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Background: Childhood left-behind experience (LBE) has a long-term detrimental effect
on the mental health of Chinese University students, but it remains unclear whether
childhood LBE negatively impacts the quality of life (QOL) of University students and
whether the LBE-QOL association differs between students of rural origin and students
of urban origin. This study examined the LBE-QOL relationship and the interactive effect
between LBE and place of origin on QOL among Chinese University freshmen.

Methods: By using a two-stage random cluster sampling approach, a total of 5,033
freshmen were recruited from two comprehensive universities. The students completed
an online, self-administered questionnaire that included sociodemographic variables,
a 2-week physical morbidity assessment, and assessments of depressive symptoms,
academic stress, and QOL. The Chinese six-item QOL scale was used to assess QOL.
Multiple linear regression was used to test the independent LBE-QOL association and
the interaction between LBE and place of origin.

Results: Students with childhood LBE had significantly lower QOL scores than those
without LBE (60.1 £ 13.1 vs. 64.3 + 11.7, p < 0.001). After adjusting for the potential
confounding effects of other sociodemographic variables, 2-week physical morbidity,
depressive symptoms, and academic stress, childhood LBE was significantly associated
with a lower QOL score (8: —3.022, p < 0.001) and the LBE—-place of origin interaction
was still significantly associated with the QOL score (8: —2.413, p < 0.001). Overall,
compared to non-LBE, LBE was associated with a QOL score decrease of 5.93 among
freshmen of urban origin and of 3.01 among freshmen of rural origin.

Conclusion: In Chinese University freshmen, childhood LBE is independently
associated with poor QOL, and the LBE-QOL association is greater among freshmen
from urban backgrounds than among freshmen from rural backgrounds.

Keywords: freshmen, University, left-behind experience, quality of life, place of origin, China
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INTRODUCTION

In China, the past four decades have witnessed the unprecedented
migration of young laborers from impoverished rural villages
to thriving coastal cities and concentrated industrial zones,
seeking greater employment opportunities, and pursuing a better
life for themselves and their families (1). In 2019, the total
number of migrant workers reached 290.8 million, or 20.6% of
the whole Chinese population (2). Because of the high cost of
living, unstable employment, and difficulties in arranging child
care and schooling in cities, many migrant parents have to
leave their children behind, in the care of grandparents, other
relatives, or friends who remain in their rural villages of origin
(3). Despite the lack of official, up-to-date statistics, left-behind
children have become a large segment of the population in China;
for example, according to the All China Women’s Federation,
there were 61.0 million left-behind children in rural China
in 2013 (4).

Early separation from parents, from either one or both
parents, has a profound and long-lasting negative impact on
both the physical and mental health of children. Accumulating
evidence has shown a higher risk of wasting, stunning, slow
physical development, poor nutritional status, obesity, depressive
symptoms, anxiety symptoms, suicidal ideation, substance use,
and poor health-related quality of life (QOL) among left-
behind children than among children from intact families (5-
10). Importantly, the negative mental health effect of childhood
left-behind experience (LBE) does not diminish over time
but persists to late adolescence and young adulthood; for
example, compared to University students without childhood
LBE, those with LBE are at a significantly higher risk for
developing depressive symptoms, anxiety symptoms, low self-
esteem, suicidal and self-harm behaviors, and other mental health
problems (11-15).

It is worth noting that being left behind is not a unique
experience for rural Chinese children. In recent years, due to the
rapid economic growth, increasing urban-to-urban migration,
parental return to universities to pursue advanced degrees,
and long-term parental business travel, there has been a
substantial increase in the number of urban left-behind children
in China (16) as well, 3.1 million in 2000 and 28.3 million
in 2015 (17). Empirical studies have revealed that urban left-
behind children have significantly more mental health and
substance abuse problems than both rural left-behind children
and urban non-left-behind children (18, 19), suggesting a
potentially high risk of mental health problems in this emerging
vulnerable population.

University students, in particular first-year students, are
facing the transition period from late adolescence to young
adulthood along with the difficulties of adjusting to college life,
changing social identities, and forming new social relationships
(20). Numerous studies have reported the high prevalence
of mental health problems and poor self-rated health among
Chinese University students (20-25). In addition to LBE,
place of origin is one of the commonly reported factors
associated with both physical and mental health in Chinese
University students; for example, compared to University

students of urban origin, students of rural origin have more
mental health problems and poorer mental and physical QOL
(26-29). Accordingly, among University students with childhood
LBE, it is reasonable to hypothesize that students from rural
origins have poorer physical and mental health than students
from urban origins. However, findings from two comparative
studies do not support this hypothesis. One study reported a
similar prevalence of psychological symptoms among rural and
urban LBE University students, and the other study reported
significantly better mental health among rural LBE students
than among urban LBE students (12, 13). This suggests that
the effect of LBE on the mental health may differ between
University students of rural origin and urban origin. In other
words, place of origin may moderate the detrimental effects of
childhood LBE on the mental health of University students.
Nevertheless, nearly all existing studies on the long-term
impact of LBE on the health of University students either
did not consider or ignored the differences in health effects
of LBE between students of rural origin and those of urban
origin (11, 15, 30, 31).

University is an important life phase, when the introduction
of targeted health-related interventions has the potential to
positively impact both short- and long-term health status and
health-related QOL outcomes (32). By definition, QOL is broader
than health, and refers to a sense of well-being that encompasses
physical health, role functioning, social functioning, and mental
health (33). To facilitate the campus-based health policymaking
and planning, it is necessary to identify factors associated with
QOL and contextual factors that may influence the factor-
QOL associations in University students. The present study
investigated the relationship between childhood LBE and QOL
among Chinese University freshmen and examined whether
the relationship varied between students of rural origin and
students of urban origin. Based on the above literature review, we
speculated that childhood LBE was significantly associated with
poorer QOL and that there was a significant interactive effect
between LBE and place of origin.

METHODS

Participants
This study was a cross-sectional survey, which was carried out
to investigate QOL and mental health help-seeking behaviors
among freshman students at two comprehensive universities, one
in Fuzhou and the other in Wuhan, China, between November
and December 2019. First-year students who were admitted in
the fall of 2019 and of Chinese nationality were invited to join
this study. Students who were repeating the academic year and
international students were excluded. Participants were selected
by using a two-stage random cluster sampling approach. By using
a random number table, 22 schools were selected from a total
of 42 schools at the two universities. These selected schools had
5,469 first-year students, and all the students were invited to
participate in this study.

The survey protocol was approved by the Ethics Committee of
Wuhan Mental Health Center. Participants electronically signed
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the informed consent form first and then were automatically
directed to the online survey page.

Assessments and Procedures

We used a self-administered questionnaire to collect data, and
the questionnaire was distributed online via the “Questionnaire
Star,” a popular platform providing free online survey services
in China.

Sociodemographic variables included study site, sex, age,
status as an only child in the family, ethnic group, academic major
(science vs. liberal arts) (34), marital status of parents, LBE, and
place of origin. Students with childhood LBE were those who
lived in their original domicile but who did not live together with
their parents for a minimum of 6 months before being admitted
to the universities because either one parent or both parents
migrated elsewhere for work (14, 17). Place of origin referred to
the students’ household registration location as either a rural or
an urban area (17).

We assessed the physical health of respondents by using
the 2-week physical morbidity question from Chinas Multi-
wave National Health Services Surveys (35), which asked
their experiences of any physical health problems during the
past 2 weeks, including infectious diseases and chronic non-
communicable diseases.

The validated Chinese 9-item Patient Health Questionnaire
(PHQ-9) was used to assess depressive symptoms over the past
2 weeks (36). All items of the PHQ-9 were answered on a four-
point scale, from “0 = not at all” to “3 = nearly every day.” The
total scores on the PHQ-9 ranged between 0 and 27, with seven or
higher denoting clinically significant depressive symptoms (37).

The level of perceived academic stress was assessed with a
single question developed by the authors: “What is your level of
academic stress?” (high, not high).

The validated Chinese six-item QOL scale was used to assess
the QOL of students (33). The scale was developed by Phillips
et al. and has been widely used to evaluate QOL in a variety
of Chinese populations, including students (33, 38, 39). This
scale assesses QOL in terms of six domains: physical health,
psychological health, economic circumstances, study, family
relationship, and relationship with non-family associates. Each
item is rated on a five-point scale, from “1 = very poor” to “5 =
very good.” The crude total QOL score ranges from 6 to 30, with a
higher score denoting better QOL. As recommended by Phillips
et al. (38), the crude total QOL score was further rescaled on a
“0-100” scale to obtain the total QOL score.

Statistical Analysis

The independent-samples ¢-test was used to compare QOL scores
between groups according to sociodemographic characteristics.
To examine the LBE-QOL association, a multiple linear
regression analysis was performed that entered LBE as the main
predictor; place of origin, other sociodemographic variables, 2-
week physical morbidity, depressive symptoms, and academic
stress as the covariates; and QOL score as the outcome
variable (“main effect model”). To test whether the LBE-QOL
association differed between places of origin, an interaction
term, the production of LBE and place of origin, was

included as an additional independent variable in the above
linear regression model (“interactive effect model”). Statistically
significant regression coeflicients of LBE in the main effect model
and the interaction term in the interactive effect model suggested
the presence of the impact of LBE on QOL and the moderating
effect of place of origin on the LBE-QOL association. Finally, a
graph was used to visualize the interactive effect of LBE and place
of origin, where predicted QOL scores by LBE and place of origin
from the interactive effect model are shown. Prior to the formal
analysis, the assumption of the absence of multi-collinearity was
tested. The results of collinearity diagnostics analysis showed
that variance inflation factor values of all independent variables
ranged between 1.001 and 1.149, much lower than the critical
threshold of 10 (40); therefore, no significant multi-collinearity
was present among the independent variables in our regression
analysis. We performed all statistical analyses using SPSS 25.0,
assuming a two-sided test at the 0.05 level of significance.

RESULTS

A total of 5,033 students completed the survey, for a
response rate of 93.0%. The average age of the study sample
was 18.5 years [standard deviation (SD): 0.9; range: 15-30
years]; 98.2% were 17-20 years, 54.1% were girls, 29.2% had
childhood LBE, and 60.2% were from rural areas. The detailed
sociodemographic characteristics, the 2-week physical morbidity,
depressive symptoms, and academic stress of freshmen are shown
in Table 1.

The mean QOL score was 63.1 (SD: 12.3, range: 0-100).
As displayed in Table 1, students with childhood LBE had
significantly lower QOL scores than those without LBE (60.1
+ 13.1 vs. 64.3 £ 11.7, p < 0.001), and rural students had
significantly lower QOL scores than urban students (62.3 & 11.6
vs. 64.2 +13.2, p < 0.001).

In the main effect model (Table 2), after adjusting for the
confounding effects of sociodemographic variables, physical
health, depressive symptoms, and academic stress, childhood
LBE was still significantly associated with a lower QOL score
[coefficient (B): —3.022, p < 0.001].

In the interactive effect model (Table 3), after adjusting for
the confounding effects of sociodemographic variables, physical
health, depressive symptoms, and academic stress, the interactive
effect of childhood LBE and place of origin was still significantly
associated with the QOL score (8: —2.413, p < 0.001). As shown
in Figure 1, a one-unit increase in the LBE status, from non-LBE
to LBE, was associated with a QOL score decrease of 5.93 among
urban freshmen and 3.01 among rural freshmen.

DISCUSSION

To the best of our knowledge, this is the first large-scale study
in China that examined both the negative impact of childhood
LBE on QOL among University students and the interactive
effect of childhood LBE and place of origin on the QOL of
freshmen. In the Chinese general population, the normative QOL
score, as measured by the Chinese six-item QOL scale, was 70.8
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TABLE 1 | Characteristics of freshmen and quality of life (QOL) scores of different groups.

Characteristics n (%) QOL score t P

Site Wuhan 2,193 (43.6) 63.26 + 12.14

Fuzhou 2,840 (56.4) 62.95 + 12.41 0.891 0.373
Sex Male 2,311 (45.9) 63.01 + 13.80

Female 2,722 (54.1) 63.15 + 10.85 0.415 0.678
Age (years) <18 260 (5.2) 62.96 + 11.95

>18 4,773 (94.8) 63.09 + 12.31 0.163 0.870
The only child Yes 1,708 (33.9) 64.08 + 12.93

No 3,325 (66.1) 62.58 + 11.93 3.995 <0.001
Ethnic group Han 4,698 (93.3) 63.17 + 12.37

Minorities 335 (6.7) 61.92 + 11.07 1.804 0.071
Academic major Liberal arts 1,604 (31.9) 62.46 + 12.76

Science 3,429 (68.1) 63.38 + 12.06 2.479 0.013
Marital status of parents Married 4,019 (79.9) 63.49 + 12.26

Others* 1,014 (20.1) 61.47 £ 12.32 4.686 <0.001
Childhood left-behind experience Yes 1,471 (29.2) 60.13 + 13.08

No 3,562 (70.8) 64.31 £ 11.74 10.611 <0.001
Place of origin Urban 2,004 (39.8) 64.22 £ 13.19

Rural 3,029 (60.2) 62.33 + 11.61 5.217 <0.001
Two-week morbidity Yes 1,294 (25.7) 58.84 + 11.47

No 3,739 (74.3) 64.55 + 12.23 15.175 <0.001
Depressive symptoms Yes 1,497 (29.7) 57.04 +£12.25

No 3,536 (70.3) 65.65 + 11.39 23.266 <0.001
Academic stress High 1,417 (28.2) 59.22 £+ 13.31

Not high 3,616 (60.8) 64.60 + 11.53 13.364 <0.001

*Others included never-married, remarried, cohabiting, separated, divorced, and widowed.

TABLE 2 | Multiple linear regression on relationship between childhood left-behind experience (LBE) and quality of life (QOL) among freshmen, adjusting for the
confounding effects of sociodemographic variables, physical health, depressive symptoms, and academic stress.

Characteristics Unstandardized coefficient Standard error t p
Childhood LBE Yes vs. no —3.022 0.356 8.490 < 0.001
Place of origin Rural vs. urban —1.362 0.344 —3.958 < 0.001
Site Fuzhou vs. Wuhan —0.306 0.320 —0.955 0.340
Sex Female vs. male 0.410 0.341 1.202 0.229
Age (years) >18vs. <18 —0.464 0.719 —0.645 0.519
The only child No vs. yes —1.074 0.359 —2.992 0.003
Ethnic group Minorities vs. Han 0.059 0.640 0.093 0.926
Academic major Science vs. liberal arts 0.822 0.360 2.287 0.022
Marital status of parents Others* vs. married —1.295 0.398 —3.254 0.001
Two-week morbidity No vs. yes -3.607 0.375 -9.625 < 0.001
Depressive symptoms No vs. yes —7.031 0.361 —19.492 < 0.001
Academic stress Not high vs. high —3.679 0.360 —10.214 < 0.001

*Others included never-married, remarried, cohabiting, separated, divorced, and widowed.

(41). Compared to the normative data, we found a significantly
and substantially lower QOL score in University freshmen than
in the general population (63.1 vs. 70.8, t = —44.705, p <
0.001), suggesting the poor QOL of Chinese University freshmen
and the urgent need to develop programs to improve QOL in
this population.

