inflammation history, human Th

cell, imaging vascular convergence sign and mixed ground-glass

nodules (GGNs) to assess GGNs. They established a prediction

model that can greatly improve the accuracy of malignancy

or benignancy prediction of sub-centimeter pulmonary GGNs.

Immune checkpoint inhibitors (ICIs) have brought revolutionary

breakthroughs to lung cancer, but the therapy has adverse events

such as hepatitis, nephritis, dermatitis, and myocarditis. Zhou et al.

reported one case of myocarditis with the treatment of PD-L1

inhibitor. The myocardial injury in this case happened in a short

time and returned to normal after applying glucocorticoids therapy.

This Research Topic contains 10 valuable articles for the

chronic airway diseases and lung cancers and the interaction.

Further research in the field can provide more exciting evidence

for understanding the pathophysiology of the diseases. Novel

therapeutic means will give respiratory patients better, and

personalized care in future.
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Background: Sequence type 11 (ST11) Klebsiella pneumoniae (Kp) is highly prevalent in

China and is a typical sequence type among KPC-producing isolates. This study aimed

to evaluate the clinical outcomes and microbiological features of ST11 Kp infections.

Methods: A retrospective cohort study was conducted at Peking University Third

Hospital from January 2017 to March 2021. Clinical data were collected from

medical records. Antimicrobial susceptibility testing and string tests were performed.

Whole-genome sequencing was used to analyze the capsular serotypes, detect

virulence-associated genes, and perform multilocus sequence typing. The risk of

all-cause mortality in ST11 Kp-infected patients was compared to that in non-ST11

Kp-infected patients.

Results: From 139 patients infected with Kp, 49 ST11 Kp (35.3%) strains were isolated.

The Charlson comorbidity index in the ST11 group was higher than that in the non-ST11

group (3.94 ± 1.59 vs. 2.41 ± 1.54, P = 0.001). A greater number of ST11 Kp-infected

patients required ICU admission (46.9 vs. 16.7%, P < 0.001) and mechanical ventilation

(28.6 vs. 10.0%, P = 0.005). All ST11 isolates presented a multidrug-resistant (MDR)

phenotype, and twenty-nine (59.2%) hypervirulent Kp (hvKp) were identified. Twenty-four

ST11 strains presented with hypermucoviscosity. The presence of capsular types K47

and K64 was frequent in the ST11 Kp strains (P < 0.001). The key virulence-associated

genes rmpA, rmpA2, iucA, iroB, and peg344 were present in 26.5, 42.9, 59.2, 0,

and 26.5% of the isolates, respectively, in the ST11 group. Twenty-one ST11 isolates

harbored the combination of iucA+rmpA2. The 30-day mortality rate and sequential

organ failure assessment (SOFA) score were significantly higher in ST11 Kp-infected

patients than in non-ST11 Kp-infected patients (P < 0.01). ST11 Kp infection appeared

to be an independent risk factor for mortality in ST11 Kp-infected patients.

Conclusions: A high prevalence of the ST11 clone was found in the hospital, which

accounted for elevated antimicrobial resistance and exhibited great molecularly inferred

virulence. Patients with ST11 Kp infection had a tendency toward increased 30-day

mortality and SOFA scores. ST11 Kp infection was an independent risk factor for

mortality, suggesting that enhanced surveillance and management are essential.

Keywords: Klebsiella pneumoniae, ST11, risk factor, virulence, multidrug resistance
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INTRODUCTION

Klebsiella pneumoniae (Kp), an important community-acquired
and nosocomial gram-negative bacterial pathogen, causes
fatal infections, including pneumonia, urinary tract infection,
pyogenic liver abscess, bacteremia and so on (1). Two distinct
pathotypes are currently circulating: hypervirulent Klebsiella
pneumoniae (hvKp) and classical Klebsiella pneumoniae (cKp),
each of which poses great challenges in clinical practice (2–5).
cKp infection mainly occurs in immunocompromised hosts and
patients with physiological barrier breakdown in the medical
environment. cKp has the ability to acquire various antibiotic
resistance genes and rapidly become resistant to all available
antibiotics, which is a serious threat to public health. The
worldwide spread of multidrug-resistant (MDR) cKp is mainly
driven by a special clone termed sequence type 11 (ST11) (6,
7). In China, ST11 Kp is endemic, and most KPC-producing
isolates are typically of this sequence type (8). In stark contrast,
hvKp infection is mainly acquired by healthy individuals of any
age in the community and is highly associated with aggressive
invasive infections in hospitals, such as bacteremia and pyogenic
liver abscess (4, 9, 10). The previous definition of hvKp was
determined by the hypermucoviscosity phenotype (string test
showing a positive result) (11).

In fact, not all hvKp isolates possess the hypermucoviscosity
phenotype, as confirmed by in vitro and in vivo studies (3, 5, 12–
14). Studies have demonstrated that genetic traits perform better
than hypermucoviscosity as a marker for differentiating hvKp
and cKp (14, 15). Five key virulence-associated genes, iucA, iroB,
peg-344, rmpA and rmpA2, showed higher diagnostic accuracy
for defining hvKp than the hypermucoviscosity phenotype and
other virulence-associated genes (15).

ST11, previously identified as cKp, commonly presents
with lower virulence (16, 17). However, Gu et al. (18) first
demonstrated a fatal outbreak caused by ST11 carbapenem-
resistant (CR) hvKp in the ICU. The acquisition of pVir-
CR-hvKp4 contributed to the convergence of carbapenem
resistance and hypervirulence (18). In addition, the emergence
of hybrid conjugative virulence plasmids triggered MDR hvKp
formation (19, 20).

Contrary to common belief, the phenomenon of convergence
of carbapenem resistance and hypervirulence in Kp is increasing
in frequency, which may lead to worse clinical outcomes (18, 19).
Few studies have focused on the outcomes and microbiological
characteristics of ST11 Kp strains. Liu et al. (21) revealed that
the 3-year survival rate of ST11 Kp-infected patients was 73.68%.
Another study reported that the in-hospital mortality in the
ST11 group was 36.7% (22). However, these previous studies on
the mortality of ST11 Kp infection compared to that of non-
ST11 infection were controversial. Therefore, we conducted a
retrospective study to analyze the clinical outcomes, antibiotic
resistance, virulence, and all-cause mortality risk of ST11 Kp
infection. We found that ST11 Kp isolates accounted for elevated
antimicrobial resistance and exhibited great molecularly inferred
virulence. ST11 Kp infection was an independent risk factor for
mortality and an increased sequential organ failure assessment
(SOFA) score.

MATERIALS AND METHODS

Enrolled Patients
A retrospective cohort study was conducted on Kp culture-
positive patients enrolled from January 2017 to March 2021
at Peking University Third Hospital. Clinical data and patient
information were obtained frommedical records, which included
basic demographics, medical history, usage of invasive devices,
infection site, infection type, blood examination results, ICU
admission, and mechanical ventilation after Kp infection. The
Charlson comorbidity index (CCI) was calculated based on the
medical history.

The main inclusion criteria were as follows: (1) age≥ 18 years
old and (2) Kp was cultured positively and was associated with
clinical infectious manifestations at the same time. The exclusion
criteria included the following: (1) the bacterial strain not viable
after storage and (2) duplicate isolates from the same patient
within 3 months. The primary outcome was survival and all-
cause mortality at 30 days after Kp infection, and the secondary
outcome was the SOFA score.

Hospital-acquired infection and community-acquired
infection were defined as previously described (4). The definition
of metastatic infection was based on the clinical diagnosis (the
presence of > 1 infection site) in the same patient (23).

This study protocol was approved by the Peking
University Third Hospital Medical Science Research Ethics
Committee (M2021545).

Strain Identification and Antimicrobial
Susceptibility Profiling
These specimens were from the respiratory system, urine, blood,
drainage fluid, and other body sites. The standardized isolation,
culture, and identification were conducted in the Department of
Clinical Microbiology. All strains were stored at−80◦C.

Strain identification and antimicrobial susceptibility testing
(AST) were performed by a Vitek 2 system (bioMérieux,
Marcy-l’Étoile, France). If necessary, we also applied the disk
diffusion method. The AST results were interpreted according
to the 2020 Clinical and Laboratory Standards Institute
(CLSI) guidelines (24). The following antimicrobial agents
were tested: piperacillin/tazobactam, cefoperazone/sulbactam,
ceftazidime, cefepime, imipenem, meropenem, levofloxacin,
amikacin, minocycline, and trimethoprim/sulfamethoxazole.
The definition of an MDR strain was resistance to three or more
different antimicrobial categories (25). Carbapenem-resistant
Klebsiella pneumoniae (CRKP) was defined based on resistance
to imipenem or meropenem.

DNA Extraction and Whole-Genome
Sequencing
The DNA of all the isolated Kp strains was extracted by using
a GenePure Pro Automatic Nucleic Acid Purification System
(NPA-32P, Bioer Technology, Hangzhou, Zhejiang, China) and
MagaBio Bacterium DNA Fast Purification Kit (BSC45S1E, Bioer
Technology, Hangzhou, Zhejiang, China). Each Kp sample was
fully mixed with 180 µL of TET buffer (with added lysozyme)
and incubated at 37◦C for 30∼60min. Two microliters of RNase
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A (RT405-02, TIANGEN, Beijing, China) was added, and the
samples were shaken for 15 s and incubated at 15–25◦C for
5min. Next, each prepared sample and 20 µl of Proteinase K
were transferred into kit columns 1 and 7, and then plugged in
8-strip tip and ran the machine program. DNA concentration
and purity were evaluated by a NanoDrop (ThermoFisher,
Waltham, America).

All strains were sequenced using the Illumina HiSeq 2500
platform by constructing paired-end libraries to obtain 150 bp
reads. The clean data were obtained using FastQC and assembled
using SPAdes (v.3.13) with the default parameters.

Bioinformation Analysis and Phenotypic
Features
Whole-genome sequencing was used to analyze the capsular
serotypes, identify virulence-associated genes, and perform
multilocus sequence typing (MLST). Raw data were filtered to
remove low-quality reads and then assembled using SPAdes
(v.3.13). The definition of ST11 Kp was based on MLST using
MLST (v.2.0) (Center for Genomic Epidemiology). Capsular
types were analyzed using Kleborate software (v.0.3.0). Resistance
and virulence genes were annotated by comparison with relevant
databases (ResFinder, Virulence Factor Database) using BLAST
software (v.2.2.18). HvKp is defined based on the combination of
peg-344, iroB, iucA, rmpA, or rmpA2 positivity (15).

Sequencing reads were mapped to the K. pneumoniae
HS11286 using bowtie 2 v2.2.8 and single nucleotide
polymorphisms (SNPs) were identified by using Samtools
v1.9 and combined according to the reference genome (SGH-10)
using the iSNV-calling pipeline (https://github.com/generality/
iSNV-calling). High-quality SNPs (more than 5 reads of mapping
quality > 20) were retained. Regions of recombination were
detected by Gubbins (26), and the polymorphic sites located
in recombination regions were removed. The concatenated
sequences of filtered polymorphic sites conserved in all
genomes (core genome SNPs, cgSNPs) were used to perform
phylogenetic analysis using the maximum likelihood method by
iqTree2.1.2 (27).

The hypermucoviscous phenotype was determined by the
string test as described previously (2). All isolates were inoculated
onto Columbia agar with sheep blood (PB0123A, OXOID,
Beijing, China) and incubated at 37◦C overnight. The string test
was considered positive when a bacteriology inoculation loop was
able to generate a viscous string > 5mm in length by touching
and pulling a single colony upward.

Statistical Analysis
Data analysis was performed using SPSS software (v.25.0).
Measurement data were assessed as the mean ± standard
deviation, and count data are reported as percentages. We used
the T test and Wilcoxon test for the analysis of continuous
variables. We performed the χ

2 or Fisher’s exact test for
categorical variables. All tests were 2-tailed. A P-value< 0.05 was
considered statistically significant. The all-cause mortality within
30 days between the two groups was estimated using a Kaplan–
Meier curve and log-rank tests. Univariate logistic regression
analyses were performed to identify the risk factors associated

with death. A multivariable logistic regression analysis was
conducted for independent risk factors for death (the variables
with P < 0.05 were included). Univariate linear regression
analyses were performed to identify the factors associated with
death. A multivariable linear regression analysis was conducted
for independent risk factors for elevated SOFA scores (the
variables with P < 0.05 were included).

RESULTS

Clinical Characteristics of ST11 Kp
Infection
Isolates from 139 Kp infection cases were collected from January
2017 to March 2021. Among these isolates, 49 strains (35.3%,
49/139) were identified as ST11, which was the most prevalent
sequence type in this study. Non-ST11 strains (64.7%, 90/139)
mainly included ST23 (18.9%, 17/90), ST15 (8.9%, 8/90), ST86
(6.7%, 6/90) and so on. The median age of patients with
ST11 Kp infections was 80.04 ± 12.41 years, and 29 patients
(59.2%) were male. Most ST11 Kp strains were isolated from
patients in the emergency department and ICU (55.1 and 26.5%,
respectively), followed by the geriatric department (10.2%)
(Supplementary Figure 1). Compared with those in the non-
ST11 group, more patients in the ST11 group had cardiovascular
disease (93.9 vs. 64.4%, P < 0.001), cerebrovascular disease (63.3
vs. 36.7%, P = 0.003), and urinary disease (51.0 vs. 28.9%, P
= 0.010). Furthermore, the CCI was higher in the ST11 group
(3.94 ± 1.59 vs. 2.41 ± 1.54, P = 0.001). In addition, the ST11
group showed significantly more antibiotic exposure within the
previous 90 days (100.0 vs. 60.0%, P < 0.001). A significant
number of patients with invasive catheters were infected by
ST11 Kp isolates (100.0 vs. 55.6%, P < 0.001), which included
central intravenous catheters (67.3 vs. 26.0%, P < 0.001), urinary
catheters (91.8 vs. 70.0%, P = 0.006), endotracheal tubes (32.7
vs. 14.0%, P = 0.028) and gastrostomy tubes (89.8 vs. 60.0%, P
= 0.001). In this study, the most common ST11 Kp infection
sites were the respiratory system (65.3%), followed by urine
(16.3%). Fewer patients suffered from bloodstream infection in
the ST11 group than in the non-ST11 group (6.1 vs. 18.9%, P
= 0.040), whereas there was no significant difference among
other sites between the two groups. Compared to non-ST11 Kp
strains, ST11 Kp strains were more closely related to hospital-
acquired infections (100.0 vs. 74.4%, P < 0.001). In contrast,
more community-acquired infections occurred in non-ST11
isolates (0 vs. 25.6%, P < 0.001). Furthermore, blood testing
indicators (red blood cell count, hemoglobin, and albumin) of
patients with ST11 Kp infection were significantly lower than
those of the non-ST11 group (P < 0.01). However, patients
with ST11 Kp infection had a higher hematocrit (P = 0.013).
In addition, a significant number of patients with ST11 Kp
infection required ICU admission (46.9 vs. 16.7%, P < 0.001)
and mechanical ventilation after Kp detection (28.6 vs. 10.0%,
P = 0.005) (Table 1).

Subgroup analysis was performed according to cKp and
hvKp infection. The clinical characteristics of ST11 Kp infection
in the hvKp and cKp subgroups were mostly similar to the
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TABLE 1 | Clinical Characteristics of ST11 vs. Non-ST11 Kp.

Clinical characteristics ST11 (n = 49) Non-ST11 (n = 90) P-value

Basic demographics

Age 80.04 ± 12.41 68.66 ± 19.27 0.005

Male 29 (59.2%) 61 (67.8%) 0.311

Medical history

Diabetes 20 (40.8%) 30 (33.3%) 0.380

Pulmonary disease 18 (36.7%) 22 (24.4%) 0.126

Cardiovascular disease 46 (93.9%) 58 (64.4%) 0.000

Cerebrovascular disease 31 (63.3%) 33 (36.7%) 0.003

Digestive disease 15 (30.6%) 34 (37.8%) 0.398

Urinary disease 25 (51.0%) 26 (28.9%) 0.010

Cancer 10 (20.4%) 11 (12.2%) 0.198

CCIa 3.94 ± 1.59 2.41 ± 1.54 0.001

Surgery within 3 months 3 (6.1%) 8 (8.9%) 0.804

Antibiotic exposure within 90 days 49 (100.0%) 54 (60.0%) 0.000

Usage of invasive catheters 49 (100.0%) 50 (55.6%) 0.000

Central intravenous catheter 33 (67.3%) 13 (26.0%) 0.000

Urinary catheter 45 (91.8%) 35 (70.0%) 0.006

Endotracheal tube 16 (32.7%) 7 (14.0%) 0.028

Gastrostomy tube 44 (89.8%) 30 (60.0%) 0.001

Drainage tube 13 (26.5%) 11 (22.0%) 0.599

Metastatic infection 13 (26.5%) 13 (14.4%) 0.081

Infection site

Respiratory tract 32 (65.3%) 47 (52.2%) 0.137

Urinary tract 8 (16.3%) 12 (13.3%) 0.631

Blood 3 (6.1%) 17 (18.9%) 0.040

Drainage 1 (2.0%) 3 (3.3%) 1.000

Other 5 (10.2%) 11 (12.2%) 0.722

Infection type

Hospital-acquired infection 49 (100.0%) 67 (74.4%) 0.000

Community-acquired infection 0 (0.0%) 23 (25.6%) 0.000

Laboratory examination result

Red blood cell count 3.03 ± 0.80 3.64 ± 0.93 0.000

Hemoglobin 94.47 ± 23.82 110.18 ± 25.65 0.001

White blood cell count 10.03 ± 4.90 10.48 ± 5.17 0.611

Platelet count 180.92 ± 128.76 218.12 ± 98.02 0.082

NEU%b 77.87 ± 15.68 78.60 ± 15.77 0.986

Total protein 61.81 ± 7.73 63.87 ± 10.23 0.202

Albumin 30.78 ± 3.96 32.84 ± 6.00 0.018

Hematocrit 0.73 ± 3.03 0.33 ± 0.08 0.013

Vasoactive drug use after Kp detection 10 (20.4%) 10 (11.1%) 0.136

Admitted in the ICUc 23 (46.9%) 15 (16.7%) 0.000

Mechanical ventilation after Kp detection 14 (28.6%) 9 (10.0%) 0.005

SOFAd 6.31 ± 6.04 2.47 ± 2.97 0.000

30-day mortality 18 (38.3%) 11 (12.5%) 0.001

aCCI, Charlson comorbidity index.
bNEU%, Neutrophil percentage.
cPatients infected with Kp were then transferred to the ICU.
dSOFA, Sequential organ failure assessment.

above results. Notably, more metastatic infection occurred with
ST11 Kp strains of the hvKp subgroup (34.5 vs. 10.9%, P =

0.013) (Supplementary Table 2). In the cKp subgroup, more
patients suffered from respiratory system infection in the ST11

group than in the non-ST11 group (75.0 vs. 47.7%, P = 0.041)
(Supplementary Table 2). Additionally, in the ST11 group, the
ICU admission rate was higher in patients with cKp infection
than in those with hvKp infection (34.5 vs. 65.0%, P = 0.035),
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while the other clinical characteristics showed no significant
differences (Supplementary Table 3).

Microbiological Characteristics of ST11 Kp
Infection
All the ST11 Kp isolates (100.0%) were MDR, while only 28 of
90 non-ST11 (31.1%) Kp strains were MDR. Moreover, CRKP
in the ST11 group and non-ST11 group accounted for 100 and
14.4%, respectively. Notably, all 49 ST11Kp strains (100.0%) were
resistant to piperacillin/tazobactam, cefoperazone/sulbactam,
ceftazidime, cefepime, imipenem, and meropenem. Significantly,
the rates of resistance to all antibiotics in the non-ST11
group were <50%. However, except for minocycline and
trimethoprim/sulfamethoxazole, the rates of resistance to most
antibiotics were approximately 100% in ST11 Kp isolates.
Additionally, for the antibiotics commonly used in clinical
practice, such as β-lactamase inhibitors and carbapenems, the
resistance rate of the ST11 group was significantly higher
than that of the non-ST11 group (P < 0.001) (Table 2,
Supplementary Table 1).

In terms of resistance genes, all the ST11 Kp strains harbored
the beta-lactamase gene blaKPC−2. Additionally, a large number
of ST11 isolates presented the beta-lactamase gene blaTEM−1D

(93.9%) and the fosfomycin resistance gene fosA3 (91.8%). Over
half of the ST11 isolates possessed the aminoglycoside resistance
gene aadA2 and the beta-lactamase genes blaCTX−M−65 and
blaSHV−11, which were significantly more frequently detected
than in the non-ST11 group (P < 0.001, P < 0.001 and P
= 0.022, respectively). There was a strong tendency for the
presence of K47 (53.1 vs. 1.1%, P < 0.001) and K64 (42.9 vs.
1.1%, P < 0.001) in ST11 Kp strains. In contrast, there was a
tendency for the presence of K1 (0 vs. 20.0%, P < 0.001) and
K2 (0 vs. 15.6%, P = 0.002) in non-ST11 Kp isolates. Twenty-
four ST11 strains showed a hypermucoviscous phenotype, which
was a significantly lower number than that in the non-ST11
group (49.0 vs. 68.9%, P = 0.021). The virulence-associated

TABLE 2 | Antibiotic resistance patterns of ST11 Kp.

Antibiotic agent ST11 Non-ST11 P-value

MDRa 49 (100.0%) 28 (31.1%) 0.000

CRb 49 (100.0%) 13 (14.4%) 0.000

Piperacillin/tazobactam (TZP) 49 (100.0%) 15 (16.7%) 0.000

Cefoperazone/sulbactam (CSL) 49 (100.0%) 14 (15.6%) 0.000

Ceftazidime (CAZ) 49 (100.0%) 22 (24.4%) 0.000

Cefepime (FEP) 49 (100.0%) 24 (26.7%) 0.000

Imipenem (IPM) 49 (100.0%) 12 (13.3%) 0.000

Meropenem (MEM) 49 (100.0%) 13 (14.4%) 0.000

Levofloxacin (LVX) 48 (98.0%) 25 (27.8%) 0.000

Amikacin (AMK) 42 (85.7%) 5 (5.6%) 0.000

Minocycline (MNO) 23 (46.9%) 19 (21.1%) 0.002

Trimethoprim/sulfamethoxazole (SXT) 22 (44.9%) 18 (20.0%) 0.002

aMDR, multidrug resistant.
bCR, carbapenem resistant.

genes rmpA, rmpA2, iucA, iroB, and peg344 were present in
26.5, 42.9, 59.2, 0, and 26.5% of the isolates in the ST11 group,
respectively. Notably, all the ST11 Kp isolates harbored the
siderophore yersiniabactin genes. Additionally, the ybt-ICEKp3
cluster was highly clustered in the ST11 group (100.0 vs. 6.7%,
P < 0.001). peg589, which is related to a poor prognosis in an
animal model, was highly associated with the ST11 group (61.2
vs. 41.1%, P= 0.023). Importantly, twenty-nine (59.2%) ST11 Kp
strains were MDR hvKp. Additionally, twenty-one ST11 isolates
harbored the combination of iucA+rmpA2, which showed no
significant difference in both groups (P = 0.649) (Figure 1,
Supplementary Table 4).

Among all the ST11 Kp strains, two distinguished clades were
identified by the phylogenetic analysis. Clade a contained 23
strains, and clade b comprised 26 strains. Notably, a great number
of hvKp belonged to the clade a (21/29). Besides, two clades had
the same 30-day mortality (Figure 2).

Risk Factors for 30-Day Mortality in
Patients With Kp Infection
The survival curve revealed that the 30-day mortality rate in
patients with ST11 Kp infection was significantly higher than
that in patients without ST11 Kp infection (38.3 vs. 12.5%, P
= 0.001) (Figure 3). Similar results were observed in the hvKp
(35.7 vs. 8.9%, P = 0.005) and cKp subgroups (42.1 vs. 16.3%,
P = 0.029) (Supplementary Figure 2). In the ST11 group, the
mortality among patients with cKp and hvKp infections was
similar (35.7 vs. 42.1%, P = 0.644) (Supplementary Figure 3).

Univariate regression analysis showed that ST11 Kp infection
[odds ratio (OR) = 4.345] and the CCI (OR = 1.598)
were statistically significant risk factors associated with 30-day
mortality. In addition, multivariate analysis revealed that ST11
Kp infection appeared to be an independent risk factor for ST11
Kp infection (OR= 2.786) (Table 3).

Risk Factors for Elevated SOFA Scores in
Patients With Kp Infection
The SOFA score was significantly higher in patients with ST11
infection than in the non-ST11 infection patients (6.31 ± 6.04
vs. 2.47 ± 2.97, P < 0.001) (Table 1, Supplementary Figure 4).
The results of univariate linear analysis revealed that the
risk factors for an elevated SOFA score included ST11 Kp
infection [risk ratio (RR) = 3.839]) and increased CCI (RR =

0.597). Multivariate analysis showed that compared to non-ST11
infection, ST11 Kp infection caused an increase in SOFA score
(RR= 3.579) (Table 4).

DISCUSSION

The prevalent sequence types of Kp are diverse worldwide.
In China, previous studies revealed that ST11 Kp is the
main endemic clone, typically presenting as CRKP (7, 28, 29).
Similarly, we found that ST11 Kp was highly prevalent in our
study. We found that the CCI was significantly higher in patients
with ST11 Kp infection than in the non-ST11 infection patients.
In addition, our data revealed that the ST11 group was highly
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FIGURE 1 | Resistance genes and virulence genes of Klebsiella pneumoniae strains. The colored blocks represent existence of genes. Red, ST11 group; Black,

Non-ST11 group.
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FIGURE 2 | The phylogenetic tree of ST11 strains isolated in this study.

associated with catheter usage, ICU admission and mechanical
ventilation after Kp detection. It seemed that ST11 Kp-infected
patients might have a complicated status. Importantly, the results
suggested that all ST11 Kp strains were MDR. Surprisingly,
the majority of MDR ST11 isolates were hvKp. The emergence
of MDR ST11 hvKp strains threatens the viability of the
current therapeutic approach, increasing the severity of infection.
The nosocomial dissemination of MDR ST11 hvKp isolates is
alarming, and medical staff need to enhance the infection control
and management of ST11 strains with “superbug” characteristics
and high virulence.

A previous study demonstrated that ST11 Kp was a common
class of cKp and was notorious for acquiring various antibiotic
resistance genes (30). Notably, the ratio of MDR strains has

increased rapidly among ST11 isolates (7, 31). Previous studies
reported that ST11 isolates had higher levels of resistance to
aztreonam, fosfomycin, amikacin and meropenem than non-
ST11 strains (7, 32). Our results also revealed that all ST11 isolates
presented with an MDR phenotype, while the drug resistance
rate in the non-ST11 group was generally low. Importantly,
most MDR-ST11 Kp acquired virulence-associated genes and
then evolved into MDR ST11 hvKp strains (18). In terms of the
virulence gene spectrum, our data showed that the prevalence
of rmpA2 (42.9%) and iucA (59.2%) was very high, and most
of the MDR ST11 hvKp possessed iucA+rmpA2, similar to
previous reports, suggesting that they might carry pVir-CR-
hvKP4-like virulence plasmids (18, 33, 34). Studies have reported
that these strains tested positive on the string test and presented
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FIGURE 3 | Kaplan–Meier curves for all-cause 30-day mortality. Statistical significance was determined by the log-rank test.

TABLE 3 | Risk factors for death.

Variable Univariate

ORa (95% CIb)

P-value Multivariate

OR (95% CI)

P-value

ST11 Kp infection 4.345(1.833–10.300) 0.001 2.786(1.089–7.126) 0.032

CCI 1.598(1.206–2.117) 0.001 1.418(1.048–1.918) 0.024

aOR, Odds ratio.
bCI, Confidence interval.

hypervirulence in Galleria mellonella infection and human
neutrophil models (18, 35). Compared with pLVPK, a 41,231 bp
depletion occurred in pVir-CR-hvKP4 that resulted in the loss
of the virulence genes rmpA and iro, but the iuc and rmpA2
genes were retained (18, 34). Further investigations are required
to determine whether genetic deletion has a potential effect on the
hypervirulence phenotype. Previous studies demonstrated that
the K1 and/or K2 capsule serotypes were commonly associated
with enhanced virulence (36, 37). However, none of the MDR
hvKp strains possessed the K1/K2 serotype in this study. The K47
and K64 serotypes were common within the ST11 group, which
is similar to previous studies (38, 39). This result suggested that
other genetic elementsmay play key roles in virulence. A previous
study showed that ST11-KL47 was replaced by ST11-KL64 as
the endemic subclone (40), which should be further confirmed
in a large study. ICEKp represents a key virulence element that
exerts a strong influence on the pathogenicity of Kp isolates.
ICEKp is responsible for scavenging iron from host transport

proteins, thereby enhancing survival and replication within the
host (41, 42). Lam et al. (41) reported that ybt 9 and ybt 10 were
predominant within the ST11 group, and the ICEKp3 element
was highly associated with ybt 8 and ybt 9. In this study, ybt9-
ICEKp3 was dominant in ST11 isolates, which was similar to a
previous study with longitudinal genomic surveillance (43).

As described above, ST11 Kp strains presented all kinds
of virulence determinants and showed both MDR and
hypervirulent phenotypes, indicating that the prognosis of
the patients infected with MDR ST11 hvKp was poor. Gu et
al. (18) first reported an outbreak caused by ST11 CR-hvKp in
the ICU, and all the patients presented with a poor prognosis.
Compared with that of non-ST11 Kp-infected patients (18/20,
90.00%), the 3-year survival rate (28/38, 73.68%) was lower in a
report from Liu et al. (21). However, another study reported no
significant difference in in-hospital mortality between the ST11
and non-ST11 groups (P = 0.795) (22). Remarkably, previous
studies have set different endpoints that lead to contradictory
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TABLE 4 | Risk factors for an elevated SOFA score.