As shown in Table 1, many factors other than LBE were
also associated with QOL among freshmen; therefore, it is
important to consider the possible confounding effects of
these factors on the LBE-QOL association. In the main effect
model, the significant LBE-QOL association suggests that
LBE was independently associated with poor QOL among
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TABLE 3 | Multiple linear regression on interactive effect of childhood left-behind experience (LBE) and place of origin on quality of life (QOL) among freshmen, adjusting
for the confounding effects of sociodemographic variables, physical health, depressive symptoms, and academic stress.

Characteristics Unstandardized coefficient Standard error t P
Childhood LBE x place of origin —2.413 0.750 -3.218 0.001
Childhood LBE Yes vs. No —4.644 0.618 7.529 < 0.001
Place of origin Rural vs. Urban 0.412 0.651 0.638 0.522
Site Fuzhou vs. Wuhan —0.308 0.320 —0.964 0.335
Sex Female vs. male 0.397 0.341 1.165 0.244
Age (years) >18vs. <18 -0.418 0.719 —0.581 0.561
The only child No vs. yes —-1.012 0.359 —2.818 0.005
Ethnic group Minorities vs. Han 0.049 0.639 0.077 0.939
Academic major Science vs. liberal arts 0.833 0.359 2.319 0.020
Marital status of parents Others* vs. married —1.287 0.398 —3.238 0.001
Two-week morbidity Yes vs. no —3.588 0.374 —9.582 < 0.001
Depressive symptoms Yes vs. no —7.026 0.360 —19.495 < 0.001
Academic stress High vs. not high —3.663 0.360 —10.179 < 0.001

*Others included never-married, remarried, cohabiting, separated, divorced, and widowed.
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FIGURE 1 | The interactive effect of childhood left-behind experience (LBE) and place of origin on quality of life (QOL) of Chinese University freshmen.

----- Rural

University freshmen. In previous University students-based
studies, childhood LBE was reported to be significantly associated
with mental health problems (11-15), but in the present study,
we revealed the independent LBE-QOL association among
University freshman students, extending the long-term health
outcomes of childhood LBE from mental health problems to
worsened QOL.

Parents’ company and supervision play a vital role in the
development and functioning of their children and in preparing
them to manage the challenges they will confront in their
academic, social, occupational, and cultural lives as adults (42).
According to the attachment theory (43), the early absence of
parents disrupts the development of secure attachment bonds
between children and their parents, which has a long-term

negative effects on a childs psychological development in
terms of personality, cognition, psychopathology, resilience, and
coping style. Therefore, children with LBE are more likely
to experience mental health problems, maladaptive behaviors,
adjustment problems, poor coping skills, and interpersonal
difficulties after they enter the universities. These findings may
explain the association of childhood LBE with poor QOL among
University freshmen.

The greater LBE-QOL association among urban freshmen
than among rural freshmen observed in this study is similar to
the greater negative effect of childhood LBE on mental health
among urban freshmen than among rural college freshmen
observed in a prior study (13). Because the interactive effect of
LBE and place of origin was independent of sociodemographic
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variables, physical health, depressive symptoms, and academic
stress, we speculated that some place-specific contextual factors
may magnify or mitigate the detrimental effect of childhood
LBE on QOL among University freshmen. First, in China,
the urban community is a “stranger” society, but the rural
community is an “acquaintance” or “relationship” society where
the cultural value is still deeply influenced by Confucianism and
the patriarchal clan system (44). Despite a lack of or insufficient
parental care and company, urban left-behind children are
less likely than rural left-behind children to obtain support
and supervisions from relatives. Second, compared to rural
children, urban children are more likely to be exposed to the
internet, new types of drugs, and electronic games; therefore,
urban left-behind children are at greater risk than rural left-
behind children for developing addictive behaviors. The effects of
weaker care from relatives and a higher prevalence of addictive
behaviors among urban left-behind children than among rural
left-behind children may persist into young adulthood and
result in the poorer QOL reported among urban than rural
LBE University freshmen. Third, rural left-behind children who
pass the National College Entrance Examination and become
University students represent the most successful fraction of this
vulnerable population. Because of difficulties experienced during
childhood, these rural LBE students are more resilient, capable
of living independently, and adaptive to new environments
than urban LBE students. These straits may partly offset the
negative effect of childhood LBE, possibly leading to the relative
health disadvantages observed among urban but not among rural
LBE students.

This study has two limitations. First, characteristics of
childhood LBE were not assessed in detail. Since the relationship
with the caregiver during the left-behind period, the age at onset
of being left behind, and the length of the left-behind period are
associated with depressive symptoms in Chinese LBE University
students (45), it remains unclear whether the poorer QOL among
urban LBE students was related to their characteristics of LBE or
other factors. Second, childhood LBE was retrospectively assessed
in this study; therefore, recall bias in the measurement of LBE
may exist.
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Efficacy of Face-to-Face Delivered
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Background: Face-to-face cognitive behavioral therapy (CBT) is one of the most widely
used non-pharmacological treatment approaches for insomnia. The aim of this study is to
assess the efficacy of face-to-face delivered CBT on health outcomes and to evaluate the
effect of CBT components as subgroup variables to explain the efficacy of face-to-face
delivered CBT on health outcomes in adults over 18 years old with insomnia.

Methods: Relevant randomized controlled trial studies published in the past 22
years were searched through the electronic databases. The Physiotherapy Evidence
Database (PEDro) scale was used to assess the quality of the 31 included studies. The
mean difference and standard deviation of outcome variables and subgroup variables
were analyzed using random effect model, and the heterogeneity among the articles
was assessed with the Q-test and /2. Egger regression analysis was used to assess
publication bias.

Results: The meta-analysis showed a significant reduction in Insomnia Severity Index
[standardized mean difference (SMD) = —2.56, 95% Cl —3.81 to —1.30, p < 0.001],
Pittsburgh Sleep Quality Index (SMD = —0.96, 95% CI —1.25 to —0.68, p < 0.001),
sleep onset latency (SMD = —1.31, 95% CI —2.00 to —0.63, p < 0.001), wakening after
sleep onset (SMD = —1.44, 95% Cl —2.14 to —0.74, p < 0.001), number of awakenings
(SMD = —1.18, 95% Cl —2.10 to —0.26, p < 0.05), depression (SMD = —1.14, 95%
Cl —1.85 to —0.42, p < 0.01), and fatigue (SMD = —2.23, 95% CI| —3.87 to —0.58,
p < 0.01), and a significant increase in total sleep time (SMD = 0.63, 95% CI 0.28 to
0.98, p < 0.001), sleep efficiency (SMD = 1.61, 95% Cl 0.92 to 2.29, p < 0.001), and
physical health (SMD = 0.42, 95% CI 0.08 to 0.76, p < 0.05), in the CBT intervention
group compared with the control group. There was no significant change in anxiety
(SMD = —0.62, 95% Cl —1.55 t0 0.32, p > 0.05) and mental health (SMD = 1.09, 95%
Cl —0.59 to 2.77, p > 0.05) in CBT intervention group compared with control group.
Group-delivered studies with larger number of intervention sessions and longer duration
of single session provided a larger improvement in sleep quality.

Conclusion: Face-to-face delivered CBT is effective in increasing total sleep time, sleep
efficiency, and physical health, and reducing Insomnia Severity Index scores, Pittsburgh
Sleep Quality Index scores, sleep onset latency, wakening after sleep onset, number
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of awakenings, depression, anxiety, and fatigue in patients with insomnia. Face-to-face
delivered CBT is more effective when delivered through a larger number of sessions with
longer duration of each session, and when delivered in groups. Face-to-face CBT is
recommended to provide treatment to patients with insomnia in clinical settings.

Systematic Review Registration: www.crd.york.ac.uk/prospero/display_record.php
?ID=CRD42020200091, identifier: CRD4202020009.

Keywords: cognitive behavioral therapy (CBT), face-to-face, insomnia, quality of sleep, health outcomes

INTRODUCTION

Insomnia is one type of psychiatric disease that influences the
quality, timing, and amount of sleep, resulting in fatigue and
mental distress (1). Insomnia has a high prevalence across the
world (2). It was reported that the global prevalence of insomnia
was up to 30% (3). Mentally, insomnia can impair daytime
concentration and generate anxious or depressed feels that may
lead to or aggravate other psychiatric diseases such as depression
and anxiety (4). Physically, a chronic condition of insomnia can
increase the risks of a great amount of chronic diseases such as
diabetes, cardiovascular diseases, and cancer (5).

Currently, insomnia is treated with pharmacological and non-
pharmacological treatments. Cognitive behavioral therapy (CBT)
is one of the widely studied non-pharmacological treatment
option for insomnia, with marked long-term and short-term
effects (6). It is currently the first-line therapy in managing
all kinds of psychiatric diseases including depression, anxiety,
and insomnia (7). The CBT approach perceives the psychiatric
symptoms are underpinned by distorted cognition and related
behaviors, and these symptoms could be reduced if the distorted
cognition and behaviors are corrected (8). Based on the CBT
principles, multiple CBT strategies were developed to change the
thinking and behavioral patterns, and different strategies were
involved in CBT treatments (9). For patients with insomnia,
previous studies indicated that it was common for these patients
to have dysfunctional understandings about sleep and worries
about falling asleep (10). These thoughts may lead to behavioral
changes such as spending more time in bed trying to fall asleep
and irregular sleep times, which may make falling asleep more
difficult, further providing reinforcement of the dysfunctional
understandings and creating a vicious loop that exacerbates
the existing insomnia symptoms (10). Applying CBT to these
patients can break this loop from multiple directions. Cognitive
behavioral therapy has been commonly delivered in a face-to
face format, in which patients has face-to-face consultations with
the therapists. The consultations can take place between one
patient and a therapist individually (individual delivered) or
one or more therapists and multiple patients (group delivered).
The face-to-face delivery of CBT is commonly used to patients
with insomnia because the components of CBT such as alliances
building can be easily achieved in the face-to-face therapy mode.
Previous studies have shown that CBT provided a similar efficacy
in treating insomnia compared with pharmacological treatments
(11). Furthermore, it has been found CBT treatment has fewer
side effects than sleep medication intake (6).

Existing meta-analysis studies also found that CBT had a
significant overall effect on sleep outcomes in patients with
insomnia (12, 13), but these studies focused on sleep outcomes
only, and subgroup analysis of CBT components was not
included. In addition to sleep outcomes (Insomnia Severity
Index, Pittsburgh Sleep Quality Index, total sleep time, sleep
efficiency, sleep onset latency, wakening after sleep onset, and
number of awakenings), health outcomes were considered in this
study, including psychiatric diseases (scores of depression and
anxiety scales), fatigue (scores of fatigue scales), and quality-
of-life related physical and mental health (scores of quality-
of-life surveys). By assessing the effect of face-to-face CBT
on these outcomes, our study will provide a comprehensive
overview of the effect of face-to-face CBT on the health status
of insomnia patients from a different perspective. We also
conducted subgroup analysis to assess the effects of different CBT
treatment designs and components on the sleep and psychiatric
disease outcomes and the overall efficacy of face-to-face CBT to
help develop a reasonable CBT treatment plan.

METHODS

The procedure of this study was conducted according to
the Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) guidelines (14). The protocol of
this study was registered at the International Prospective
Register of Systematic Reviews (PROSPERO Registration
ID: CRD42020200091, https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42020200091).

Search Strategy

The database search process was completed by two researchers
(Xu and Sun) independently. Five electronic databases including
PubMed, Scopus, EMBASE, Cochrane Library, and PsycINFO
were searched for relevant studies by the two researchers. Gray
literatures were acquired from ProQuest central: Dissertations
and Thesis. The following Boolean approach for the keywords
were used for the search: “insomnia” OR “sleep” AND “cognitive
behavioral therapy” OR “cognitive behavior therapy” OR
“CBT” AND “face-to-face delivered” OR “group delivered” OR
“individual delivered” AND “randomized controlled trial” OR
“randomized controlled trial” OR “RCT.” The search results
from the defined five electronic databases were exported into
the EndNote X9 software, and duplicates across databases
were removed. Two researchers then examined the titles and
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abstracts of the articles and excluded articles that did not
focus on insomnia or CBT. The full text of the rest of the
articles were examined and selected based on the inclusion and
exclusion criteria.

Study Selection

Full-text assessment of the articles was also completed by two
researchers independently. In this study, PICO approach (15)
was used to develop the inclusion and exclusion of articles. Only
randomized controlled trial studies were included in this study.
The studies must be published in English, and the publishing
date should be from 1 January 1990 to 31 August 2021, with no
restriction in sample size. Articles that were not peer reviewed
or that scored 3 or less on the PEDro (16) scale were excluded
from the study. If full text of the article was not available online,
reasonable attempts were made, such as sending emails directly
to the authors to request the full text of the articles.

Inclusion Criteria

P: The participants in the studies must be over 18 years in age
and be self-reported or diagnosed with insomnia according to the
International Classification of Sleep Disorders (ICSD), diagnostic
and statistical manual of mental disorders fourth edition (DSM-
IV) or fifth edition (DSM-V), or sleep questionnaires such as the
Insomnia Severity Index (score > 7) (17), and Pittsburgh Sleep
Quality Index (score > 4) (18). Participants should be randomly
assigned to CBT intervention groups or control groups.

I: The face-to-face delivered CBT should be applied to
the participants as interventions of insomnia. The CBT
intervention must utilize at least two of the core components,
including sleep restriction, stimulus control, cognitive
therapy, and sleep hygiene. The number of other components
in the intervention plan is not limited.

C: Participants in the control group in the studies received
normal treatment, were placed in a waiting list (waiting list
control, WLC), or received placebo treatments that did not
provide significant effects on sleep.

O: The studies must report at least one of the primary outcomes
required in this meta-analysis study. The primary outcomes
include Insomnia Severity Index, Pittsburgh Sleep Quality
Index, total sleep time, sleep efficiency, sleep onset latency,
wake after sleep onset, and number of awakenings.

Exclusion Criteria

P. The participants in the study were diagnosed with other
severe psychiatric diseases including schizophrenia, severe
depression, and severe bipolar disorders.

I. The intervention group received mindfulness-based
intervention or remote-delivered CBT intervention.

C. No proper control groups presented in the study or patients
in the control groups received any forms of face-to-face
delivered CBT intervention.

O. The study did not provide complete data for the
primary outcomes.

Quality Assessment

Studies passing the full-text assessment underwent a further
quality assessment process conducted by two researchers
independently using the Physiotherapy Evidence Database
(PEDro) scale (16). The PEDro scale defines the quality of the
articles by giving scores ranging from 0 to 10. The marking
criteria include random allocation of participants, concealed
allocation of participants, similar baseline characteristics between
intervention and control groups, blinding to all participants,
blinding to all therapists in the study, blinding to assessors
who assessed the key outcomes of the study, enough outcome
measures obtained, participants received intervention or control
condition as study designed, presence of between-group
comparison analysis, and presence of both point measures and
measures of variability. For each of the criteria, 1 point would
be given if the study completely met the criteria; otherwise, no
point would be given. Articles scoring 3 or less were defined as
poor quality articles (19). Scores 4-5 indicated moderate quality
studies, scores 6-8 indicated good quality studies, and scores
9-10 indicated excellent quality studies (19).

Research Outcomes

The primary outcomes in this study were sleep outcomes,
including severity of insomnia measured by the Insomnia
Severity Index (17), sleep quality measured by the Pittsburgh
Sleep Quality Index (18), total sleep time, sleep efficiency,
sleep onset latency, wakening after sleep onset, and number
of awakenings.