Variable Univariate

RRa (95% CIb)

P-value Multivariate

RR (95% CIa)

P-value

ST11 Kp infection 3.839(2.329–5.350) 0.000 3.579(1.906–5.253) 0.000

CCI 0.597(0.149–1.045) 0.009 0.170(-0.297–0.638) 0.472

aRR, Risk ratio.
bCI, Confidence interval.

conclusions. Too long or too short of a study period results in
confounding factors that affect the conclusion. Some studies
have indicated that 30-day mortality is a better indicator to
analyze the clinical outcomes of infected patients. Of note,
the previous study enrolled patients with hospital-acquired
pneumonia caused by CRKP, while we enrolled patients with
all kinds of Kp infections. Our study highlighted that ST11
Kp infection was significantly associated with higher 30-day
mortality than non-ST11 infection. Interestingly, our subgroup
analysis revealed that the mortality among patients with cKp
and hvKp infections was similar in patients with ST11 strain
infection. Notably, the ST11 isolates themselves, not the cKp or
hvKp, might be responsible for the poor prognosis. Increased
attention should be given to the prevention and control of ST11
Kp infections.

A previous study reported that CRKP appeared to be an
independent risk factor for 1-year postoperative mortality in
patients after kidney transplantation (44). Additionally, some
studies demonstrated that CRKP infection was one of the
independent risk factors for death fromKp bloodstream infection
(45, 46). However, these studies did not distinguish the specific
sequence types that might exert different influences on the
mortality of Kp-infected patients. Li et al. observed a high
percentage (20/35, 57.1%) of KPC-producing isolates among
hvKp strains, in which ST11 strains were dominant (17/35,
48.6%). They found that the KPC-producing isolates were an
independent predictor for 30-day mortality of Kp bacteremia
patients (47). Similarly, another previous study revealed that
ST11 was the most prevalent (66.7%), nearly all of the ST11
isolates were blaKPC positive, and blaKPC was an independent
risk factor for 14-day mortality. It is believed that ST11 strains
are the dominant Kp clone in CRKP strains in China, typically
carrying blaKPC and producing carbapenemase (8, 31). Similarly,
all the CRKP isolates were ST11 in our study. In this study, ST11
Kp infection was independently associated with 30-day mortality
in Kp-infected patients, indicating that close attention should be
given to ST11 strains, not only CRKP.

The SOFA score, a universally recognized indicator to evaluate
sepsis, was significantly associated with 30-day mortality in
patients with KPC-producing Kp and CRKP infection (48–51).
Our study showed that patients with ST11 Kp infection had
an elevated SOFA score (RR = 3.579). Moreover, multivariable
linear regression revealed that ST11 Kp infection could lead to an
increase in the SOFA score, indicating that ST11 Kp strains could
cause more serious infections, a higher risk of sepsis and a worse
prognosis than non-ST11 Kp strains.

Themain limitation of our study is the selection bias and small
sample size because it was a retrospective study conducted at a
single center. Therefore, further prospective multicenter studies

are desirable. Additionally, apart from virulence-associated
genes detected by whole-genome sequencing, identification
of Kp virulence in in vitro and in vivo models by using
objective evidence, such as Galleria mellonella, mouse, or human
neutrophil assays, is needed.

In summary, ST11 Kp infection was an independent risk
factor for mortality and an elevated SOFA score. Our research
demonstrated the notable conclusion that a high prevalence of
ST11 Kp strains might be themain cause of high 30-daymortality
and SOFA scores in Kp-infected patients. All the ST11 strains
presented an MDR phenotype and exhibited great molecularly
inferred virulence. For this superbug, it is of great importance
to enhance clinical awareness, control and management of ST11
Kp infections.
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Background: Durvalumab, as a PD-L1 inhibitor, is commonly used for the treatment of

various cancers. Adverse events associated with the therapy include hepatitis, nephritis,

dermatitis, and myocarditis. Especially, myocarditis as an adverse event after PD-L1

inhibitor therapy is characterized for its low incidence and high mortality.

Case Summary: Here we present a rare case of a 67-year-old male with lung squamous

cell carcinoma complicated with empyema who experienced myocarditis after only

PD-L1 inhibitor durvalumab monotherapy. He presented with markedly decrease left

ventricular ejection fraction, elevated Natriuretic peptide BNP, Troponin T, Troponin I, ESR,

CRP and interleukin-6. The electrocardiogram showed sinus tachycardia, low voltage of

limb leads, T wave inversion in anterior waves and V1-V3 QS type. Myocardial injury

occurred in a short period and quickly returned to normal after glucocorticoids therapy.

Conclusion: This case report is of clinical value for the treatment of PD-L1

related myocarditis.

Keywords: durvalumab, PD-L1 inhibitor, myocarditis, empyema, lung squamous cell carcinoma

INTRODUCTION

Immune checkpoint inhibitors (ICIs) has brought revolutionary breakthroughs to tumor therapy
(1–3). However, with the increased utilization of ICIs, the associated adverse events are becoming
more andmore recognized. ICIs treatment was originally intended to enhance the body’s immunity.
But in some cases, the immune system was overcorrected, causing its own immune cells to attack
the host tissues and organs, which led to the corresponding ICIs related adverse reactions (irAEs).
Specifically, myocarditis as one of the irAEs is characterized by its low incidence and highmortality,
which deserves immediate recognition (4, 5). Previously, cases of myocarditis and fatal heart failure
have been reported among patients with lung cancer treated with ICIs, especially among those
receiving programmed cell death 1 (PD-1) inhibitor with or with chemical therapy as combination
treatment (6, 7). Nevertheless, clinical evidence regarding myocarditis after programmed cell death
ligand-1 (PD-L1) inhibitor treatment are still lacking due to its low incidence. Here, we presented
the case of acute immune-mediated myocarditis associated with a PD-L1 inhibitor durvalumab
monotherapy in a patient with lung squamous cell carcinoma complicated with empyema.
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FIGURE 1 | (A) Chest CT on admission. (B) Echocardiography showing ventricle size within normal range, increased atrium size and markedly decrease cardiac

ejection fraction on admission. (C) Electrocardiogram showing sinus tachycardia, low voltage of limb leads, T wave inversion in anterior waves and V1–V3 QS type on

admission.

CASE REPORT

A 67-year-old male patient was admitted to the hospital with
new onset fever, chest pain and dyspnea for 7 days and
previous diagnose of right lung squamous cell carcinoma. His
previous medical history was notable for right lung squamous
cell carcinoma stage IV (T3N3M1) complicated with mediastinal
lymph nodes and liver metastasis 1 year before. Cardiac and
pulmonary function was normal at that time. Four cycles of
chemotherapy with paclitaxel-cisplatin regimen was initiated
but afterwards stopped due to 2019 coronavirus outbreak. Ten
months thereafter, he was admitted to the hospital because of
right massive pleural effusion. Twice bacterial culture of pleural
effusion displayed Prevotella nigrescens, indicating right lung
squamous cell carcinoma complicated with empyema. With
subsequent treatment of meropenem as the anti-bacterial agent,
his symptoms were relieved and his temperature was normal. As
a result, chemotherapy was discontinued and replaced with PD-
L1 immune checkpoint inhibitor, durvalumab monotherapy for

four cycles (500mg intravenous drip). And he presented with
the symptom of fever, chest pain and dyspnea 7 days after last
cycle of durvalumab. Moreover, the previous medical, family,
and psychosocial history as well as genetic information showed
nothing special.

Physical and laboratory examination was done for the patients
upon this admission. The highest temperature was 39.4◦C. His
blood pressure was 121/69 mmHg. Chest computed tomography
(CT) examination indicated right bronchial obstruction,
obstructive pneumonia and right pleural effusion (Figure 1A).
Echocardiography revealed ventricle size within normal range
(left ventricle end diastolic dimension 46mm), increased
atrium size (left atrium dimension LA 36mm) and markedly
decrease cardiac ejection fraction (left ventricular ejection
fraction 41%), tracing 2mm pericardial effusion (Figure 1B).
The electrocardiogram showed sinus tachycardia, low voltage of
limb leads, T wave inversion in anterior waves and V1–V3 QS
type (Figure 1C). Markers of myocardial injury were elevated:
Natriuretic peptide BNP 18 942 ng/L; Troponin T 0.066 ng/L;
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Troponin I 200.83 ng/L; Creatine kinase (CK) and Creatine
kinase isoenzyme (CKMB) normal. Moreover, inflammatory
indicators were significantly elevated. Erythrocyte sedimentation
rate (ESR) was markedly increased with the level of 101 mm/h,
and C-reactive protein (CRP) 268.2 mg/L. Interleukin-6 was
44.93 pg/mL.

Judging by the decreased cardiac function and elevated
myocardial injury markers at this admission, the patient
was diagnosed of acute immune-associated myocarditis
and right lung squamous cell carcinoma complicated with
empyema. Treatments included methylprednisolone to suppress
inflammation (40mg, once per day, iv), meropenem to control
infection (1.0 g, q8h, iv.drip) and symptomatic and supportive
treatments. Seven days after admission, the patient’s symptoms
were relieved. Myocardial injury and inflammation markers
were significantly decreased: Natriuretic peptide BNP was down
to 2,298 ng/L; Troponin T, Troponin I, CK and CKMB normal;
ESR 41 mm/h; CRP 29.8 mg/L; and Interleukin-6 normal. The
electrocardiogram showed normal sinus rate and V2–V5T wave
inversion (Figure 1C). Echocardiography revealed ventricle
size within normal range (left ventricle end diastolic dimension
48mm), increased atrium size (left atrium dimension LA
30mm) and markedly recovered cardiac ejection fraction (left
ventricular ejection fraction 66%). The patient was discharged
with prescription of continuing oral methylprednisolone (20mg,
once per day, po) and anti-bacterial therapy of faroenem to
control infection (150mg, q8h, po). No further heart failure
exacerbations have occurred to date.

DISCUSSION

ICIs have substantially improved clinical outcomes in multiple
cancer types (8, 9). Mechanistically, tumor cells realize immune
escape by activating immune checkpoint molecular related signal
pathway, and immune checkpoint inhibitors can awaken T
lymphocytes to enhance the body’s clearance of tumor cells.
However, blocking immune checkpoints to restore antitumor
immune response may also break immune tolerance to self-
antigens and induce specific immune-related adverse events
(10). With the widespread use of these drugs, immune related
toxicity is increasingly recognized, including fatal myocarditis.
Physicians should be aware of these infrequent, but potentially
fatal toxicities associated with ICIs as their therapeutic use
becomes widespread (11).

The ICI related myocarditis is generally considered highly
arrhythmogenic and fatal; however, the exact pathogenesis is still
poorly recognized and understood (12, 13). Myocarditis caused
by ICIs represents <1% of immune-related adverse events. It is
a potentially fatal condition associating with a mortality rate of
42% (14, 15). Judging by its high mortality rate, the incidence
of ICI related myocarditis might be higher than expected. There
are many manifestations of cardiotoxicity, such as myocarditis,
heart failure, pericardial effusion, arrhythmia, acute coronary
syndrome and valve disease. Treatment with ICIs can lead to
severe and disabling inflammatory cardiovascular adverse-events
soon after commencement of therapy (16). It is noteworthy that
PD-L1 as monotherapy for lung cancer has been rarely reported
to cause acute myocarditis. Previously it has also been reported of

a patient diagnosed of non-small-cell lung cancer and developed
durvalumab-associated myocarditis (17). As a result, it is worthy
of further research and exploration whether there are differences
inmyocardial injury caused by different PD-L1monotherapy and
in patients with various baseline health state.

The keys to the diagnosis of ICIs related myocarditis
in the present case are the previous history of PD-
L1 utilization, elevated biomarkers suggesting cardiac
damage, EKG presentation, negative coronary stenosis and
decreased left ventricular ejection fraction.It is worthy
of attention that in this case, PD-L1 monotherapy of
durvalumab was chosen because of the right lung squamous
cell carcinoma stage IV complicated with Prevotella
nigrescens infection leading to empyema. In addition, due
to the empyema, small dose of corticosteroids treatment
was utilized in the present patient. Myocardial injury
occurred in a short period and quickly returned to normal
after treatment.

CONCLUSION

In this study, we report a rare case of a 67-year-old male with
lung squamous cell carcinoma complicated with empyema who
experienced myocarditis after only PD-L1 inhibitor durvalumab
monotherapy. As clinical evidence for myocarditis related to
PD-L1 treatment has been limited, the present case report is
of clinical value for the treatment and prognosis of PD-L1
related myocarditis.
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Yahui Liu1,2,3, Chunrong Huang1,2,3, Juan Du1,2,3, Gelei Lan1,2,3,

Xueqing Du1,2,3, Yidan Sun1,2,3 and Guochao Shi1,2,3*

1Department of Respiratory and Critical Care Medicine, Ruijin Hospital, Shanghai Jiao Tong

University School of Medicine, Shanghai, China, 2Institute of Respiratory Diseases, Ruijin Hospital,

Shanghai Jiao Tong University School of Medicine, Shanghai, China, 3Shanghai Key Laboratory of

Emergency Prevention, Diagnosis and Treatment of Respiratory Infectious Diseases, Ruijin Hospital,

Shanghai Jiao Tong University School of Medicine, Shanghai, China

Background: Testosterone deficiency is common in chronic obstructive

pulmonary disease (COPD) patients. There has been a growing interest in

the potential use of anabolic-androgenic steroids (AASs) in patients with

COPD recently. However, whether AASs could improve their clinical outcomes

remains unknown.

Methods: In order to explore the e�cacy of AASs in patients with

COPD, systematic search of MEDLINE, Embase, the Cochrane Library and

ClinicalTrials.gov for randomized controlled trials (RCTs) of AASs for COPD

published before March 17, 2022 was performed.

Results: Data were extracted from 8 articles involving 520 participants. The

median number of participants per study was 39.5 and themean follow up was

14.2 weeks. As compared to the control group, AASs therapy could significantly

improve body weight (weighted mean di�erence (WMD), 1.38 kg; 95% CI,

0.79 to 1.97 kg), fat-free mass (WMD, 1.56 kg; 95% CI, 0.94 to 2.18 kg) and

peak workload (WMD, 6.89W; 95% CI, 3.97 to 9.81W) of COPD patients, but

no improvements in spirometry indicators and six-minute walking distances

(WMD, 16.88m; 95%, −3.27 to 37.04m). Based on the available research data,

it is uncertain whether AASs treatment could improve the quality of life of

COPD patients.

Conclusions: Limited published evidence indicates that AASs therapy provides

clinical benefits in patients with COPD. However, longer and larger studies are

needed to better clarify the e�cacy of AASs and draw final conclusions.

KEYWORDS

chronic obstructive pulmonary disease, anabolic-androgenic steroids, meta-analysis,

systematic review, randomized controlled trials
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Introduction

Chronic obstructive pulmonary disease (COPD) is a globally

prevalent illness, which affects millions of people and becomes

the fourth leading cause of death in the world (1). The

Global Burden of Disease study estimated that 174.5 million

adults worldwide had prevalent COPD and 3.2 million deaths

were estimated to be due to COPD in 2015 (2, 3). The

burden of COPD is expected to increase in coming decades by

reason of aging of the population and continued exposure to

COPD risk factors (4). Additionally, COPD often coexists with

other diseases (comorbidities) that may influence the disease

course. Many people suffer from this disease for years and die

prematurely from it or its comorbidities. Involuntary weight

loss, decreased muscle function and impaired exercise capacity

are common comorbidities of COPD, which are associated

with poor health status and prognosis (1). Comorbidities like

these remain largely under-recognized and underdiagnosed,

especially in low-income and middle-income countries (5). In

the meantime, medical treatment is predominantly focused

on the primary organ dysfunction. However, treatment of

these comorbidities is of great importance, as they are

potentially remediable.

Androgens belong to a class of steroid hormones.

Testosterone (TT) and dehydroepiandrosterone (DHEA)

are the principal circulating androgens. Anabolic-androgenic

steroids (AASs) are synthetic derivatives of TT that were

originally developed as adjunct therapy for a variety of medical

conditions. In the past few decades, various studies have

demonstrated that androgens could exert anti-inflammatory

and protective effects through direct or indirect effects in

pulmonary diseases (6–8). Several randomized controlled

trials (RCTs) investigated the influence of exogenous androgen

therapy on body composition, muscle strength, exercise capacity

and health-related quality of life (HRQoL) in patients with

COPD (9–19).

Atlantis et al. included six RCTs about TT supplementation

in COPD for meta-analysis (8). However, they only focused

on exercise capacity and HRQoL, and did not pay attention to

spirometry and body composition (8). Pan et al. reperformed

meta-analysis on this issue including eight RCTs. TT or

androgen derivative treatment was the trial arm of six RCTs, and

the other two involved recombinant human growth hormone

and ghrelin, which greatly affected our confidence in the

certainty of evidence (20). More importantly, two recently

published large-scale clinical studies have demonstrated that

higher levels of TT are associated with better lung function in

men, and low dehydroisoandrosterone sulfate (DHEA-S) levels

in women were associated with impaired lung function and a

greater risk of developing airflow limitation later in adult life (21,

22). Additionally, Baillargeon et al. conducted two retrospective

cohort studies, and found that TT replacement therapymay slow

disease progression and decrease hospitalization rate in patients

with COPD (23). Thus, we believe that studies on the efficacy

of AASs therapy for COPD are far from over. In the light of

the above considerations, we conduct a meta-analysis of RCTs

to evaluate the potential benefits of exogenous AASs therapy

on COPD patients, mainly concentrating on body composition,

lung function, exercise capacity and HRQoL, hoping to call on

more researchers to pay attention to this kind of therapy.

Methods

Search strategy and study selection

Two reviewers performed a comprehensive literature search

for RCTs evaluating the effects of AASs in patients with

COPD. We employed a highly sensitive search strategy to

retrieve articles and supplementary materials contain the search

strategies developed for MEDLINE database interfaces, which

we adapted to search other databases. Databases to search in

retrieving relevant papers included the following: MEDLINE,

Embase, the Cochrane Library and ClinicalTrials.gov. The

databases were searched for studies published before March

17, 2022. Furthermore, we reviewed citations in the retrieved

articles to search for additional relevant studies.

Criteria for considering studies for this
review

For evidence on the effectiveness of AASs for the treatment

of COPD, we considered only RCTs written in English.

Reviews and animal studies were excluded. Studies that were

not published as full reports were not included, either. The

most comprehensive publication was used when there were

several involving the same study population. Two reviewers

independently checked the relevant studies obtained from

databases. Any difference in opinion about eligibility was

resolved by consensus.

Inclusion criteria were: (1) population: adults (≥18 years),

diagnosed with COPD, (2) intervention: using AASs defined

as receiving oral or intramuscular injection of TT, DHEA,

nandrolone, oxymetholone, dihydrotestosterone (DHT),

oxandrolone or anabolic steroids, (3) outcomes: refer to “type of

outcome measures.” Based on the searched results, we selected

the primary outcomes to be: improvements in lung function,

body composition, and exercise capacity from baseline to follow

up in subjects treated with AASs. The secondary outcomes were

the changes of HRQoL.

Data extraction

Data from included RCTs were independently extracted

by two investigators and checked by other authors in

agreement with Data Extraction for Complex Meta-Analysis
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recommendations (24, 25). The concordance rate was 91%

between the two authors. Discrepancies in data extraction were

resolved by discussion or arbitration by a third reviewer if

agreement could not be reached. The following information was

abstracted: authors, publication year, participant inclusion and

exclusion criteria, sample size, duration of treatment, geographic

locale in which the study took place, mean or median participant

age, route of medication, dosage of administration, outcomes

and adverse events.

Assessment of study quality

The Cochrane risk-of-bias tool was used to assess the quality

of the RCTs concerning on selection bias, performance bias,

detection bias, attrition bias, reporting bias and other bias.

Two reviewers independently assessed the quality of individual

studies, and any difference in opinion about the quality score was

resolved by consensus. The degree of bias found in the individual

studies were categorized into high, moderate, or low risk of bias

according to the Cochrane risk of bias tool.

Date synthesis and analysis

The meta-analysis was conducted using Review Manager

5.4 (Cochrane Collaboration, London, England). The weighted

mean differences (WMD) and 95% confidence interval (CI)

measured prior to initiating and then after treatment with

either exogenous androgens or placebo were calculated for each

individual study. The standardized mean differences (SMD)

and 95% CI were applied between the two groups when the

studies all assessed the same outcome but measured it in a

variety of ways (for example, some studies measured HRQoL,

but they use different scales). If the associated information was

present merely in figures in eligible studies, three investigators

would use Engauge Digitizer 12.1 to collect data from the

statistical graphs independently. Then, themean values would be

adopted. Q statistic and I2 index were used to examine statistical

heterogeneity. Moderate to high levels of heterogeneity were

considered for Pheterogeneity < 0.10 or I2 > 50%. Random effects

meta-analysis was used for high between-study heterogeneity.

Publication bias was evaluated by funnel plots. Sensitivity and

subgroup analysis were conducted to determine the robustness

of the pooled results and to explore the possible source

of heterogeneity. Statistical tests were two-sided and used a

significance threshold of P < 0.05.

Results

Study characteristics and risk of bias

The selection process for the studies included in the

meta-analysis was outlined in Figure 1. Eight RCTs involving

520 patients with COPD were included in this meta-analysis

(Table 1). The median number of participants was 39.5 (range,

16–203), and the mean duration of follow-up was 14.2 weeks.

Two studies took place in the Netherland, one in Brazil, one

in Norway, one in the United Stated of America, one in

Canada, one in France and one in India. Five studies recruited

only male patients as subjects. The detailed inclusion and

exclusion criteria presented in Supplementary Table S1. Most of

the studies investigated body composition, exercise capacity and

HRQoL as outcomes. All studies reported the treatment-related

adverse events. If any, the numbers and reasons of withdrawals

were also mentioned. Venous blood concentration changes of

sex hormone were measured in five trials. Two studies did not

specify how serum testosterone levels were measured.

The majority of studies were found to be at low risk of

bias (Figure 2). However, insufficient details were reported about

allocation concealment and outcome assessors in the study by

Sharma et al. which was discontinued following the interim

analysis (15). In addition, according to the experimental design

by Pison et al., blinding during the trial can be difficult or even

impossible, and the rate of lost to follow-up was more than

10% (16).

Meta-analysis results

E�ects of AASs on body composition

There were seven studies with a total number of 335

participants investigating the effects of AASs on changes in body

composition of COPDpatients. Themeta-analysis indicated that

exogenous AASs therapy significantly improved body weight

(WMD, 1.38 kg; 95% CI, 0.79 to 1.97 kg; I2, 25%; P < 0.001;

Figure 3A) and fat-free mass (FFM) (WMD, 1.56 kg; 95% CI,

0.94 to 2.18 kg; I2, 0%; P < 0.001; Figure 3B). In addition,

funnel plots were produced which showed only slight evidence

of publication bias for body weight and FFM (Figure 3). There

was no statistically significant difference in pooled changes

in midarm circumference (WMD, 0.36 cm; 95% CI, −0.33 to

1.04cm; I2, 20%; P =0.31) and percentage of body fat mass

(WMD, −1.14%; 95% CI, −2.56 to 0.28%; I2, 0%; P =0.12)

from baseline to follow up in COPD patients treated with AASs

compared with those receiving placebo.

E�ects of AASs on spirometry and exercise
capacity

To measure effects of AASs on spirometry of individuals

with COPD, several studies were involved in this meta-analysis.

No significant differences were found on the improvements

of maximal inspiratory muscle strength, peak oxygen uptake,

predicted forced expiratory volume in the first second (FEV1 %

pred), PaO2, and PaCO2 (Table 2).

Exercise capacity of COPD patients in these studies

included were assessed using maximal inspiratory muscle
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FIGURE 1

Flow diagram for study selection. RCTs, randomized control trials.

strength, peak oxygen consumption, peak workload and

6-min walking distances (6MWD). The treatment of AASs to

COPD patients could not improve their maximal inspiratory

muscle strength and peak oxygen consumption, but increase

the peak workload (WMD, 6.89W; 95% CI, 3.97 to 9.81W;

I2, 0%; P = 0.49) (Table 2). There were five studies with

a number of 213 participants investigating the effects

of AASs on 6MWD. Our results showed no statistically

significant difference in 6MWD between the two groups

(WMD, 16.88m; 95%, −3.27 to 37.04m; I2, 31%; P = 0.21;

Figure 4).

E�ects of AASs on HRQoL

Four RCTs investigated the effects of AASs therapy on

COPD patients’ HRQoL. There were two types of criteria

used for judging HRQoL: one was that the higher the

score, the higher the quality of life, including chronic

respiratory disease questionnaire (CRQ) and HRQoL index

(assessed by Seattle Obstructive Lung Disease Questionnaire);

the other was just the opposite, including St George’s

respiratory questionnaire (SGRQ) and Maugeri Foundation

Respiratory Failure questionnaire (MRF-28). Meta-analysis

of the former type of scales showed that the treatment

of AASs did not improve HRQoL of COPD participants

(Figure 5A). However, the results of the latter types did

not result in the same conclusion (Figure 5B). This means

that we need more high-quality clinical trials to clarify

this issue.

E�ects of AASs on biochemical indicators

While improving some clinical outcomes, AASs for COPD

patients will also cause changes in a series of biochemical

indicators. Treatment of AASs could significantly decrease

serum levels of luteinizing hormone (LH) (WMD, −3.79IU/L;

95% CI, −5.92 to −1.65 IU/L; I2, 0%; P < 0.001), and increased

serum free testosterone concentration (SMD, 1.13; 95% CI, 0.64

to 1.62; I2, 0%; P < 0.001) and hemoglobin levels (WMD 8.86

g/L; 95% CI, 5.58 to 12.14 g/L; I2, 19%; P < 0.001) in COPD

patients (Figure 6).

Sensitivity analysis

The influence of individual studies on the overall summary

estimates was examined by serially excluding each study in

a sensitivity analysis. The pooled WMDs or SMDs for most

of the outcomes were robust, except for peak workload

and 6MWD. As shown in Table 3, the pooled WMD for

peak workload changed after exclusion of one study which

recruited malnourished patients with chronic respiratory

failure, including not only COPD but also bronchiectasis,

restrictive disorders and mixed respiratory disorders (16). As

for 6MWD, three studies enrolled only male participants, but

different route of medication and dosage of administration

were used (10, 13, 18). Experimental group of one study

receivedmultimodal nutritional rehabilitation combining health

education, oral nutritional supplements, exercise and oral

testosterone treatment (16). Therefore, it is difficult to perform

subgroup analysis for 6MWD.
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TABLE 1 Selected characteristics of the eight RCTs included in this systematic review.

Authors Year of

publication

Area Number of

randomized

populations

Per-

protocol

population

Sex (M/W) Mean age

(years)

Experimental/

Control

Types of

androgens and

dosage

Grouping Duration

of

treatment

Safety

measures

Schols et al. 1995 The Netherlands 217 203 M/W NR ND on day 1, 15, 29

and 43

P: placebo

N: placebo+

nutrition

N+A: ND+

nutrition

8 weeks no

Ferreira et al. 1998 Brazil 23 17 M 70.3/66.1 testosterone placebo group and

testosterone group

27 weeks no

Creutzberg et al. 2003 The Netherlands 63 56 M 66/67 50mg ND on day 1,

15, 29 and 43

placebo group and

ND group

8 weeks ESR declined.

LDH elevated.

Svartberg et al. 2004 Norway 29 27 M 64.5/67.5 250mg testosterone

every fourth week

placebo group and

testosterone group

26 weeks no

Casaburi et al. 2004 USA 53 47 M No training:

66.6/67.6

Training: 66.4/68.9

100 mg/week of

testosterone

placebo;

testosterone;

placebo+ training;

testosterone+

training.

10 weeks Hemoglobin

elevated

Sharma et al. 2008 Canada 16 16 M/W 71.0/64.2 50mg testosterone

biweekly for men

and 25mg for

women

Placebo group and

ND group

16 weeks no

Pison et al. 2011 France 126 122 M/W 66.6/65.1 oral testosterone

undecanoate, M 80

mg/W 40mg twice

daily with PR

Control group and

multimodal+

nutritional+

rehabilitation group

90 days no

Daga et al. 2014 India 32 32 M 60.05/56.75 25mg ND on days

1, 8, 15, 22, 29, and

35

placebo group and

ND group

6 weeks no

RCTs, randomized controlled trials; W, women; M, man; NR, not reported; ND, nandrolone decanoate; P, placebo; N, nutrition supplementation; PR, pulmonary rehabilitation; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase.
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FIGURE 2

Quality assessment of included randomized control trials. (A) Risk of bias graph judging by Cochrane risk-of-bias tool. (B) Risk of bias summary.

Insu�cient details were reported about allocation concealment of the studies by Casaburi 2004 and Daga 2014. Insu�cient details were

reported about allocation concealment and outcome assessors of the studies by Ferreira 1998, Schols 1995, and Svartberg 2004. Insu�cient

details were reported about outcome assessors of the study by Creutzberg 2003. Blinding can be di�cult, and the rate of lost to follow-up was

more than 10% in the study by Pison 2011. Insu�cient details were reported about allocation concealment and outcome assessors of the study

by Sharma 2008, and the study was discontinued following the interim analysis.
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FIGURE 3

Forest plots of meta-analysis of body composition and publication bias assessed by funnel plot. Fixed-e�ects meta-analysis of e�ectiveness of

AASs on body weight (A) and fat-free mass (FFM) (B) of COPD. Funnel plot of meta-analysis on body weight (C) and FFM (D).

Discussion

Summary of the main results

Eight RCTs were included in this meta-analysis. Our results

indicated that exogenous AASs therapy could improve body

mass, FFM, peak workload of COPDpatients, with no significant

changes in spirometry. Simultaneously, the treatment of AASs

on 6MWD and HRQoL of COPD patients still needs further

research (Supplementary Table S2).

Interpretation of the results

Weight loss and decreased muscle function are common

systemic manifestations in COPD, portending negative

outcomes independent of the degree of airflow limitation, which

occurred in more than 20% of COPD patients (2, 26). Besides,

studies have shown that parameters of body composition are

associated with exercise capacity, disease severity, mortality,

disease prognosis, and quality of life (2–4, 26, 27). Decreased

muscle function is in part the result of involuntary weight loss

and muscle wasting in patients with COPD. The prevalence

of muscle dysfunction increased from 20% in clinically stable

outpatients up to 35% in patients eligible for pulmonary

rehabilitation (PR) (28, 29). As the disease progresses, weight

loss and muscle dysfunction may cause damage to skeletal

muscle, affecting not only respiratory musculature, but also

making an impact on peripheral skeletal muscle function,

leading to fatigue, progressively deteriorating dyspnea and

impaired exercise capacity. Dyspnea, muscle dysfunction, and

airflow limitation deserve the blame for impaired exercise
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TABLE 2 The results of pooled meta-analysis on spirometry and exercise capacity.

No. studies Heterogeneity Effect measure WMD (95% CI)/

SMD (95% CI)
Pheterogeneity I2 , % Random

effects/Fixed

effects

Spirometry

FEV1 , % pred 3 0.87 0 fixed −1.61 (−7.07, 3.84)*

PaO2 , mmHg 4 0.72 0 fixed 0.52 (−3.07, 4.10)*

PaCO2 , mmHg 3 0.74 0 fixed −1.4 (−4.15, 1.35)*

Exercise capacity

maximal inspiratory muscle strength 4 0.61 0 fixed 0.23 (−0.11, 0.57)†

peak oxygen consumption 4 0.43 0 fixed 0.07 (−0.27, 0.41)†

peak workload 5 0.49 0 fixed 6.89 (3.97, 9.81)*

6MWD 5 0.21 31 fixed 16.88 (−3.27, 37.04)*

FEV1 , % pred, predicted forced expiratory volume in the first second; 6MWD, 6–min walking distances; CI, confidence interval; WMD, weighted mean difference; SMD, standardized

mean difference.
†SMD (95% CI).

*WMD (95% CI).

FIGURE 4

Forest plots of meta-analysis of 6-min walking distances.

capacity, which stops patients from attending PR to alleviates

symptoms, improves (HRQoL), and reduces hospital admissions

and mortality (30). Thus, patients with COPD are trapped in

a vicious circle of unfavorable prognosis. In addition to this,

increases in body weight and physical activity were shown to

relief symptoms, improve HRQoL, and reduce mortality (27).

Previous studies demonstrated that testosterone therapy

could increase bone mineral density, FFM and muscle strength,

reduce whole body fat, and improve maximal voluntary

strength and muscle in healthy young hypogonadal men (31).

Androgens can act on a variety of cells to exert protective

effects, which may help partially explain androgen therapy for

COPD. Androgens can easily diffuse across cell membranes

without the need for receptor, or bind to classical and

non-classical androgen receptors (ARs) to mediate genomic

and non-genomic androgen effects, respectively (32–34). The

DNA binding-dependent actions of the AR promote cardiac

growth, kidney hypertrophy, cortical bone growth and regulate

trabecular bone architecture (35). In addition, androgens

generate anabolic effects on carbohydrate metabolism and

protein, maintain insulin sensitivity, and impact brain function

and mood (34). Exogenous supplementation of androgens

could alleviate pulmonary artery hypertension, increase serum

insulin-like growth factor (IFG) 1 and IGF-binding protein-1,

reverse the loss in diaphragm force-generating capacity, improve

mitochondrial and muscle function, increase myosin expression

and attenuate pulmonary epithelial inflammation in COPD

mouse model or patients (36–42). RCTs in older men with

hypogonadism showed that exogenous testosterone therapy

consistently increased bone mineral density and decreased fat

mass, but the effects on muscle strength, physical function,

energy, and mood were variable (31).

We found that AASs treatment could improve body

composition, including body weight and FFM. Our conclusions

obtained were not exactly the same as the previous studies,

because the researches included and statistical methods adopted

were different from the previous analysis (20). Additionally,

sensitivity analysis showed that these results were robust, and no

obvious heterogeneity and publication bias were found. Schols

et al. showed that nutritional intervention alone helped COPD
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FIGURE 5

Forest plots of meta-analysis of health-related quality of life (HRQoL). Random-e�ects meta-analysis using type 1 scales (A) and type 2 scales

(B) of e�ectiveness of AASs on HRQoL of COPD. Type 1 scales: Creutzberg 2003, St George’s respiratory questionnaire; Pison 2011, Maugeri

Foundation Respiratory Failure questionnaire. Type 2 scales: Daga 2014, Seattle Obstructive Lung Disease Questionnaire; Pison 2011, chronic

respiratory disease questionnaire; Sharma 2008, chronic respiratory disease questionnaire.

FIGURE 6

Forest plots of meta-analysis of biochemical indicators. Fixed-e�ects meta-analysis of e�ectiveness of AASs on luteinizing hormone (LH) (A),

free testosterone concentration (B) and hemoglobin (C) of COPD.

patients gain total weight (9). Under a combination treatment

of exogenous androgens and nutrition supplementation, the

weight gain of COPD patients is mainly FFM, which will benefit

patients even more.

FFM is significantly associated with muscle strength,

spirometry, physical function, quality of life, and survival

in patients with COPD (20). However, no improvements in

maximal inspiratory muscle strength, peak oxygen uptake,
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TABLE 3 Sensitivity analysis of included randomized controlled trials for the outcome of peak workload and 6MWD.

Outcomes Number of studies WMD (95% CI) Heterogeneity

Pheterogeneity I2, %

Peak workload Fixed effects model 5 6.89 (3.97, 9.81) 0.49 0

Exclusion of Casaburi 2004 no training 4 7.12 (4.18, 10.06) 0.64 0

Exclusion of Casaburi 2004 training 4 6.91 (3.98, 9.85) 0.34 11

Exclusion of Creutaberg 2003 4 7.01 (4.03, 9.98) 0.36 8

Exclusion of Piosn 2011 4 0.22 (−8.65, 9.09) 0.81 0

Exclusion of Sharma 2008 4 7.26 (4.28, 10.25) 0.56 0

6MWD Fixed effects model 5 16.88 (−3.27, 37.04) 0.21 31

Exclusion of Dage 2014 4 5.16 (−18.47, 28.78) 0.51 0

Exclusion of Ferreira 1998 4 21.83 (0.89, 42.76) 0.41 0

Exclusion of Pison 2011 4 20.85 (−9.63, 51.32) 0.13 47

Exclusion of Sharma 2008 4 17.36 (−3.03, 37.74) 0.13 48

Exclusion of Svartberg 2004 4 18.78 (−2.13, 39.69) 0.15 44

WMD, weighted mean difference; CI, confidence interval; 6MWD, 6–min walking distance.

FEV1 %predicted, PaO2 and PaCO2 were observed in our

meta-analysis. It was reported that men with severe COPD

had lower free testosterone levels, and free testosterone

was positively and independently associated with forced

vitality capacity and FEV1 (43). Our analysis indicated that

AASs improved free testosterone levels, but there was no

improvement in spirometry. Diversities in quality of trials and

inclusion criteria and small sample size may partially explain

this difference.

As for exercise capacity, others found that testosterone

supplementation therapy significantly improved several exercise

capacity outcomes, such as peak muscle strength and peak

oxygen outcomes (8). Another analysis indicated that anabolic

steroids administration increased maximal inspiratory pressure

andmaximal expiratory pressure (20). We found that exogenous

AASs therapy could increase patients’ peak workload, with

uncertain roles in 6MWD. The results of all analyses are not

that robust, and additional large-scale studies are needed to

determine whether exercise capacity could be improved with

exogenous AASs treatment in COPD patients.

Alantis et al. pooled four clinical trials and drew a conclusion

that TT treatment failed to improve HRQoL, but they did not

classify different scales of HRQoL (8). On the contrary, others

found that anabolic steroid administration improved HRQoL

as measured by SGRQ total score and symptoms score (20).

It is worth noting that there were only two trials included in

latter analysis, so the conclusion was not that convincing, not

to mention that the two studies in this meta-analysis were not

limited to the use of AASs. Given that different scales were

used to assess patients’ HRQoL in different RCTs, we classified

them into two categories. Combined with our meta-analysis

results and sensitivity analysis, we think additional trials must

be conducted to assess the significance of this intervention.

Our meta-analysis shows that AASs therapy could

significantly decrease serum LH, increase free testosterone

and hemoglobin levels. We particularly emphasize that when

applying exogenous AASs to treat patients with COPD, the

changes of these treatment-related parameters need to be

closely monitored.

The implication for future studies

The therapeutic use of AASs in patients with chronic

disease is appealing and the theoretic basis for it appears

sound. However, the results from studies exploring the effects in

patients with COPD are mixed, showing limited positive effects

onmuscle function or exercise capacity. There are lots of reasons

why we believe it is premature to deny its potential efficacy.

The definition of testosterone deficiency, dosages used for

replacement (sub-physiological vs. supra-physiological), small

trials with variable inclusion criteria and study populations

varied widely across the studies.

In other clinical trials, doses up to 600mg of testosterone

per week for a healthy man were administered, which caused

relatively few adverse events and improved muscle mass and

strength in healthy men (44). It can be expected that the

administered dose of exogenous AASs in the above-mentioned

studies is probably too low to exert a clinically meaningful effect,

since the highest dose of androgens applied in the eight trials

was 250mg (Table 1). For a clinically meaningful effect, higher

doses of androgens maybe used, preferably in combination with

PR and nutritional supplementation. Additionally, nandrolone

is an anabolic steroid that cannot be converted to DHT, and is

considered to be less androgenic than testosterone. Compared

with testosterone, nandrolone may be expected to be better
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tolerated, especially in women. Therefore, we believe that it

is suggesting that exogenous AASs therapy was likely to be

an acceptable type of administration used in COPD patients,

especially those with advanced COPD, involuntary weight loss,

muscle wasting and on chronic corticosteroid therapy.

Limitations

Some limitations of this review are summarized as follows.

Only a small number of studies were included and the small

sample size was also a major limitation. Gender composition

was different in this meta-analysis. Three trials recruited both

male and female subjects, and five trials included only men.

The duration of treatment for these studies ranged from 6

weeks to 27 weeks. Four trials looked at the effect of exogenous

testosterone, whereas others used nandrolone. In addition, there

were also differences in the route of administration, the dosage

of exogenous androgens, whether the intervention included

nutritional supplements and exercise training or not. All of these

may contribute to the risk of bias.

Conclusion

In general, the main findings from our meta-analysis

indicate that AASs therapy can increase body weight, FFM and

peak workload in COPD patients. However, because of the

limited number of included trials, we are not certain whether

it has improvements on spirometry, 6MWD and HRQoL. More

multi-center RCTs in the future are of great essence, especially

these with higher quality and longer follow-up duration.
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Effect of acupuncture at the
sphenopalatine ganglion for the
treatment of moderate to severe
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protocol for a three-armed
randomized controlled trial
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Guang’anmen Hospital, Beijing, China, 2Department of Traditional Chinese Medicine, China
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Introduction: Seasonal allergic rhinitis (SAR) is a major health problem with a

relatively high worldwide prevalence that severely limits the quality of life for

sufferers. Acupuncture is widely used for SAR treatment in China; however, the

evidence on the efficacy of acupuncture at the sphenopalatine ganglion (SPG)

for SAR is inconclusive. Therefore, this study aims to investigate the efficacy

and safety of acupuncture at the SPG acupoint for the treatment of SAR.

Methods and analysis: A total of 120 participants with SAR will be recruited

and randomly assigned to the acupuncture group, placebo acupuncture

(PA) group, or rescue medication (RM) group with a 1:1:1 allocation ratio.

Participants in the acupuncture group and PA group will receive 8 sessions

of acupuncture stimulus at the SPG plus RM or 8 sessions of shallow needling

at the SPG acupoint plus RM for 4 weeks with a 4-week follow-up in the first

year and a 1-week follow-up in the second year. Participants in the RM group

will only receive RM throughout the study. The primary outcome is the change

from baseline in the average daily combined symptoms and medication score

(CSMS) over weeks 1–4. All analysis will be based on an intention-to-treat

principle. All statistical tests will be two-sided and a p-value < 0.05 will be

considered to be statistically significant.

KEYWORDS

acupuncture, seasonal allergic rhinitis, sphenopalatine ganglion, randomized
controlled trial, protocol
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Strengths and limitations of this
study

� Acupuncture at the SPG might have a specific effect on the
treatment of SAR. This study is the first randomized controlled
trial that compares acupuncture at the SPG plus RM with
shallow needling at SPG plus RM and only RM for participants
suffering from SAR.

� This study was rigorously designed with strict inclusion
and exclusion criteria, and the measurement of the primary
outcome was recommended by the European Academy
of Allergy and Clinical Immunology (EAACI), blinding
participants, and outcome assessors.

� Due to the difficulty of inserting an acupuncture needle
into the SPG, the acupuncturist must receive specialist training
before the initiation of the trial.

� This is a single-center study that will only recruit
patients with SAR in Asian populations, which might limit
the generalizability of the study among other types of allergic
rhinitis and other ethnic patients.

� The acupuncturists will not be blinded, which could
potentially introduce bias in the results.

Background

Allergic rhinitis (AR) is an immunoglobulin E-mediated
inflammatory disease (1) that is caused by the hypersensitivity
of the immune system to an allergen, which affects 100 million
people in Europe (2) and 400 million people globally (3).
Typical symptoms of AR include nasal congestion, rhinorrhea,
itching, and sneezing (4), other common non-nasal symptoms
include itchy eyes, tearing, and eye redness (5). Many patients
with AR are susceptible to several comorbidities, such as
asthma, rhinosinusitis, obstructive sleep apnea, and other
related airway conditions (6). AR can result in impaired
physical, emotional, and social functions, as well as poor
quality of life (7), and therefore, has a substantial economic
burden on society. The etiology of AR is multifactorial, which
results primarily from a genetic predisposition, immunological
response, and environmental pollutants (8). AR has traditionally
been classified as seasonal allergic rhinitis (SAR) or perennial
allergic rhinitis (PAR) depending on the causes and duration of
symptoms (9).

In addition to avoiding allergens, current treatments for
AR mainly include pharmacotherapy and immunotherapy
(10). These treatments are effective to control and improve
AR symptoms, but each treatment modality has unique
challenges: it is impractical to eliminate all environmental
allergens, pharmacotherapy (i.e., histamine antagonists) is often
associated with adverse events, such as fatigue (11), and
adherence with immunotherapy is often poor (12). Therefore,

some patients with AR prefer complementary and alternative
medicine to alleviate their symptoms, with approximately 20%
receive acupuncture (13).

Acupuncture, which is one of the most studied Chinese
medical techniques, involves stimulation of specific locations
(acupoints) on the body, usually by the insertion of a fine needle
(14). Many studies have reported the efficacy of acupuncture to
treat AR (15–17), and a 2020 meta-analysis of 39 randomized
clinical trials (RCTs) claimed that acupuncture methods were
effective and safe for the treatment of AR (18). However,
according to the updated practice parameters for rhinitis in
2020, the use of acupuncture for the treatment of AR was not
recommended due to a lack of well-controlled studies (19).

The sphenopalatine ganglion (SPG), which is located under
a thin (1–2 mm) layer of mucosa in the pterygopalatine fossa,
consists of sensory fibers that innervate the nasopharynx, nasal
cavity, and palate (20). Several studies reported the benefits of
SPG stimulation for chronic cluster headaches (21), and acute
ischemic stroke (22). Compared with traditional acupoints that
are selected based on traditional meridian theory, acupuncture
at the SPG (inserting a needle through the SPG acupoint near
ST7, Xiaguan (23) to reach and directly stimulate the SPG)
might help patients improve nasal symptoms immediately and
improve their quality of life (24) by increasing sympathetic
nerve excitability (25); however, the evidence is inconclusive.

This three-armed, randomized trial will investigate the
efficacy and safety of acupuncture at the SPG for the treatment
of SAR. Acupuncture at the SPG plus rescue medication (RM)
might be superior to placebo acupuncture (PA) plus RM, and
only RM for the treatment of SAR.

Methods and design

Study design

This is a parallel-design, three-armed, patient-assessor
blinded randomized (1:1:1) controlled trial. This protocol has
been developed according to the standard protocol items
included in the Recommendations for Interventional Trials (26)
and the Standards for Reporting Interventions in Clinical Trials
of Acupuncture (27) guidelines. The trial flow diagram and
treatment schedule are shown in Figures 1 and 2.

Study setting and recruitment

This trial will be carried out at No. 731 Hospital of China
Aerospace Science and Industry Corporation from May 2021
to August 2023. A total of 120 participants will be recruited.
The trial duration will be 10 weeks: 1 week baseline (run-in
phase), 4 weeks treatment, 4 weeks follow-up in the first year,
and the first week following symptom onset in the second year.
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FIGURE 1

Study flow diagram.

At baseline, participants would not take any anti-histamines and
will record their SARs symptoms in a daily participant diary.

Randomization and blinding

Participants who agreed to randomization will be allocated
to the acupuncture, PA, or RM groups in a 1:1:1 ratio that
uses a fixed block size of 6. The randomization number
of the allocation sequence will be generated using PROC
PLAN of SAS software, version 9.4 (SAS Institute Inc., Cary,
NC, United States). An independent researcher will prepare
consecutively numbered, sealed, opaque envelopes that contain
the information about group allocation. These envelopes will
be consecutively opened by a research coordinator that is not
involved in recruitment, therapy, and outcome assessments
immediately after the baseline assessments.

Because of the two different acupuncture techniques that
will be used in this trial, the acupuncturist will know which
group each participant is in. However, the participants in
the acupuncture and PA groups, outcome evaluators, and
statisticians will be blinded to the group allocation throughout
the trial. To ensure blinding, all researchers will receive the same
training before the trial, and each participant will be treated in a
separate room. Participants in the RM group will not be blinded.

Participants

The participants will have previously been diagnosed with
SAR by a lung physician or allergist, according to the Allergic
Rhinitis and Its Impact on Asthma (ARIA) criteria (28).
Participants will be recruited during the pollen season, which is
defined as the period with pollen levels ≥ 20 grains/m (3, 29).

Frontiers in Medicine 03 frontiersin.org

3637

https://doi.org/10.3389/fmed.2022.904864
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-904864 August 29, 2022 Time: 16:52 # 4

Wang et al. 10.3389/fmed.2022.904864

FIGURE 2

Study schedule.

According to a previous study, the pollen season annually in
Beijing was set from 17 March to the end of October (30). To
ensure that participants are recruited within pollen season from
baseline to the end of the 4 weeks follow-up period in the first
year, patients would not be involved in the same year, if pollen
season is over in less than 9 weeks. Participants will be eligible
if they meet all the inclusion criteria and have none of the

exclusion criteria. The last participant is expected to complete
treatment in September 2021.

Inclusion criteria

1. Aged ≥ 18 years and ≤ 75 years.
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2. A history of moderate to severe SAR symptoms [visual
analog scale (VAS) > 50 mm, range from 0 cm (not
at all troublesome) to 100 mm (extremely bothersome)]
(31) for > 4 days per weeks, and > 4 consecutive weeks
with ≥ 2 years duration.

3. Participants’ SAR symptoms severity scores at
baseline > 50 mm for at least 4 consecutive
days at baseline.

4. Positive skin prick test response, defined as wheal diameter
greater than or equal to 3 mm, to grass and birch pollen
(rather than dust mite or mold), or a serum-specific
IgE test, or both.

5. Ability to complete the medical information form and sign
a written informed consent.

Exclusion criteria

1. A history or current evidence of PAR, acute sinusitis,
allergic asthma, pneumonia, autoimmune disorders, or
severe chronic inflammatory diseases.

2. A history of nasal rhinopolypus or abnormalities.
3. Taking antihistamines, anticholinergics, corticosteroids,

decongestants, or antibiotics 1 month before
starting the study.

4. A history of systemically administered corticosteroids
within 6 months or specific immunotherapy, or allergy
desensitization therapy 1 year before enrollment.

5. Serious uncontrolled blood coagulation disorder,
cardiovascular disorder, severe hepatic or renal
insufficiency, or a mental disorder.

6. Pregnancy or planning for pregnancy;
7. Known allergy, or contraindication to RM or related drugs.
8. Known phobia to acupuncture or have received

acupuncture treatment, or SPG stimulation, or other
complementary and alternative medicine within 1 month
of enrollment.

Interventions

Acupuncture group
The acupuncture regimen was determined based on

previous reports (23, 24, 32). The licensed acupuncturists
have > 5 years of practical experience. Before the
study, the acupuncturists will receive special training
in the SPG stimulation technique and will perform the
technique clinically. The SPG acupoint is located under
the zygomatic arch between the coronoid process and
mandibular condyle (24). Sterile single-use stainless steel
needles (0.35 mm × 55 mm; YiDaiFu brand, Suzhou
Tianyi Acupuncture Instrument Co., Ltd., Suzhou,
China) will be used. Participants will be in the lateral

position and the acupoints area will be sterilized with
75% alcohol. To stimulate the SPG, the needles will
be inserted into the medial superior anterior direction
to a depth of approximately 55 mm (33), until the
participants report a special (deqi) sensation that radiates
toward the nose or the upper teeth (Figure 3). Then, the
needle will be withdrawn slightly. The needles will be
retained for 30 min and stimulated 3 times during the
needling period.

Placebo acupuncture group
The acupuncture procedure is similar to that of the

acupuncture group. After sterilizing the skin, the 0.35 × 25 mm
disposable needle will be vertically inserted at the SPG acupoint
approximately 3–5 mm. The needles will also be retained for
30 min, yet no needle manipulation would be carried out to
avoid the deqi (unique) response.

Acupuncture is administrated unilaterally. The SPG
acupoint will be stimulated alternatively in each session. After
randomization, participants receive treatment twice per week
for eight sessions for four consecutive weeks. All participants
will be treated separately to prevent communication and will be
advised to avoid allergens during the trial.

Rescue medication group
Participants in the RM group will not receive acupuncture

treatment during the study period. They could use the RM
described in the following section. They have the option of
4 weeks (≤ 8 sessions) of acupuncture free of charge at the end
of the follow-up period.

FIGURE 3

Schematic diagram of acupuncture.
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Rescue medication
The following RM; non-sedative H1 antihistamines,

intranasal, or oral corticosteroids are permitted in each group
based on a standardized approach (34), only when participants
feel that their symptoms are intolerable. Administration for
prophylactic purposes is prohibited. Additional medications,
such as leukotriene receptor antagonists, anticholinergic
agents, α-adrenergic agonists, allergen immunotherapy, nasal
ipratropium, decongestants, or any form of alternative therapy
are not allowed at any time during the study period. The daily
medication score (dMS) will be recorded every day in case
report forms (CRFs) based on the following scores: 0 = no
RM; 1 = use of oral, or topical non-sedative H1 antihistamines,
or both (e.g., Clarityne or Patanol); 2 = use of intranasal
corticosteroids (Rhinocort) with or without H1 antihistamines;
and 3 = use of oral corticosteroids (Prednisone) with or without
intranasal corticosteroids, with or without H1 antihistamines
(34). When a participant takes ≥ 2 rescue medications, the
higher score will be retained for the corresponding day.

Outcome measures

Primary outcome
The primary outcome is the change from baseline in

the average daily combined symptoms and medication score
(CSMS) over weeks 1–4, which measures the symptoms of AR
and the use of RM. It has been widely used in previous studies
and is recommended by the EAACI (34). The average daily
CSMS is the sum of the daily symptom score (dSS) plus dMS.
The dSS contains a 6-item scale that refers to nasal symptoms
(4 items) and ocular symptoms (2 items), and each item is
scored using a Likert scale of 0–3. The dSS is calculated as a
mean of all entered dSS divided by the number of individual
symptoms (range 0–3). The dMS is calculated as an average of
the daily symptom relief medication score, with a range of 0–3.
Therefore, the potential CSMS score could be from 0 to 6, with
high scores indicating more severe nasal symptoms. In addition,
the changes from baseline over weeks 5–8 during the first year
and the first week following symptoms onset in the second year
will be assessed.

Secondary outcomes
The secondary outcomes are:

1. Change in the average dSS and dMS from baseline over
weeks 1–4, weeks 5–8 in the first year, and the first week
following symptoms onset in the second year.

2. The proportion of participants with a minimum of 23%
improvement in the average daily CSMS from baseline
over weeks 1–4, weeks 5–8 in the first year, and at the
first week following symptoms onset in the second year.
Based on the previous data, a difference of 23% (35) in

the average daily CSMS was chosen to demonstrate a
minimum clinically significant difference.

3. A change in the Rhinoconjunctivitis Quality of Life
Questionnaires (RQLQ) (36) total score and subscale
scores from baseline to the end of weeks 4 and 8 in the
first year and the first week following symptoms onset
in the second year. The RQLQ is a well-established and
validated questionnaire that consists of 28 questions that
cover 7 domains: (1) sleep (3 items); (2) practical problems
(3 items); (3) non-nasal and eye symptoms (7 items); (4)
nasal symptoms (4 items); (5) eye symptoms (4 items); (6)
activities that have been limited by nose or eye symptoms
(3 items); and (7) and emotional function (4 items). Each
item was evaluated on a 7-point rating scale from 0 (no
impairment) to 6 (severe impairment) (36) during the
previous week. The analysis of the RQLQ total score
is the average of the answers to the 28 items and the
subscale scores are the average of the answers in those
subscales. The total score or the subscale score is between
0 and 6, with high values indicating the lower disease-
specific quality of life. Changes in scores by ≥ 0.5 were
considered clinically significant (37). In this study, the
validated Chinese version of RQLQ is used (38).

4. A Change in the VAS score for the overall allergic
symptom’s severity from baseline to the end of weeks 4 and
8 in the first year and the first week following symptoms
onset in the second year. Patients will be asked to grade
the severity of allergic symptoms using the self-rated 0–
100 mm VAS (0 = no symptoms and 100 = worst-ever
symptoms, in 1-point increments). The VAS is a reliable
and valid tool to quantitatively evaluate AR severity (31).

5. A global evaluation will compare previous years by each
participant at the end of weeks 4 and 8 in the first year
and the first week following symptoms onset in the second
year. Each participant will be asked the following question:
Compared with your symptoms in previous grass pollen
seasons, how have you felt overall in this grass pollen
season? (select only one). The possible answers are coded
follows:1 = very much better; 2 = much better; 3 = a little
better; 4 = no change; 5 = a little worse; 6 = much worse;
and 7 = very much worse.

6. Patient global evaluation of improvement at the end
of weeks 4 and 8 in the first year and the first week
following symptoms onset in the second year. Patient
global evaluation of improvement will be rated by the
participants using a 7-point Likert scale with the following
options: 1 = very much better; 2 = much better; 3 = a little
better; 4 = no change; 5 = a little worse; 6 = much worse;
and 7 = very much worse, at each study visit.

7. The average weekly number of medication-free days
during weeks 1–4 and weeks 5–8 in the first year.

8. The average weekly number of symptom-free days during
weeks 1–4 and weeks 5–8 in the first year.
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9. Participants expectation about the therapeutic benefits of
acupuncture at baseline. At baseline, participants in the
acupuncture and PA groups will be asked the following
question: How helpful you believe the acupuncture
modality you received would be for your AR. Participants
will be instructed to choose one of the given answers: (1)
very helpful; (2) moderately helpful; (3) slightly helpful; (4)
not helpful; and (5) unclear.

10. The participants remained blinded to the treatment arm
in the acupuncture and PA groups. Five minutes after the
end of the final treatment in week 4, each participant in
the acupuncture and PA groups will be asked the following
question: Which treatment do you think you received
(acupuncture or PA). Participants will be allowed to choose
only one answer, acupuncture, “PA,” or unclear. Before the
question, participants will be told that they might have
received acupuncture with a deeper insertion or PA with
shallow penetration.

Safety assessment

Any potential adverse events (AEs) will be monitored and
documented in the CRFs within 24 h of their occurrence
during treatment and the follow-up period. Based on
their potential association with acupuncture, AEs will be
categorized as acupuncture-associated AEs (e.g., subcutaneous
hemorrhage, dizziness, fainting, serious pain, local infection,
and localized hematoma), and non-treatment-related AEs.
Any serious adverse events, for example, an event that is
life-threatening, or requires hospitalization, or results in
death, hospitalization, or significant disability will be reported
immediately to the study principal investigator and ethics
committee. The ethics committee will decide whether to
suspend the trial if required, and the statistician will break
the blinding. Any participant that suffers an SAE will be
withdrawn from the study.

Sample size calculation

This trial hypothesizes that 4 weeks of acupuncture
treatment plus RM could be superior for the improvement
of the average daily CSMS over PA plus RM and only RM.
Based on previous studies (15, 16), the differences in total nasal
symptom score that changed at week 4 and the RM score that
changed at week 8 between acupuncture and PA were 1.00 and
1.1, respectively. The between-group difference of 1.65 (1 point
change in symptom score and 0.55 point change in RM score)
with a standard deviation of 2.0 in the improvement of total
CSMS could be detected at week 4 in the first pollen season
period. Assuming an α = 0.05 level of significance (two-sided
test), 90% power, and a 20% drop-out rate, 120 patients (40 in
each group) will be considered.