The secondary outcomes in this study included psychiatric
disease outcomes, fatigue, and quality-of-life related physical and
mental health. The psychiatric disease outcomes included scores
of depression scales (20-24) and anxiety scales (25-27). The
fatigue outcome was measured by the scores of various fatigue
scales (28, 29). The quality-of-life related health outcomes were
measured by the scores of the physical health section and mental
health section in the short-form quality-of-life surveys (SF-12
and SF-36) (30).

Data Extraction

The extraction of data was completed by two researchers
independently. The third researcher was invited to confirm the
data if disagreement occurred between the two researchers. If the
article provided results for both post intervention and follow-up,
the results in the longer intervention time for follow-up were
extracted. Reasonable attempts, such as direct email requests to
the authors, were also made to acquire the full datasets of the
studies, if possible, when the published articles did not provide
enough data.

Characteristics of the included studies and the PEDro scores
are summarized in Table 1. The study characteristics include
the location where the study was conducted (country), sample
size, gender distribution (percentage of females), average age,
type of disorder including any comorbid diseases, diagnosis
criteria, drugs used in the study, intervention format, presence
of manuals, number of intervention sessions, duration of a single
session, total treatment time, type of therapist, percentage of
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TABLE 1 | Characteristics of included studies.

References Location N Female, n Age PEDro Disorder Diagnosis Drugs Intervention Delivery
(%) score format
Arnedt et al. (34) USA 17 6 (35%) 46 6 Insomnia, alcohol ISl >8, ICSD, DSM-IV Not specified CBT for insomnia for alcohol Individual
dependent dependent
Ayabe et al. (35) Japan 51 15 (30%) 60 8 Pharmacotherapy-resistant  ISI >8, ICSD, DSM-IV Benzodiazepine Add-on cognitive behavioral Individual
insomnia treatment for insomnia
Bothelius et al. (36) Sweden 66 57 (86%) 51 8 Chronic insomnia Self-report, daytime Hypnotics Manual-guided CBT-I delivered Group
impairment by ordinary primary care
personnel
Carney et al. (37) USA 107 68 (73%) 42 5 Insomnia, depression ISl >15, SE, TWT, SCID, Escitalopram CBT for insomnia Individual
HAMD-17
Chen et al. (38) Taiwan 72 42 (58%) 58 6 Sleep disturbance, renal PSQI >5, self-report Not specified CBT for insomnia Group
disease
Currie et al. (39) Canada 60 18 (30%) 43 5 Insomnia, alcohol Self-report, SCID Hypnotics Brief individual cognitive Individual
dependent behavioral interventions for
insomnia
Drake et al. (40) USA 154 154 56 5 Chronic insomnia DSM-5, ICSD Not specified CBT for insomnia Individual
(100%)
Ellis et al. (41) UK 40 Not 33 7 Acute insomnia DSM-5 Not specified “Single-shot” CBT for insomnia Individual
reported
Espie et al. (42) UK 201 137 (68%) 54 7 Persistent insomnia DSM-IV, ICSD Not specified Nurse-administered small-group ~ Group
CBT
Garland et al. (43) USA 45 43 (96%) 56 Insomnia ICSD Armodafinil CBT for insomnia Individual
Hou et al. (44) China 98 56 (57%) 53 Insomnia, renal disease PSQl >7, SCL-90 Not specified Progressive muscle relaxation, Group
sleep-related behavior
modification
Jacobs et al. (45) USA 30 27 (70%) 47 6 Insomnia ICSD Hypnotics CBT + 1 telephone treatment Individual
session
Jansson-Fréjmark et al.  Sweden 32 20 (63%) 56 5 Insomnia, hearing ICSD Not specified CBT for insomnia Individual
(46) impairment
Jungquist et al. (47) USA 28 24 (86%) 49 Insomnia, chronic pain ICSD Drugs for pain CBT for insomnia Individual
Lovato et al. (48) Australia 118 63 (63%) 64 Insomnia PSQl, self-report Not specified Brief 4-week group-administered ~ Group
CBT for insomnia
Manber et al. (49) USA 30 17 (61%) 35 Insomnia, major depression  DSM-IV, HRSD-17, ICSD Escitalopram CBT for insomnia Individual
McCrae et al. (50) USA 76 76 (100%) 53 Insomnia, chronic pain ICSD Antidepressants, CBT for insomnia Individual
drugs for pain
Morin et al. (51) USA 78 50 (64%) 65 5 Insomnia ICSD Temazepam CBT (stimulus control, sleep Group
restriction, sleep hygiene,
cognitive therapy)
Norell-Clarke et al. (52)  Sweden 64 25 (77%) 52 8 Insomnia, depressive DSISD, SCID, BDI Not specified Group CBT for insomnia Group
symptom
(Continued)
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TABLE 1 | Continued

References Location N  Female, n Age PEDro Disorder Diagnosis Drugs Intervention Delivery
(%) score format
Pigeon et al. (53) USA 21 14 (67%) 51 5 Insomnia, chronic pain ICSD, apnea-hypopnea Not specified CBT for insomnia, CBT for pain Individual
index <10
Sadler et al. (54) Australia 72 40 (56%) 75 Insomnia, depression DSM-5 Not specified CBT for insomnia Group
Savard et al. (55) Canada 58 58 (100%) 54 Insomnia secondary to IIS, ICSD Hypnotics Immediately delivered CBT Group
cancer
Schiller et al. (56) Sweden 51 32 (63%) 42 7 Moderate insomnia Self-report Not specified Workplace-based group CBT for ~ Group
insomnia
Sivertsen et al. (57) Norway 30 16 (53%) 61 5 Chronic insomnia DSM-IV Not specified CBT (sleep hygiene, sleep Individual
restriction, stimulus control,
cognitive therapy, and relaxation)
Smith et al. (58) USA 100 79 (79%) 59 Insomnia, osteoarthritis ICSD, self-report Not specified Standardized CBT for insomnia Individual
Soeffing et al. (59) USA 47 Not 64 8 Insomnia, hypnotic SCID, ICSD Hypnotics CBT for insomnia Individual
reported dependent
Song et al. (60) Korea 40 26 (65%) 56 6 Insomnia, restless leg ICSD-3 Not specified CBT for insomnia Group
syndrome
Talbot et al. (61) USA 45 31 (69%) 37 Insomnia, PTSD DSM-IV Not specified CBT for insomnia Individual
Taylor et al. (63) USA 100 85 (85%) 32 Insomnia DSM-5, SE <85%, Not specified CBT for insomnia Group
self-report
Taylor et al. (62) USA 151 27 (18%) 32 8 Insomnia DSM-5, SE <85%, Not specified CBT for insomnia Group
self-report
Vitiello et al. (64) USA 367 288 (79%) 73 8 Insomnia, osteoarthritis pain ~ Self-report Not specified CBT for insomnia Group
References Manual Number of Duration of sessions Duration of Therapist type Compliance Control Outcome measurements Follow
sessions (n) (min) treatment (weeks) (%) up
Arnedt et al. (34) Yes 8 15-60 8w 2 Authors with certificate 59 Behavioral placebo  1SI, sleep diaries, BDI-II, N/A
treatment STAI-T, MFI-20, SF-36
Ayabe et al. (35) Yes 50 10w Trained clinical psychologists 96 Treatment as usual ISI, PSQ), sleep diaries, SDS 4 w
Bothelius et al. (36) Yes 60-90 9w 4 Primary health-care nurses and 85 Wait list control ISI, sleep diaries 18m
1 social worker
Carney et al. (37) Yes 60 8w Master’s-level students 63 Sleep hygiene ISI, Sleep diaries, HAMD-17 6 m
Chen et al. (38) No 30 6w 2 Psychiatrists and 1 assistant 100 Sleep hygiene PSQI, sleep diaries, BAI, N/A
psychologist BDI, FSS
Currie et al. (39) Yes 60 7w 3 Mental health professionals 78% Wait list control PSQl, sleep diaries, BDI 6m
Drake et al. (40) No <60 6w 1 Registered nurse 97 Sleep hygiene IS, sleep diaries 6m
Ellis et al. (41) No 1 60-70 Tw 1 Practicing health psychologist 100 Wait list control ISI, sleep diaries im
and somnologist
Espie et al. (42) No 60 5w 7 Primary care nurses 89 Treatment as usual PSQI, sleep diaries, SF-36 6 m
Garland et al. (43) No 15-60 7w Not reported 83 Medication only Sleep diaries N/A
Hou et al. (44) No 36 20 3m Not reported 100 Treatment as usual PSQl, SCL-90 N/A
Jacobs et al. (45) No 4 30 6w Not reported 93 Placebo treatment Sleep diaries 12m
(Continued)
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TABLE 1 | Continued

References Manual Number of Duration of sessions Duration of Therapist type Compliance Control Outcome measurements Follow
sessions (n) (min) treatment (weeks) (%) up
Jansson-Fréjmark et al. (46) Yes 7 <60 7w 3 Trained psychologists 94 Wait list control IS, sleep diaries, HADS 3m
Jungquist et al. (47) Yes 8 30-60 8w 1 Masters prepared nurse 75 Treatment as usual IS, sleep diaries, BDI N/A
therapist
Lovato et al. (48) No 4 60 4w 5 Trainee psychologists 97 Wait list control ISI, sleep diaries, flinders 3m

fatigue scale, sleep
anticipatory anxiety

Manber et al. (49) No 7 60 12w 2 Licensed clinical psychologists 73 Sleep hygiene IS, sleep diaries, HRSD-17  N/A

McCrae et al. (50) Yes 8 50 8w 3 Predoctoral students in clinical 72 Wait list control Sleep diaries, BDI, STAIF-T 6 m
psychology

Morin et al. (51) No 8 90 8w 1 Licensed clinical psychologist 95 Placebo treatment Sleep diaries 24'm
or 1 postdoctoral

Norell-Clarke et al. (52) Yes 4 120 8w 1 Licensed psychologist 83 Relaxation training IS, sleep diaries, BDI-II 6m

Pigeon et al. (53) Yes 10 30-60 10w 2 Experienced CBT 100 Wait list control ISI, sleep diaries, CESD-R, N/A
psychologists MFI

Sadler et al. (54) Yes 8 60-90 8w 2 Therapists 96 Psychoeducation ISI, sleep diaries, GDS 3m

Savard et al. (55) Yes 8 90 8w 1 Master-level psychologist 93 Wait list control ISI, sleep diaries 12m

Schiller et al. (56) No 5 120 3m 1 Trained, certified clinical 100 Wait list control IS, sleep diaries, HADS 3m
psychologist

Sivertsen et al. (57) Yes 6 50 6w 2 Clinical psychologists 94 Placebo treatment Sleep diaries 6m

Smith et al. (58) Yes 8 45 8w Postdoctoral clinical psychology 91 Behavioral ISI, sleep diaries 6m
fellows/faculty desensitization

Soeffing et al. (59) No 8 60 8w Doctoral students in clinical 100 sham biofeedback Sleep diaries N/A
psychology treatment

Song et al. (60) Yes 4 60 4w Not reported 63 Sleep hygiene ISI, sleep diaries, BDI, BAI 3 m

Talbot et al. (61) Yes 8 60 8w Licensed clinical psychologists, 93 Wait list control ISI, PSQI, sleep diaries, BDI  6m

certified psychiatrist

Taylor et al. (63) No 6 60 6w Licensed clinical psychologists, 86 Minimal contact ISI, sleep diaries 6m
clinical psychology postdoctoral
fellows, licensed clinical social
worker

Taylor et al. (62) No 6 60 6w Licensed clinical psychologists, 87 Minimal contact ISI, sleep diaries, MFI, BDI, 6 m
clinical psychology postdoctoral BAI
fellows, licensed clinical social
worker

Vitiello et al. (64) No 6 90 6w 1 master’s-level family counselor 93 Education only ISI, SE, GDS 9m
and 1 Ph.D. psychologist control

BAI, Beck anxiety inventory; BDI, Beck depression inventory; CBT, cognitive behavioral therapy; CESD-R: Center for Epidemiologic Studies Depression Scale-revised; DSISD, Duke structured clinical interview for insomnia; DSM-1V,
diagnostic and statistical manual of mental disorders fourth edition;, DSM-5, diagnostic and statistical manual of mental disorders fifth edition; FSS, fatigue severity scale; GDS, geriatric depression scale; HADS, hospital anxiety and
depression scale; HAMD-17, Hamilton depression rating scale; HRSD-17, 17-item Hamilton rating scale for depression; ICSD, international classification of insomnia; IS, insomnia interview schedule; ISI, insomnia severity index; MFI,
multidimensional fatigue inventory; PSQY, Pittsburgh Sleep Quality Index; PTSD, posttraumatic stress disorder; PEDro, Physiotherapy Evidence Database; RT, relaxation training; SDS, self-rating depression scale; SCID, structured clinical
interview for DSM-1V; SCL 90, symptom checklist 90; SE, sleep efficiency; SF-36: 36-item medical outcomes study short-form general health survey; SOL, sleep onset latency; STAI-T, state-trait anxiety inventory-trait subscale; TWT,
total wake time; WASO, wake after sleep onset.
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participants that completed the treatment, type of control group,
outcome variable names, and length of follow-up period.

The mean and standard deviation for the primary and
secondary outcomes were extracted directly from the results
sections, tables, and figures in the studies for both the CBT
intervention group and the control group before and after the
intervention. The mean difference was calculated by subtracting
the mean before intervention from the mean after intervention,
and the total pooled mean difference was also calculated. The
standardized mean difference (SMD) was calculated by dividing
the mean difference by the pooled standard deviation (31).

Subgroup Data Extraction

The designs and groupings of the subgroup variables were based
on the recommended CBT design from the CBT for insomnia
guidelines (32) written by Perlis and colleagues. Subgroup
information was collected mainly based on the characteristics
of intervention delivery and CBT components in each study.
The characteristics of intervention were collected from each
study and coded into subgroup manually. The subgroups include
participant dropout rate (0 for <20% drop out rate and 1 for
>20% drop out rate), number of treatment sessions (0 for <6
sessions and 1 for >6 sessions), duration of treatment sessions (0
for <1h and 1 for >1h), duration of treatment (0 for <6 weeks
and 1 for >6 weeks), form of delivery (0 for group-delivered and 1
for individual-delivered), drugs used in the study (0 for no drugs,
1 for hypnotics, and 2 for other drugs including antidepressants
and pain drugs), and co-morbid diseases (0 for no co-morbid
diseases, 1 for psychiatric diseases, and 2 for chronic diseases).
The CBT module component subgroups included treatment
rationale, sleep hygiene, relapse prevention, relaxation training,
and basic sleep information. The presence of each component
was coded as 1, and the absence of certain module was coded as 0.

Data Analysis

Because of expected heterogenicity, a random effects model,
which provided a statistical parameter of the variations among
the studies (33), was used to measure the mean difference and
SMD of all outcome variables, and the results were presented
as forest plots. A SMD between 0.2 and 0.5 indicated a
small effect size, between 0.5 and 0.8a medium effect size,
and >0.8a large effect size. In addition, the 95% confidence
interval (CI) and p-value were determined for both mean
difference and SMD. A p-value < 0.05 suggested that the
result was statistically significant. The Q test and I*-values
were used to assess the heterogenicity of the studies. The
I?-value ranges from 0 to 100%. An I*-value larger than
50% indicates that the study has a high heterogenicity and a
subgroup analysis is required to explore the possible causes.
In addition, Egger regression analysis was used to assess the
potential publication bias among the studies for each of the
research outcomes, and the funnel plots were presented. A p-
value >0.05 indicated that the publication bias for the research
outcome was not significant. At the study level, sensitivity
analysis was conducted by removing one study at a time vs. all the
studies together to identify whether the overall publication bias
results for the research outcome were related to any particular

study or studies. The software used for data analysis was
STATA 17.0.