Statistical analysis

The null hypothesis is that the change from baseline in the
average daily CSMS over weeks 1–4 in the first year could be
the same in the acupuncture, the PA group and RM groups.
Data will be presented as means with standard deviations, or
medians with interquartile ranges for continuous variables, and
frequencies (number of cases) or relative frequencies (%) for
categorical variables. The repeated measure of the analysis of
variance (ANOVA) will be performed for normally distributed
variables, and a non-parametrical Kruskal–Wallis test will be
used for non-normally distributed variables. The categorical
variables will be compared using the Chi-squared (χ2) test.
A two-tailed p-value < 0.05 will be considered statistically
significant. All analyses will be conducted based on an intention-
to-treat approach with all randomized participants included
using SPSS software V.20.0 (IBM SPSS Statistics; IBM Corp,
Somers, NY). Missing primary outcome data will be handled
by multiple imputation techniques according to the missing
at random assumption. Missing data will not be imputed for
secondary outcomes.

Quality control

To guarantee the quality of the trial, all participating staff
will receive the same study training before the study starts.
The training includes the aim of the trial, case screening and
recruitment, intervention protocols, outcome measures, and
data processing. The licensed acupuncturists have ≥ 5 years of
clinical acupuncture practice and will receive special training in
the SPG stimulation technique. The principal investigator has
overall responsibility for the trial and is supported by a research
coordinator for the CRFs review, data entry verification and
storage, and quality control checks. Dropouts and withdrawals
from the study will be documented during the trial. All paper
data will be stored in a fire-proof safe, and all-electric data saved
on a secure server within No. 731 Hospital of China Aerospace
Science and Industry Corporation.

Patient and public involvement

The research question was first proposed by a patient that
failed the conventional acupuncture treatment. Patients were
not involved in the development or implementation of this
study. The results of this study will be communicated to all
participants after completion of the study upon their request.

Discussion

AR is a global health problem, which severely impairs
the sufferers quality of life (7). Previously, acupuncture has
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been widely used to alleviate associated symptoms that are
induced by AR. However, there is an ongoing debate on the
effect of acupuncture on SAR. To the best of our knowledge,
this is the first trial that aims to evaluate the clinical efficacy
of acupuncture at the SPG for SAR that uses the CSMS
recommended by the EAACI. The results of this trial could help
to determine the effect of acupuncture at the SPG to improve
SAR symptoms and reduce RM.

Although the SPG is relatively small and varies in size
between individuals, it is possible to reach the SPG by inserting
a needle through the SPG acupoint (33). A previous study found
that acupuncture at the SPG led to significant improvement in
nasal ventilation and nasal patency, and increased sympathetic
nerve excitability (25) in healthy volunteers. In addition, one
pilot study revealed the effect of acupuncture at the SPG
acupoint for the prevention of PAR development (24). In this
study, the effect of acupuncture at the SPG for SAR will be
determined. Due to ethical considerations, the participants
will be allowed to use relief medication, and therefore, the
total CSMS was selected as the primary outcome measure
as recommended by the EAACI (34). The CSMS is easy to
understand and is an analysis of the daily burden of the disease,
which equally combines symptom scores and medication scores.

This prospective study is a registered, concealed-allocation,
three-armed, randomized controlled trial. The strengths of
the trial include strict inclusion and exclusion criteria, the
measurement of the primary outcome as recommended
by the EAACI, evaluation of the participant’s expectation
for acupuncture, blinding of the participants and outcome
assessors, and is analyses based on the principle of intent-to-
treat. In addition, this trial has several limitations. First, this is
a single-center study in an Asian population, which might limit
the generalizability of the study among other ethnic patients.
Second, only patients with SAR were included, and therefore,
the result might not apply to other types of AR (i.e., PAR).
Third, the acupuncturists cannot be blinded due to the nature
of acupuncture, which might bias the results of this study.

Ethics statement

This study will be conducted in compliance with the
principles of the Declaration of Helsinki 2008. This study was
approved by the Medical Ethics Committee of No. 731 Hospital
of China Aerospace Science and Industry Corporation (approval
No: 2021-0102-01) on March 12, 2021. The registration
number provided by ClinicalTrials.gov is NCT04815668. All
investigators will adhere to a strict confidentiality regulation
before, during, and after the trial. All participants will be asked
to voluntarily sign the informed consent form if they agree
to participate and will be reminded that they can withdraw
from the study at any time without giving a reason. They also
can be discontinued from the trial by the investigator if based

upon his clinical judgment, continuation in the trial is deemed
inappropriate. Any modifications to the protocol that might
impact the conduct of this study will be submitted to the ethics
committee and will be updated in the clinical trial registry.
After completing data analysis, the results of this study
will be published in an international peer-reviewed medical
journal and will be disseminated via national conferences and
scientific meetings.
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Dendritic cells (DCs) are “frontline” immune cells dedicated to antigen

presentation. They serve as an important bridge connecting innate and

adaptive immunity, and express various receptors for antigen capture. DCs

are divided into various subclasses according to their di�erential expression

of cell surface receptors and di�erent subclasses of DCs exhibit specific

immunological characteristics. Exploring the common features of each sub-

category has became the focus of many studies. There are certain amounts

of DCs expressing langerin in airways and peripheral lungs while the precise

mechanism by which langerin+ DCs drive pulmonary disease is unclear.

Langerin-expressing DCs can be further subdivided into numerous subtypes

based on the co-expressed receptors, but here, we identify commonalities

across these subtypes that point to the major role of langerin. Better

understanding is required to clarify key disease pathways and determine

potential new therapeutic approaches.
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Introduction

Langerin, a C-type lectin receptor (CLR) also known as CD207, was originally

found to be highly expressed on Langerhans cells (LCs) that reside in the epidermis

of the human skin (1). Later, the existence of langerin+ dermal DCs was clarified as

well (2, 3). The disease with a relatively high association with langerin is Langerhans

cell histiocytosis (LCH). LCH is a rare disease characterized by heterogeneous lesions,

e.g., granulomatous lesions and histiocytosis X lesions, and the pathological features of

affected tissues usually manifests as positive staining of CD1a and langerin (4, 5).

Langerin+ DCs were also found in tissues apart from skin including the lung, liver,

kidney, and lymphoid tissue (6). To date, there is no comprehensive understanding of the

specific function of these langerin+ DCs although LCs have some similar characteristics

to other langerin-expressing DCs (7). However, these are not completely equivalent

(7), e.g., murine epidermal LCs and dermal langerin-expressing DCs exhibit distinct

repopulation kinetics and migratory characteristics in vitro and in vivo, and play distinct

roles in humoral and cellular responses generated by gene gun immunization (7, 8).
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There are recent papers declaring that langerin-expressing DCs

play a role in pulmonary immune-related disease settings. This

article summarizes the immune and pathological relationship

between langerin-expressing DCs and pulmonary immune-

related diseases whose understanding will provide potential new

therapeutic directions.

The expression and characteristics
of langerin in MNPs

Langerin was first recognized as an epitope specific to

LCs by monoclonal antibody (mAb) DCGM4 staining (1, 9).

LangerinmRNA is abundant in freshly isolated LCs while resting

DCs generated from CD34+ progenitors treated with GM-CSF

and TNFα are identified lower levels of langerin expression

(1). LCs were traditionally regarded as a subset of immature

DCs residing in epidermis and other mucosal epithelia due

to their comparable function and dendritic processes (10, 11).

Even though LCs are currently best classified as a type of

mononuclear phagocytes (MNPs) distinct from DCs for that

LCs are derived similarly to macrophages from the yolk sac

during embryogenesis differently from DCs (12). According

to the recent literature, we summarize the expression and

distribution of langerin in the MNPs in tissue and blood of

human and mouse. In human tissue, langerin is expressed

by certain conventional DC2 (cDC2) cells from the dermis,

lung, tonsil, and liver apart from epidermal LCs under healthy

conditions, and it is rapidly induced in blood cDC2 upon

tumor growth factor (TGF)-β stimulation (6, 13, 14). With the

development of immunological knowledge of DC classification,

human inflammatory blood DC3 were identified to express the

langerin gene (15). It differs in murine normal tissue for that

the expression of langerin was described in mouse cDC1 in

view that the co-expressing CD103 (also named αE integrin)

is a marker of cDC1 in mouse peripheral tissues (16, 17).

Specifically, langerin was reported expressed by 15% of cDC1s

in the murine lung (18).

The expression of langerin is regulated by various factors.

Mononuclear cells can be induced to form LCs or LC-like DCs

using factors such as GM-CSF and IL-4. Bone marrow-derived

monocytes enter the peripheral blood and constitute 5% of

circulating white blood cells. In response to appropriate stimuli,

they migrate from the bloodstream into various peripheral

tissues. A study has compared the responses to different

maturation signals and antigen-presenting functions between

LCs induced by GM-CSF and by M-CSF and demonstrated

that GM-CSF can be replaced by M-CSF to some extent

(19). Furthermore, TNF-α markedly increased the induction of

langerin+ CD83− LCs from both CD14-negative and CD14-

positive precursors (20) whilst TGF-β1 can also affect the

development of langerin+ epidermal LCs (21). In addition

to some inflammatory factors that promote the increase of

langerin, estrogen promotes the formation of a DC population

with the unique features of epidermal LCs. The data suggest

that differentiation of LCs in vivo will be dependent upon the

local estrogen levels and estrogen receptor-mediated signaling

events in the skin (22). Langerin+ cDCs and LCs are profoundly

regulated by the retinoic acid (RA)-RA receptor (RARα) axis

in a concentration-dependent manner (23). In addition to

cytokines and growth factors such as GM-CSF and TGF-

β1, the Notch receptor ligand Delta-1 is a regulator of the

induction of human LC development from blood monocytes

(24). Moreover, signaling by another Notch ligand JAG2 induces

differentiation of CD14+ monocytes into LCH-like cells (25).

In addition, inhibition of TNFAIP3, the negative regulator of

NF-κB signaling affects Th cell differentiation in the presence of

pulmonary langerin+ DCs (18).

Birbeck et al. elucidated the ultrastructure of LCs using

electron microscopy (26). LCs have a lobular nucleus

surrounded by a clear cytoplasm devoid of tonofilaments,

desmosomes, or melanosomes. However, they possess an

unique intracytoplasmic organelle which is their characteristic

ultrastructural feature: the Birbeck granule (BG) (26, 27).

Langerin is involved in the rapid internalization of BGs after

mannose-binding via endocytosis. Intracellular tracing using an

anti-langerin antibody demonstrated that following mannose-

binding, langerin was internalized from the cell membrane into

the BG (1). Indeed, the distribution and transport of langerin

in immature LCs is mainly through the endosomal recycling

of BGs. After internalization, langerin relocates back to the

cell surface as part of a cell membrane-pericentriolar BG-cell

membrane loop (28). Langerin appears to be a key structural

element in BG formation due to langerin aggregation (1, 28),

and presumably facilitates the uptake of mannans present on the

cell surface of bacteria (9). BGs are characterized by the unusual

cytoplasmic rod-like or tennis-racket-shaped structures, which

can be visualized by electron microscopy as two apposed

membranes separated by a striated zipper-like lamella (29).

Langerin-deficient mice lack BG and the introduction of the

langerin gene into embryonic fibroblasts induces the formation

of BG (20). Oda et al. rebuilt the 3D structure of isolated BGs

using cryo-electron tomography and identified a flexible loop

region within langerin trimers that is crucial for BG formation

and viral internalization (30).

Langerin polymorphisms affect both stability and sugar-

binding activity. As such, langerin haplotypes may differ in

their binding to pathogens and thus might be associated

with susceptibility to infection. For example, the W264R

form of langerin exhibits large changes in the structure of

the CRD that alter its sugar-binding activity. In addition to

structural factors, sugar-binding activity is also affected by

other physical factors such as pH, temperature, and protein

concentrations (31). Other mutations can result in thickened

membrane structures compared with the typical cytomembrane

sandwiching structures (CMS) of BG. In addition to BG
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structures, the affinity for high mannose glycoconjugates is to

some extend affected (32).

Immunological functions of langerin
in MNPs

Advances in structural biology have provided evidence

for the functional role of langerin. Langerin is a type II

transmembrane cell surface receptor belonging to the Ca2+-

dependent CLR family (33, 34). The extracellular domain (ECD)

of langerin consists of a neck region containing a series of heptad

repeats and a C-terminal C-type carbohydrate-recognition

domain (CRD) featuring a glutamate-proline-asparagine (EPN)

motif (position 285–287) (22, 35, 36). The extracellular region

of langerin exists as a stable trimer kept together by a coiled

coil of α-helices formed by the neck region. The CRD exhibits

selectivity for mannose, N-Acetylglucosamine (GlcNAc), and

fucose (37), but only the trimeric ECD fragment binds to

glycoprotein ligands. The ECD binds human high-mannose

oligosaccharides as well as yeast invertase mannose-containing

structures but not complex glycan structures (36). After antigen

capture, langerin internalizes the antigen, e.g., Candida albicans

(38), Mycobacterium leprae (39), or HIV-1 (40) via the BG.

Considering that the expression levels of langerin was markedly

reduced along with LCs maturation, Valladeau et al. further

confirmed that Langerin is restricted to immature DC (41).

While Stoitzner et al. demonstrated that certain expression of

langerin on the surface of matured and emigrated DCs were

retained in a time-course-dependent manner which suggested

that LCs or other langerin+ DCs can be traced to the draining

lymph nodes by their langerin expression (42). In recent

research, langerin were used as one of the markers for immature

monocyte-derived DCs (moDCs) (43).

As a sugar-binding protein expressed on the surface of DCs,

langerin has a key role in antigen-uptaking when DCs serve as

professional antigen-presenting cells to exert immune function.

In leprosy, for example, LC-like DCs and freshly isolated

epidermal LCs present non-peptide antigens of Mycobacterium

leprae to T cell clones derived from a leprosy patient in

a CD1a-restricted and langerin-dependent manner (39). In

addition, GM-CSF-dependent langerin+ CD103+ dermal DCs

promote CD4+ effector Th cell differentiation and play a

role in autoimmune pathogenesis (44). Human primary LCs

capture the measles virus (MV) through langerin, which then

presents MV-derived antigens in the context of HLA class II

to MV-specific CD4+ T cells independent of CD8+ T cells

(45). However, the evidence for a critical role of langerin+

DCs in CD8+ T cell activation do exist after gene gun DNA

vaccination as well (46). LCs and cDC1s can mediate different

humoral immune response through Langerin which may give us

inspiration in development of vaccine effectiveness (47).

Langerin has been proposed as a frontline sentinel in

the immunization process, e.g., HIV transmission (48) and

Inflammatory Bowel Disease (49). As such, LC-DC clustering

via langerin leads to DC maturation and facilitates antigen

transfer of HIV-1 to DCs, which subsequently induces activation

of CD8+ T cells (50). In contrast, it has been proposed that

HIV-1 captured by langerin is internalized into BGs and then

degraded. This would suggest that langerin does not enhance

HIV-1 infection of T cells but rather prevents T-cell infection by

viral clearance (51). Yet some research has conclusively shown

that HIV was effectively transmitted to the primary target CD4+

T cells (52–54). The demonstration was confirmed in subsequent

studies by Bertram groups (55, 56). Furthermore, langerin

was revealed to induce HIV-1 specific humoral immunity in

addition to cellular immunity (57). Further research is required

in the area to define whether langerin promotes or inhibits

immunity and under which specific conditions and if these

specific conditions can be artificially controlled. This may open

up new avenues for clinical prevention and treatment.

Langerin-expressing DCs in
pulmonary immune-related diseases

Within the human lung, langerin is mainly expressed on

the lung mucosa and the vascular wall (16). More specifically,

staining is seen within the airway epithelium, lung parenchyma,

visceral pleura (58), and lung draining LN (DLN) (6), and

similar results are obtained in the mouse (33). Despite the link

between skin and lung disease through the atopic march (59),

research into the function of langerin in the lung and airway

immune-related disease has not been studied in depth with

much relating to the analysis of relative expression profiles in

disease. Nevertheless, we can still speculate on the possible role

of langerin based on the available evidence as shown in Table 1

to inspire more further research.

Lung carcinoma

Early studies examined langerin expression in bronchial

biopsies of primary lung carcinomas from 12 patients and found

infiltration of DCs within tumor tissues including LCs and

CD1a+/langerin+ cells interspersed among tumor cells (60).

More recent research using high-throughput sequencing has

provided a more complete picture of langerin expression in

lung cancer. The depletion of langerin+ DCs before and after

vaccination with VLP-gp33r (a lymphocytic choriomeningitis

virus–derived peptide antigen) inhibits the growth of Lewis’

lung carcinoma tumors expressing gp33 (LL-LCMV), leading

to reduced cytotoxic CD8+ T cell activity. This highlights

the importance of langerin in antigen cross-presentation of

tumor peptides (61). In general, langerin plays a positive role
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TABLE 1 Potential functions of langerin in pulmonary diseases.

Pulmonary

diseases

Langerin potential

functions

Immune trend

Lung carcinoma Tumor peptides

cross-presentation

CD8+ T cell activation

(61)

Asthma Induce and maintain Th2

response

CD4+ T cell activation

(68)

Pulmonary fibrosis

and PLCH

Pathogenic mutations MAPK signaling

alterations (86)

COPD Induce Th1 response reacting

to CS

CD4+ T cell activation

(89)

Microbial

infection

Pathogen scouting Neutrophil and

macrophage

recruitment (100)

CS, Cigarette smoking; MAPK, Mitogen-activated protein kinase.

in promoting the immune response during tumor immunity,

which has been seen in other tumors such as oral cavity primary

squamous cell carcinoma (62). In breast cancer tissues, CD1a

and langerin staining was found in one-third of primary tumors

but this did not correlate with clinicopathological data (63). This

was divergent from previous findings from the same group that

most LCs were resident within all tumor samples (64). However,

with the update of cognition of immunological markers,

CD1a and langerin expression may not discriminate LCs from

langerin+ cDC2 or CD11c+ epidermal DCs (48, 55). It may lead

to completely different conclusions in subsequent research.

In addition, tumor cells were found to promote langerin

expression. Some, but not all, lung carcinomas produced GM-

CSF and a good correlation exists between GM-CSF production

and the number of CD1a+ LCs infiltrating these tumors

(65). Breast cancer cells can chemoattract CD34+ progenitor

cells through CCL20/MIP3α and promote the differentiation

of progenitor cells into langerin+ DCs depending upon the

level of TGF-β present. These langerin+ DCs differentiate into

two types: CD1a+ langerin+ CD86+ and CD1ahigh langerin−

CD86− cells (66).

Using The Cancer Genome Atlas (TCGA) we analyzed

the expression of langerin in Lung Squamous Cell Carcinoma

(LUSC) (Figure 1A) and Lung Adenocarcinoma (LUAD)

(Figure 1C) to identify any differential expression and the

pathways associated with langerin up-regulation. Using this

large database, we found significant up-regulation of langerin

in both LUSC and LUAD which was associated with distinct

gene ontology (GO) molecular pathways only some of which

overlapped. The analysis showed that langerin in the two types of

lung tumor was both positively correlated with immunity related

signaling pathways, e.g., antigen processing and presentation,

and endogenous lipid antigen via MHC class Ib (Figures 1B,D).

These data provide a basis for further research on the role of

langerin in tumor pathogenesis.

Asthma

In asthma, DCs are important not only for inducing T helper

(Th) 2-cell sensitization but also for maintaining effector Th2-

cell responses during ongoing allergic disease (67). In a mouse

model of house dust mite-induced allergic asthma, subsequent

LPS exposure resulted in enhanced migration of langerin+ DCs

from the lung to the draining lymph node and LPS-exposed

langerin+ DCs instructed CD4+ T cells toward a Th2 response.

Selective depletion of langerin+ DCs prevented LPS-induced

eosinophil recruitment and T-cell activation (68). In addition,

langerin expression was up-regulated in induced sputum from

asthmatic subjects and correlated with airway coagulation factor

XIII (FXIII) and airflow limitation (69). Moreover, asthmatic

human respiratory-tract DCs (hRTDC) expressed significantly

higher levels of langerin than equivalent cells from control

subjects. In addition, langerin+ cells from sputum co-cultured

with naive T cells increased T cell proliferation 2.5-fold

(70). These results suggest potential langerin-specific novel

therapeutic approaches for the treatment of severe asthma with

irreversible airflow obstruction.

The largest lung DC population are the integrin αEβ7

positive and I-Ahigh CD11chigh-DC population which express

high levels of langerin and act to enable efficient antigen

uptake and presentation (16). However, in an analysis of

large airways and bronchopulmonary LNs in fatal asthma

(FA), there were no statistical differences in the expression of

langerin+ DCs between the FA patients and control subjects

(71). These differences in the expression of langerin+ DCs in

different studies may be due to analysis of different asthma

immunophenotypes and/ or an effect of therapy. In addition,

different sampling locations such as sputum, BALF, large

airways, and bronchopulmonary LNs may contain different

numbers of langerin+ DCs. Therefore, further research is

needed to elucidate the role of langerin in the pathogenesis

and progression of asthma taking disease severity and

subphenotypes into account.

Pulmonary fibrosis and pulmonary LCH

Pulmonary fibrosis is an umbrella term that covers

idiopathic pulmonary fibrosis (IPF) and non-specific interstitial

pneumonia, importantly the characteristics of the immature

DCs that infiltrate during fibrosis and epithelial hyperplasia

in these diseases are similar (72). Intraepithelial infiltrating

CD1a+/langerin+ DCs committed to mucosal immunologic

surveillance (73). High levels of langerin staining are also seen

in sites of fibrosis in PLCH, which may indicate an important
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FIGURE 1

Expression and functional annotation of langerin in LUSC and LUAD in the TCGA RNA-seq datasets. (A,C) Boxplots visualizing significantly

di�erent expressions of langerin between normal and LUSC (and LUAD) tissues in TCGA database. (B,D) Bar plot showing the top 20 terms

derived from the gene set enrichment of the di�erentially expressed genes in TCGA-LUSC (and LUAD) samples. The x-axis represents statistical

significance.

connection between langerin expression and the pathological

changes of fibrosis (74).

In adults, pulmonary LCH (PLCH) occurs predominantly

in young smokers or ex-smokers (>90% of cases) with a

peak incidence between the ages of 20 and 40 (75, 76).

Patients with PLCH develop shortness of breath, pleuritic

pain, or spontaneous pneumothoraces. There is evidence of

obstruction, air trapping, and decreased carbon monoxide

diffusing capacity (DLCO) which may help to identify patients

with a poor prognosis (77). High-Resolution Computed

Tomographic (HRCT) imaging of the chest is critical in the

diagnosis of suspected PLCH and typically shows a combination

of nodules, cavitated nodules, thick- and thin-walled cysts (78–

80). Transbronchial lung biopsy is diagnostic in about 30% of

cases and is valuable in excluding other diagnoses that mimic

PLCH (81). PLCH presents as accumulation of LCs and other

langerin-expressing DCs in the lungs (82). A comparison of BAL

samples of patients with PLCH, sarcoidosis or IPF, found that

patients suffering from PLCH had a significantly higher number

of CD1a+ and langerin+ cells than the subjects with sarcoidosis

and IPF (74).

A similar comparison was made between LCH and other

interstitial, inflammatory, and infectious diseases as well.

Counting the number of cells staining per high power field

(400 x) in areas of highest density indicates that the number

of CD1a+ and langerin+ cells in LCH lesions is more than

two-fold that in interstitial pneumonia (83). Additional research

has reported that Langerhans-like CD1a+ cells are present

with NRAS and BRAF mutations in patients (84), providing

new insights into the pathogenesis of the disease. To date,

langerin has been used as a diagnostic index of PLCH (85),

but its true role in the pathophysiology or the intrapulmonary

mechanism of the disease requires elucidation. A recently

published report presents consensus recommendations that

resulted from the discussions at the annual Histiocyte Society

meeting in 2019 (5) which propose that the single-system

PLCH may indeed be a clonal process for that recurrent

Mitogen-activated protein kinase (MAPK) pathway alterations

and BRAF-V600E mutations have been identified in lesions

(86, 87). All questions are urgent for answers.

Chronic obstructive pulmonary disease

There is a significantly higher expression of langerin mRNA

in human COPD lung tissue compared with those from

healthy control subjects (88). The primary cause of COPD

for most subjects is tobacco smoking, with other causes being

air pollution and genetics. Interestingly, immunohistochemical

staining of langerin expression in the small airways revealed

more LC-type DCs (identified by langerin and the presence

of BG) in current smokers without COPD and in COPD

patients, vs. never smokers and ex-smokers without COPD (89).

PLCH, which occurs predominantly in young smokers or ex-

smokers, has high langerin positivity as a diagnostic indicator

and shows the pathological manifestations in end-stage disease
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(dense fibrosis, cystic changes, and honeycomb lungs) that are

similar to that of emphysema. This suggests that langerin is

involved in the pathophysiology of COPD particularly with

lung destruction and airway remodeling. Taniguchi et al.

firstly generate a glycosyltransferase, α1,6-fucosyltransferase

(Fut8) knockout mice to discover COPD-like phenotypes in

mouse model (90–93). To develop an effective clinical therapy

application, candidate glycan keratan sulfate (KS) and the di-

sulfated KS disaccharide L4, which were identified as specific

glycan ligands to Langerin (94). It was supposed that KS-based

glycomimetics may protect hijacking by viruses or bacteria in a

langerin-dependent manner (95).

Microbial infection

Mediastinal lymph nodes contain increased numbers of

cells co-expressing langerin and CD103 when the lung is

infected with the virus, and depletion of lung langerin+ DCs

in langerin-DTR mice aggravates the severity of infection

(96). Study of viral infection reveals that CD103+ langerin+

double-positive dermal DCs and langerin+ epidermal LCs

firstly upregulate innate immune response in the draining

lymph node (97). CD103 binds integrin β7-ITGB7 to form

the complete heterodimeric integrin molecule αEβ7 that the

chief ligand is epithelial cellular adhesion molecule E-cadherin.

Some CD103-expressing immune cells primarily reside on the

epithelium in order to rapidly respond to both viral and bacterial

infection (98). The considerable co-expression of langerin and

CD103 inspire that whether there is related regulation of

their, respectively, expression and whether αEβ7/E-cadherin-

interaction enhance the receptor function of langerin.

As mentioned above, langerin is able to capture virus

particles including HIV although the precise mechanism

involved is unclear. Studies are underway in procaine models

of infection to elucidate the key pathways by which langerin

impacts lung viral infection (99). Furthermore, there is evidence

that langerin plays a role in pathogen sensing, neutrophil and

macrophage recruitment, and the downstream inflammatory

processes. This is an exciting area for future research that may

provide novel non-macrolide work therapeutic targets for acute

exacerbations of lung diseases (100).

Conclusion

The current understanding of the role of langerin-expressing

DCs in pulmonary diseases is lacking details although the

evidence suggests that langerin plays a role in both the immuno-

inflammatory aspects of the disease as well as on structural

remodeling and exacerbations. DCs are key cells in initiating

adaptive immunity and langerin acts as its surface receptor to

sense external stimuli. However, it is clear that langerin possesses

additional functions that make it an interesting target for future

research. Considering the important role played by DCs in the

pathogenesis of immune disorder of the lungs and airways, a

deeper insight into langerin mechanisms may provide novel

therapeutic modalities for immune and structural aspects of

pulmonary immune-related diseases.
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Lung cancer remains the most common malignancy in China. This study aims

to provide scientific support for the prevention and treatment of lung cancer

by analyzing the epidemiological trends of lung cancer in China from 1990

to 2019. Based on the global health exchange database (GHDx), joinpoint

and age-period-cohort analyses were performed to explore the trend of

lung cancer incidence and mortality rates from 1990 to 2019. According

to incidence rates from 1990 to 2019, a model was constructed to predict

the incidence rates in the next 5 years. In addition, changes in risk factors

associated with lung cancer deaths were compared between 1990 and 2019

and between males and females in 2019. The results are as follows. The

age-standardized incidence rates (ASIRs), and age-standardized death rates

(ASDRs) of lung cancer among Chinese had overall upward trends from

1990 to 2019. The ASDRs of females and males in China decreased since

2010. Interestingly, from 2016 to 2019, the ASIRs and ASDRs of females rose

significantly. The age-period-cohort model showed that the incidence and

mortality rates of lung cancer in China increased with age, and the growth

rate accelerated after 45 years old. After 2004, the relative risks of lung cancer

incidence increased with the passage of the period. Also, after the 1950–1954

birth cohort, the risks of lung cancer incidence and death began to decrease.

The autoregressive integrated moving average (ARIMA) model predicted that

the incidence rates of lung cancer in China would continue to rise in the next 5

years. The top five risk factors for lung cancer deaths of both genders in 2019

were smoking, ambient particulate matter pollution, secondhand smoke, high

fasting plasma glucose, and household air pollution from solid fuels. The above

results provided precise clues for the prevention and treatment of lung cancer

in China.
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lung cancer, China, epidemiological trends, prediction, Global Burden of Disease
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Introduction

According to the World Cancer Report 2020, there have

been 2.2 million new cases of lung cancer worldwide, and deaths

due to lung cancer will account for 18% of all deaths from

cancer worldwide (1). Based on cancer statistics in China in

2016, lung cancer ranked first in terms of new cases (828,000)

and deaths (657,000). Among males, lung cancer ranked first

in the incidence and mortality rates of malignant tumors, while

lung cancer ranked second in the incidence rate and first in the

mortality rate among females from 2000 to 2016 (2). Previous

study indicated that China serves one of the countries with the

highest tracheal, bronchus, and lung cancer disease burden (3).

There is no doubt that lung cancer has become a major public

health problem and a huge social burden in China. It is of great

significance to continue to carry out epidemiological research

on lung cancer and strengthen the prevention and treatment of

lung cancer to reduce the incidence and mortality of lung cancer

in China. Lifestyle, environmental and occupational exposures

are common risk factors for lung cancer (4), and understanding

the deaths of lung cancer due to these risk factors is essential for

disease management.

The Global Burden of Disease (GBD) project aggregated

354 diseases and injuries from 195 countries and territories

worldwide, making it possible to analyze epidemiological trends

of lung cancer in China (5). Therefore, based on the latest

data published by the GBD project, the epidemiological trends

from 1990 to 2019 in lung cancer in China were analyzed.

Joinpoint and age-period-cohort models were developed based

on incidence and death data to comprehensively analyze

the epidemiological characteristics. Based on the incidence

rates data, autoregressive integrated moving average (ARIMA)

and support vector machine (SVM) models were used to

construct models and finally the optimal model was selected

to predict the incidence rates of lung cancer in the next

5 years. Additionally, the attributable risk factors for lung

cancer deaths were also explored. The above analysis results

might provide clues to the precise prevention and control of

lung cancer.

Abbreviations: GHDx, Global health exchange database; DALY,

Disability-Adjusted Life Year; ASIR, Age-standardized incidence rate;

ASDR, Age-standardized death rate; GBD, Global Burden of Disease;

SVM, Support vector machine; APC, Annual percentage change; AAPC,

Average annual percentage change; RR, Rate ratio; NCI, National

Cancer Institute; AR, Autoregressive Model; MA, Moving Average

model; MSE, Mean square error; MAE, Mean absolute error; MAPE,

Mean absolute percentage error; CI, confidence intervals; ARIMA,

Autoregressive Integrated Moving Average model; LDCT, Low-dose

computed tomography; CXR, chest X-ray.

Materials and methods

Data source

Incidence, deaths, and their age-standardized rates of

lung cancer were downloaded from the GBD project (http://

ghdx.healthdata.org/gbd-results-tool). In addition, 87 types of

detailed risks were selected for identifying attributable risk

factors for lung cancer deaths. By applying the comparative

risk assessment (CRA) theory and counterfactual analysis, the

proportions of lung cancer deaths caused by the above factors

in the target population were calculated, that is, the population

attributable score (PAF) of the risk factors (6).

Joinpoint regression analysis

Joinpoint regression is a widely used statistical method

to analyze the long-term trends of incidence or mortality

rates of tumors and chronic diseases. The core idea of the

model is to build segmental regressions based on the temporal

characteristics of the disease distribution, and then to evaluate

the characteristics of disease variability specific to different

intervals in more detail over the global time horizon (7). In

this study, based on age-standardized incidence rates (ASIRs)

and age-standardized death rates (ASDRs), joinpoint regression

models were constructed by Joinpoint Regression Program

(4.9.0.0) to analyze global and local change trends in incidence

and mortality rates of lung cancer. The annual percentage

change (APC) [
(

eβ − 1
)

×100%] and average annual percentage

change (AAPC) [(e
∑

ωiβi/
∑

ωi−1)×100%] are used to describe

the direction and magnitude of the changing trend, where β is

the regression coefficient, andωi is the number of years included

in each segment. When APC or AAPC > 0, it means that the

incidence or mortality rates of lung cancer show a rising trend.

When APC or AAPC < 0, it means the incidence or mortality

rates show a decreasing trend. P < 0.05 represents a statistically

significant change.

Age-period-cohort analysis

The age-period-cohort model is based on Poisson

distribution and uses three parameters: age, period, and

birth cohort to reflect changes in the risks of disease incidence

and death in the target population. And to quantify the effects

of age, period, and cohort on incidence and death data based on

controlling for interaction effects (8). In this study, an online

tool provided by the National Cancer Institute (NCI) (http://

analysistools.nci.nih.gov/apc/) was used to execute age-period-

cohort analysis for the incidence and death of lung cancer (9).

The tool performs the analysis using a built-in algorithm and

the corresponding Wald test, with main parameters: net drift,
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local drifts, longitudinal age curve, period rate ratio, and cohort

rate ratio. 15 age groups (20–24, 25–29, . . . . . . , 85–89, 90–94),

6-period groups (1990–1994, 1995–1999, . . . . . . , 2015–2019),

and 20 cohorts (1900–1904, 1905–1909, . . . . . . , 1995–1999) were

included in age-period-cohort models.

Incidence prediction models

ARIMA time series model (p, d, q) which consists of an

autoregressive model (AR) and a moving average model (MA)

model have good accuracy and effectiveness in predicting the

trend of future development of events, with p and q being the

orders of AR and the order of MA, and d is the numbers of

difference in stabilizing the term trend process (10). SPSS 25

was applied for ARIMA modeling in the study. SVM serves as

a machine learning method that can be used for classification

and regression prediction. A linear function was employed to

predict the regression in a large space (11). In this study,

the SVM model was developed through Python. ARIMA and

SVM models were developed using the ASIRs of lung cancer

in China from 1990 to 2014. Subsequently, the ASIRs of

2015–2019 were used to evaluate the predictive performance

of the models. The evaluation indicators include mean square

error (MSE) ( 1n
∑n

i=1 (yt − ŷt)2), mean absolute error (MAE)

( 1n
∑

| yt − ŷt |), and mean absolute percentage error (MAPE)

( 1n
∑

(
yt−ŷt
yt ) × 100%), where yt is the actual value, ŷt is the

predicted value, and n is the number of predicted data.

Results

The general trends of incidence and
mortality rates of lung cancer in China

From 1990 to 2019, the ASIRs of lung cancer in China

showed an overall upward trend, with the highest in 2019

(Figure 1A). Figure 1B shows that the ASDRs of lung cancer in

China increased overall from 1990 to 2010, with the highest in

2010. Since 2010, the ASDRs showed a slight downward trend.

In general, the ASIRs and ASDRs of lung cancer in China were

all higher than the global level.

Description of segmental trends in lung
cancer incidence and mortality rates
from 1990 to 2019

According to joinpoint analysis, ASIRs and ASDRs of lung

cancer were on the rise for both males and females in China

from 1990 to 2019 (All AAPC > 0, P < 0.001) (Table 1).

ASIRs and ASDRs for both sexes increased by an average

of 1.1 and 0.8% per year, respectively. In addition, Figure 2

shows that the ASIRs and ASDRs of both sexes and females of

lung cancer had upward trends during 1990–1997, 1997–2004

(All APC > 0, P < 0.05), whereas it showed a downward trend

during 2010–2016 (APC < 0, P < 0.05). For males, ASIRs and

ASDRs of lung cancer increased from 1994 to 1998, 1998

to 2004, and 2007 to 2010 (All APC > 0, P < 0.05), while

decreased from 2010 to 2019 (APC < 0, P < 0.05). Interestingly,

it can be observed that ASIRs and ASDRs of females showed

a clear upward trend in 2016–2019, with APCs of 3.33 and

2.61, respectively.

The age, period, and cohort e�ects on
lung cancer incidence and mortality rates

The wald test showed that the net drift, local drifts, period,

and cohort effects of lung cancer incidence rates from 1990

to 2019 were all statistically significant (P < 0.01). However,

for mortality rates of lung cancer, the local drifts and cohort

effect were statistically significant (P < 0.01), while the net drift

and period effect were not statistically significant (Table 2). For

incidence rates, the net drift which represents the overall annual

percentage change was 0.61% (95% confidence interval, CI: 0.38

to 0.84%), and the local drifts which represent additional age-

specific variations were < 0 before the 50–54 age group and >0

after that. Additionally, after the 60–64 age group, the local drifts

of mortality rates started to be>0 (Figure 3A). This showed that

the incidence rates of each age group were increasing over time,

with an average increase of 0.61% per year. And the incidence

rates after the 50–54 age group and mortality rates after the

60–64 age group showed an increasing trend with time, with the

rest showing a decreasing trend.

As shown in Figure 3B, after correcting for period and

cohort effects, the longitudinal age curves of lung cancer

incidence and mortality rates in China were upward trends

before the age group of 85–89. The incidence and mortality

rates were at a low level in the 20–44 age group, and they

increased rapidly after the 45–49 age group, reaching the peak

in the 85–89 age group. As for the period effect (Figure 3C),

the period-related RRs of incidence rates were on the rise from

the 2000–2004 period group (RR = 1) to the 2015–2019 period

group. Concerning cohort effects (Figure 3D), after adjusting

the effects of period and age, the cohort risks of incidence

and mortality rates were a single-peaked distribution, with the

cohort risks of incidence and mortality reaching their highest

in the 1950–1954 cohort (RR= 1.05, 95% CI: 1.00 to 1.10,

RR= 1.02, 95% CI: 0.97 to 1.08).

Changes in attributed risk factors

As shown in Figure 4A, in 1990, smoking, household air

pollution from solid fuels, and ambient particulate matter
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FIGURE 1

The trends of age-standard incidence rates (A) death rates (B) of lung cancer in global and China from 1990 to 2019.

pollution ranked the top three contributors to the deaths of lung

cancer in China, causing 60.87%, 22.15%, and 10.83% of deaths,

respectively. In 2019, the top three contributors to lung cancer

deaths were smoking, ambient particulate matter pollution,

and secondhand smoke, which contributed to 64.40%, 22.63%,

and 7.83% of deaths, respectively. Among them, household air

pollution from solid fuels dropped from the 2nd (22.15%) in

1990 to the 5th (4.91%) in 2019. And diet low in fruits and

occupational exposure to silica dropped one place. However,

the attribution ranking of ambient particulate matter pollution,

secondhand smoke, high fasting plasma glucose, residential

radon, and occupational exposure to asbestos was slightly up.

As for changing trends of the risk factors subdivided by gender

(Figures 4B,C), the attribution ranking of ambient particulate

matter pollution and high fasting plasma glucose rose in males

and females from 1990 to 2019. And the attribution ranking of

household air pollution from solid fuels dropped from 1990 to

2019. Additionally, deaths of lung cancer in females for smoking

increased from 19.56% to 26.58%. Furthermore, as shown in

Figure 4D, the top three risk factors for lung cancer deaths

in Chinese males in 2019 were smoking (82.03%), ambient

particulate matter pollution (23.01%), and high fasting plasma

glucose (7.28%). Nevertheless, smoking (26.58%), ambient

particulate matter pollution (21.84%), and secondhand smoke

(11.47%) ranked as the top three risk factors for the death of lung

cancer in Chinese females in 2019. High fasting plasma glucose

and occupational exposure to asbestos had a greater impact

on lung cancer deaths in males than in females. In addition,
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TABLE 1 Lung cancer incidence and mortality rates by sex in China, 1990–2019.

Year ASIR ASDR

Female Male Both Female Male Both

1990 18.01 44.29 30.20 18.63 46.33 31.18

1991 18.23 44.21 30.30 18.83 46.18 31.24

1992 18.25 44.15 30.30 18.83 46.08 31.22

1993 18.56 44.38 30.58 19.12 46.26 31.47

1994 18.53 44.58 30.67 19.07 46.47 31.54

1995 18.51 45.28 31.01 19.02 47.14 31.85

1996 18.88 46.09 31.60 19.37 47.87 32.40

1997 19.18 46.78 32.08 19.63 48.51 32.83

1998 19.42 47.64 32.59 19.82 49.30 33.27

1999 19.89 48.81 33.38 20.26 50.44 34.03

2000 20.63 50.72 34.69 21.01 52.29 35.32

2001 21.10 52.02 35.55 21.46 53.54 36.13

2002 21.76 53.46 36.58 22.06 54.84 37.06

2003 22.27 54.71 37.44 22.49 55.87 37.78

2004 22.86 56.60 38.63 22.98 57.55 38.81

2005 23.04 57.47 39.10 23.06 58.26 39.15

2006 22.98 56.88 38.78 22.87 57.42 38.63

2007 23.13 57.65 39.19 22.84 57.84 38.78

2008 23.26 59.17 39.93 22.79 59.04 39.25

2009 23.45 60.73 40.70 22.82 60.27 39.77

2010 23.73 62.27 41.51 22.95 61.44 40.32

2011 23.61 62.57 41.53 22.75 61.51 40.18

2012 23.04 62.62 41.19 22.11 61.33 39.68

2013 22.76 62.36 40.86 21.75 60.82 39.19

2014 22.85 62.14 40.82 21.69 60.17 38.89

2015 22.67 62.06 40.68 21.43 59.84 38.60

2016 22.64 61.91 40.58 21.35 59.59 38.44

2017 23.31 61.69 40.88 21.80 58.84 38.40

2018 24.15 61.58 41.30 22.40 58.23 38.49

2019 24.76 61.74 41.71 22.86 58.10 38.70

AAPC(%) 1.1 1.2 1.1 0.7 0.8 0.8

95%CI 1 1 0.9 0.6 0.6 0.5

1.3 1.3 1.4 0.9 1 1

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI, confidence intervals.

secondhand smoke, household air pollution from solid fuels,

residential radon, a diet low in fruits, and occupational exposure

to silica had a slightly greater impact on lung cancer deaths in

females than in males.

The prediction for lung cancer incidence
in China in the future

Through the expert modeler of SPSS, the optimal model of

ARIMA was determined to be (0, 2, 0). The Ljung-BOX test

(P = 0.99 > 0.05) proved the constructed model was the white

noise sequence. In addition, the SVMmodel was developed with

kernel= “rbf”, degree= 3, gamma= “auto”, and C= 1. Table 3

shows the comparison of actual and predicted incidence rates in

2015–2019 of the two models. By comparing the goodness of fit

of the two models (Table 4), the ARIMA (0, 2, 0) model with a

better fitting effect was finally selected to predict the incidence

rates of lung cancer in China in the next 5 years (2020–2024).

The prediction results showed that the incidence rates of lung

cancer in China will continue to rise in the next 5 years and

might reach 44.10 /100,000 in 2024 (Table 5).
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FIGURE 2

The results of joinpoint regression analysis for age-standard incidence rates and mortality rates of lung cancer in Chinese males [(C) incidence

rate, (F) mortality rate], females [(B) incidence rate, (E) mortality rate] and both genders [(A) incidence rate, (D) mortality rate] from 1990 to 2019.

Discussion

With the rapid development of the economy, the lifestyle

and disease spectrum of Chinese residents have changed

dramatically. Among causes of death in China, lung cancer rose

from the 8th in 1990 to the 4th in 2017. And as regards DALY

(Disability-Adjusted Life Year) causes, lung cancer rose from

14th in 1990 to 4th in 2017 (12). Our study also indicated that

lung cancer ASIRs and ASDRs increased overall in China from

1990 to 2019. Furthermore, joinpoint analysis indicated that

ASDRs of females and males in China decreased since 2010. It

is speculated that this might benefit from the initiation of low-

dose computed tomography (LDCT) screening in 2010 in China

(13). For the first time, the national lung screening trial research

team demonstrated that LDCT screening reduced lung cancer

mortality by 20% compared to chest X-ray (CXR) screening (14).

The analysis results of this study also confirmed the necessity for

early screening. Additionally, from 2016 to 2019, the ASIRs and

ASDRs of females began to rise significantly again, with a rate of

3.33 and 2.61%, respectively. Cancer statistics in 2016 showed

that for females, lung cancer was the second most common

after breast cancer (2). Another epidemiological study in China

showed that the average annual growth rate of lung cancer in

women was greater than that in men from 2010 to 2015 (15, 16).

In this study, it is found that the number of lung cancer deaths

of females for smoking increased. This may be due to the rise in

smoking rates in females in recent years. Moreover, lung cancer

deaths from ambient particulate matter pollution increased as

females work outside the home in recent years. Therefore, it is

particularly significant to control these risk factors of lung cancer

in females.

During the occurrence and development of diseases,

individual characteristics such as age, birth cohort, and objective

factors such as the social development period are all possible
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TABLE 2 Wald Chi Square tests for estimable functions in the age-period-cohort model.

Null hypothesis ASIR ASDR

χ2 P χ2 P

Net Drift= 0 26.63 <0.01 0.44 0.51

All age deviations= 0 1177.89 <0.01 722.44 <0.01

All period deviations= 0 8.67 0.07 7.71 0.10

All cohort deviations= 0 230.93 <0.01 197.77 <0.01

All period RR= 1 34.99 <0.01 7.89 0.16

All cohort RR= 1 439.96 <0.01 265.16 <0.01

All local drifts= Net Drift 225.55 <0.01 193.50 <0.01

FIGURE 3

Age-period-cohort model. (A) Net drift and local drifts of incidence and mortality rates of lung cancer in China from 1990 to 2019. (B)

Longitudinal age curve of lung cancer incidence and mortality rates in China. (C) Period relative risks of lung cancer incidence and mortality

rates in China (D) Cohort relative risks of lung cancer incidence and mortality rates in China.

influencing factors. The age-period-cohort model has been

widely used in lung cancer, colorectal cancer, cervical cancer,

and other cancers, which is beneficial to reflect their changing

trends more comprehensively, to seek the initiating factors and

reasonable explanations for the occurrence and development of

these cancers (17–19). In this study, the results of age effect

analysis showed that the incidence and mortality rates of lung

cancer in China increased with age, and the growth speed of

the incidence and mortality rates accelerated after 45 years old.

According to an analysis of China’s 2016 cancer statistics, lung

cancer is the most common cancer in males over 45 years old

and females over 60 years old (2). On the one hand, the reason
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FIGURE 4

Comparisons of attributed risk factors of deaths between 1990 and 2019 in both genders (A) and males (B), and females (C), and between

females and males in 2019 (D).

might be that lung cancer is usually diagnosed at an advanced

stage (20), resulting in a later age of diagnosis. On the other

hand, the risk of incidence and death from lung cancer will

increase due to the increase in underlying diseases and decline

in physical fitness in the elderly (21), which is consistent with

our findings. At present, China’s aging situation is severe. In

2019, China’s population over 65 years old accounted for about

11.5% of the total population (22). Thus, the incidence and

death of lung cancer in the middle-aged and elderly population

should be paid attention to. The period effect can be understood

as the risks of incidence and mortality of diseases due to

changes in natural conditions or social environment in a specific

period. The period effect analysis in this paper pointed out

that after 2004, the period effects of incidence rates increased

over time. First of all, this might be related to the increased

exposure of Chinese residents to risk factors caused by the

rapid development of society and economy and the accelerated

process of industrialization (23, 24). Then, with the living

standards improvement of Chinese residents, the risk of lung

cancer increased due to poor eating habits such as excessive

intake of red meat (25), and low levels of vitamin D (26).

What’s more, it is speculated that this might be related to the

increase in the number of patients diagnosed with lung cancer

caused by the screening program for high-risk groups of lung

cancer launched in 2010 (13). Furthermore, residents of different

birth cohorts will experience different disease exposure risks

due to the different social, economic, natural environments and

other factors (27). In the present study, the cohort effects of

incidence and mortality rates showed a unimodal distribution

and peaked in the 1950–1954 birth cohort. From the birth cohort

of 1914–1919 to the birth cohort of 1950–1954, the risks of

incidence and mortality increased. The reason might be that

the earlier generation is less educated and has poorer health

literacy resulting in less awareness of risk factors and therefore

increases risks of morbidity and mortality of lung cancer (28).

However, after the 1950–1954 birth cohort, the risks of lung

cancer morbidity and mortality began to decrease. For one

thing, after the founding of new China, the health system has

gradually improved, and more emphasis has been placed on

the prevention and control of chronic diseases. For example,
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TABLE 3 Comparison of actual and predicted incidence rates between

ARIMA and SVMmodels.

Year Actual value

(1/100,000)

Predicted value (1/100,000)

ARIMA SVM

2015 40.68 40.78 40.07

2016 40.58 40.73 39.60

2017 40.88 40.69 39.07

2018 41.30 40.66 38.52

2019 41.71 40.65 38.00

TABLE 4 Evaluation of the fitting e�ects of the two models.

Evaluation indicators ARIMA SVM

MAE 0.43 1.98

MSE 0.32 5.22

MAPE 0.0005 0.05

TABLE 5 The predicted values of ARIMA (0, 2, 0) model.

Year Predicted value

(1/10,0000)

95%CI

2020 42.14 41.29–43.00

2021 42.59 40.68–44.55

2022 43.06 39.88–46.43

2023 43.56 38.91–48.62

2024 44.10 37.83–51.14

the gradual improvement of China’s medical insurance system

reduces the medical burden on residents to a certain extent and

enables timely treatment of lung cancer (29). For another thing,

the younger generation is highly educated and has a strong sense

of self-protection and high health literacy (30). Taken together,

the younger generation has a lower risk of lung cancer morbidity

and mortality.

The attributable risk factors for lung cancer deaths in China

from 1990 to 2019 have changed. Lung cancer deaths due to

household air pollution from solid fuels dropped from second

to fifth. This is consistent with the results of another study

in China (31). It could be seen that with the development

of the times, household fuels in China were cleaner, and the

indoor air has been purified. However, lung cancer deaths caused

by ambient particulate matter pollution increased from the

third to the second. It could be seen that with the process

of industrialization, outdoor air pollution is still an important

factor in the burden of lung cancer. And studies have shown that

when smoking and air pollution affect men at the same time,

the risk of developing lung cancer will be greatly increased (32).

Our study found that deaths of lung cancer from smoking were

the first in both 1900 and 2019. And the ranks of secondhand

smoke rose from fourth to third. It means that the tobacco

control policy in China has not worked well (14, 15). Also, deaths

of lung cancer from high fasting plasma glucose increased.

Hyperglycemia may accelerate cancer cell proliferation and is an

independent predictor of survival in non-small cell lung cancer

patients (33). Recently, eating habits have changed, which may

explain this. In addition, the ranks of residential radon, and

occupational exposure to asbestos all rose. Factors related to

occupational exposure were also in the top ten. What’s more,

there were also differences in risk factors for lung cancer deaths

in males and females in 2019. It’s worth noting that occupational

exposure to asbestos had a greater impact on lung cancer deaths

in males than in females. The reason is that men have more

exposure to asbestos in the workplace. Earlier research showed

that men exposed to asbestos had a higher risk of developing

lung cancer compared to men not exposed to asbestos (34). And

females have longer exposure to household fuels and residential

radon as they stay at home longer than males. Thus, household

air pollution from solid fuels and residential radon had a greater

impact on lung cancer deaths in females than in males. Based on

the above understanding, the following suggestions are made:

(1) Expanding the population of household clean fuel users,

and encouraging the use of environmentally friendly decoration

materials to purify indoor air. (2) Health education to improve

public health literacy, combined with tobacco control policies,

to reduce smoking rates. (3) Improving air quality while driving

rapid economic growth. (4) Advancing diabetes screening and

blood glucose monitoring. (5) Factors related to occupational

exposure should also be paid attention to.

According to the forecast results of this study, the incidence

rates of lung cancer in China might still increase in the next

5 years. Therefore, based on the analyses of epidemiological

trends of lung cancer in China from 1990 to 2019 in the

study, it can provide scientific reference for the prevention

and control of lung cancer in the future. This study has the

following limitations. Firstly, the incidence and death data from

GBD are all estimates, and they are reconstructed from different

sources. Secondly, this study only analyzes the epidemiological

trends of lung cancer in the whole country, and cannot be

specific to each province. Thirdly, in this study, the incidence

rates of lung cancer were only predicted based on time series,

but the occurrence of tumors is affected by many natural and

social factors. In the future, more factors should be considered

to optimize the model. Finally, the reported risk factors for

GBD are limited, and more risk factors for lung cancer require

further exploration.

Conclusion

In summary, the incidence, and mortality rates of lung

cancer among Chinese residents increased from 1990 to 2019.

The results of the joinpoint analysis showed that from 2016 to
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2019, the incidence and mortality rates of female lung cancer

increased significantly, while the incidence and mortality rates

of male lung cancer decreased significantly. The age-period-

cohort model showed that the incidence and mortality rates of

lung cancer in China increase with age, and the growth speed of

incidence andmortality rates accelerated after 45 years old. After

2004, the period effect of incidence rate increased over time,

and the period risk of mortality rate continued to decline after

2009. Also, after the 1950–1954 birth cohort, the risks of lung

cancer morbidity and mortality began to decrease. Smoking,

ambient particulate matter pollution, household air pollution

from solid fuels, secondhand smoke, and high fasting plasma

glucose remain major risk factors for lung cancer deaths. And

based on the prediction in this study, the incidence rate of lung

cancer will increase in the next 5 years. Therefore, based on the

above results, in the prevention and control of lung cancer, it is

necessary to pay more attention to women and middle-aged and

elderly people, carry out early diagnosis and early treatment and

combine risk factors for comprehensive prevention and control.
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Value of transbronchial needle
aspiration combined with a
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Background: The diagnostic value of rapid on-site evaluation (ROSE) of

cytology during endobronchial ultrasound-guided transbronchial needle

aspiration (EBUS-TBNA) remains controversial. The purpose of this study

was to validate the value of ROSE during the EUBS-TBNA procedure in the

diagnosis of pulmonary lesions (PLs).

Methods: Enrolled in this study were 260 patients with nodules, masses,

cavities, or inflammatory lesions on pulmonary CT images. They were

assigned to undergo EBUS-TBNA with ROSE (n = 134) or without ROSE

(n = 126). The diagnostic results of ROSE during EBUS-TBNA and the

final pathologic reports were analyzed and compared by utilizing SPSS21.0

software to evaluate the sensitivity, specificity, positive predictive value (PPV),

and negative predictive value (NPV). In addition, we further explored whether

the ROSE method during EBUS-TBNA would improve the diagnostic yield and

reduce the incidence of complications.

Results: The overall diagnostic yield of EBUS-TBNA for malignant diseases

in the ROSE and the non-ROSE group were 29.9 and 11.1%, respectively.

The sensitivity, specificity, PPV and NPV of the ROSE method during EBUS-

TBNA were 97.4, 96.9, 92.5, and 98.90%, respectively. The result of the

chi-square test effectively proved that ROSE operation during EBUS-TBNA

contributes to the diagnosis of malignancy compared with the non-ROSE

group (χ2 = 13.858, P < 0.001). The number of punctures in the ROSE group

was significantly lower than that in the non-ROSE group (P < 0.001).
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Conclusion: ROSE examination during EBUS-TBNA could effectively improve

the diagnostic yield of malignant diseases compared with the non-ROSE

group and reduce the number of intraoperative punctures, which is a clinical

application worth popularizing.

KEYWORDS

rapid on-site evaluation, endobronchial ultrasound-guided transbronchial needle
aspiration, pulmonary lesions, diagnostic yield, complications

Introduction

Pulmonary nodules are one of the common radiological
manifestations of pulmonary lesions (PLs). In recent years, the
incidence of lung cancer has increased significantly worldwide
ranking first among malignant diseases and has become a major
disease endangering people’s life and health (1). Interventional
bronchoscopy is one of the most extensively used clinical
approaches for the diagnosis of early lung cancer and other
respiratory system-related diseases (2). Transbronchial needle
aspiration (TBNA) has been widely used for the determination
of focal properties adjacent to the trachea and bronchial walls,
diagnosis of pulmonary hilar, and mediastinal lymph nodes,
and staging of lung cancer (3). Unfortunately, tissue lesions
could not be visualized in a real-time manner during the
conventional TBNA procedure, thus increasing the possibility
of causing accidental injury to the normal organs around the
airway. With the advent of ultrasound probes mounted at
the front end of the microscope, it has been made possible
to enter the airway for ultrasound scanning, thus enabling
the integration of the respective advantages of the above
two techniques, known as endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) (4, 5).

Pathological examination remains the gold standard for the
diagnosis of pulmonary malignant tumors. However, difficulty
in sampling and time-consuming of the diagnostic procedure
may delay the treatment, extend the length of hospitalization
stay and increase the medical cost. In contrast, rapid on-site
evaluation (ROSE) of cytology during EBUS-TBNA can realize
the rapid diagnosis of lesions obtained and avoid the time-
consuming defects in the pathological examination.

Several studies have reported the joint use of ROSE based
on EBUS-TBNA (6), saying that the combined use of the
above two technologies could provide the examiner with
useful information on whether the puncture is successful, to
enable him/her to evaluate the quality of specimens in a real-
time manner, and to decide whether a repeated operation is

Abbreviations: ROSE, Rapid On-site Cytologic Evaluation; EBUS-TBNA,
Endobronchial Ultrasound-guided Transbronchial Needle Aspiration;
CT, Computerized Tomography; PPV, Positive Predictive Value; NPV,
Negative Predictive Value.

necessary or not (7–9). However, there is still no agreement
on whether ROSE technology could improve the diagnostic
yield of lung malignancies. This retrospective study aimed to
evaluate whether the ROSE method during EBUS-TBNA could
effectively improve the diagnostic yield of lung malignancies and
reduce surgery-related complications.

Patients and methods

Screening of patients

This research was approved by the ethics committee
of Shanghai Tenth People’s Hospital affiliated with Tongji
University (Shanghai, China; No. SHSY-IEC-4.1/20–21/01). All
methods were carried out under the relevant guidelines and
regulations. The study enrolled 260 patients who had undergone
EBUS-TBNA with ROSE (n = 134) or without ROSE (n = 126)
in the bronchoscopy room of the said hospital between 2018
and 2020. The clinical data of the patients in the two groups
including sex, age, smoking history, accompanying symptoms,
underlying diseases, and the length of hospitalization stay are
presented in Table 1. Contraindications to bronchoscopy were
examined before operation in all patients. In addition, routine
examinations including electrocardiography, coagulation time,
electrolytes, and infectious diseases were also performed before
the operation. The inclusion criteria were patients older than
18 years whose chest CT scan showed ground glass or ordinary
nodules, masses, and cavity or inflammatory manifestations.
Not suitable for this procedure were patients with major
diseases such as cachectic, a recent history of bronchial or
lung trauma, bronchial asthma, myocardial infarction, and
hematological diseases. Patients with incomplete information
regarding discharge, transfer, or failure to follow up were also
excluded (Figure 1).

Preoperative preparations and
postoperative management

The patient was kept nil for at least 6 h before the procedure.
Patients were placed in a supine position; intravenous access was
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TABLE 1 Baseline characteristics of patients.