RESULTS
Study Selection

A total of 2,854 studies were identified through database search
and other sources. After removing the duplicates, 2,297 studies
were screened by titles and abstracts. After the screening
of titles and abstracts, 2,088 studies were excluded, and the
remaining 209 studies underwent full-text assessment. Another
178 studies were excluded after full-text assessment. Among
the 178 excluded studies, 19 were meta-analysis or systematic
reviews. Thirty-three studies were not related to insomnia. Forty-
two studies did not provide sufficient data for analysis. Twenty-
seven studies did not have control groups. Twenty-eight studies
provided PEDro scores lower than 3 and were considered as
low-quality studies. Thirteen studies were study protocols for
clinical trials. Sixteen studies involved participants aged under
18, which did not meet the inclusion criteria. The final number
of eligible studies included for meta-analysis was 31. The detailed
process of study screening for meta-analysis was presented in
Figure 1.

Study Characteristics

A total number of 2,449 patients were included in the 31 studies
(34-64), with 1,107 of which in the intervention group and
1,342 of which in the control group. A total of 12 studies
(37, 39, 40, 46, 47, 51, 53, 54, 57, 58, 61, 63) received PEDro
scores of 4-5, suggesting that they had moderate quality. The
remaining 19 studies (34-36, 38, 41-45, 48-50, 52, 55, 56,
59, 60, 62, 64) received PEDro scores of 6-8, suggesting that
they had good quality. The studies were carried out in nine
different countries including USA (34, 37, 40, 43, 45, 47, 49—
51,53, 58,59, 61-64), UK (41, 42), Canada (37, 39, 55), Australia
(48, 54), China (38, 44), Japan (35), Sweden (36, 46, 52, 56),
Norway (57), and Korea (60). The percentage of female taking
part in the studies was 66.9%, and the average age of the
participants was 54.6 years. All of the studies included patients
with insomnia. Among of which, some of the studies included
patients with different co-morbid diseases including alcohol
dependence (34, 39), chronic pain (47, 50, 53, 58, 64), renal
diseases (38, 44), hearing impairment (46), depression (37, 49,
52, 54), and posttraumatic stress disorder (61). The percentage of
patients that reported co-morbid depression was 30.7% (34, 37—
39, 46, 47, 49, 50, 52-55, 60-62), and the percentage of patients
that reported co-morbid anxiety was 20.1% (34, 38, 46, 50,
54, 55, 60, 62). Thirteen studies (32, 34, 35, 40, 42, 43, 45-
47, 49-51, 53, 55) used the ICSD as diagnosis criteria. Six
studies (34, 35, 42, 49, 57, 61) diagnosed insomnia using the
DSM-1V, while five studies (40, 41, 54, 62, 63) used the DSM-
V. All of the included studies used either group-delivered or
individual-delivered CBT in the intervention group, with 16
out of 31 studies (34-37, 39, 46, 47, 50, 52-55, 57, 58, 60,
61) using intervention manuals. Moreover, the total number
of intervention sessions ranged from 1 to 36 and the time of
a single session ranged from 15 to 120 min. The duration of
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the intervention ranged from 1 day (one single session) to 3
months. The CBT interventions were all delivered by trained
professionals. In addition, an average of 88% of the patients
completed the treatment across the 31 included studies. All of
the included studies reported at least one of the sleep outcomes.
The characteristics of studies included for meta-analysis were
displayed in Table 1.

Overall Effect of Face-to-Face CBT on

Sleep Outcomes
The results of meta-analysis were presented in Table 2. The forest
plots were presented in Figures 2, 3.

Insomnia Severity Index was reported by 20 studies (34,
36, 37, 40, 41, 46-49, 52-56, 58, 60-64) as an outcome
measurement. Patients in the CBT intervention group showed
a significant reduction in insomnia severity as measured by

Insomnia Severity Index (mean difference = —5.19, 95% CI
—6.30 to —4.07, p < 0.001, I*> = 97.57) compared with
the control group, with large effect size (SMD = —2.56,

95% CI —3.81 to —1.30, p < 0.001). Subgroup analysis was
conducted for Insomnia Severity Index, and the results are
presented in Table 3. We found that the subgroup variable
that provided greatest effect in improving reducing insomnia
severity was relapse prevention. Studies that included relapse

prevention (mean difference = —6.765, 95% CI —8.117 to
—5.413, p < 0.001, I* = 84.05) reported a significantly greater
improvement in insomnia severity scores than studies that did
not include relapse prevention (mean difference = —6.042, 95%
CI —7.106 to —4.978, p < 0.001, I> = 90.56). Other effective
subgroup variables included drop-out rate <20%, number of
sessions >6, duration of one session <1h, sleep hygiene, and
relaxation training.

Pittsburgh Sleep Quality Index was reported in only
five studies (35, 38, 39, 42, 44), and there was an overall
significant improvement in sleep quality measured by
Pittsburgh Sleep Quality Index in the intervention group
(mean difference = —3.13, 95% CI —3.71 to —2.56, p < 0.001,
I? = 0.00) in comparison with the control group, with large effect
size (SMD = —0.96, 95% CI —1.25 to —0.68, p < 0.001).

Among the sleep quality outcomes, the intervention group
reported a significant increase in total sleep time (mean
difference = 23.21, 95% CI 14.56 to 31.87, p < 0.001, I* =
83.31) compared with the control group, with medium effect size
(SMD = 0.63, 95% CI 0.28 to 0.98, p < 0.001). The results of
subgroup analysis for total sleep time are displayed in Table 3.
The duration of intervention sessions showed greatest effect on
total sleep time. In studies in which the duration of one session
was longer than 60 min (mean difference = 27.18, 95% CI 14.27
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TABLE 2 | Total effects of CBT on all outcomes.

Variables Studies Participants Mean difference Effect size Publication bias
(n) )
Mean difference (95% Cl) Q-test 12 (%) Standardized mean Q-test I? (%) Egger'st (95% Cl)
difference (95% CI)

Insomnia Severity 20 1,398 —5.19"* (-6.30, —4.07)  1952.01** 97.57** —2.56"*(—3.81, —1.30) 516.28"* 98.89* 1.05 (—0.89, 2.69)
Index
Pittsburgh Sleep 5 462 —3.13"* (=3.71, —2.56) 2.93 0.00 —0.96""* (—1.25, —0.68) 7.43 47.62  0.20 (—3.99, 4.52)
Quality Index
Total sleep time 25 1,623 23.21*** (14.56, 31.87) 235.35"* 83.31*** 0.63** (0.28, 0.98) 215.91* 91.20"* —-0.18 (—1.19, 1.00)
Sleep efficiency 24 1,698 8.53"** (6.41, 10.65) 919.31* 96.67*** 1.61*(0.92, 2.29) 474.64* 97.26"*  1.51(-0.36, 2.27)
Sleep onset 21 1,477 —16.43"* (—21.04, —11.81) 447.91** 93.756"* —1.31"*(-2.00, —0.63) 367.33"** 97.09"* —0.87 (—2.02, 0.84)
latency
Wake after sleep 20 1,387 —25.74**(-32.46, —19.02) 217.21** 92.56™* —1.44"*(—2.14, —0.74) 360.23"* 97.01** —0.42 (—1.76, 1.18)
onset
Number of 7 543 —0.69"* (—-0.91, —0.46) 18.60**  72.02** —1.18"(-2.10, —0.26)  142.09"** 95.23** (.98 (—1.22,2.71)
awakenings
Depression 15 753 —3.67* (-5.66, —1.68)  294.27** 97.58"**  —1.14**(-1.85, —0.42) 135.21** 95.20"* 0.04 (—1.82, 1.89)
Anxiety 8 493 —0.66 (—1.53, 0.22) 73.20"* 88.09"** —0.62 (—1.55,0.32) 67.90"* 95.83"* —0.86 (—1.89, 0.90)
Fatigue 6 426 —4.74* (—9.34, —0.14)  860.29"* 99.94**  _223" (~3.87, —0.58) 183.37** 97.35"* —1.77 (—5.01, 1.43)
Physical health 3 369 1.90"* (1.02, 2.78) 1.01 0.00 0.42* (0.08, 0.76) 3.85 51.86 1.00(—9.78,11.45)
Mental health 3 369 4.95* (1.01, 8.90) 10.40*  80.07*" 1.09 (-0.59, 2.77) 86.20"* 97.34** —3.18 (—14.87, 8.91)

Cl, confidence interval.
*o < 0.05, **p < 0.01, **p < 0.001.

to 40.08, p < 0.001, I> = 91.65), a greater effect of CBT was
observed than in studies providing sessions shorter than 60 min
(mean difference = 16.40, 95% CI 9.81 to 22.99, p < 0.001,
I2 = 0.00). Other effective CBT characteristics included number
of sessions >6, group delivered, treatment with drugs, sleep
hygiene, relaxation training, and relapse prevention.

We also found that there was a significant increase in sleep
efficiency (mean difference = 8.53, 95% CI 6.41 to 10.65, p <
0.001, I*> = 96.67) in the CBT intervention group compared
with the control group, with large effect size (SMD = 1.61,
95% CI 0.92 to 229, p < 0.001). Subgroup analysis was
conducted for sleep efficiency, and the results are presented in
Table 4. Both relapse prevention and relaxation training showed
a significant effect in improving sleep efficiency. Studies that
included relapse prevention (mean difference = 10.834, 95% CI
7.572 to 14.097, p < 0.001, I*> = 87.34) had a greater effect
on sleep efficiency than studies that did not include relapse
prevention (mean difference = 7.476, 95% CI 4.920 to 10.031, p
< 0.001, I? = 97.01). Likewise, studies that included relaxation
training reported a more significant increase in sleep efficiency
(mean difference = 9.779, 95% CI 7.087 to 12.472, p < 0.001,
I? = 93.96) than studies that did not include relaxation training
(mean difference = 6.787, 95% CI 3.737 to 9.837, p < 0.001,
I? = 95.83). Sleep efficiency was also significantly improved when
drop-out rate was <20%, number of sessions were >6, length of
intervention was <6 weeks, and sessions were group delivered.

In addition, sleep onset latency time was significantly
improved in the CBT intervention group (mean
difference = —16.43, 95% CI —21.04 to —11.81, p < 0.001,
I? = 93.75) in comparison with the control group, with large
effect size (SMD = —1.31, 95% CI —2.00 to —0.63, p < 0.001).

Subgroup analysis was also conducted for sleep onset latency, and
the results are presented in Table 4. We found that the subgroup
variable that provided greatest effect in improving sleep
onset latency was comorbid disease. There was a significantly
greater improvement in sleep onset latency when patients had
comorbid psychiatric diseases (mean difference = —21.382,
95% CI —25.870 to —16.895, p < 0.001, I> = 87.73) compared
with patients who had comorbid chronic diseases (mean
difference = —14.774, 95% CI —24.092 to —5.455, p < 0.01,
I? = 88.72) and patients who had no comorbid diseases (mean
difference = —12.726, 95% CI —21.113 to —4.338, p < 0.01,
I? = 77.14). Other effective CBT characteristics and components
included drop-out rate <20%, number of sessions <6, duration
of one session >60min, group delivered, relapse prevention,
relaxation training, and basic sleep information.

Wake time after sleep onset was also significantly improved
in the CBT intervention group (mean difference = —25.74, 95%
CI —32.46 to —19.02, p < 0.001, I> = 92.56) compared with
the control group, with large effect size (SMD = —1.44, 95% CI
—2.14 to —0.74, p < 0.001). The results of subgroup analysis
for wakening after sleep onset are displayed in Table 5. The
subgroup variables that provided greatest effect in improving
wake time after sleep onset were duration of intervention session
and relaxation training. The subgroup analysis indicated that
wakening after sleep onset was more significantly improved in
studies providing intervention sessions longer than 1h (mean
difference = —30.149, 95% CI —39.022 to —21.296, p < 0.001,
I? = 94.17) compared with studies providing sessions shorter
than 1h (mean difference = —17.375, 95% CI —20.768 to
—13.987, p < 0.001, I*> = 0.00). A greater improvement in
wakening after sleep onset was observed in studies that included
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FIGURE 2 | Forest plots of the effect of CBT for sleep outcomes. (A) Insomnia Severity Index, (B) Pittsburgh Sleep Quality Index, (C) total sleep time, (D) sleep
efficiency, (E) sleep onset latency, (F) wake after sleep onset.
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FIGURE 3 | Forest plots of the effect of CBT for sleep and health outcomes. (A) Number of awakenings, (B) depression, (C) anxiety, (D) Fatigue, (E) physical health,
(F) mental health.

relaxation training (mean difference = —30.034, 95% CI —40.118
to —19.950, p < 0.001, I> = 94.89) compared with studies that
did not include relaxation training (mean difference = —19.597,
95% CI —25.892 to —13.302, p < 0.001, I = 62.68). Other
effective CBT characteristics and components included group
delivered, comorbid psychiatric diseases, sleep hygiene, and
relapse prevention.

The meta-analysis also showed that there was a
significant improvement in number of awakenings (mean
difference = —0.686, 95% CI —0.91 to —0.46, p < 0.001, I =
72.02) in the CBT intervention group compared with the control
group, with large effect size (SMD = —1.18, 95% CI —2.10 to
—0.26, p < 0.05).

The Q-test results were consistent with the I? results in
all analyses, indicating the same levels of significance of
heterogenicity. The p-values between groups were all smaller
than 0.001, suggesting that there was a significant difference
between groups for each of the subgroup variables.

Overall Effect of Face-to-Face CBT on

Psychiatric Diseases

A total of 15 studies measured the effect of CBT on depression
(31, 34-36, 43, 44, 46, 47, 49-52, 57-59) and the total number
of participants in these studies was 753. We found that there
was a significant improvement of depressive symptoms measured
by depression scales (mean difference = —3.67, 95% CI —5.66
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to —1.68, p < 0.001, I*> = 97.58) in CBT intervention groups
compared with the control group, and there was a large effect size
(SMD = —1.14, 95% CI —1.85 to —0.42, p < 0.01).

Subgroup analysis was also conducted on depression. The
results for subgroup analysis on depression were presented in
Table 5. The subgroup analysis showed that relapse prevention
had greatest effect on depression. Studies that included relapse
prevention reported a significantly greater improvement on
depressive conditions (mean difference = —5.120, 95% CI
—7.856 to —2.384, p < 0.001, I> = 93.81) than studies that
did not include relapse prevention (mean difference = —1.273,
95% CI —1.495 to —1.052, p < 0.001, I> = 0.00). Other
characteristics of the studies including drop-out rate <20%,
number of sessions >6 sessions, duration of 1 session <1h,
length of intervention >6 weeks, individual delivered, using
sleep drugs, and patients with co-morbid chronical diseases
had significant effect on the reduction of depression. CBT
intervention components including sleep hygiene, relaxation
training, and basic sleep information had significant effect on the
improvement of depression. The Q-test results were consistent
with the I? results, indicating the same levels of heterogenicity.
The p between groups were all smaller than 0.001, suggesting that
there was a significant difference between groups for each of the
subgroup variables.