ROSE (n = 134) Non-ROSE (n = 126) χ2 P-value

Age (years, mean ± SD) 60.75 ± 12.75 60.56 12.75 / 0.904

Sex (n, %) 0.028 0.900

Male 79 (59.0%) 73 (57.9%)

Female 55 (41.0%) 53 (42.1%)

Smoking history (n, %) 0.334 0.575

No 101 (75.4%) 91 (72.2%)

Yes 33 (24.6%) 35 (27.8%)

Symptoms

Dyspnea (n, %) 1.572 0.249

No 121 (90.3%) 119 (94.4%)

Yes 13 (9.7%) 7 (5.6%)

Cough (n, %) 0.800 0.442

No 80 (59.7%) 82 (65.1%)

Yes 54 (40.3%) 44 (34.9%)

Fever (n, %) 0.098 0.862

No 113 (84.3%) 108 (85.7%)

Yes 21 (15.7%) 18 (14.3)

Joint pain (n, %) 2.363 0.158

No 130 (97.0%) 117 (92.9%)

Yes 4 (3.0%) 9 (7.1%)

Basic diseases

Hypertension (n, %) 1.335 0.303

No 107 (79.9%) 93 (73.8%)

Yes 27 (20.1%) 33 (26.2)

Diabetes (n, %) 1.096 0.327

No 114 (85.1%) 101 (80.2%)

Yes 20 (14.9%) 25 (19.8%)

Hypertension+ diabetes (n, %) 0.01 1.000

No 124 (92.5%) 117 (92.9%)

Yes 10 (7.5%) 9 (7.1%)

The length of hospitalization stay (mean ± SD) 9.03 ± 4.16 8.12 ± 3.55 / 0.059

ROSE, Rapid On-Site Evaluation.

established. Midazolam was administered by a pulmonologist
for conscious sedation. Oxygen was given to the patient through
the nasal catheter, and the basic life indicators including blood
pressure, pulse, respiratory frequency, and oxygen saturation
were monitored routinely during the whole operation process.
A chest X-ray and routine blood examination were performed
if uncomfortable symptoms or abnormal signs developed after
this operation. For malignancies that failed to be detected
by EBUS-TBNA, further CT-guided transthoracic puncture or
open-chest surgery was required to obtain a reliable pathological
tissue diagnosis.

A summary of the sample processing

The specimen absorbed into the needle cavity was gently
pushed by the central tube core needle and spread over

the slide as evenly as possible in a circle about 1 cm in
diameter. A portion of the visible tissue fragment collected
on the glass slide was transferred into a single container
containing formalin for later histological examination, making
sure that the tissue was immersed completely in formalin;
the basic information of the specimen was marked on the
surface of the bottle. The remaining specimen was divided
into two sections and smeared onto two slides. The specimen
remaining in the needle cavity and catheter cavity was washed
down with normal saline and collected for microbiological
analysis. The specimens in ROSE and non-ROSE groups
were treated differently. One of the slides in the ROSE
group was stained with Diff-quick cell staining solution AB
(Zhuhai Beso Biotechnology Co., Ltd., Zhuhai, China) to
observe the cell morphology and composition under the
microscope by two experienced pathologists, who then decided
whether sampling was completed successfully, or should be
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FIGURE 1

Standard flowchart for patient screening.

re-performed elsewhere. The other slide was placed in a bottle
containing 95% alcohol for subsequent Papanicolaou staining
and cytological examination. If abnormal cells were detected
by ROSE, 2–3 more tissues needed to be taken at the same
site. Otherwise, sampling would be continued in other sites to
find whether there were diagnostic specimens that we needed.

All non-ROSE specimens were fixed with 95% alcohol for
cytological examination. The above processes are shown in
Figure 2.

Diagnosis

The histological and cytological specimens were interpreted
by two experienced pathologists. The final diagnostic
results were determined by the pathological results of the
histological biopsy. For suspicious cases or non-specific
diagnostic results, thoracoscopic examination, mediastinal
examination, or other surgical procedures were carried out
according to the patient’s wishes. For patients who were
temporarily unwilling to undergo invasive examinations,
preliminary conclusions could be obtained after considering
the clinical symptoms, imaging findings, and laboratory
examinations. A follow-up examination was performed
once at least 6 months after EBUS-TBNA to further
verify the original judgment according to the therapeutic
effect. The diagnostic yield, sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),

FIGURE 2

A flow diagram of procedure details.
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and Youden index were calculated according to ROSE and
pathological results.

Statistical analysis

The SPSS21.0 software was used for statistical analysis.
Continuous variables were analyzed using a t-test, and
dichotomous variables were analyzed using Pearson’s χ2-test
or Fisher’s exact test. Results were considered statistically
significant only when the P-value was less than 0.05.

Results

Baseline characteristics of the patients

Our statistics showed no significant difference in sex
(P = 0.900) and age (P = 0.904) between the two groups, and
the number of smokers was approximately the same (33 vs.
35, P = 0.575). The main symptoms were cough (54 vs. 44),
fever (21 vs. 18), dyspnea (13 vs. 7), and combined chest pain
(4 vs. 9) in ROSE and non-ROSE groups. And there was no
significant difference in these symptoms between the two groups
(χ2 = 0.800, P = 0.442; χ2 = 0.098, P = 0.862; χ2 = 1.572,
P = 0.249; χ2 = 2.363, P = 0.158, respectively). The most
common underlying diseases in both groups were hypertension
and diabetes. No significant statistical difference in terms of
underlying diseases between the two groups (χ2 = 1.335,
P = 0.303; χ2 = 1.096, P = 0.327; respectively). The average
length of hospitalization stay was 9.03 days in the ROSE group
and 8.12 days in the non-ROSE group, showing no significant
difference between the two groups (P = 0.059) (as shown in
Table 1). Data showed no significant statistical difference in
the baseline characteristics including sex, age, smoking history,
symptoms, associated underlying diseases, and hospitalization
days between ROSE and non-ROSE groups.

Size, nature, and distribution
characteristics of the lesions

We further analyzed the size, nature, and distribution
location of lesions in the lung lobe between ROSE and non-
ROSE groups. The specific distribution of lesions involved the
right upper, right middle, right lower, left upper, left lingual,
left lower, left pulmonary valve, lower or upper lobe of both
lungs and all lungs. There were no significant differences in
size (P = 0.669) and distribution (P = 0.139) of the lesions
between the two groups. The lesions were divided into five
categories according to their nature and characteristics: grinding
nodules, common nodules, bumps, cavities and inflammatory

exudations, which were significantly different between the two
groups (P = 0.008) (Table 2).

Preliminary diagnosis and classification
of benign and malignant diseases by
using the method of rapid on-site
evaluation during endobronchial
ultrasound-guided transbronchial
needle aspiration

Forty (29.9%) malignant nodules were detected in the ROSE
group, including 26 cases of adenocarcinoma (AD), 12 cases of
squamous cell carcinoma (SCC), and 2 cases of small cell lung
cancer (SCLC). In addition, 2 cases of hamartoma, 1 case of
synovial sarcoma, 1 case of tuberculosis, 3 cases of pulmonary
abscesses, and 5 cases of fungal infections were detected as
benign lesions. In the non-ROSE group, only 14 patients (11.1%)
were diagnosed as malignant nodules by pathology, including 5
cases of AD, 4 cases of SCC, 4 cases of SCLC, and 1 case of cancer
in situ. Furthermore, 1 case of dysplasia, 3 cases of lung abscess,
and 3 cases of fungal infections were diagnosed as benign lesions
in this group. Inflammatory nodules occupied a very large
proportion in both the ROSE and non-ROSE groups (82 vs. 105)
(as shown in Supplementary Figure 1). The statistical method
of the chi-square test was adopted in our study, demonstrating
that the application of ROSE technology during EBUS-TBNA
contributes to the identification of benign and malignant tumors
compared with the non-ROSE group as described in Table 3
(χ2 = 13.858, P < 0.001).

Accuracy of diagnosis

The overall diagnostic yield of EBUS-TBNA for malignant
diseases in the ROSE and non-ROSE groups were 29.9 and
11.1%, respectively (Table 3). It fully demonstrates that ROSE
technology during EBUS-TBNA has an advantage in improving
the diagnostic yield of malignant diseases compared to the non-
ROSE group. The diagnostic accuracy of ROSE in PLs relative
to the pathological results was calculated. The results showed
that the sensitivity, specificity, PPV, and NPV of ROSE during
EBUS-TBNA were 97.4, 96.9, 92.5, and 98.9%, respectively, and
the Youden index was 94.3%, showing a good agreement with
the pathological diagnosis (Figure 3).

Complications

The number of punctures for major target lesions in the
ROSE group was significantly lower than that in the non-ROSE
group (P < 0.001). No pneumothorax occurred in the ROSE
group vs. 2 cases in the non-ROSE group. Hemoptysis occurred
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in 86 cases in the ROSE group vs. 84 cases in the non-ROSE
group, accounting for about 75% of the number of cases in each
group and showing no statistically significant difference between
the two groups (Table 4). None of the patients required further
intensive care treatment.

Cytomorphological characteristics of
the different lung cancer subtypes

Different lung cancers show their unique cytological features
under the microscope. ROSE technique could achieve accurate

subtyping of lung cancer based on the cytomorphologic
features, especially in well-differentiated tumors. The general
microscopic cytology morphology of SCC and AD are shown in
Figure 4. The characteristics of the tumor cells are specifically
depicted as follows: SCC cells adhered closely and showed
clusters, with abnormal morphology of cancer cells and nuclei.
AD cells gathered into closely distributed small cell clumps,
with clear nucleoli and abundant cytoplasm. Figure 5 presents
typical poorly differentiated morphological features of SCC
by HE staining. The tumor cells were large and flat, with
fusiform deeply stained nuclei and abundant cytoplasm. The
diagnosis was confirmed by the immunoreactivity for P40

TABLE 2 Size, nature and distribution characteristics of the lesions.

ROSE Non-ROSE χ2 P-value

Lesion size (cm, mean ± SD) 1.51 ± 2.15 1.40 ± 1.82 / 0.669

Nature of lesion 13.650 0.008*

Grinding lesion 18 31

Nodules 42 47

Bump 20 19

Cavity 5 0

Inflammation 49 29

Location of lesion 13.563 0.139

Right upper lobe 27 36

Right middle lobe 12 12

Right lower lobe 26 19

Left upper division 20 27

Left lingual lobe 7 4

Left lower lobe 14 18

Left pulmonary valve 1 1

Lower lobe of both Lungs 4 1

Upper lobe of both lungs 6 2

Both lungs 17 6

ROSE, Rapid On-Site Evaluation.
*P-value less than 0.05 is statistically significant difference.

TABLE 3 Preliminary diagnosis and classification of benign and malignant diseases by using the method of ROSE during EBUS-TBNA.

Characteristics ROSE (n = 134) Non-ROSE (n = 126) χ2 P

Malignant(n, %) 40 (29.9%) 14 (11.1%) 13.858 <0.001***

Adenocarcinoma 26 5

Squamous-cell carcinoma 12 4

Small cell lung cancer 2 4

Tis 0 1

Benign (n,%) 94 (70.1%) 112 (88.9%)

Hamartoma 2 0

Dysplasia 0 1

Synovial sarcoma 1 0

Tuberculosis 1 0

Abscess 3 3

Mycotic infection 5 3

Non-representative samples 82 105

ROSE, Rapid On-Site Evaluation.
***P-value less than 0.001 is statistically significant difference.
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FIGURE 3

Comparison of the ROSE diagnosis during EBUS-TBNA with the
final pathological findings.

and P63 expression. Microscopically, HE staining under the
microscope demonstrated that AD cells were mainly composed
of cubic and columnar cells with large or irregular nuclear
nuclei. Tumor tissues showed positive cytokeratin 7 and TTF-
1 immunoreactivity (Figure 6). HE staining presented the
following morphological features of SCLC tumor cells: small
in size and round or oval in shape, mimicking lymphocytes,
with rare cytoplasm and deeply stained nuclei. Abnormal cells
were positive for TTF-1 immunoreactivity and negative for
CD56 (Figure 7). Histological biopsy of pulmonary AD derived
from metastatic gastrointestinal neoplasms is shown in Figure 8.
Tumor cells were distributed in clusters and positive for Brg-1
and Claudin-4. The impossibility to afford rapid evaluation and
analysis is the main disadvantage of using histological materials
for pathological diagnosis. Conversely, the advantages are more
attractive in that it can provide more tissue materials for
immunohistochemical analysis, thus ensuring more convincing
diagnostic results of certain tumor types.

Discussion

We collected multiple sample types in this study,
including grinding glass lesions, nodules, masses, cavities,
and inflammatory lesions. Our data suggest that there was a

trend toward a higher diagnostic yield for malignant diseases
in the ROSE group compared to the non-ROSE group. And we
concluded that the diagnostic yield of the ROSE method during
the EBUS-TBNA procedure for PLs was close to the result of
pathological diagnosis. There is a good agreement between the
above two methods. Another conclusion with clinical guidance
that was also drawn from our study is that the number of
punctures in the ROSE group was significantly lower than that
in the non-ROSE group. There was no significant difference in
hemoptysis between the two groups. The report of our study
effectively demonstrated that the ROSE during EBUS-TBNA
was a valuable diagnostic method to determine the nature of
suspicious lesions.

Our findings have also been validated in several reports
abroad. Some scholars have demonstrated a high rate of
agreement between ROSE combined with EBUS-TBNA and
the final pathological result and proved the effectiveness of
ROSE in determining the quality and quantity of specimens
(10, 11). Davenport (12) reported that ROSE could increase
the detection rate of specimens containing malignant cells by
comparing 73 aspirates using the technique with 134 routinely
processed aspirates. Diette et al. (13) demonstrated that the
ROSE technique could significantly improve the diagnostic
yield in the evaluation of lung nodules or masses and/or
hilar or mediastinal lymphadenopathies. The application value
of ROSE in another interventional diagnosis for pulmonary
malignant diseases should also be appreciated. A randomized
trial performed by Mondoni et al. (14) showed that the ROSE
method increased the cytological diagnostic sensitivity of TBLB
from 76 to 97%. Lin et al. (15) collected information from 336
patients undergoing EBUS-TBB surgery, and the application of
the ROSE method significantly improved diagnostic accuracy
compared with EBUS-TBB without ROSE (88.4% vs. 68.0%,
P < 0.001). Another study (16) showed a better diagnostic
yield from 89.2% without ROSE to 92.1% with ROSE in
sampling hilar–mediastinal lymphadenopathies in lung cancer.
The utility of ROSE during EBUS-TBNA for lymph node staging
and the mode of surgical resection in lung cancer has also
been demonstrated in relevant studies (17, 18). This is mainly
due to the stable and rapid diagnostic pattern of ROSE and
the small demand for sample size. The occurrence of early
cancer is often accompanied by the phenomenon of adjacent
lymphadenopathy (19), and the clinical value of ROSE is to take
full advantage of less sampling and fast diagnosis to achieve

TABLE 4 Comparison of complications between ROSE and non-ROSE groups.

Complications ROSE (n) Non-ROSE (n) P-value

Pneumothorax No 2 /

Hemoptysis 86 84 0.402

Number of punctures (mean ± SD) 2.07 ± 0.26 3.23 ± 0.42 <0.001***

ROSE, Rapid On-Site Evaluation.
***P-value less than 0.001 is statistically significant difference.
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FIGURE 4

Images from different cancer types. According to the
morphological characteristics of cells, ROSE can achieve
accurate classification of lung cancer subtypes. (A) Squamous
cell carcinoma, 400×; (B) adenocarcinoma derived from
gastrointestinal cancer metastasis, 400×; (C,D)
adenocarcinoma, 400×.

FIGURE 5

An example of histological biopsy from a poorly differentiated
squamous cell carcinoma (SCC). (A) Shows typical poorly
differentiated morphological features of SCC. The tumor cells
are large and flat, with fusiform deeply stained nuclei and
abundant cytoplasm (HE 400×). The diagnosis is confirmed by
the immunoreactivity for P40 (B, IHC 400×) and P63 expression
(C, IHC 400×). (A) Poorly differentiated SCC (HE 400×); (B) P40
400×; (C) P63 400×.

rapid identification of abnormal cells in lymph nodes (13,
20–24). ROSE enables rapid and accurate interpretation of
cancerous tissues and surrounding cancerous tissues and
then instructs clinicians to adjust the direction of puncture,
which can reduce intraoperative traumas and facilitate the
detection of diseased tissues (25–27), contributing to the choice
of surgical modes (28–31). Although the clinical utility of
ROSE has been reported in kinds of literature, it is still
a controversial question on whether can be popularized in
clinical practice. Some argue that ROSE does not benefit
patients by improving the diagnostic yield for malignant
diseases and is limited in clinical application due to the
lack of professional pathologists (32, 33). However, our

FIGURE 6

Demonstration of histological biopsy from adenocarcinoma.
Under the microscope, adenocarcinoma consists of cubic and
columnar cells with large or irregular nuclear nuclei and distinct
nucleoli (A, HE 400×). Tumor cells show positive
immunoreactivity for cytokeratin 7 and TTF-1 (B,C IHC 400×).
(A) Adenocarcinoma HE 400×; (B) CK7 400×; (C) TTF-1 400×.

FIGURE 7

Histological biopsy of a case of small cell lung cancer (SCLC).
HE staining presents the morphological features: tumor cells are
small in size and round or oval in shape, mimicking
lymphocytes, with rare cytoplasm, deeply stained nuclei and
invisible nucleoli (A, HE 400×). Abnormal cells are positive for
TTF-1 immunoreactivity (B, IHC 400×), and negative for CD56
(C, IHC 400×). (A) Small cell lung cancer HE 400×; (B) TTF-1
400×; (C) CD56(-) 400×.

FIGURE 8

Histological biopsy of a pulmonary adenocarcinoma with
metastasis from gastrointestinal neoplasm. Tumor cells are
grouped in clusters (A, HE 400×) and positive for Brg-1 (B, IHC
400×) and Claudin-4 (C, IHC 400×). (A) Metastasis from
gastrointestinal neoplasm, HE 400×; (B) Brg-1 400×;
(C) Claudin-4 400×.

study strongly demonstrated that the ROSE method could
improve the diagnostic yield of lung neoplastic diseases
and not increase the risk of complications during the
operation; instead, it significantly reduced the frequency of
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punctures, eliminate unnecessary surgical traumas and bring
more benefits to patients compared with the non-ROSE group.
The good agreement between the ROSE diagnosis and the final
pathological results is also well demonstrated, laying a solid
theoretical foundation for the clinical application of ROSE.
In the current era of precision medicine, ROSE services have
become an important part of achieving rapid diagnosis and
decision-making.

There are still some shortcomings in our study. First,
the study was conducted in a single-center, which may affect
the universality of the conclusion. In addition, this is a
retrospective study, which may bring about bias in data
collection and reliability of the results. Finally, the number of
cases summarized in this study was relatively small.

Conclusion

In conclusion, the prevalence of the ROSE method during
EBUS-TBNA is expected to upgrade the level of interventional
bronchoscopy to a new profile, and to further meet the
patients’ needs for high-quality and accurately targeted medical
services, and promote the development of medical undertakings
around the world.
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Background: In recent years, Chinese clinicians are frequently encountered by

patients with multiple lung nodules and these intensity ground-glass nodules

(GGNs) are usually small in size and some of them have no spicule sign.

In addition, early lung cancer is diagnosed in large numbers of non-heavy

smokers and individuals with no caner history. Obviously, the Mayo model is

not applicable to these patients. The aim of the present study is to develop a

new and more applicable model that can predict malignancy or benignancy of

pulmonary GGNs based on the inflammation-cancer transformation theory.

Materials and methods: Included in this study were patients who underwent

surgical resection or lung puncture biopsy of GGNs in Shanghai 10th People’s

Hospital between January 1, 2018 and May 31, 2021 with the inclusion

criterion of the maximum diameter of GGN < 1.0 cm. All the included patients

had their pulmonary GGNs diagnosed by postoperative pathology. The patient

data were analyzed to establish a prediction model and the predictive value of

the model was verified.

Results: Altogether 100 GGN patients who met the inclusion criteria were

included for analysis. Based on the results of logistic stepwise regression

analysis, a mathematical predication equation was established to calculate the

malignancy probability as follows: Malignancy probability rate (p) = ex/(1 + ex);

p > 0.5 was considered as malignant and p ≤ 0.5 as benign, where

x = 0.9650 + [0.1791 × T helper (Th) cell] + [0.2921 × mixed GGN

(mGGN)] + (0.4909 × vascular convergence sign) + (0.1058 × chronic

inflammation). According to this prediction model, the positive prediction

rate was 73.3% and the negative prediction rate was 100% versus the positive

prediction rate of 0% for the Mayo model.
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Conclusion: By focusing on four major factors (chronic inflammation history,

human Th cell, imaging vascular convergence sign and mGGNs), the present

prediction model greatly improves the accuracy of malignancy or benignancy

prediction of sub-centimeter pulmonary GGNs. This is a breakthrough

innovation in this field.

KEYWORDS

prediction model, sub-centimeter, pulmonary GGNs, Mayo model, innovative

Background

Lung cancer is a malignant tumor ranking first in terms
of both the incidence and mortality worldwide, primarily
because of lacking early prediction and intervention. The
Mayo model is a classic model for malignancy probability
prediction of pulmonary nodules via synthetic analysis of age,
smoking history, extra-thoracic tumor history, nodule diameter,
the presence or absence of the spicule sign, and whether or
not the nodule is located in the upper lung lobe. However,
the pulmonary ground-glass nodules (GGNs) encountered in
clinical practice are mostly multi-focal and small in size with
no spicule sign. Furthermore, early lung cancer is diagnosed
in large numbers of non-heavy smokers and individuals with
no caner history (1, 2). In addition, more studies have
reported chronic inflammation-cancer transformation in more
sub-healthy individuals with pulmonary GGNs complicated
with organ and tissue chronic inflammation due to the
influence from the natural environment, food safety, and
psychic pressure (3–5). For this reason, we need to ponder
over the impact of these previously ignored factors on the
pathogenesis of lung cancer and the predictive value, and
establish a new and more applicable model for predicting
malignancy or benignancy of pulmonary nodules for the sake
of improving the diagnostic accuracy of early lung cancer,
especially in China.

Patients and methods

Included in this study were patients who underwent surgical
resection of GGNs in Shanghai 10th People’s Hospital between
January 1, 2018 and May 31, 2021 with the inclusion inclusion
criterion of the maximum diameter of GGN < 1.0 cm.

The inclusion criteria were (1) patients who were found
to have solitary nodules in the lung parenchyma on the CT
image of our hospital; (2) the diameter of the nodule was
5 mm < diameter < 10 mm; (3) complete case information
was available; (4) the diagnosis was confirmed by postoperative

pathology; (5) tumor markers of CEA, SCC, NSE, and
CYFRA21-1 were available; (6) all pulmonary nodules were
followed up for more than 3 months; and (7) the patients had
not received any preoperative treatment.

The exclusion criteria were (1) patients with diffuse
pulmonary nodules; (2) solid pulmonary nodules; (3) calcified
pulmonary nodules; (4) clinical data were incomplete; (5)
patients who did not receive CT examination in our hospital;
and (6) patients who had received chemotherapy, radiotherapy,
or other treatments before operative.

Clinical data collection

Clinical data were collected from patients who had found
pulmonary nodules in physical examinations but without
receiving any treatment, including the sex, age, smoking history,
personal tumor history, family tumor history, inflammation
history of other tissue, and organs or chronic pulmonary
inflammation history, and anxiety (international standard
anxiety self rating scale, SAS) or depression (Self rating
Depression Scale, SDS).

Histopathological criteria for judging
pulmonary nodules

Malignancy of pulmonary nodules was confirmed by
postoperative pathology of the surgical resected specimens.
Benignancy of pulmonary nodules was confirmed by
postoperative pathology of the surgical resected specimens.
100 patients underwent segmental pneumonectomy, and 100
nodule specimens were removed.

Laboratory evaluation

Blood inflammatory cytokines, T cell subsets and tumor
biomarkers were detected within 1 month before surgery.
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Imaging information collection

Imaging information included the pulmonary nodule type
[mixed GGN (mGGN), pure GGN (pGGN)], whether the
nodular lesion was accompanied with the vascular convergence
sign, the spicule sign, a smooth or unsmooth boundary, the
presence or absence of pleural indentation, the presence or
absence of the vacuole sign, nodule diameter (mm), and whether
or not the nodule was located in the upper lung lobe.

TABLE 1 Pathological results of pulmonary nodules in
the model group.

Pathological type Pathological result n = 100

Malignant n = 60

In situ cancer 30

Adenocarcinoma 24

Squamous carcinoma 3

Small-cell lung cancer 1

Other malignant types 2

Benign n = 40

Inflammatory granuloma 18

Tuberculoma 8

Hamartoma 5

Hemangioma 4

Inflammatory pseudotumor 3

Others 2

Statistical methods

The nodules were grouped according to the pathological
results. Comparison between two groups was statistically
analyzed by R language. The above 19 risk factors were analyzed
by univariate analysis (whether the laboratory indexes were
elevated or not, the baseline medical history, personal history
and family history, and imaging signs were defined as binary
variables: yes, 1, and no, 0; elevated, 1, and normal, 0).
Significant differences in univariate analysis were subjected to
multivariate logistic regression analysis. p < 0.05 was defined
as statistically significant. Significant risk factors were used
to establish a mathematical prediction equation as follows:
Malignancy probability rate (p) = ex/(1 + ex); p > 0.5 was
considered as malignant and p ≤ 0.5 as benign.

Results

In the model group, 60 patients were diagnosed as
having malignant pulmonary nodules by postoperative
pathology of the surgically resected specimens, and 60
nodular lesions were treated; 40 patients were diagnosed as
having benign pulmonary nodules by postoperative pathology
of the surgically resected specimens, and 40 lesions were
treated (Table 1). The results of univariate analysis of the
19 risk factors were shown in Table 2, compared with
patients with benign pulmonary nodules, the results of

TABLE 2 Comparison of risk factors between malignant and benign groups in the model group.

Factors Malignant group n = 60 Benign group n = 40 P

Sex (M/F) 27/33 20/20 0.09

Age (yr.) 51.82 ± 14.84 52.48 ± 10.40 0.12

Proinflammatory factor elevation (yes/no) 42/18 12/28 <0.05*

Th cell reduction (yes/no) 54/6 10/30 <0.05*

Tumor marker elevation (yes/no) 18/42 7/33 0.07

Mixed GGNs (yes/no) 56/4 5/35 <0.05*

Pure GGNs (yes/no) 2/58 10/30 <0.05*

Vascular convergence sign (yes/no) 60/0 6/34 <0.05*

Short spicule sign (yes/no) 4/56 0/40 0.56

Smooth boundary (yes/no) 0/60 10/30 <0.05*

Pleural indentation (yes/no) 8/52 0/40 0.19

Vacuole sign (yes/no) 6/54 2/38 0.21

Nodule diameter (mm) 9.43 ± 2.21 10.75 ± 2.42 0.18

Nodule in upper lobe (yes/no) 17/43 4/36 <0.05*

Smoking history (yes/no) 9/51 5/35 0.77

Personal tumor history (yes/no) 12/48 2/38 <0.05*

Family tumor history (yes/no) 4/56 1/39 <0.05*

Chronic inflammatory disease history (yes/no) 20/40 4/36 <0.05*

Anxiety/depression history (yes/no) 13/47 2/38 <0.05*

Th cell, T helper cell. *Statistically significant.
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TABLE 3 Logistic regression analysis of risk factors for malignant
nodules in the model group.

Factors B S.E. P

Proinflammatory factor elevation (yes/no) 0.0047 0.0439 0.21

Th cell reduction (yeas/no) 0.1791 0.0524 0.01∗

mGGNs (yes/no) 0.2920 0.0664 0.001∗

pGGNs (yes/no) −0.1061 0.0679 0.12

Vascular convergence sign (yes/no) 0.4908 0.0695 0.02∗

Smooth boundary (yes/no) −0.1199 0.0725 0.22

Nodule in upper lobe (yes/no) 0.0677 0.0516 0.15

Personal tumor history (yes/no) 0.0024 0.0590 0.41

Family tumor history (yes/no) 0.1289 0.0825 0.32

Chronic inflammatory disease history (yes/no) 0.105845 0.046626 0.01∗

Anxiety/depression (yes/no) 0.0034 0.0027 0.09

*Statistically significant.

TABLE 4 Baseline data of patients in malignant and benign groups of
the validation group.

Factors Malignant group n = 22 Benign group n = 18 p

Sex (M/F) 12/10 9/9 0.86

Age (yr.) 54.55 ± 12.09 50.50 ± 8.43 0.09

differential analysis suggested that patients with malignant
pulmonary nodules had significant differences in serum
inflammatory factors, immune cells, imaging characteristics,
history of chronic inflammation, history of tumor, and
psychological factors (Table 2). Then Multivariate logistic
stepwise regression analysis indicated that Th (helper T) cell
reduction, mGGN, vascular convergence sign and chronic
inflammatory disease history were significantly correlated
with malignant nodules (Table 3). Based on the results
of logistic stepwise regression analysis, a mathematical
predication equation was established to calculate the
malignancy probability as follows: Malignancy probability
rate (p) = ex/(1 + ex); p > 0.5 was considered as malignant
and p ≤ 0.5 as benign. X = 0.9650 + (0.1791 × Th
cell) + (0.2921 × mGGN) + (0.4909 × vascular convergence
sign) + (0.1058 × chronic inflammation)
where e is a natural logarithm:

if the patient’s Th cell was reduced before operation, Th
cell = 1 (otherwise = 0);

if the patient’s pulmonary nodule was mGGN before
operation, mGGN = 1 (otherwise = 0);

if the patent’s pulmonary nodule presented vascular
convergent sign before operation, vascular convergent sign = 1
(otherwise = 0);

if the patient was complicated with a chronic inflammatory
disease history, chronic inflammation = 1 (otherwise = 0).

In the validation group, 27 patients were diagnosed
as having malignant pulmonary nodules by postoperative
pathology of the surgically resected specimens or puncture

FIGURE 1

ROC curve of the validation group of the present model.
AUC = 0.867, the specificity was 100%, the sensitivity was 73.3%,
and the cut-off value of logistic regression was 0.5.

TABLE 5 Results of the present prediction model.

Pathological gold standard Model prediction diagnosis

Malignant Benign Total

Malignant 22 8 30

Benign 0 10 10

Total 22 18 40

TABLE 6 The Mayo model prediction result.

Pathological gold standard Model prediction diagnosis

Malignant Benign Total

Malignant 0 0 0

Benign 22 18 40

Total 22 18 40

biopsy, and 22 nodular lesions were treated; 18 patients
were diagnosed as having benign pulmonary nodules by
postoperative pathology of the surgically resected specimens,
and 18 lesions were treated (Table 4). The predictive
efficacy of the mathematical prediction model was judged
by entering the data of the validation group into the
model of the present study, using the pathological results
as the gold standard, and drawing ROC curves by R
language statistical software, AUC = 0.867. As shown in
Figure 1, the positive prediction rate of our prediction
model was 73.3%, and the negative prediction rate was 100%
(Table 5). Compared with the new prediction model, Mayo
model equation: X = −6.8272 + (0.0391 × age) + (0.7917 ×

smoking history) + (1.3388 × malignant tumor history)
+ (0.1274 × diameter) + (1.0407 × spicule) + (0.7838 ×

upper lobe). When the validation model data were entered
into the Mayo model, the positive prediction value was 0
(Table 6).
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Discussion

The incidence of sub-centimeter pulmonary nodules is high
in China. As most of these nodules grow slowly and the
volume doubling time varies from individual to individual,
the diagnostic value of long-term follow-up observation of
imaging changes of the nodules is often limited and may
cause misdiagnosis of cancer (6). In the present study, we
found that the positive prediction rate of the Mayo model
on sub-centimeter pulmonary nodules was very low and not
suitable for predicting the nature of sub-centimeter pulmonary
nodules. In recent years, various models for predicting the
nature of pulmonary nodules have been reported. Most of
them are based on different pathophysiological characteristics
of pulmonary nodules, including the prediction model by
combining ctDNA with the imaging features, the prediction
model based on pulmonary bloodstream transmission time,
the prediction model using human plasma protein LG3BP
and C163A, the prediction model using serum miRNA-21-
5p, and imaging prediction model (7–15). Sub-centimeter
GGNs are mostly in situ cancer with relatively low activity
of cancer cell metabolism. For this reason, the diagnostic
reliability of PETCT-based prediction model is questionable.
In addition, most sub-centimeter pulmonary nodules have
no short spicule sign, and the incidence of sub-centimeter
pulmonary nodules does not increase with the increasing age
of the patients (16, 17). As most of these prediction models
only use a single aspect of risk factors to assess malignancy
or benignancy of the nodules, their clinical prediction value
is limited. To the best of our knowledge, there is no model
that simultaneously uses a comprehensive spectrum of multiple
factors to predict the nature of pulmonary GGNs with
relatively small volumes.

Patients with pulmonary nodules are likely to have
varying degrees of anxiety and depression, leading to
immune dysfunction and low-grade inflammation (18).
The inflammation-cancer transformation mechanism has
been generally accepted, knowing that long-term chronic
inflammation can lead to alterations of the human homeostasis,
such as elevation of interleukin-6 (IL-6) as the representative of
proinflammatory cytokines and decrease of Th cells in the body.
In addition, tissue cell proliferation occurs upon inflammatory
stimulation, which promotes new vessel formation to ensure
nutrient supply (19). Chronic inflammation-mediated immune
response change is an important regulatory factor for the
development and evolution of human diseases (20). Studies
have demonstrated that a high level of circulating IL-6 is
correlated with adverse prognosis of various cancer types
including non-small cell lung cancer (NSCLC). Inflammatory
cytokines can stimulate the immune system and promote tumor
growth, and change of T cell group and function is probably
one of the mechanisms underlying the adverse prognosis of
NSCLC patients with elevated level of IL-6 (21). The increase

of neutrophil compartments in circulation is related to the
generation of progranulocytes (IL-1β, IL-17A, TNFα, and IL-6)
and elevation of Th2-related cytokines. In tumor patients with
a relatively high level of neutrophils, T cell immune response
is often reduced, as represented by the reduced expression of
cytotoxic T cell genes including CD8A, CD8B, GZMA, and
GZMB, the reduced number of CD3 + CD8 + cells, and the
reduced expression of IFN-γ related genes (22). Studies have
demonstrated the level of inflammatory cytokines is significantly
higher and the level of CD4/CD8 is significantly lower in lung
cancer and GGN patients as compared with that in patients
with benign nodules. In addition, the anti-inflammatory and
immune functions are reduced in lung cancer and pulmonary
GGN patients, and therefore inflammatory cytokines and
immune function can also be used as references for lung cancer
prediction (23). Nowadays, natural environmental pollution,
food safety, exposure to various irradiations in daily life,
pressures from various social aspects, psychic factors, and
chronic persistent infections are all factors that can cause the
human sub-healthy status. These factors work together to cause
chronic inflammation in different parts of the body. Most
recent data have expanded the concept about the key role that
inflammation plays in cancer development and progression.
It has become clearer that the tumor microenvironment
(TME) is mainly coordinated by inflammatory cells, and
inflammation is an indispensable participant of tumorigenesis
by promoting cancer cell proliferation, survival and migration
(24, 25). The data obtained in our study also support the
chronic inflammation history and Th cell as the lung cancer
prediction indexes.

Mixed GGNs are a high-risk factor of primary lung cancer
which has been recognized by most clinicians and researchers,
and micro-infiltrating lung adenocarcinoma is often manifested
by mGGNs (26–28). Vascular convergence is closely correlated
with lung adenocarcinoma (29, 30). Vascular lung cancer
tumors with vascular convergence sign are often nourished
by multiple blood vessels which get assembled in the lung
cancer. The clinical significance of this sign indicates the rich
blood supply of the nodular lesion and a high probability
of malignancy. Some studies reported that the sensitivity,
specificity, and accuracy of using the vascular convergence
sign as an indicator of lung cancer was 97.2, 68.8, and 93.7%,
respectively, which is helpful for lung cancer prediction (21–
35). Starting from the pathogenesis of human pulmonary
nodules, the prediction model described in this study made
a comprehensive analysis of multiple factors that may affect
the development and progression of lung cancer, including the
chronic inflammation history, family tumor hereditary history,
GGN imaging characteristic, serum level of inflammatory
cytokines, and T cell subset indexes. The results verified by the
validation group show that this prediction model can minimize
the misdiagnosis of malignant lung nodules with a high
prediction rate and therefore is worthy of clinical promotion.
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Conclusion

The prediction model described in this study is an
innovative breakthrough in that it greatly improves the
accuracy of predicting malignancy or benignancy of sub-
centimeter pulmonary nodules by focusing on the four
major factors (chronic inflammation history, human immune
cell, imaging vascular convergence sign, and mGGNs),
thus providing clinicians with an auxiliary tool for the
diagnosis and interventional decision making of sub-centimeter
pulmonary nodules.
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Aim: To study the microecological characteristics of the airway and similarities

and differences between healthy people and patients with the acute

exacerbation of chronic obstructive pulmonary disease (AECOPD) in Inner

Mongolia, and analyze the correlation between the characteristics of the

airway microecological structure and clinical indicators of AECOPD patients.

Methods: Sputum samples from 36 healthy volunteers and 34 patients with

AECOPD were detected by 16S rDNA high-throughput sequencing, and

the airway microecological characteristics of healthy people and AECOPD

patients were revealed by an alpha diversity analysis, beta diversity analysis,

and LefSe difference analysis.

Results: There were differences in the airway microecological structure

between healthy people and AECOPD patients in Inner Mongolia. The

airway microbiota composition of AECOPD patients showed an increase in

the abundance of common pathogens and a decrease in the abundance

of commensal bacteria, and the airway microbial diversity in AECOPD

patients was lower than that in healthy people. Long-term use of inhaled

glucocorticoid + long-acting β2 agonist mixture (ICS + LABA), procalcitonin

(PCT), blood monocyte count (MONO), hemoglobin (HGB), D-dimer (D-D),
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and body temperature were negatively correlated with the alpha diversity of

the airway micro-ecosystem.

Conclusion: The airway microecological composition of the AECOPD

population in Inner Mongolia was different from that of the healthy

population, and the airway microecological diversity was lower than that

of the healthy population. The long-term use of ICS + LABA preparation

by patients with AECOPD leads to lower alpha diversity. Alpha diversity was

negatively correlated with inflammatory markers (PCT, MONO, D-dimer, body

temperature) and HGB in AECOPD patients.

KEYWORDS

chronic obstructive pulmonary disease, acute exacerbation, airway microecology,
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Introduction

Chronic pulmonary disease obstructive (COPD) is
a common chronic respiratory disease characterized by
continuous airflow restriction (1). COPD patients suffer from
the sudden exacerbation of symptoms and even respiratory
failure, termed the acute exacerbation of chronic obstructive
pulmonary disease (AECOPD). This is the main reason for
increased mortality in patients with COPD. The pathogenesis
of AECOPD is complex, involving infection, air pollution, high
reactivity of the respiratory tract, and many other factors (2).
In the past, because of the limitation of traditional sputum
culture technology, the multiplication of one or several types
of pathogenic bacteria was believed to be the main reason for
AECOPD. However, with the emergence of a new generation
of sequencing technology, the microecological structure of
the airway was found to be closely associated with the onset
of AECOPD and deterioration. After drug treatment, the
microecology of the airway also changes in individual patients,
which affects the course of the disease. In this background,
we applied 16SrDNA high-throughput sequencing to analyze
airway the microecology of healthy Han people and patients
with AECOPD in Inner Mongolia in order to provide airway
microecological data for these populations and to explore
the correlation between the airway microecology and clinical
indicators in AECOPD patients.

Materials and methods

Subjects and observations

The present study included individuals with AECOPD who
were treated as inpatients in the Department of Respiratory
and Critical Care Medicine, Affiliated Hospital of Inner
Mongolia Medical University from January 2021 to December

2021. Healthy volunteers were recruited from individuals who
underwent a physical examination at the same time. A total of
34 hospitalized AECOPD volunteers and 36 healthy volunteers
were included in this study. The inclusion criteria for the
AECOPD group were as follows: a diagnosis of AECOPD in
line with the 2019 Global Initiative for Chronic Obstructive
Pulmonary Disease (3), no history of antibiotic use in the
3 months before admission, and living in Inner Mongolia
for a long time. Patients with bronchial asthma, pulmonary
tuberculosis, interstitial lung disease, other chronic lung
diseases, acute pulmonary edema, acute pulmonary embolism,
acute heart failure, arrhythmia, other cardiopulmonary diseases,
tumors, and autoimmune diseases were excluded from the
study. The inclusion criteria for the healthy group were as
follows: no chronic respiratory disease (e.g., COPD, pulmonary
fibrosis, pulmonary tuberculosis, lung tumor, bronchial asthma,
bronchiectasis, pulmonary sarcoidosis, etc.); no history of
diseases affecting the immune system (e.g., blood system and
autoimmune disease), age > 18 years; and living in Inner
Mongolia for a long time. Patients who were unable to
cooperate with sputum collection had a history of infection
within the previous 3 months, or had a history of antibiotic
use in the previous 3 months were excluded from the study.
After obtaining their informed consent, sputum samples were
collected from all volunteers and basic information, such as age,
sex, and smoking status, was provided. Clinical case data were
provided by volunteers in the AECOPD group. In addition,
peripheral blood was extracted from all AECOPD patients
before treatment on the day of admission and sent to the clinical
laboratory of our hospital for a complete analysis of blood
routine parameters, an evaluation of high-sensitivity C-reactive
protein (hs-CRP), procalcitonin, a liver function test, sputum
culture, and other analyses. All healthy volunteers came from the
physical examination center of the same hospital. The physical
examination items included lung function, chest CT, blood
routine, liver function, kidney function, etc.
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Methods

Collection of sputum samples
All subjects were repeatedly rinsed with normal saline to

remove nasal and mouth secretions before sputum collection,
and standards of operation were strictly observed during
sputum collection in order to avoid contamination as far as
possible. For objects with a large amount of sputum, the natural
expectoration method was used to collect sputum samples, and
the sputum from the deep part of the trachea was forcibly
expectorated into sterile containers. For volunteers with no or
low sputum volume, sputum samples were collected according
to the improved Pin method (4): 3–5% gradient hypertonic
saline air compression atomization was used for induction, the
atomization time was 15 min, and the sputum was retained
within 20 min. All sputum specimens were examined by
sputum smear microscopy. Specimens with < 10 squamous
cells/low magnification field and > 25 white blood cells/low
magnification field were considered to be qualified sputum
samples. Qualified sputum samples of at least 2 ml were
collected in sterile cryopreservation tubes and frozen at -
80◦C within 2 h. Finally, the samples were uniformly sent to
Hangzhou Lianchuan Biotechnology Co., Ltd., for a follow-up
experimental analysis.

Bacterial deoxyribonucleic acid extraction,
library construction, and a sequencing analysis

First, a Pathogenic Microbiome deoxyribonucleic
acid (DNA) Kit (CWBIO) was used for the manual
extraction of bacterial DNA from sputum samples.
A PCR kit (New England Biolabs) was used with
the341F (5’-CCTACGGGNGGCWGCAG-3’); 805R (5’-
GACTACHVGGGTATCTAATCC-3’) primer to amplify the
V3-V4 specific fragment of the 16S rDNA gene. PCR products
were purified by AMPure XT Beads (Beckman Coulter
Genomics, USA), quantified by Qubit (Invitrogen, USA),
and then were recovered by 2% agarose gel electrophoresis.
The amplicon pools were prepared for sequencing and the
size and quantity of the amplicon library were assessed on
Agilent 2100 Bioanalyzer (Agilent, USA) and with the Library
Quantification Kit for Illumina (Kapa Biosciences, Woburn,
MA, USA), respectively. The libraries were sequenced on
NovaSeq 6000 SP platform. Samples were sequenced on an
Illumina NovaSeq platform paired-end reads were assigned to
samples based on their unique barcode and truncated by cutting
off the barcode and primer sequence. Paired-end reads were
merged using FLASH (http://ccb.jhu.edu/software/FLASH/).
Quality filtering on the raw reads was performed under
specific filtering conditions to obtain high-quality clean tags
according to the fqtrim (v0.94). Chimeric sequences were
filtered using Vsearch software (v2.3.4). After dereplication
using DADA2, we obtained the feature table and the feature
sequence. According to the sequence of the ASV file using the

SILVA (Release 138) database to NT-16s annotation database
for species, the confidence threshold of the comments was
determined to be 0.7.

Statistical analysis

The SPSS 22.0 software program was used for the basic
statistical analysis of the data, and the T or T’ test was
used to measure data with normal distribution. Non-normal
data were tested by a non-parametric Mann–Whitney U
test. Qualitative data were compared using Pearson’s chi-
squared test. Spearman’s rank correlation analysis was used
to analyze the correlation between variables, and p-values
of < 0.05 were considered to indicate statistical significance.
A bioinformatics analysis was performed using the R software
program (V2.5.4). An alpha diversity analysis and beta diversity
analysis were performed based on the obtained ASV (feature)
feature sequence and ASV (feature) abundance table. In the
alpha diversity analysis, QIIME2 (2019.7) was used to calculate
Observed-outs, Shannon, Chao1, and other indices, while the R
software program was used to draw dilution curves and analyze
differences between groups. Beta diversity was calculated by
QIIME2 and plotted by the R software program. LEfSe was
used to analyze the species differences between the groups.
The threshold value of the linear discriminant analysis effect
size (LEfSe) analysis in this project was set as LDA value > 4,
p < 0.05.

We used the t-test to calculate the difference between
two independent groups, assuming the effect size level of 0.8,
the significance level of 0.05, and the power of 0.80. The
target sample size was 54 participants. We allowed for a 20%
participant dropout (reluctance to participate) and selected 68
participants as a conservative sample size. The sample size was
calculated using the software G.Power 3.1.9.6.

Results

Basic information

A total of 36 healthy volunteers were included in this
study (male, n = 17; female, n = 19; smokers, n = 15;
non-smokers, n = 21; Smoking index, 425.21 ± 417.68;
average age, 68.51 ± 11.28 years). The AECOPD group
included 34 AECOPD patients (male, n = 20; female, n = 14;
smokers, n = 18 smokers; non-smokers, n = 16; Smoking
index, 447.83 ± 471.81; average age, 72.03 ± 7.72 years).
There were no significant differences between the two
groups in age, sex, or smoking habits (p > 0.05). The
AECOPD included in this study were all severe patients
who required hospitalization according to their comprehensive
evaluation of clinical manifestations and laboratory tests.
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The clinical data of the AECOPD patients included: disease
course, test results on admission (hs-CRP, PCT, white blood
cell count [WBC], neutrophil count [NEUT], neutrophil
percentage [NEUT%], eosinophil count [EO], eosinophil ratio
[EO%], lymphocyte count [LYM], lymphocyte ratio [LYM%],
monocyte count [MONO], monocyte ratio [MONO%], basophil
count [BASO%], basophil ratio [BASO%], hemoglobin [HGB],
platelet count [PLT], prealbumin [PA], albumin [ALB],
D-dimer [D-D]), body temperature, length of hospitalization,
or long-term use of ICS + LABA mixed preparations
(Table 1).

Airway microecological structure

In the healthy group, at the phylum level, Firmicutes,
Proteobacteria, Bacteroidetes, Actinobacteria, and Fusobacteria
constituted approximately 96.76% of the sequence in the
community (Figure 1). At the genus level, the top 10 genera
in the airway microecology of the healthy group were as
follows Streptococcus, Neisseria, Prevotella-7, Porphyromonas,
Haemophilus, Veillonella, Rothia, Alloprevotella, Actinomyces,
and Fusobacterium, and these constituted approximately
73.63% of the sequences in the community (Figure 2).

In the AECOPD group at the phylum level, Firmicutes,
Proteobacteria, Actinobacteria, Bacteroidetesa, and

TABLE 1 Clinical information of acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) volunteers.

Index AECOPD patient (n = 34)

Course of disease (year, x ± s) 11.79 ± 9.09

WBC (× 109/L, x ± s) 7.91 ± 2.91

NEUT (× 109/L, x ± s) 5.70 ± 2.64

NEUT% (%, x ± s) 70.91 ± 11.43

LYM (× 109/L, x ± s) 1.39 ± 0.72

LYM% (%, x ± s) 18.36 ± 8.34

MONO (× 109/L, x ± s) 0.53 ± 0.20

MONO% (%, x ± s) 7.48 ± 4.48

EO (× 109/L, x ± s) 0.46 ± 0.99

EO% (%, x ± s) 3.77 ± 5.48

BASO (× 109/L, x ± s) 0.04 ± 0.03

BASO% (%, x ± s) 0.46 ± 0.35

HGB (g/L) 150.14 ± 26.10

PLT (× 109/L, x ± s) 197.15 ± 93.56

hs-CRP (mg/L) 14.79 ± 20.28

PCT (ng/mL) 0.54 ± 2.06

PA (mg/dL) 16.62 ± 7.00

ALB (g/L) 36.09 ± 7.73

D-D (µg/mL) 0.82 ± 0.84

Body temperature (◦C) 36.6 ± 0.66

Length of stay (day) 8.88 ± 2.67

Use ICS + LABA (same) 17

Fusobacteria constituted about 97.03% of the sequence in
the community (Figure 3). The top 10 members of the genus
were Streptococcus, Burkholderia, Veillonella, Actinomyces,
Rothia, Neisseria, Prevotella-7, Klebsiella, Leptotrichia, and
Pseudomonas; these constitute approximately 72.21% of the
sequences in the community. Among the 34 AECOPD patients,
most had a similar airway microecological composition,
which maintained a dynamic balance among Pseudomonas,
Burkholderia, and Veillonella. However, in some samples,
Klebsiella and Pseudomonas were dominant (Figure 4).

LefSe difference analysis

LEfSe was used to further search for bacterial communities
with significant differences between groups. There were
35 microorganisms with LDA values of > 4 at different
classification levels (A: AECOPD group, B: healthy group).
The relative abundance of Bacteroidetes in the healthy group
increased at the phylum level. At the genus level, the relative
abundance of Pseudomonas, Veillonella, and Burkholderia in
the AECOPD group was increased in comparison to the
healthy group. The relative abundance of Neisseria, Prevotella-
7, Haemophilus, Alloprevotella, and Porphyromonas was
decreased in comparison to the healthy group (Figure 5).
Figure 6 shows an evolutionary clade demonstrating the
difference in the abundance of biomarkers between the two
groups using two different colors.

Alpha diversity

In this study, the complexity of the diversity of the
microbial community was analyzed by the alpha diversity index
(Observed-outs, Shannon, Simpson, Chao1). The dilution curve
drawn by the Simpson index value as an ordinate tends to be
flat, indicating that the current sequencing depth covers most
microorganisms. The curve also indirectly reflected that the
alpha diversity of airway bacteria in the healthy group was
higher than that in the AECOPD group (Figure 7). Through
the analysis of significant differences between groups, it was
found that the alpha diversity of the airway bacteria in the
healthy group was higher than that in the AECOPD group
(Observed-outs, Shannon, Simpson, and Chao1 comparisons
were all p < 0.05) (Figure 8).

Beta diversity analysis

In this study, a principal coordinate (PCoA) analysis based
on the Weighted UniFrac distance was performed (ANOSIM,
p = 0.001). The PC1 contribution rate was 50.31%, and the
PC2 contribution rate was 14.91%, indicating differences in the
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FIGURE 1

Histogram of microecological species distribution in healthy airways at the phylum level.

airway microecological structure between healthy individuals
and patients with AECOPD (Figure 9).

Relationship between acute plus
recombinant alpha diversity index and
clinically relevant indicators in chronic
obstructive pulmonary disease

We paid special attention to whether ICS + LABA affected
the microecological structure of the airway, and the results
showed that in the AECOPD group, ICS + LABA reduced alpha
diversity (Observed-outs,∗, Shannon∗, Simpson∗) (Table 2).
LefSe was used to analyze the difference in flora between the two
subgroups (Y: ICS + LABA, N: ICS + LABA), and it was found
that the relative abundance of Actinomyces and Haemophilus
was higher without ICS + LABA preparation (Figure 10).

In this paper, a Spearman rank correlation analysis was used
to analyze the diversity index (Observed-outs, Shannon, Chao1)
and blood routine parameters, and it was found that the MONO
of AECOPD patients was negatively correlated with the alpha
diversity of airway bacteria (Observed-outs, r = 0.505 ∗∗), PCT
was negatively correlated with the alpha diversity of bacteria
(Shannon, r = −0.354∗), D-D was negatively correlated with the
alpha diversity of the microflora (Observed-outs, r = −0.372∗),
body temperature was negatively correlated with the alpha
diversity of the microflora (Observed-outs, r = −0.540∗∗), and

HGB was negatively correlated with the alpha diversity of the
flora (Observed-outs, r = −0.398∗) (Table 3).

Discussion

Although lung tissue is currently considered the preferred
specimen for studying airway microecology, lung tissue
specimens are difficult to obtain, and studies have found
that upper airway and lower airway microflora are highly
homologous, and there is no significant difference between the
two species, except that the upper airway microflora is larger
than the lower airway microflora (5). In addition, studies have
shown that there is no significant difference in the composition
of bacterial communities between spontaneous sputum samples
and induced sputum samples (6). Thus, sputum was selected
as the research sample in this study, and 16S rDNA high-
throughput sequencing was performed to analyze and compare
the airway microecology characteristics of AECOPD patients
and healthy volunteers in Inner Mongolia. The correlation
between the airway microecological diversity and clinical
indicators, such as blood routine parameters, CRP, and PCT in
patients with AECOPD was analyzed.

In our study, the airway flora structure of healthy volunteers
in Inner Mongolia was mainly composed of Firmicutes,
Proteobacteria, and Bacteroidetes, and the most common genera
were Streptococcus, Neisseria, and Prevosia-7, which were
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FIGURE 2

Histogram of microecological species distribution in healthy airways at the genus level.

FIGURE 3

Composition of airway microbiota in the acute exacerbation of chronic obstructive pulmonary disease (AECOPD) group.

roughly in line with reports from Inner Mongolia and other
countries (7–9); however, there were slight differences in each
study. For example, Streptococcus, Prevotella, and Veillonella
were the main factors in a multi-center study on the airway
microecology of healthy people in the United States (8). In
China, a study from Southern Medical University (9) showed

that, at the genus level in the lower respiratory tract of
healthy people, Streptococcus was the most numerous, followed
by Prevotella and Neisseria. Considering the differences in
the living environment, eating habits, genetics, and other
aspects of the study subjects, these factors can be expected
to have a certain impact on airway microecology (10), so
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FIGURE 4

Composition of horizontal bacterial flora in the airway microecology of the acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) group.

FIGURE 5

Histogram of the LDA value distribution of significantly different species.

the results may be different. For example, smoking will lead
to a significant increase in the abundance of Streptococcus,
and a decrease in common symbiotic bacteria (11). However,

studies on the effects of race, climate, and diet on respiratory
tract flora are still in the initial stage, and more in-depth
studies are needed.
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FIGURE 6

Evolutionary clade of significantly different species.

FIGURE 7

Dilution curve.
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FIGURE 8

Difference analysis of alpha diversity index between groups.

In this experiment, Firmicutes and Proteobacteria were
the main airway flora levels of AECOPD patients in Inner
Mongolia. At the genus level, Streptococcus, Burkholderia,
Veillonella, Actinobacteria, and Rothia are common, and LEfSe
was used to analyze the difference in airway flora between
healthy people and AECOPD patients. This analysis revealed
that at the phylum level, the relative abundance of Bacteroidetes
in the healthy group was higher; the relative abundance of
pathogenic bacteria, such as Pseudomonas and Burkholderia,
in the AECOPD group, was higher than that in the healthy

group, and most of the genera that showed increased abundance
in the AECOPD group belonged to Proteobacteria, which is
in line with most previous reports (12, 13). However, there
were differences. For example, in the study of Haldar et al.
(13) the healthy population was dominated by Firmicutes
and Bacteroidetes with relatively few Proteobacteria, while
Proteobacteria were significantly increased in the COPD
population and become the most important phylum. This may
be due to factors such as age and smoking status among the
COPD patients in each study. Studies have shown that the
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FIGURE 9

Principal coordinate (PcoA) analysis chart.

TABLE 2 Differences in alpha diversity of airway microflora and
ICS + LABA in the acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) group [median (interquartile range)].

ICS + LABA P

Exist Inexistence

Observed-OTUs 175.00 (139.00) 265.00 (148.50) 0.036*

Shannon 3.85 (1.00) 5.38 (2.09) 0.026*

Simpson 0.84 (0.11) 0.93 (0.11) 0.026*

*Expression p < 0.05.

airway microbiome of smokers has a higher load of pathogenic
bacteria (e.g., Streptococcus pneumoniae, Haemophilus
influenzae, and Pseudomonas aeruginosa) (14). However,
no matter how these bacterial groups change, they generally
change in the direction of increasing pathogenic bacteria and
decreasing symbiotic bacteria. Commensal bacterial changes

TABLE 3 Correlation analysis of alpha diversity of the airway
microflora and clinical indicators in acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) group (R
correlation coefficient).

Observed-OUTs Shannon Simpson

Age −0.150 −0.181 −0.106

Disease course −0.005 0.223 0.067

WBC −0.320 0.115 0.069

NEUT −0.186 0.063 0.071

NEUT% −0.010 0.044 0.110

LYM −0.044 0.013 −0.072

LYM% 0.157 −0.120 −0.189

MONO −0.505** 0.075 0.094

MONO% −0.150 0.091 0.075

EO −0.036 −0.177 0.097

EO% −0.093 −0.125 0.033

BASO −0.125 0.125 0.150

BASO% −0.150 −0.090 −0.097

HGB −0.398* 0.205 0.145

PLT 0.021 −0.256 0.145

hs-CRP −0.283 −0.079 −0.130

PCT 0.181 −0.354* −0.292

PA 0.184 0.211 0.183

ALB 0.128 −0.099 0.055

D-D −0.372* 0.116 0.108

Length of stay −0.077 0.222 0.102

Body temperature −0.540** −0.038 0.018

**Expression p < 0.01, *expression p < 0.05.

may be equally important in the development of COPD. Some
people think that it may be because co-bacteria can—to a certain
extent—inhibit the growth of potential pathogens belonging
to the same genus or family (15). This may be with symbiotic
bacteria and these potential pathogenic bacteria competing
for colonization area and nutrients, and some studies have
found that some bacteria can produce active substances,
such as antimicrobial peptides to inhibit or kill other flora

FIGURE 10

Histogram of LDA value distribution of significantly different species in subgroups.
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(16). Similarly to our study, Wang et al. (17) also highlighted
changes in non-pathogenic Proteobacteria in addition to the
pathogenic microbiota during exacerbations, and it was found
that Staphylococcus (potentially pathogenic bacteria) in the
sputum of COPD patients and the absence of Veillonella, a
potential commensal bacteria, were strongly associated with
an increased risk of death after 1 year (18). This perspective
highlights the importance of microbe-microbe interactions in
maintaining homeostasis.