Anxiety was measured in eight studies (31, 35, 43, 47, 51, 52,
57, 59), and the total number of participants in these studies
was 493. Compared with control groups, CBT intervention
groups only reported a slight improvement in anxiety symptoms
measured by anxiety scales (mean difference = —0.66, 95% CI
—1.53 to 0.22, p > 0.05, I* = 88.09), with moderate effect size
(SMD = —0.62, 95% CI —1.55 to 0.32, p > 0.05). The Q-test
result was consistent with the I? result, indicating a high level
of heterogenicity.

Overall Effect of Face-to-Face CBT on
Fatigue

Fatigue was reported as outcome measurement in six studies
(34, 38, 48, 53, 55, 62), and the total number of participants in
these studies was 426. The meta-analysis found that there was
a significant reduction of daytime fatigue measured by different
fatigue scales (mean difference = —4.74, 95% CI —9.34 to —0.14,
p < 0.05, I> = 99.94) in CBT intervention groups compared with
the control group with a large effect size (SMD = —2.23, 95% CI
—3.87 to —0.58, p < 0.01). The Q-test result was consistent with
the I? result, indicating a high level of heterogenicity.

Overall Effect of Face-to-Face CBT on

Quality of Life

The scores of SF 12 and SF 36 quality of life survey were
reported in three studies (34, 42, 62). The scores of physical health
section and mental health section were collected from all of the
three studies. Patients in the CBT intervention groups showed
a significant improvement in physical health measured by SF 12
and SF 36 survey (1.90, 95% CI 1.02 to 2.78, p < 0.001, I> = 0.00),
with a medium effect size (SMD = 0.42, 95% CI 0.08 to 0.76, p <
0.05). Mental health measured by SF 12 and SF 36 survey was also

improved in CBT intervention group (4.95, 95% CI 1.01 to 8.90,
p < 0.05, I> = 80.07) compared with control group, with a large
but not statistically significant effect size (SMD = 1.09, 95% CI
—0.59 to 2.77, p > 0.05). The Q-test results were consistent with
the I? results, indicating the same levels of heterogenicity.

Publication Bias

The results of the Egger’s regression test for all of the research
outcomes were summarized in Table 2. The funnel plots of the
outcome variables were provided in Supplementary Figures 1, 2.
A symmetric distribution of mean difference in all outcomes
was observed upon the visual inspection of the funnel plots,
indicating that there was no significant publication bias. The
results of Egger’s test of all variables had no significant results
including Insomnia Severity Index (¢ = 1.05, 95% CI —0.89 to
2.69, p > 0.05), Pittsburgh Sleep Quality Index (t = 0.20, 95%
CI —3.99 to 4.52, p > 0.05), total sleep time (t = —0.18, 95% CI
—1.19 to 1.00, p > 0.05), sleep efficiency (t = 1.51, 95% CI —0.36
to 2.27, p > 0.05), sleep onset latency (t = —0.87, 95% CI —2.02
to 0.84, p > 0.05), wakening after sleep onset (t = —0.42, 95%
CI —1.76 to 1.18, p > 0.05), number of awakenings (t = 0.98,
95% CI —1.22 to 2.71, p > 0.05), depression (t = 0.04, 95% CI
—1.82 to 1.89, p > 0.05), anxiety (t = —0.86, 95% CI —1.89 to
0.90, p > 0.05), physical health (t = 1.00, 95% CI —9.78 to 11.45,
p > 0.05), and mental health (t = —3.18, 95% CI —14.87 to 8.91,
p > 0.05). These results suggested that there is no significant
publication bias for these outcomes. The study by Pigeon et al.
(53) was excluded in the analysis of fatigue because it provided
a high publication bias for this outcome. The Egger’s t-value
for fatigue after excluding this study was —1.77 (95% CI —5.01
to 1.43, p > 0.05), which suggested that there is no significant
publication bias for fatigue in the rest of the studies. Removing
any single study in other outcomes did not change the overall
results. Therefore, all of the included studies contributed to the
overall publication bias results in all outcomes except fatigue.

DISCUSSION

This study included 31 randomized controlled trial studies to
assess the effect of face-to-face delivered CBT on different health
outcomes in patients with insomnia. The results from this meta-
analysis study showed that face-to-face delivered CBT had a
significant positive effect in improving all of the sleep outcomes
(Insomnia Severity Index, Pittsburgh Sleep Quality Index, total
sleep time, sleep efficiency, sleep onset latency, wakening after
sleep onset, and number of awakenings), one of the psychiatric
disease outcomes (depression), fatigue, and quality-of-life related
physical and mental health. Face-to-face delivered CBT did
not show significant effects on the other psychiatric disease
outcome (anxiety).

Efficacy of Face-to-Face CBT Intervention

on Sleep Outcomes

The meta-analysis results were consistent with the findings
from previous studies (12, 65), suggesting that face-to-face CBT
had an overall significant effect in improving sleep quality
and reducing insomnia symptoms. Previous studies (65, 66)
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TABLE 3 | Subgroup analysis for Insomnia Severity Index and total sleep time.

Subgroups Insomnia Severity Index Total sleep time
Study Participant MD SMD MD /2 MD P Study Participant MD SMD MD /2 MD P
(n) (n) (95% ClI) (95% Cl) (%) Q-test Between (n) (n) (95% Cl) (95% ClI) (%) Q-test Between
Dropout rate <0.001 <0.001
<20% 15 1,194 —5.368"* —2.912%* 97.93*** 1937.33*** 19 1,274 22.87* 0.66** 86.26"* 231.55"*
(—6.608, —4.128) (—4.529, —1.295) (12.66, 33.08) (0.23, 1.09)
>20% 5 204 —4.422* —1.635% 79.81* 12.81* 6 249 22.76™* 0.55* 0.00 1.50
(~7.449, —1.369) (—2.956, —0.114) (16.31, 29.21) (0.03, 1.07)
Number of sessions <0.001 <0.001
<6 sessions 7 469 —3.691** —0.718** 73.67*  20.53* 8 603 16.77* 0.28* 23.97 7.97
(-5.616, —1.766) (—1.152, —0.284) (4.12,27.43) (0.11,0.44)
>6 sessions 13 929 —5.908*** —3.581*** 98.20"* 1931.33"** 17 920 25.52%** 0.80* 88.75"* 217.84**
(—7.203, —4.612) (—5.326, —1.836) (14.51, 36.52) (0.30, 1.30)
Duration of one session <0.001 <0.001
<1h 6 304 —6.516™* —2.995 81.40"  36.34"* 11 532 16.40 0.32"* 0.00 2.16
(—8.456, —4.576) (—6.007, 0.016) (9.81, 22.99) (0.15, 0.49)
>1h 14 1,094 —4.668"* —2.399** 97.94**  1549.47** 14 991 27.18"* 0.85™ 91.65"* 220.71**
(—5.965, —3.372) (—3.777, —1.021) (14.27, 40.08) (0.27, 1.44)
Length of intervention <0.001 <0.001
<6 weeks 7 760 —5.100"** —2.898" 98.80"**  1443.20* 9 776 23.47* 0.67 85.62***  159.40***
(—6.910, —3.290) (—5.143, —0.654) (9.97, 36.96) (-0.02, 1.37)
~6 weeks 13 638 —5.223"* —2.368** 93.47** 193.81** 16 747 22.99** 0.60** 76.93"* 7219
(—6.712, =3.733)  (—3.937, —0.800) (11.39, 34.59) (0.22, 0.98)
Form of delivery <0.001 <0.001
Group-delivered 10 925 —5.021** —3.094** 98.18"* 1535.76™* 10 853 28.04** 1.03* 95.15"*  219.32**
(—6.341, —3.702) (—4.856, —1.332) (12.02, 44.06) (0.23, 1.83)
Individual—-delivered 10 473 —5.304** —2.009* 86.56* 83.10"** 15 670 1710 0.33"* 0.00 3.70
(=7.311, =3.297) (—3.826, —0.192) (10.84, 23.37) (0.18, 0.48)
Drug treatment <0.001 <0.001
No drug used 16 1,208 —5.384*** —3.019** 97.88"* 1939.74*** 17 1,183 22.36"* 0.75" 89.58"* 231.11**
(—6.556, —4.212) (—4.527, —1.510) (11.95, 32.76) (0.25, 1.25)
Hypnotics 1 66 —4.600"** —0.874** N/A 0.00 5 200 20.36" 0.34* 0.00 3.28
(=7.111, —2.089) (—1.374, —0.374) (1.50, 39.23) (0.06, 0.61)
Other 3 129 —-3.707 —0.707 84.43* 12.18* 3 140 30.64* 0.38* 0.00 0.36
(—9.669, 2.254) (—=1.760, 0.346) (6.05, 55.24) (0.04,0.73)
Comorbid disease <0.001 <0.001
None 6 434 —4.633"** —0.945*** 64.06* 13.86* 10 714 17.44% 0.31%* 22.46 10.90
(-6.215, =3.052) (—1.277, —0.613) (6.99, 27.90) (0.17,0.46)
Psychiatric 9 736 —5.276"* —3.924** 99.32***  1922.02*** 8 460 25.70* 1.03** 95.89"* 207.94***
(—=7.413, —3.139) (—6.448, —1.399) (5.37, 46.09) (0.01, 2.05)
Chronic 5 228 —5.410"* —2.082** 66.78* 10.65* 7 349 21.99** 0.59* 0.00 1.89
(—7.142,3.679) (—3.585, —0.579) (15.92, 28.05) (0.18, 1.01)
Treatment rationale <0.001 <0.001
No 17 1,231 —5.480"* —2.929*** 97.69*  1942.46*** 22 1,351 23.79* 0.68™ 85.86™* 233.72"*
(—6.614, —4.345)  (—4.351, —1.507) (14.41, 33.17) (0.29, 1.07)
Yes 3 167 —2.748 —0.497 80.93* 8.98* 3 172 18.59 0.23 0.00 0.93
(=7.507, 2.011) (—=1.286, 0.293) (—2.04, 39.21) (—0.07, 0.53)
(Continued)
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TABLE 3 | Continued

Subgroups Insomnia Severity Index Total sleep time
Study Participant MD SMD MD /2 MD p Study Participant MD SMD MD /2 MD P
(n) (n) (95% CI) (95% Cl) (%) Q-test Between (n) (n) (95% Cl) (95% ClI) (%) Q-test Between

Sleep hygiene <0.001 <0.001
No 4 172 —3.498* —0.650"** 41.70 512 8 325 15.66* 0.32* 18.16 6.55

(—5.5621, —1.476) (—0.957, —0.343) (2.42, 28.90) (0.10, 0.53)
Yes 16 1,226 —B.477%* —3.030"** 98.06"*  1944.75*** 17 1,198 24.37%* 0.77* 88.83"* 219.76™*

(—6.708, —4.245)  (—4.543, —1.517) (13.82, 34.92) 0.27,1.27)
Relapse prevention <0.001 <0.001
No 12 1,076 —4.292*** —2.194** 98.25"**  1464.78"* 16 990 19.75 0.56* 81.62** 181.16"*

(—5.751, —2.833) (—3.666, —0.722) (9.68, 29.81) (0.12, 1.00) 75.59***
Yes 8 322 —6,765"* —3.151* 84.05"* 57.67* 9 533 28.43** 0.77* 52.82***

(—8.117, —5.413) (—5.531, —0.771) (13.00, 43.87) (0.161, 1.37)
Relaxation training <0.001 <0.001
No 11 816 —4.472" —1.997* 97.50"* 71.06 11 583 19.70" 0.49** 0.00 6.66

(—6.296, —2.647) (—3.623, —0.371) (14.87, 24.53) (0.17,0.81)
Yes 9 582 —6.042"** —3.236*" 90.56*  58.29"** 14 940 25.07*** 0.74* 88.72* 21532

(=7.106, —4.978) (—5.189, —1.282) (12.48, 37.65) (0.17,1.32)
Basic sleep information <0.001 <0.001
No 10 857 —5.732%* —4.080*** 98.82***  1920.24** 13 764 24.91** 0.89* 92.27**  215.45**

(—7.259, —4.205) (—6.232, —1.928) (12.01, 37.82) (0.25, 1.54)
Yes 10 541 —4.511%* —0.869*** 71.68"* 30.35"* 12 759 17.93 0.31%* 18.20 11.44

(—6.153, —2.868) (—1.267, —0.472) (8.12, 27.74) (0.17, 0.46)

MD, mean difference; SMD, standardized mean difference; Cl, confidence interval.

*p < 0.05, *p < 0.01, "™p < 0.001.
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TABLE 4 | Subgroup analysis for sleep efficiency and sleep onset latency.

Subgroups Sleep efficiency Sleep onset latency
Study Participant MD SMD MD 12 MD P Study Participant MD SMD MD 12 MD P
(n) (n) (95% Cl) (95% Cl) (%) Q-test Between (n) (n) (95% ClI) (95% Cl) (%) Q-test Between
Dropout rate <0.001 <0.001
<20% 17 1,378 9.196"* 1.951%* 96.62*** 850.68"** 16 1,258 —17.288"* —1.509*** 92.64** 177.91*
(6.953, 11.438) (1.032, 2.871) (—22.149, —12.428)  (—2.379, —0.640)
>20% 7 320 6.863** 0.787** 87.45%*  29.50"** 5 219 —13.494* —0.634** 77.70"*  20.90"*
(1.908, 11.818) (0.286, 1.288) (—25.890, —1.097)  (—1.101, —0.166)
Number of sessions <0.001 <0.001
<6 sessions 8 610 7.431* 0.585*** 86.02*** 45,70 8 599 —19.335"* —0.643*** 78.26™* 29.72***
(8.017, 11.845) (0.281, 0.889) (=30.200, —8.471)  (—1.023, —0.263)
>6 sessions 16 1,088 9.129** 2.128*** 96.90** 830.25*** 13 878 —15.535"** —1.721%* 95.30"* 415.05**
(6.820, 11.438) (1.180, 3.075) (—20.706, —10.365)  (—2.766, —0.676)
Duration of one session <0.001 <0.001
9 455 8.072*** 1.242* 63.33*  17.09* 9 558 —12.918™* —0.732*** 73.25"*  31.18"*
<1h (5.567, 10.578) (0.406, 2.079) (=18.726, —7.109)  (—1.157, —0.307)
15 1,243 8.815%* 1.794* 98.11** 901.29"** 12 919 —19.410™ —1.750** 96.76** 384.18**
>1h (5.841, 11.789) (0.831, 2.757) (—26.392, —12.428)  (—2.869, —0.631)
Length of intervention <0.001 <0.001
<6 weeks 10 1,021 9.701** 1.878 96.24*** 729.98** 8 746 —15.975" —1.747* 96.63** 145.86***
(6.909, 12.494) (0.572, 3.183) (—24.535, —7.414)  (—3.406, —0.088)
~6 weeks 14 677 7.792%** 1.384** 94.48** 177.78** 13 731 —16.870" —1.032*** 86.39"* 138.64***
(4.770,10.814) (0.664, 2.104) (—22.591, —11.149)  (—1.500, —0.565)
Form of delivery <0.001 <0.001
Group-delivered 10 1,034 8.915%* 2.319* 98.53** 865.70** 10 909 —18.678"* —1.862** 97.53** 382.00**
(5.658, 12.172) (0.995, 3.644) (—26.363, —10.992)  (—3.198, —0.526)
Individual-delivered 14 664 8.185"** 1.021* 80.33"* 53.59"* 11 568 —14.012" —0.793** 68.15"* 32.32**
(5.317,11.053) (0.484, 1.557) (—19.398, —8.625)  (—1.173, —0.412)
Drug treatment <0.001 <0.001
No drug used 16 1,338 8.801** 2.052*** 97.60** 882.33** 14 1,140 —16.076™* —1.634** 96.28"* 438.32***
(6.334, 11.267) (1.085, 3.019) (—21.724, —10.427)  (—2.610, —0.658)
Hypnotics 4 155 8.920"* 0.844*** 0.00 1.19 5 233 —18.240 —0.588** 21.52 5.42
Other (5.581, 12.259) (0.520, 1.167) (—27.033, —9.447)  (=1.010, —0.167)
4 205 7.139 0.639 88.28*  25.25"* 2 104 —17.089 —0.879 75.68* 4.11*
(—0.789, 15.066)  (—0.130, 1.409) (—38.040, 3.862) (—2.405, 0.648)
Comorbid disease <0.001 <0.001
None 10 714 7.901** 0.631*** 66.28"** 39.63"** 8 642 —12.726" —0.482** 7714 25.06*
(4.943, 10.859) (0.478, 0.783) (—21.113, —4.338)  (-0.781, —0.182)
Psychiatric 9 712 8.639*** 2.682** 98.86* 800.55"** 7 430 —21.382"** —2.637** 87.73"*  63.11*
(4.754,12.524) (1.148, 4.215) (—25.870, —16.895)
Chronic 5 272 9.149* 1.343 90.59*  39.13"** 6 405 —14.774* (—4.317, —0.958) 88.72"** 53.07***
(3.953, 14.345) (0.591, 2.095) (—24.092, —5.455) —0.807***
(—1.267, —0.347)
Treatment rationale <0.001 <0.001
No 22 1,551 9.194** 1.746" 96.19"* 892.26"** 19 1,337 —16.140"* —1.377 94.10"* 442.00"**
(7.141,11.247) (1.024, 2.468) (—20.911, —11.369)  (—2.124, —0.630)
Yes 2 147 1.690 0.155 86.99"  7.69* 2 140 —-18.343 —0.726 81.70* 5.47*
(—=5.784,9.163)  (—0.694, 1.004) (—41.539, 4.853) (—1.878, 0.427)
(Continued)
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TABLE 4 | Continued