Our study showed that the alpha diversity of the airway
microbiome in AECOPD patients was lower than that in
healthy individuals, which is consistent with previous studies
(6). This may be related to the proliferation of some pathogenic
bacteria, which causes them to become dominant flora during
acute exacerbations, inhibiting the growth of other flora, and
resulting in a decline in flora diversity. Some studies have
found that the decrease in diversity is related to the severity of
the disease, and the microecology of patients with severe and
advanced COPD was found to be lower than that of patients
with moderate and severe disease (19). A study of the lung
microbiome of COPD patients and a 1-year follow-up of the
patients found that 1-year mortality increased significantly with
a decrease in alpha diversity (18). These results suggest that
airway microbial changes may be related to the exacerbation and
prognosis of COPD.

A study showed that the airway microecology of patients
with COPD could be significantly changed after 12 weeks of
using ICS and or LABA preparations (20). Among the 34
patients with AECOPD included in this study, 17 of them
used ICS + LABA on a regular basis. The medical history
of preparations was more than half a year. To further study
the effects of ICS and LABA on airway microecology, we
analyzed the relationship between the diversity of airway flora
in the AECOPD population and the use of ICS + LABA
preparations. We found that the long-term inhalation of
ICS + LABA preparations and alpha diversity was lower in
AECOPD patients, and was associated with a relative reduction
in Actinobacter and Haemophilus. Studies from Inner Mongolia
and other countries have previously investigated the effects of
hormones and long-acting β2 receptor agonists on the airway
microecology, and also found that the treatment of COPD
ICS can reduce the alpha diversity of the airway microecology
(17, 21), but there is currently a lack of research on whether
hormones can directly affect bacteria. However, studies have
shown that, through indirect effects on the host, fluticasone,
and budesonide inhibit the presence of Haemophilus influenzae
in the airways (22), which is similar to our results. These data
suggest that ICS may affect changes in the microbiome by
promoting the growth of some bacteria and inhibiting others.
However, there are few studies on the effect of β2 receptor
agonists on airway microecology. At present, most clinical
patients use a mixed preparation of ICS + LABA, which also
makes it difficult to distinguish the specific effects of the two
agents. Therefore, we need to better understand the effects of

ICS, LABA, and other drugs on airway microecology, which may
facilitate the more targeted use of these drugs.

This experiment found that PCT, MONO, D-dimer, body
temperature, and airway microecological alpha diversity were
negatively correlated. The elevation of these indicators all
reflected the degree of inflammation in AECOPD, suggesting
that the decrease in airway diversity may be associated with a
more severe inflammatory response. This may be because the
decline in the diversity of airway flora is due to the growth
of pathogenic bacteria inhibiting the reproduction of other
flora. Endotoxins and other metabolites produced by the mass
reproduction of this pathogen can directly or indirectly affect
the body’s inflammatory response (23). Studies have shown that
the flagellin of Pseudomonas aeruginosa can induce bronchial
epithelial cells to produce interleukin-6 (IL-6) and interleukin-8
(IL-8) by affecting the signal transduction pathway, aggravating
the inflammatory response. The underlying mechanism by
which Pseudomonas aeruginosa causes acute exacerbations of
COPD has also been explained (24). We also found that
hemoglobin content in AECOPD patients was also negatively
correlated with airway alpha diversity. Decreased airway
diversity has been previously shown to be associated with more
severe airflow obstruction (6, 25), and severe hypoxemia can
lead to secondary polycythemia (26). These results suggest that
the decrease in airway microbial diversity may be related to the
level of inflammation and severity of the disease.

Conclusion

This study shows that the airway microecology of the
AECOPD population in Inner Mongolia is different from that
of the healthy population, and it is associated with drug use
and some clinical indicators, which indicates that the airway
microecological changes may be closely related to the acute
attack of COPD. provides new ideas for diagnosis and treatment.
There are many factors that affect airway microecology in the
stable and acute stages of COPD. At present, this experiment
has carried out part of the research on airway microecology
in the acute exacerbation of COPD. In the next step, we need
to use technologies such as metagenomics and metabolomics.
The airway microecology (bacteria, fungi, viruses, etc.) of COPD
patients with different stages and grades is analyzed by multi-
factor, multi-center, and large samples to increase the influence
of research results on the clinical diagnosis, treatment, and
prognosis of COPD. Practical application.
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Genetically high
angiotensin-converting enzyme
concentrations causally increase
asthma risk: A meta-analysis
using Mendelian randomization

Qin Hui1, Ying Hao2, Fang Ye1, Bo Pang1, Wenquan Niu2* and

Qi Zhang1*

1Department of Pediatrics, China-Japan Friendship Hospital, Beijing, China, 2Institute of Clinical

Medical Sciences, China-Japan Friendship Hospital, Beijing, China

Objectives: This meta-analysis aimed to test the association of angiotensin-

converting enzyme (ACE) gene I/D polymorphism with asthma risk and

circulating ACE changes.

Methods: Public literature retrieval, publication selection, and information

extraction were completed independently by two investigators. E�ect-size

values are expressed as odds ratios (ORs) or standardized mean di�erences

(SMDs) with a 95% confidence interval (95% CI).

Results: Nineteen studies (2,888 patients and 9,549 controls) fulfilled the

eligibility criteria. Overall investigations demonstrated that ACE gene I/D

polymorphism was significantly associated with asthma risk under allelic (OR,

95% CI: 1.26, 1.08 to 1.48), homozygous genotypic (1.50, 1.09 to 2.06), and

recessive (1.53, 1.24 to 1.89) models with moderate heterogeneity (I2 statistic:

64% to 79%). Subsidiary investigations recorded that race, matched status,

asthma diagnosis, sample size, and age possibly accounted for the existence of

significant heterogeneity. Relative to carriers with the II genotype, those with

the DD genotype, ID genotype, and the combination of DD and ID genotypes

had significantly higher concentrations of circulating ACE (WMD: 3.13, 2.07,

and 2.83 U/L, respectively, p < 0.05). Adoption of Mendelian randomization

analyses revealed that one unit increment in circulating ACE concentrations

was found to be significantly associated with a 1.14-fold increased risk of

asthma (95% CI: 1.02 to 4.24).

Conclusion: We provided strong meta-analytical evidence supporting the

causal implication of high circulating ACE concentrations in the development

of asthma.

KEYWORDS

angiotensin-converting enzyme, asthma, meta-analysis, polymorphism, Mendelian

randomization
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Introduction

Asthma is a highly heritable disease. The heritability of

childhood asthma reached as high as 82% (1). A long list of

asthma-susceptibility genes has been identified (2, 3). However,

no consensus exists on which gene actually involves the

pathogenesis of asthma, even with genome-wide association

studies (4–6). In this regard, the candidate gene approach

still represents an alternative strategy (7). Based on a known

biological function, a gene can be a candidate to precipitate

asthma. Importantly, the gene can be screened to see which

mutation actually embodies its function. One such case is

the insertion/deletion (I/D) polymorphism in the gene coding

angiotensin-converting enzyme (ACE).

The association ofACE gene I/D polymorphismwith asthma

has been widely studied. For example, the DD genotype of

the ACE gene was overrepresented in patients with asthma

relative to healthy controls (8). In an early meta-analysis, the

DD homozygote carriers had an overall about 60% increased

risk of asthma compared with the II + ID carriers, and

this risk was more evident in Asians (9). A recent meta-

analysis in children indicated that ACE gene I/D polymorphism

was associated with a significant risk of asthma (10). Other

studies, however, did not reveal any significance between this

polymorphism and asthma risk (11–13). The reasons behind

this inconsistency are multiple, likely because of differences in

origins, baseline characteristics of study participants, diagnosis

criteria of asthma, and statistical power to derive significance.

To this point, the synthesis of individually underpowered studies

with the same research goals can help shed some light on

these reasons.

To yield robust evidence, we aimed to perform an updated

meta-analysis and test the association of ACE gene I/D

polymorphism with asthma risk and changes in circulating ACE

concentrations. Meanwhile, heterogeneity sources attributable

to inconsistent observations were explored.

Methods

Performance guidelines

This meta-analysis was performed according to the

guidelines in the preferred reporting items for systematic

reviews and meta-analyses (PRISMA) statement. The PRISMA

checklist is shown in Supplementary Table 1, and the PRISMA

flow diagram is shown in Figure 1.

Search strategies

Using predefined key terms, four electronic

databases—PubMed, HuGE Navigator, EMBASE (Excerpt

Medica Database), and Web of Science—were searched from

literature inception through March 2022. Key terms used

for searching possibly eligible publications were formulated

using the MeSH (Medical Subject Headings) database and are

expressed in the Boolean format, that is (“asthma” or “atopic”)

and (“polymorphism” or “SNP” or “variant” or “mutation”

or “variation” or “genetic” or “genotype” or “allele”) and

(“ACE” or “angiotensin-converting enzyme” or “angiotensin

I converting enzyme” or “ACE1” or “DCP” or “DCP1”

or “CD143”).

Initial screening of searched publications was restricted to

the English language and human beings. The search was also

extended to the reference lists of major publications (reviews

and meta-analyses) retrieved. The search was independently

performed by two investigators (Q. H. and F. Y.), and any

difference in numbers was resolved via discussion and a

consensus was attained.

Inclusion criteria

Included publications must concurrently meet the following

four criteria: (i) class of evidence: case-control design;

(ii) outcome: asthma with clear definition; (iii) necessary

data: genotype counts (or allele counts in the absence of

genotype counts) of ACE gene I/D polymorphism between

patients with asthma and controls, or circulating ACE

concentrations across I/D genotypes in either patients

or controls or both; and (iv) genotype determination:

valid methodology.

Exclusion criteria

Publications were excluded if one or more of the following

criteria were met: (i) type of publication: review, letter to editor

or correspondence, editorial, comment, conference abstract, and

case report or series; (ii) publication with duplicate participant

samples; (iii) involvement of only cases; (iv) endpoint other than

asthma; and (v) unpublished data.

Publication selection

The selection of eligible publications was handled in two

steps. First, the title and abstract (if available) were reviewed

and removal was applied based on exclusion criteria. After the

first round of publication removal, the full text was read and

eligibility was checked based on inclusion criteria.

The selection process of eligible publications was completed

independently by two investigators (Q. H. and F. Y.), and any

divergence was solved by discussion and if necessary by a third

investigator (W. N.).
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FIGURE 1

The PRISMA flowchart illustrates the selection process of qualified articles in this meta-analysis.
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Information extraction

By the use of a uniform data extraction Excel sheet,

information from each qualified publication was independently

extracted by two investigators (Q. H. and F. Y.), and two Excel

sheets were compared by kappa statistics. Any disagreement was

solved by rechecking the full text until a consensus was attained.

The first author’s name, year of publication, country

where participants were enrolled, race, sample size, design,

source of controls, matched condition, diagnosis of asthma,

genotype counts of ACE gene I/D polymorphism, and baseline

characteristics of study participants, including age, gender, and

ACE concentrations in circulation, were all extracted.

Statistical analyses

STATA software version 14.1 for Windows (Stata Corp,

College Station, Texas) was utilized for this meta-analysis.

The association of ACE gene I/D polymorphism with the risk

of asthma was measured by odds ratio (OR) with a 95%

confidence interval (95% CI). Changes in circulating ACE

concentrations between genotypes of this polymorphism were

denoted by standardized mean difference (SMD) with a 95%

CI. Both OR and SMD were derived under the random-effects

model, because in the absence of heterogeneity, fixed-effects

and random-effects models yield very similar estimates, whereas,

in the presence of heterogeneity, the random-effects model is

preferred (14). In the case of the significant association of ACE

gene I/D polymorphism with asthma risk and ACE changes

in circulation, the Mendelian randomization technique was

employed to infer the possible causality between circulating ACE

and asthma.

Between-study heterogeneity was measured by the

inconsistency index (I2) statistic. I2 denotes the percent of

variability observed between studies that are the result of

heterogeneity but not a chance observation. Higher I2 indicates

a higher likelihood of heterogeneity. An I2 statistic of over

50% is indicative of significant heterogeneity. The sources of

heterogeneity were statistical, clinical, and methodological

aspects. To track these sources, subsidiary analyses according

to pre-specified factors (including sample size, race, matched

condition, source of controls, and diagnosis of asthma) and

meta-regression analyses of both continuous and categorical

factors were carried out. Subgroups involving two or more

studies are displayed.

In addition, cumulative analyses were conducted to see

the impact of the first publication on subsequent publications

and evolution of accumulated estimates over time. Sensitivity

analyses were conducted to see the impact of any single study on

the overall effect-size estimate by removing an individual study

each time to check whether any of these estimates can bias the

overall estimates.

Publication bias was assessed by Begg’s funnel plot. If the

funnel shape is asymmetrically inverted, it suggests a correlation

between pooled estimate and study size (publication bias or

small study bias). From a statistical aspect, publication bias was

measured by Egger’s test, which appraises funnel asymmetry

with a significance level set at 10%.

Results

Qualified publications

By the use of key terms, searching four public databases

yielded 44 publications in the English language. Application

of inclusion criteria and exclusion criteria, 17 of 44

publications were qualified for synthesis in this meta-analysis

(8, 12, 13, 15–28).

In total, 19 independent studies were isolated from 17

qualified publications, including 2,888 patients with asthma and

9,549 controls, among who the genotypes of ACE gene I/D

polymorphism were assayed with validated typing methods. Out

of 19 independent studies, 3 (including 431 subjects) provided

data on the changes in circulating ACE concentrations across the

genotypes of this polymorphism.

Baseline characteristics

The baseline characteristics of qualified studies are shown

in Table 1. Thirteen studies were performed among adults, three

among children, and one among both.

Overall analyses

The association between ACE gene I/D polymorphism and

asthma risk was separately evaluated under allelic, homozygous

genotypic, dominant, and recessive models of inheritance.

Figure 2 shows the overall forest plots of the four models. This

polymorphism was significantly associated with asthma risk

in the allelic model, with the D allele corresponding to 1.26

times more likely to have asthma than the I allele (95% CI:

1.08 to 1.48). Significance was also noticed under homozygous

genotypic (DD vs. II: OR = 1.50, 95% CI: 1.09 to 2.06) and

recessive (DD vs. ID plus II: OR = 1.53, 95% CI: 1.24 to 1.89)

models. However, there was no observable association under

the dominant model (DD plus DI vs. II: OR = 1.14, 95% CI:

0.87 to 1.48). As of between-study heterogeneity, the I2 statistic

ranged from 64 to 79% across the four models of inheritance,

suggesting that diversity in effect-size estimates was not due

to chance.

In addition, this association was also evaluated under the

heterozygous model of inheritance (Supplementary Figure 1),
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TABLE 1 Study characteristics from all qualified publications in this meta-analysis.

Author Year Object Country Race Design Diagnosis Source Control feature

Benessiano 1997 Adults France Caucasians Cross-sectional ATS Hospital Healthy

Tomita 1998 Adults Japan East Asians Cross-sectional ATS Population Healthy

Holla 1998 Adults Czech Caucasians Cross-sectional ATS Hospital Healthy

Gao 1998 Adults UK Caucasians Cross-sectional Doctor Hospital Healthy

Gao 1998 Adults Japan East Asians Cross-sectional Doctor Hospital Healthy

Gao 1998 Children Japan East Asians Cross-sectional Doctor Hospital Healthy

Chagani 1999 Adults Canada Caucasians Cross-sectional Doctor Hospital Healthy

Nakahama 1999 Adults Japan East Asians Cross-sectional ATS Hospital Non-asthma

Gao 2000 Adults China East Asians Cross-sectional ATS Hospital Healthy

Lee 2000 Adults Korea East Asians Cross-sectional ATS Hospital Healthy

Yildiz 2004 Adults Turkey Middle Eastern Cross-sectional ATS Hospital Healthy

Urhan 2004 Adults Turkey Middle Eastern Cross-sectional ATS Hospital Healthy

Lue 2006 Children Taiwan East Asians Cross-sectional ATS Hospital Non-asthma

Eryuksel 2009 Adults Turkey Middle Eastern Cross-sectional ATS Hospital Healthy

Lee 2009 Adults Denmark Caucasians Cross-sectional Self-report Hospital Non-asthma

Guo 2009 Children China East Asians Prospective GINA Hospital Non-asthma

Shafei 2011 Adults Egypt Middle Eastern Cross-sectional GINA Hospital Healthy

Bora 2013 Children Turkey Middle Eastern Cross-sectional Doctor Hospital Non-asthma

Saba 2016 Adults Pakistan Middle Eastern Cross-sectional Doctor Hospital Healthy

Sample size Allele in cases Allele in controls Genotypes in cases Genotypes in controls

Case Control D I D I DD ID II DD ID II

79 54 104 54 61 47 37 30 12 15 31 8

71 142 55 87 101 183 9 37 25 16 69 57

161 141 169 111 133 149 52 65 23 29 75 37

150 150 174 126 167 133 55 64 31 48 71 31

200 100 171 229 98 102 42 87 71 25 48 27

100 100 95 105 98 102 27 41 32 25 48 27

224 252 258 204 274 224 79 100 52 72 130 47

119 208 94 144 152 264 22 50 47 28 96 84

50 50 61 39 42 58 23 15 12 8 26 16

167 121 244 376 96 146 43 158 109 23 50 48

49 49 47 37 46 46 15 17 10 13 20 13

100 88 108 92 84 92 30 48 22 14 56 18

105 102 74 136 50 154 17 40 48 4 42 56

97 96 122 72 84 108 39 44 14 18 48 30

602 7,079 646 574 8,587 8,261 166 314 130 2,208 4,171 2,045

149 165 178 120 122 208 71 36 42 41 40 84

30 30 40 20 32 28 14 12 4 10 12 8

102 101 120 84 104 98 32 56 14 22 60 19

333 521 328 338 600 442 94 140 99 137 326 58

and there was no hint of statistical significance (D/I vs. II: OR

= 0.96, 95% CI: 0.74 to 1.25). Considering the opposite effects

of allele D and allele I on asthma risk, the heterozygous model is

only interrogated in overall analyses.

Cumulative and influential analyses

Supplementary Figures 2, 3 exhibit the cumulative and

influential analyses on the association between ACE gene I/D
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FIGURE 2

Forest plots of the angiotensin-converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism in association with asthma under allelic

(A), homozygous genotypic (B), dominant models (C), and recessive model (D).

polymorphism and asthma risk, respectively. The cumulative

impact over time was stabilized since the year 2000. Influential

analyses were conducted by evaluating the impact of each study

on the pooled OR via the deletion of one study each time, which

revealed no single study impacted the pooled ORs significantly.

Publication bias

Figure 3 shows Begg’s funnel plot inspecting the potential

satisfaction of publication bias under the allelic model.

The Begg’s funnel plot seemed asymmetrical by inspection,

which was confirmed by Egger’s test, with the probability

being 0.052.

Subgroup analyses

As summarized in Table 2, the association between ACE

gene I/D polymorphism and asthma risk was examined upon

stratification by several potential factors on a categorical scale

under the four models of inheritance.

It is worth noticing that race, matched status, asthma

diagnosis, sample size, and age were possible sources of between-

study heterogeneity, particularly under the recessive model. For

example, the mutation of ACE gene I/D polymorphism was

associated with the significant risk of asthma in Caucasians

under allelic and recessive models, with the odds reaching

1.19 (95% CI: 1.00 to 1.41) and 1.41 (95% CI: 1.04 to 1.90),

respectively, and no significance was observed in East Asians,

irrespective of the models of inheritance.

The majority of subgroups showed improved between-

study heterogeneity by pooling studies with homogeneous

characteristics of interest.

Meta-regression analyses

An alternative way to explore sources of between-study

heterogeneity is to perform meta-regression analyses. By
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FIGURE 3

Begg’s and filled funnel plots of the angiotensin-converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism in association with

asthma under the allelic model.
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TABLE 2 Subgroup analyses of ACE gene I/D polymorphisms in association with asthma.

Subgroups Studies Allele model (D vs. I) Homozygous genotype

model (DD vs. II)

Dominant model (DD+DI vs. II) Recessive model (DD vs. DI+II)

(cases/

controls)

OR LCI UCI p I2 (%) OR LCI UCI p I2 (%) OR LCI UCI p I2 (%) OR LCI UCI p I2 (%)

By race

Caucasians 1,216/7,676 1.19 1.00 1.41 0.05 49.7 1.32 0.96 1.82 0.08 42.5 1.12 0.89 1.41 0.34 24.6 1.41 1.04 1.90 0.03 62.1

East Asians 961/988 1.29 0.96 1.74 0.10 80.6 1.56 0.91 2.66 0.10 75.2 1.21 0.89 1.66 0.22 61.8 1.55 0.96 2.52 0.08 75.8

Middle Eastern 711/885 1.31 0.87 1.98 0.20 84.3 1.66 0.65 4.21 0.29 86.5 1.15 0.49 2.73 0.75 88.7 1.67 1.17 2.38 0.01 45.6

By design

Cross-sectional 2,739/9,384 1.19 1.04 1.38 0.01 69.3 1.4 1.03 1.91 0.03 72.70 1.07 0.83 1.38 0.60 75.20 1.45 1.18 1.78 0.00 59.00

Prospective 149/165 2.53 1.83 3.49 0.00 NA 3.46 2.03 5.91 0.00 NA 2.64 1.65 4.23 0.00 NA 2.75 1.71 4.44 0.00 NA

By matched status

Yes 707/979 1.34 0.77 2.32 0.30 91.7 1.62 0.53 4.93 0.39 91.50 1.11 0.44 2.81 0.83 93.50 1.76 1.02 3.03 0.04 72.30

No 2,181/8,570 1.22 1.06 1.41 0.01 58.8 1.43 1.09 1.88 0.01 55.80 1.12 0.94 1.34 0.19 30.50 1.47 1.16 1.87 0.00 63.20

By diagnosis

ATS 998/1,051 1.42 1.12 1.69 0.00 46.0 1.99 1.34 2.96 0.00 52.30 1.31 1.08 1.60 0.01 0.00 1.92 1.33 2.79 0.00 61.60

GINA 179/195 2.39 1.76 3.2 0.00 0.0 3.38 2.05 5.57 0.00 0.00 2.61 1.68 4.06 0.00 0.00 2.55 1.65 3.93 0.00 0.00

Doctor 1,109/1,224 0.94 0.77 1.15 0.55 60.8 0.85 0.54 1.34 0.48 69.90 0.72 0.45 1.17 0.19 80.70 1.16 0.97 1.39 0.12 0.00

Self-report 602/7,079 1.08 0.964 1.22 0.18 NA 1.18 0.93 1.5 0.17 NA 1.18 0.97 1.45 0.10 NA 1.05 0.88 1.27 0.59 NA

By sample size

>250 2,105/8,737 1.13 0.91 1.41 0.28 85.5 1.39 0.99 1.99 0.06 80.40 1.10 0.82 1.48 0.52 82.90 1.43 1.15 1.79 0.00 66.60

<250 783/812 1.44 1.21 1.71 0.00 30.4 2.21 1.24 3.94 0.01 0.00 1.38 0.82 2.24 0.23 0.00 2.25 1.41 3.59 0.00 9.60

By age

Children 456/468 1.54 0.99 2.37 0.05 80.7 2.28 1.11 4.69 0.03 69.90 1.48 0.87 2.51 0.15 69.40 2.04 1.19 3.48 0.01 60.90

Adults 2,432/9,081 1.19 1.01 1.39 0.03 71.9 1.33 0.95 1.86 0.09 74.10 1.06 0.79 1.42 0.72 78.50 1.41 1.14 1.76 0.00 60.30

ACE, angiotensin-converting enzyme; OR, odds ratio; LCI, 95% lower confidence interval; UCI, 95% upper confidence interval; I2 , inconsistency index; NA, not available.
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TABLE 3 Mean changes in circulating ACE concentrations between carriers of di�erent genotypes of ACE gene I/D polymorphism.

Models Studies WMD 95% LCI 95% UCI p I2 (%) Egger’s P-value

DD vs. II 3 3.13 0.50 5.77 0.02 96 0.59

ID vs. II 3 2.07 0.33 3.81 0.02 96 0.42

DD+ID vs. II 3 2.83 0.38 5.28 0.02 97.9 0.63

ACE, angiotensin-converting enzyme; WMD, weighted mean difference; 95% LCI, 95% lower confidence interval; 95% UCI, 95% upper confidence interval; I2 , inconsistency index.

regressing age, gender, asthma severity, race, matched

status, asthma diagnosis, sample size, and study design

(Supplementary Table 2), no hints of significance were seen at a

significance level of 5%.

Genotype–phenotype analyses

The relationship between ACE gene I/D polymorphism and

circulating ACE concentrations is shown in Table 3. Relative

to carriers with the II genotype, those with the DD genotype,

ID genotype, and the combined DD and ID genotypes showed

significantly higher concentrations of circulating ACE (WMD:

3.13, 2.07, and 2.83 U/L, respectively, p < 0.05 for all).

Mendelian randomization analyses

Given the significance observed in both genotype-

disease and genotype–phenotype analyses, the Mendelian

randomization technique was utilized to infer the possible

causal association between circulating ACE and asthma risk.

Under the assumptions of the Mendelian randomization

technique and by use of ACE gene I/D polymorphism as an

instrumental variable, one unit increment in circulating ACE

concentrations was found to be significantly associated with a

1.14-fold increased risk of asthma (95% CI: 1.02 to 4.24) under

the homozygous genotypic model.

Discussion

The aim of this meta-analysis was to test the association of

ACE gene I/D polymorphism with asthma risk and circulating

ACE changes as well as explore sources for heterogeneity in

the English literature. Through a comprehensive pooling

of 19 independent studies involving 2,888 cases and

9,549 controls, this polymorphism was associated with a

significant risk of asthma and changes in circulating ACE

concentrations. Importantly, further adoption of the Mendelian

randomization technique revealed that genetically increased

ACE concentrations were causally associated with an increased

risk of asthma. To the best of our knowledge, this is thus far

the first meta-analytical evidence concerning the causal relation

between circulating ACE and asthma risk in the literature.

It is well-known that asthma is a chronic pulmonary

disease characterized by intermittent and reversible airflow

obstruction (29). The exact etiology of asthma currently remains

elusive; however, there is convincing evidence that asthma

is a highly inheritable disease (1, 30). To shed light on the

genetic profiles of asthma and seek reasons attributable to

the inconsistency of previous individual studies, we, in this

meta-analysis, aimed to test the association of ACE gene I/D

polymorphism with asthma risk, as well as with circulating

ACE concentrations. Our genotype-disease and genotype–

phenotype analyses showed that carriers of the mutant DD

homozygote had a 50% increased risk of asthma and 3.13

U/L increased concentrations of circulating ACE relative to the

wild II homozygote. Under the assumptions of the Mendelian

randomization technique, it is expected that circulating ACE

may be a causal risk factor for the development of asthma.

The implication of circulating ACE in asthma is biologically

plausible. There is evidence that ACE expressed in the lungs

plays a key role in the pathogenesis of bronchial asthma. It is

because ACE can mediate the proliferation of smooth vascular

muscle cells (31), which affects aggregation and adhesion of

platelets and monocytes and consequently leads to excessive

bronchiectasis (32). The biological mechanism behind the

causal implication of circulating ACE in asthma is not clear

at present (33). It is reasonable to speculate that if involved,

the mutation of I/D polymorphism can alter the expression of

ACE in circulation or tissues, which triggers the development

of asthma.

It is also worth noticing that according to our subsidiary

analyses, differences in race, matched status, asthma diagnosis,

sample size, and age might account for previously diverging

findings of individual studies. Taking race as an example, we

found that the susceptibility of ACE gene I/D polymorphism

to asthma was race-dependent, with significance observed in

Caucasians but not in East Asians, in agreement with the

findings of previous studies (16, 18, 19, 21, 34). Indeed, asthma

is a multifactorial disease to which genetic, environmental, and

lifestyle-related factors contribute jointly (35). For feasibility

reasons, it is recommended to construct a list of candidate

genetic determinants for asthma in each racial group. Moreover,

diagnostic criteria for asthma can also confound the association

between ACE gene I/D polymorphism and asthma risk. In
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this meta-analysis, significance was observed in studies based

on ATS and GINA criteria, whereas there was no observable

significance in studies with self-reported asthma. To derive a

reliable estimate, it is important to diagnose asthma formally.

Differing from the observations of subsidiary analyses, we

failed to reveal any statistical significance in meta-regression

analyses, an alternative method to explore sources of between-

study heterogeneity. It is of practical importance to bear in

mind that meta-regression analyses, albeit enabling covariates

in either continuous or categorical format to be regressed,

do not have the methodological rigor of a properly designed

study that is intended to test the effect of these covariates

formally (36).

Another important finding is the obvious changes

in circulating ACE between genotypes of ACE gene

I/D polymorphism. Considering the fact that the I/D

polymorphism is located in the 16th intron, it is unlikely

to be functional at the transcription level. There is a

possibility that this polymorphism is strongly linked to

another functional locus in either the promoter or exon or

3
′

-untranslated region of the ACE gene that is responsible

for the regulation of circulating ACE concentrations. Further

genomic and functional explorations of the ACE gene

are encouraged.

Limitations

Several limitations should be acknowledged in this

meta-analysis. First, this meta-analysis synthesized evidence

from publications written in the English language, and

selection bias cannot be excluded. Second, all included

studies are cross-sectionally designed; however, causality

was inferred by means of the Mendelian randomization

technique. Third, only a few features were commonly

provided by the majority of included studies, and it

is expected that more features are needed to examine

their potential confounding impact on between-study

heterogeneity. Fourth, there was moderate evidence of

publication bias, which might limit the generalizability of

our findings.

Conclusion

Taken together, we, for the first time, provided systematic

evidence supporting the causal implication of high circulating

ACE in the development of asthma by means of the Mendelian

randomization technique. Further experimental studies are

needed to determine the culprit genetic loci in theACE gene that

can simultaneously regulate circulating ACE concentrations and

precipitate the onset and progression of asthma.
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