Subgroups Sleep efficiency Sleep onset latency
Study Participant MD SMD MD 2 MD P Study Participant MD SMD MD 2 MD p
(n) (n) (95% CI) (95% CI) (%) Q-test Between (n) (n) (95% CI) (95% CI) (%) Q-test Between
Sleep hygiene <0.001 <0.001
No 6 248 8.307** 0.703*** 65.73*  21.48*" 5 253 —21.756"** —0.957** 0.00 4.22
(3.654, 12.960) (0.450, 0.955) (—26.820, —16.693)  (—1.316, —0.597)
Yes 18 1,450 8.590"** 1.910"* 97.47** 8638.02** 16 1,224 —15.184** —1.443* 95.59"**  442.81
(6.156, 11.024) (1.022, 2.797) (—20.628, —9.739)  (—2.334, —0.552)
Relapse prevention <0.001 <0.001
No 17 1,261 7.476%* 1.386** 97.01** 837.06™* 14 950 —15.303" —1.337* 95.89"* 433.40***
(0.573, 2.198) (—21.471, =9.135)  (—2.290, —0.384)
Yes 7 437 (4.920, 10.031) 2.180** 87.34** 55,92 7 527 —19.871* —1.254** 56.53*  14.13*
10.834** (—24.995, —14.746)  (—2.117, —0.391)
(7.572,14.097) (0.891, 3.469)
Relaxation training <0.001 <0.001
No ihl 790 6.787**(3.737, 1.228"%0.563, 95.83"* 62.51*** 9 515 —14.383" —0.963** 89.41%*  77.27*
9.837) 1.893) (—21.427, —=7.340)  (—1.419, —0.507)
Yes 13 908 9.779**(7.087, 1.946*%(0.805,  93.96™* 282.25"* 12 962 —18.259"* —1.564** 93.10"* 127.32***
12.472) 3.088) (—24.314, —12.204)  (—2.721, —0.406)
Basic sleep information <0.001 <0.001
13 964 8.744** 2.244** 97.32*** 818.36"** 13 832 —15.742"* —1.727* 95.25"* 4183.47*
No (6.270, 11.218) (1.154, 3.334) (—20.939, —10.544)  (—2.771, —0.683)
11 734 8.431** 0.649*** 85.66* 79.70"* 8 645 —18.835"* —0.625"* 79.568"*  30.51**
Yes (4.691,12.171) (0.384, 0.914) (—29.656, —8.014)  (—1.006, —0.244)

MD, mean difference; SMD, standardized mean difference; Cl, confidence interval.
*p < 0.05, **p < 0.01, *p < 0.001.
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TABLE 5 | Subgroup analysis for wake after sleep onset and depression.

Subgroups Wake after sleep onset Depression
Study Participant MD SMD MD2  MD P Study Participant MD SMD MDZ2  MD p
(n) (n) (95% Cl) (95% CI) (%) Q-test Between (n) (n) (95% ClI) (95% CI) (%) Q-test Between
Dropout rate <0.001 <0.001
<20% 15 1,168 —25.810"* —1.549** 93.85*** 152.11*** 8 461 —4.725** —1.726* 97.44** 221,19
(—38.770, —17.850)  (—2.475, —0.623) (—7.598, —1.853) (—3.163, —0.289)
>20% 5 219 —25.133"* —1.086"** 73.45"  16.20* 7 292 —2.087 —0.686 62.28 12.46
(—38.650, —11.615)  (—1.610, —0.562) (—4.313,0.138) (—1.398, 0.026)
Number of sessions <0.001 <0.001
<6 Sessions 7 569 —25.781** —0.545** 42.04  10.49 5 287 —2.571 —0.239 56.75*  10.00*
(—36.605, —14.956) (—0.806, —0.283) (—6.156, 1.013) (—0.580, 0.102)
>6 sessions 13 818 —25.564*** —1.909*** 95.61** 204.31** 10 466 —4.055** —1.692** 98.52*** 284.23"**
(—34.024, —17.104)  (—2.917, —0.902) (—6.467, —1.643) (—2.787, —0.598)
Duration of one session <0.001 <0.001
7 430 —17.375"* —0.880* 0.00 6.59 6 252 —4.830" —-1.217 92.17** 86.79"**
<1h (—20.762, —13.987) (—1.414, —0.346) (—8.699, —0.961) (—2.545,0.112)
13 957 —30.149* —1.735" 9417+ 142,31 9 501 —2.813** —1.136* 96.80"** 160.42***
>1h (—39.002, —21.296) (—2.764, —0.705) (—4.777, —0.850) (—2.095, —0.178)
Length of intervention <0.001 <0.001
<6 weeks 7 716 —28.502"* —1.956" 93.85"* 40.32*** 3 263 —1.240" —0.494* 0.00 0.63
(—38.685, —18.318)  (—3.632, —0.280) (—=1.704, —0.775) (=0.912, —0.077)
-6 weeks 13 671 —23.996"* —1.147* 87.67** 115.79*** 12 490 —4.031* —1.374** 96.87** 284.44**
(—82.979, —15.012)  (—1.747, —0.546) (—6.391, —1.671)  (—2.320, —0.429)
Form of delivery <0.001 <0.001
Group-delivered 10 849 —30.329"** —1.887** 96.17** 135.77** 6 432 —3.047** —1.468* 97.37** 149.21**
(—41.395, —19.263) (—3.213, —0.560) (—5.187, —0.908) (—2.841, —0.095)
Individual-delivered 10 538 —19.934** —0.963** 47.72 16.72 9 321 —3.955* —0.707* 90.25"* 102.55"*
(—25.494, —14.374)  (—1.386, —0.539) (—=7.009, —0.901) (—1.231, —0.184)
Drug treatment <0.001 <0.001
No drug used 13 1,047 —26.880"** —1.795** 96.23** 206.58"* 10 508 —4.259** —1.630" 98.55 282.91™*
(—86.232, —17.529)  (—2.820, —0.771) (—6.761, —1.757)  (—2.744, —0.516)
Hypnotics 5 236 —22.412** —0.607** 0.00 1.24 1 40 —5.600* —0.660* N/A 0.00
Other (—30.592, —14.233)  (—0.965, —0.249) 5.42* 4 (=10.754, —0.446)  (—1.285, —0.036)
2 104 —28.393* —1.230 81.54* 205 —1.605 —0.248 63.86 9.32*
(—58.079, —3.708) (—2.8283, 0.363) (—5.165, 1.955) (—=0.811, 0.315)
Comorbid disease <0.001 <0.001
None 8 650 —22.820* —0.565"** 52.33*  14.37* 1 40 —2.300 —0.243 N/A 0.00
(—32.381, —13.258) (—0.819, —0.311) (—8.335, 3.735) (—0.882, 0.396)
Psychiatric 7 430 —31.968"* —2.736™ 97.58"* 109.84** 8 276 —2.922** —1.036" 93.67** 125.19"*
(—45.169, —18.766)  (—4.381, —1.090) (—5.084, —0.759) (—2.049, —0.023)
Chronic 5 307 —19.743** —0.949* 71.19*  12.26* 6 437 —4.623* —1.627* 94.80*** 144.30"*
(=29.190, —10.295) (—1.482, —0.415) (—8.368, —0.877) (=3.192, —0.061)
Treatment rationale <0.001 <0.001
No 18 1,247 —27.238"** —1.574* 93.22*** 208.59*** " 510 —4.341* —1.532** 98.22 286.07**
(—34.324, —20.152)  (—2.334, —0.814) (—6.656, —2.025) (—2.525, —0.539)
Yes 2 140 —12.513* —0.300 0.00 0.61 4 243 —1.594 —0.238 63.66 8.11*
(—24.985, —0.041) (—0.655, 0.056) (—4.900, 1.712) (—0.695, 0.220)
(Continued)
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TABLE 5 | Continued

Subgroups Wake after sleep onset Depression
Study Participant MD SMD MD 2 MD p Study Participant MD SMD MD /2 MD p
(n) (n) (95% Cl) (95% CI) (%) Q-test Between (n) (n) (95% ClI) (95% CI) (%) Q-test Between
Sleep hygiene <0.001 <0.001
No 4 163 —19.641** —0.640"** 0.00 1.15 3 102 —2.961** —0.593** 0.00 1.17
(—28.584, —10.699) (—0.950, —0.330) (—4.834, —1.089) (—0.982, —0.204)
Yes 16 1,224 —27.058"** —1.647 94.83** 210.35"** 12 651 —3.726** —1.337* 98.39  291.81
(—35.085, —19.031)  (—2.505, —0.790) (—6.133, —1.319) (—2.295, —0.380)
Relapse prevention <0.001 <0.001
No 13 860 —24.200 —1.469"* 89.18™* 123.21™* 7 449 —1.273* —0.654 0.00 8.12
(—31.025, —17.375)  (—2.387, —0.550) (—=1.495, —1.052) (=1.329, 0.021)
Yes 7 527 —27.126"* —1.391* 90.08** 89.22*** 8 304 —5.120"* —1.765* 93.81** 91.71**
(—41.376, —12.876) (—2.540, —0.241) (—7.856, —2.384) (—3.204, —0.327)
Relaxation training <0.001 <0.001
No 10 553 —19.597** —0.949* 62.68* 19.93* 7 313 —2.239* —-0.877* 83.57*  19.99*
(—25.892, —13.302)  (—1.404, —0.495) (—4.182, —0.296) (—1.616, —0.139)
Yes 10 834 —30.034** —1.912* 94.89*** 79.11** 8 440 —4.651** —1.569* 96.81*** 221.23"**
(—40.118, —19.950) (—3.221, —0.604) (—7.616, —1.686) (—3.059, —0.080)
Basic sleep information <0.001 <0.001
11 704 —27.019"** —2.192%* 96.59** 199.25"* 7 418 —3.103** —1.613 96.49** 155.60"**
No (—36.458, —17.579) (—3.312, —1.072) (—4.804, —1.403) (—=2.716, —0.509)
9 683 —22.827** —0.497* 25.36 11.78 8 335 —4.021* —0.353* 86.04** 86.41***
Yes (—30.934, —14.721)  (—0.686, —0.308) (—7.561, —0.480) (—0.673, —0.032)

MD, mean difference; SMD, standardized mean difference; Cl, confidence interval.
"0 < 0.05, *p < 0.01, **p < 0.001.
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mentioned that one of the major goals of CBT interventions
on insomnia was to initially limit sleep opportunities at wrong
time points in order to increase the pressure for sleep at right
time points. Ultimately, the increased sleep drive would lead to
an improvement of homeostatic regulation of sleep, and then
right sleep opportunities at right time points. Variables such
as sleep efficiency, sleep onset latency, and wake after sleep
onset were related to homeostatic regulation of sleep, and these
variables reported a relatively immediate improvement during
the intervention, indicating an improvement of homeostatic
regulation (65, 66). Other variables, including total sleep time
and number of awakening, may show greater improvements
over time as participants continue to practice the skills
acquired during CBT intervention and gradually increase their
opportunity for sleep (65, 66).

In randomized controlled trial studies, especially studies
which were delivered in groups, frequent drop-out of participants
may bring negative thoughts, such as untrust of the intervention
and therapists, to other participants in the study. Participants
would be less focused during the intervention sessions, and
the overall effect of intervention would be reduced. Moreover,
larger number of intervention sessions and longer duration of
single sessions give the therapists a better chance to deliver the
contents of the intervention in detail. Participants in these studies
will get better understandings of the intervention contents and
strategies and more likely to apply the strategies to their real
life. We noticed that one of the included studies by Ellis (41)
provided only one session of CBT intervention, but this study
provided similar results on sleep outcomes compared with other
studies which provided larger number of sessions. Considering
this study was aimed to treat acute insomnia at early phase,
further study was needed to confirm the effects of brief CBT on
acute insomnia. In addition, longer intervention period could
lead to the impatience of the participants and becoming unwilling
to participate. Another important point is the form of delivery of
the intervention. Patients in group-delivered CBT could discuss
the contents of the interventions with peers, which promoted
better understanding of the contents than patients who received
CBT treatment alone. Also, the effect of face-to-face CBT was
more significant when the patients had co-morbid psychiatric
diseases or taking drugs such as hypnotics and antidepressants,
which was consistent with the findings in previous study (67).
A possible explanation for this result is that psychiatric diseases
could be a main cause of insomnia. Although the studies included
in this study all used CBT that was specially adapted for
treating insomnia, some of the components such as cognitive
therapy and relaxation training, still remained the functions of
identifying and relieving anxious thoughts, which was effective in
treating psychiatric disease symptoms. As a result, depressive or
anxious symptoms were relieved due to CBT itself or other drug
treatments. The relief of psychiatric disease symptoms led to a
better mental health status, and therefore, insomnia was treated
more effectively.

Sleep hygiene component was widely used as an individual
treatment option in previous studies (68), which aimed to
provide a better environment that is suitable for sleep. Although
the effect of sleep hygiene alone on insomnia was very limited,

a well-established bedroom environment is still advantageous
when patients attempted to make behavioral changes (68).
Consistent with the findings from previous study (69), relaxation
training component was found to be effective. Relaxation training
component taught the patients how to fall asleep more easily,
establishing a positive mental condition toward insomnia, and
patients with positive mental status are more determined to make
behavioral changes and change their old sleep habits in order to
improve sleep quality (69). As insomnia was a chronic condition,
sustaining improvement is required after CBT intervention is
finished. Therefore, relapse prevention is very important in CBT
intervention program because the presence of relapse prevention
component ensured the long-term effect of the intervention.
In contrast, the rarely used components such as treatment
rationale and basic sleep information did not seem to have great
effects on sleep. These components only provided background
information of disease and intervention to the patients, with
limited effect on thoughts or behavioral changes. As the number
of studies utilizing these components was limited, the effect of
these components on sleep outcomes was uncertain.

Efficacy of Face-to-Face CBT Intervention

for Psychiatric Diseases

It has been reported in prior study that face-to-face CBT has a
significant effect in improving depressive symptoms (65), which
is similar to our findings. A possible explanation for the result
would be face-to-face CBT intervention established a regularized
sleep-wake cycle, and previous study mentioned that patients
with a regularized sleep-wake cycle was more likely to experience
a reduction in daytime symptoms, including depression and
pain (65).

In previous studies, traditional cognitive behavioral showed
an overall significant effect on anxiety (70, 71), which was
quite different from our findings. However, all of the studies
included in this study used CBT for insomnia (CBT-I), a specially
adapted form of CBT targeting insomnia only. Different to
the traditional CBT interventions, the contents in the CBT-I
intervention focused on sleep problems and topics on anxiety
were not discussed. On the other hand, only five studies reported
anxiety in this study. Due to the limited number of studies, the
results of meta-analysis on anxiety may not be representative.

Efficacy of Face-to-Face CBT Intervention

on Fatigue

It is recognized that the most direct consequence of poor
sleep quality caused by insomnia is fatigue during the day
(72). Face-to-face CBT has already shown a significant effect in
improving sleep quality. It is plausible that patients receiving CBT
intervention have developed a more efficient rest in bed, which
led to an apparent reduction in daytime fatigue.

Efficacy of Face-to-Face CBT Intervention
on Quality of Life

The proposed mechanism for the improvement of physical and
mental health is that face-to-face CBT intervention established
a regularized sleep-wake cycle, which enabled the participants
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to get enough rest across the night. The adequate rest of the
body would be helpful in reducing daytime symptoms such as
depression, fatigue, and pain, leading to an overall increase in
physical health. In this context, negative thoughts were rectified,
and patients would have a more positive attitude toward life after
the treatment. The improvement of both physical health and
mental health contributed to the overall improvement of quality
of life.

Strength, Limitations, and Implications of

Study
This study included a large number of high quality randomized

controlled trial studies on the effectiveness of face-to-face
delivered CBT in treating insomnia published in the last 22 years
since the first RCT study (51) was published, and the results
from subgroup analysis explained the contribution of specific
subgroup variables to the overall effects. However, there are a
number of limitations for the study. First, articles published in
languages other than English were not included in this study.
Second, although some of the research outcomes including
Pittsburgh Sleep Quality Index, anxiety, fatigue, and scores of
SF-12 and SF-36 health surveys were good indicators for sleep
quality and health, they were reported in a very limited number
of studies, making it hard to conclude if face-to-face CBT
had a significant effect on those outcomes. Third, the effect
of some CBT components was hard to measure because those
components were presented in only one or two of the included
studies, and we were not able to measure the heterogenicity
and p-value between groups for those components. Therefore,
further studies that include more trials with larger sample sizes,
published in different languages, are needed to confirm the results
of this study.

The using of face-to-face CBT when treating insomnia was
highly recommended. When designing the CBT treatment plans,
it is recommended that an appropriate design can include
more than six sessions, duration of one session >1h, length
of intervention shorter than 6 months, and group delivered
intervention. The retention of participants should be encouraged
in the program, and the inclusion of the following components
was recommended: sleep restriction, stimulus control, cognitive
therapy sleep hygiene, relapse prevention, and relaxation
training. Treatment rationale and basic sleep information was not
recommended, but the inclusion of these components could still
be considered if the circumstances permitted.
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As a proxy measure of socioeconomic status, food insecurity is understudied in mental
health-related research. This study aimed to explore the association between food
insecurity and loneliness in adolescents. Using cross-sectional data from the Global
Student Health Survey (GSHS), 164,993 adolescent participants were included in this
study. Food insecurity, loneliness, and other covariates were assessed by self-reported
questionnaire. Multivariable logistics regression considering complex survey was used
to explore the association between food insecurity and loneliness. The prevalence of
loneliness was 10.8% in adolescents. With higher levels of food insecurity, the prevalence
ofloneliness in general increased, but “most of the time” was the most frequently reported
item in terms of food insecurity. Adolescents who reported severe food insecurity had
significantly greater odds for loneliness: (1) being most of the time [odd ratio (OR) = 2.54,
95% Cl = 2.13-3.02]; (2) always hungry (OR = 1.97, 95% Cl = 1.55-2.51). Of all the
53 countries, adolescents from 39 countries reported significantly higher prevalence of
loneliness when exposed to food insecurity. The pooled OR was 1.74 (1.60-1.89) with a
negligible heterogeneity (higher I-squared was 34.2%). Adolescents with food insecurity
were more likely to be exposed to be lonely. Eliminating socioeconomic disparities
in adolescents might be a good approach to promote mental health in adolescents.
Future studies are encouraged to utilize longitudinal studies to confirm or negate our
study findings.

Keywords: adolescent, food insecurity, socioeconomic status, loneliness, GSHS

INTRODUCTION

Loneliness is the unpleasant emotional state in response to social isolation and poor social
connection (1, 2). Loneliness has become a public health concern, as the prevalence has reached
approximately 11% in the general population in 2017 (3), resulting in both physical and mental
illnesses (4). For example, several previous studies indicate loneliness-related adverse effects on
elevating blood pressure, weakening the immune system as well as such mental problem was linked
to the greater possibility of developing diabetes, dementia, and depressive and anxiety disorders. Of
note, theses mental problems have been commonly reported among older individuals, immigrants,
LGBT, and violence victims (5), for example, poor social relationship or social isolation (loneliness)
of adults over 50 and older faced 50, 29 and 32% increased risk of dementia, heart disease and stroke
respectively (6); even it can result in the greater possibility of premature death (5).
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Researchers have also studied loneliness of adolescents as
they are experiencing developmental transitions biologically and
socially (7-10). Specifically, this age group has started to explore
friendship and reduce the opportunity of communicating with
their parents (11). Such transition from parents to friends may
create a big challenge, resulting in an emotional distress (12, 13).
In particular, such dis-comfortable or isolation feeling lasted
throughout the entire lifespan. Loneliness is also accompanied
with other negative emotion like depression and anxiety
among adolescents—such co-existing mental health problems
are associated with greater probability of committing suicide
(14). Thus, the above-mentioned health problems (caused by
loneliness) across different age groups could shorten the lifespan
as well as bring financial burden to their family.

To this end, potential risk factors for loneliness have
attracted great attention from researchers and clinicians. In
particular, previous research findings have indicated the potential
role of physical or mental illnesses, poor educational level,
economically disadvantaged condition, and social isolation
(single and living alone) (15). In addition, a study focused on
school-aged adolescents, suggesting that parental divorce, family
member with physical or mental illness, being bullied, poor
student-teacher relationship, excessive use of social media were
significantly predictive of being lonely (16). Except for the above-
mentioned risk factors, a recent seminal neurological study (14)
found that loneliness and hunger (food insecurity refers to the
persisting difficulty of accessing to food, leading to disrupted food
intake or eating habits) share a home in the brain. Furthermore,
previous studies confirmed associations of loneliness with stress-
related outcomes (depression, anxiety, and sleep disturbance) but
was not linked to food insecurity. In this context, the question is
whether loneliness is related to food insecurity. Thus, the aim of
this study was to investigate association between food insecurity
and loneliness among adolescents across globe.

METHODS
Study Survey

In this cross-sectional study, the publicly accessible data
were retrieved from the GSHS (Details can be found via
these Websites: http://www.cdc.gov/gshs; http://www.who.int/
chp/gshs) that aimed to identify the modifiable variables
contributing to multiple non-infectious illnesses (also known as
chronic diseases—including cancer, diabetic, Alzheimer’s disease,
and mental disorders) in adolescents. Its associated design and
sampling procedure are detailed in previous studies (17, 18). In
addition, the protocol of this research project was submitted to
the National Government Authorities (e.g., the U.S. Department
of Education) and their respective ethical review boards, followed
by an evaluation process, generating official approval letters for
participating researchers and institutions to start data collection.
Specifically, participants were invited to complete the consent
form before they volunteered to attend this study as well as
they were informed that their private information would be kept
confidential and anonymous; they were allowed to withdraw at
any time if they feel uncomfortable about the question or item
being asked in this survey. For data analysis, we selected the

latest year/data from each country if they provided more than
two datasets. As a result, 68 countries were finally included and
they were nationally representative except for several countries
where surveys were conducted in selected regions. Given the fact
that economical level may be directly linked to food insecurity,
income at country level was categorized as low-income, lower-
and middle- income, upper-income and middle-income, and
high-income, and this variable was controlled in the analysis.
Of note, 53 countries were categorized into four groups (based
on the World Back Classification) as follow: (1) low-income
countries [n = 4]; (2) lower- and middle-income countries [n
= 24]; (3) upper-and middle-income (n = 13); (4) high-income
countries (n 12). The characteristics of each country are
presented in Table S1 (see Supplementary Materials).

Loneliness (Dependent Variable)

Loneliness as the dependent variable was measured in this study
and it involves a single-item question: “During the past 12
months, how often have you felt lonely?”. Five independent
options (representing experience of participants: 1 = never, rarely
= 2, sometimes = 3, most of the time = 4, and 5 = always) were
presented to participants for their selection. For data analysis,
these responses were dichotomized into groups: (1) no loneliness
[never, rarely and sometimes]; (2) affirmative loneliness [most of
the time and always], based on previous studies (19).

Food Insecurity (Hunger) (Independent
Variable)

Food insecurity (hunger) as a predictive variable was measured
in this study and it involves a single-item question (2): “During
the past 30 days, how often did you go hungry because there
was not enough food in your home?” Five independent options
(representing experience of participants: 1 = never, rarely = 2,
sometimes = 3, most of the time = 4, and 5 = always) were
presented to participants for their selection. These responses
were in turn grouped into: (1) no food insecurity (never); (2)
moderate food insecurity (rarely/sometimes); (3) severe food
insecurity (most of the time/always). Specifically, moderate food
insecurity indicates compromised food consumption in terms of
quality/quantity, while severe food insecurity represents reduced
food intake and disrupted eating patterns.

Controlling Variables

Other variables contributing to loneliness were also extracted in
this study in order for more reliable conclusion, including age,
sex, physical activity, sedentary behaviors, fruit and vegetable
consumption, physical attack, bullying victimization, number of
close friends, peer support and parental understanding. These
above-mentioned variables were considered as covariates during
data analysis in this study.

Statistical Analysis

For both dependent and predictive variables, overall and country-
specific prevalence as descriptive information were computed.
To substantiate the association between food insecurity and
sleep disturbance (overall and by gender) among adolescents,
multivariate logistic regression analyses were conducted while
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controlling for the above-mentioned variables (gender, age,
physical activity, sedentary behavior, bullying victimization, and
country). Of note, gender-stratified and country-wise analyses
were not adjusted for gender and country, respectively. The
value of Higgin’s I that represents the degree of heterogeneity
across countries was computed (20) and its associated criteria
are presented as follow: (1) <40% = negligible heterogeneity;
(2) 40-60% = moderate heterogeneity (21). The pooled estimate
was computed based on the random-effects model. A complete
case analysis was performed for the cases of missing data. Taylor
linearization method was applied to account for the sample
weight and clustered study design. Results generating from
Logistic regression analyses were presented as odds ratios (ORs)
with 95% confidence intervals (CIs). The statistical significance
level was set at p < 0.05. All statistical analyses were performed
using Stata 16.1 (Corp Limited).

RESULT

Prevalence in terms of the degrees of food insecurity is reported
in Supplementary data. Being most of time and always hungry
were 3.3 and 2.3% of the global adolescents (n = 164,993). In
addition, the prevalence of complaining loneliness has reached
10.8% among these adolescents. The prevalence of loneliness
across different severity levels of food insecurity is presented in
(Figure 1). Specifically, adolescents with severe food insecurity
were linked to greater possibility of reporting loneliness in the
overall and gender-stratified samples, as compared with their
peers with less severe food insecurity (never/rarely/sometimes).

In the fully adjusted model, Table 1 has shown results on
association between food insecurity and loneliness. Adolescents
who complained “rarely, sometimes, most of the time, or
always hungry” were linked to higher perception of loneliness,
as compared to their peers who reported food insecurity. In
particular, adolescents who reported severe food insecurity
contributed to significantly greater odds for loneliness: (1) being
most of the time [OR = 2.54, 95% CI = 2.13-3.02]; (2) always
hungry [OR = 1.97, 95% CI = 1.55-2.51]. In addition, a similar
result on significant relationship was observed in both boys and
girls (Table 1).

Figure 2 shows results in terms of country-wise multivariate
logistic regression analysis. adolescents who were always hungry
or in most the time (representing severe food insecurity) were
significantly linked to an increased risk of perceiving loneliness
in 39 of the 53 included countries, as compared to less severe
food insecurity (never/rarely/sometimes). The pooled OR is 1.74
(1.60-1.89), with the country-based I-square of 34.2% (negligible
heterogeneity). Higher I-squared value (I> = 59.5%, representing
moderate heterogeneity) was observed in lower- and middle-
income countries while investigating the association between
food insecurity and loneliness.

DISCUSSION
Main Findings

With respect to the role of food insecurity in emotional
regulation, to our knowledge, the current study is the first time to

investigate the association between food insecurity and loneliness
among adolescents, especially in a global sample. Being most
of time and always hungry were 3.3 and 2.3% of the global
adolescents, while the prevalence of complaining loneliness was
10.8%. In addition, results indicated that 41.7% of adolescents
with loneliness complained with severe food insecurity (reflected
by most of time and always)-the number is relatively smaller in
other three groups (never, rarely, and sometime). In other words,
the prevalence of loneliness has become greater as the degree
of food insecurity elevated. With the adjustment of covariates,
being hungry in most of time has the greatest likelihood of
complaining loneliness, followed by being always hungry, which
is independent of sexes (boys and girls). Furthermore, serious
food insecurity was observed to associate, of great significance,
with a higher likelihood of complaining loneliness in 39 of 53
economies within the global studying sample, with overall OR
being 1.74 (1.60-1.89, 1> = 34.2%, negligible heterogeneity).
Taking closer into income-based sub-group analysis, significant
association between food insecurity and loneliness was only
observed in lower- and middle-income countries, with great
degree of heterogeneity.

Interpretation of Findings

Approximately 46% of adolescents reported moderate food
insecurity. Such number is relatively higher as compared to a
previous study based on the Global School-based Student Health
Survey, but the severe food insecurity is relatively smaller in
the current study (22). Accumulating evidence indicate that the
negative effects of food insecurity on both psychological and
physical measures, which may be attributed to malnutrition
(lack of nutrient intake). Such impairment has become more
serious as adolescents experience developmental transition in
a relatively rapid speed, which specifically resulted in short
height (greater BMI-obesity), neuro-cognitive impairment, sleep
disturbance (23), leading to poor academic performance at school
and worse social relationship. Such public health issue requires
greater attention.

Investigation on association between food insecurity and
loneliness, based on this global sample, can be confirmed.
Previous studies mainly focused on association of food insecurity
with other mental health measures including stress, depression,
anxiety, suicidal behaviors (24-26), and sleep condition. To this
end, our results in the present study adds to existing literature.
From the biological perspective, a previous study, especially those
relating to brain science, have come up with the conclusion that
the part of the brain lighting up in the condition of hungry shares
the same part in active as that of the situation of feeling lonely,
thus may, to a certain extent, imply the correlation between food
insecurity and loneliness, somehow could as well be considered
as supporting materials indicating the association between food
insecurity and loneliness. If understanding the findings from
the standpoint of contextual factors, when talking about food
security and one direct consequence, hunger, lack of money may
always be the first thought. Indeed, shortage of living resources
caused by poverty may not directly lead to the condition of
isolation and loneliness, yet bare livelihood would undoubtedly
result in dilemma, especially when facing necessity in respect
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FIGURE 1 | Prevalence of loneliness (%) by levels of food insecurity.
TABLE 1 | Association between food insecurity and loneliness based on logistic regression model.
Overall® Boy® Girl°
OR 95%ClI OR 95%ClI OR 95%ClI
Never Reference group
Rarely 1.21 1.08 1.35 1.06 0.87 1.29 1.36 1.18 1.57
Sometimes 1.40 1.22 1.61 1.32 1.04 1.67 1.49 1.32 1.68
Most of the time 2.54 2.13 3.02 2.32 1.76 3.07 2.80 2.31 3.41
Always 1.97 1.55 2.51 2.20 1.51 3.23 1.81 1.41 2.31

aModel controlled for age, sex, fruit and vegetable consumption, physically attack, bullying victimization, number of close friends, peer support and parental understanding.
bpodel controlled for age, sex, fruit and vegetable consumption, physically attack, bullying victimization, number of close friends, peer support and parental understanding except

for sex.

of various kinds of expenditure, such as housing loan, rent,
children’s education fee and health care fee. It is not difficult to
foresee that such difficulties may, of great possibility, aggravate
the feeling of helplessness, which may probably lead to and
increase the degree of loneliness.

Opverall speaking, the heterogeneity of the correlation between
food insecurity and loneliness was negligible, indicating that
the correlation between food insecurity and loneliness was not
something rare in individual cases, it, instead, was common
among adolescents within the sample of selected economies
(different levels of income). Yet, large difference concerning
the association between food insecurity and loneliness was
found especially in the category of lower- and middle-income
economies, which could be understood from such perspective
that even falling into the same scope, social determinants

influencing the degree of food insecurity, including but not
limited to economy, culture, environment and related policies,
would vary, probably to a large extent, the relationship among
these factors and food insecurity may still need to be further
clarified so as to accordingly look deeper into the association
between food insecurity and loneliness.

Implications for Practice

In addition to the results, corresponding analysis indeed implied
the prevalence of food insecurity (27) and loneliness (28) among
adolescents, thus it would be helpful in providing one perspective
to understand the correlation between such two issues and
to accordingly put forward targeted plans and strategies plus
carrying out effective measures, including but not limited to the
increase of continuous capital investment and the establishment
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FIGURE 2 | Country-wise association between severe food insecurity (most of the time/always hungry) and loneliness estimated by multivariable logistic regression.
OR, Odds ratio; Cl, Confidence interval. Reference category is no food insecurity (never, rarely, sometimes). Models are adjusted for age, sex, fruit and vegetable
consumption, physically attack, bullying victimization, number of close friends, peer support and parental understanding. Overall estimates were obtained by
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of proper coordination mechanisms concerning food supplies to
students, especially to those from families that are shortage of
most basic food security. The findings of the possible role of food
insecurity in forming loneliness as well-indicates the necessity of
more detailed researches on hunger-caused loneliness and mental
health protection and intervention. Specifically, together with
persistent researches concerning brain science and respective
working mechanisms, especially those relating to neuroscience,
well-directed analysis and assessment need to be carried out, with
the inclusion of more factors such as eating habits.

Limitations and Strength

Indeed, compared with existing observations (26, 29), this study,
instead of only focusing on one or few economies with a relatively
small sample, paid attention to a larger sample of adolescents
from 53 economies of various income levels so as to look
into the relationship between food insecurity and loneliness,
providing a relatively wider perspective of understanding in
respect of influence factors of loneliness. Despite such advantage,
some limitations of this study need to be admitted. Firstly, the
data from GSHS was collected based on self-reporting, which
means that recall bias and desirability bias would be possible to
some extent. Secondly, as the data adopted were cross-sectional,
longitudinal study, in addition to current research perspective,
might still be conducted in case the association between food
insecurity and loneliness was uneasy to clearly establish. Thirdly,
as previously noted, the level of food loneliness was decided by
the frequency of hunger, yet such aspect may not be sufficient to
come up with a comprehensive picture of food loneliness. Fourth,
loneliness in this study mainly refers to the kind probably caused
by hunger, thus the finding applicable to other kinds of loneliness
should be made with caution.

CONCLUSION

Food insecurity has found to be prevalent among adolescents
and to be positive correlation with the level of loneliness within
the economies of this study. As food insecurity, especially with
the continuous epidemic globally, tends to be more severe, it
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of Personality Diagnostic Questionnaire-Version 4 and Beck Depression Inventory
were used to measure the presence of possible APD and depressive symptoms,
respectively. The moderating effect of possible APD was examined by testing the
statistical significance of the interaction between victimization and possible APD in
multiple logistic regression analysis.

Results: The prevalence of depressive symptoms was 24.8%. In multiple logistic
regression analysis, the interaction between bullying victimization and possible APD
was significantly associated with depressive symptoms (OR: 1.80, P = 0.029).
Subsequent subgroup analyses according to the status of possible APD showed that, the
victimization-depression association was stronger among freshmen with possible APD
(OR: 3.23, P < 0.001) than those without possible APD (OR: 1.82, P = 0.001).

Conclusion: In Chinese university freshmen, bullying victimization is significantly
associated with depressive symptoms, and possible APD magnifies the
victimization-depression association. Bullied freshmen, particularly freshmen with
possible APD, could be considered as the target group of campus-based depression
intervention programs.

Keywords: bullying victimization, depressive symptoms, avoidant personality, freshmen, China
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Bullying, Avoidant Personality, and Depression

INTRODUCTION

The transitioning from junior middle schools to universities is
challenging for most university freshmen because of difficulties
in adjusting to new surroundings, forming new self-identities,
forging friendships, gaining independence, and overcoming
academic pressure (1, 2). Accordingly, studies have shown the
high risk of mental health problems in first-year university
students, in particular depression; for example, as high as 35.4-
41.4% of the Chinese university freshmen suffer from depressive
symptoms (3, 4).

The etiology of depression is complex and multifactorial, and,
in the population of university students, commonly reported
factors associated with depressive symptoms were female sex,
rural origin, low family income, inadequate social support,
loneliness, negative life events, academic stress, and certain
personality features such as high neuroticism (3-6). Despite
extensive research on the epidemiology of depressive symptoms
in university students, few studies have examined mechanisms
linking these factors and depressive symptoms.

Bullying victimization refers to exposure to aggressive
behavior repeatedly and over time from one or more perpetrators
who have greater physical or social power than their victims
(7). Convincing evidence has shown the causal association
between being bullied and mental health problems in children
and adolescents including anxiety, depression, non-suicidal self-
injury, and suicidal behaviors (8). Although traditional bullying
such as verbal and physical bullying is primarily recognized as
a public health problem in primary and middle school students,
bullying victimization is also prevalent among university students
(9). For example, as high as 88.2% of the Chinese university
freshmen experienced verbal bullying in the past 12 months
and Chinese university students who are bullied are two times
more likely than those who are not bullied to have depressive
symptoms (9, 10).

The vulnerability—stress model of depression argues that
personality interacts with stressors to influence the development
of depressive symptoms (11-13). Several subtypes of personality
psychopathology have been associated with the increased
risk of major depression such as depressive, borderline, and
avoidant personality disorders (14-17). In the literature, the
mechanisms underlying associations between depressive and
borderline personality disorders and depressive disorders have
been extensively examined, but the way in which avoidant
personality disorder (APD) increases the risk of depression
remains poorly understood (18-20).

Persons with APD avoid intimate and social contact with
others, are sensitive to negative criticism and rejection, and have a
high level of fear of being ridiculed by others (20). Findings from
a comparative study have shown that compared to university
students without APD, those with APD have significantly lower
levels of self-esteem and, therefore, are more likely to experience
negative affect (21).

In Chinese universities, although only 0.54-0.66% of the
students meet the DSM-IV diagnostic criteria for APD (22, 23),
30.4-33.4% of the students have possible APD, as defined by the
APD subscale of Personality Diagnostic Questionnaire-Version

4 (PDQ-4), a widely used screener of personality disorders
(24-26). Despite not a clinical diagnosis of APD, possible
APD has been found to be a stable personality trait in
Chinese university students and the severity of depressive
symptoms is significantly associated with the APD subscale
score of PDQ-4 in this population (26, 27). Because of the
vulnerability of persons with APD, we speculated that Chinese
university students with possible APD would experience more
depressive symptoms if they were bullied. Since understanding
the contextual roles of APD and other personality disorders on
the relationship between bullying victimization and depressive
symptoms would facilitate the development of campus-based
depression prevention programs in Chinese universities, this
study examined the moderating role of possible APD on the
bullying-depression association in Chinese university freshmen,
that is, whether the negative effect of bullying victimization on
depressive symptoms differed between students with and without
possible APD.

MATERIALS AND METHODS

Participants
This study was part of a large-scale survey, which investigated
mental health, quality of life, and personality among fresh
students of a comprehensive university in Wuhan, China,
between November and December 2019. Eligible respondents
were first-year undergraduates who were of Chinese nationality
and voluntary to join the study. We randomly selected seven
schools from a total of 19 schools of the university and invited
all the freshmen to participate in the survey.

The Ethics Committee of Wuhan Mental Health Center
approved the study protocol. All respondents signed the
informed consent before the formal survey.

Procedures and Instruments

We used a standardized self-administered questionnaire to
gather data on sociodemographics, lifestyle, experience of being
bullied, and depressive symptoms.

Sociodemographic factors included sex, age, ethnic group,
place of origin (urban vs. rural), living arrangement (with
roommates vs. with family members), self-rated family financial
status (good, moderate, poor), the only-child status, and marital
status of parents (married vs. others).

Lifestyle factors included current drinking and current
smoking. According to the official manual of the Chinese
Adolescent Health-Related/Risk Behavior Surveillance, current
drinkers and smokers were defined as individuals who consumed
any alcoholic beverage and smoked at least once in the past
month, respectively (28).

Questions for assessing bullying victimization were adapted
from previous school bullying studies in China (29-31), which
asked respondents about the presence of any one of the seven
subtypes of traditional bullying victimization at universities
during any time of the past 12 months: “been teased in a mean
or hurtful way,” “been asked for money or other possessions in
a mean or hurtful way,” “been left out of a group or ignored

on purpose in a mean or hurtful way”, “been threatened or
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intimidated in a mean or hurtful way,” “been hit, kicked, pushed,
squeezed, or locked in a mean or hurtful way,” “had sexual jokes
or gestures made to you in a mean or hurtful way;” and “had your
things stolen or damaged in a mean or hurtful way”.

We used the APD subscale of the validated Chinese PDQ-4 to
identify the possible presence of APD among respondents (32).
The subscale has seven self-report questions and responses are in
a true/false (1/0) format. According to previous studies (24, 33),
a total score of four or higher was used to denote possible APD in
Chinese university students.

Depressive symptoms were measured with the validated
Chinese 21-item Beck Depression Inventory, the Second Edition
(BDI-II), which is one of the most widely used scales for assessing
the severity of depressive symptoms in both clinical and non-
clinical populations in China, including university students (34—
36). All BDI-II items use a 0-3 scale to rate the magnitude
to which a persons has experienced each depressive symptom
during the past 2 weeks. The total score ranges between zero and
63 with a cut-off score of 14 or more denoting the presence of
depressive symptoms.

Statistical Analysis

Rates of depressive symptoms were calculated and comparisons
between/across subgroups according to sociodemographics were
made using the univariate logistic regression analysis. To
examine the independent victimization-depression association,
a multiple logistic regression analysis was performed, which
entered bullying victimization as the main predictor; possible
APD, sociodemographic factors, and lifestyle factors as the
covariates; and depressive symptoms as the outcome variable
(“main effect model”). To test whether the victimization-
depression association differed between students with and
without possible APD, an interaction term, the production of
victimization and possible APD, was included as an additional
independent variable in the main effect model (“interactive effect
model”). A statistically significant interaction term suggested
the presence of the moderating effect of possible APD on the
victimization-depression association. Finally, we repeated the
above multiple logistic regression analyses within samples with
and without possible APD to estimate the adjusted victimization-
depression associations in the contexts of the presence and
absence of possible APD, respectively. We quantified the factor-
outcome association by using odds ratio (OR) and its 95%
confidence interval (CI). All statistical analyses were performed
by using SPSS 25.0, assuming a two-sided test at the 0.05 level of
statistical significance.

RESULTS

Altogether, 1,557 freshmen were invited and 1,453 completed
the survey questionnaire (response rate: 93.3%). Among the
completers, 868 (59.7%) were boys and the mean age was 20.3
years (standard deviation: 0.9, range: 16-26). The prevalence
rates of bullying victimization, possible APD, and depressive
symptoms were 39.2, 31.7, and 24.8%, respectively. Other
detailed sociodemographic and lifestyle characteristics of the
study sample are displayed in Table 1.

In both the univariate analysis and the main effect
model, both bullying victimization and possible APD were
significantly associated with depressive symptoms (OR: 2.50
and 4.39, P < 0.001; OR: 2.39 and 4.20, P < 0.001). In
the interactive effect model, the interaction between bullying
victimization and possible APD was significantly associated with
depressive symptoms (OR: 1.80, P = 0.029). In the subsequent
subgroup analyses according to the status of possible APD,
the victimization-depression association was stronger among
freshmen with possible APD (OR: 3.23, P < 0.001) than those
without possible APD (OR: 1.82, P = 0.001) (Table 1).

DISCUSSION

To the best of our knowledge, this is the first study
in China that examined both the victimization-depression
association and the moderating effect of possible APD on the
victimization-depression association among university freshmen.
Compared to the 8.0% 12-month prevalence of bullying
victimization in college students in Changsha, China (9),
we found a much higher 12-month prevalence of bullying
victimization in university freshmen (39.2%). However, due to
the heterogeneity in definitions and timeframes of depressive
symptoms, prevalence rate of depressive symptoms in our study
are lower than those reported in prior studies (24.8% vs. 35.4—
41.4%) (3, 4). Nevertheless, the figure, nearly one-fourth of
the freshmen were depressed, still indicates that depressive
symptoms are a substantial mental health problem in Chinese
university freshmen and there is an urgent need for developing
intervention programs to prevent or reduce depression in
this population.

In the sample of Chinese university freshmen, we observed
significant and independent associations of depressive symptoms
with bullying victimization and possible APD, which are
consistent with findings from studies with middle school students
and other populations (8, 26). The significant victimization-
APD interactive effect on depression and greater victimization-
depression association in freshmen with than those without
possible APD suggest that possible APD magnifies the negative
effect of bullying victimization on emotional health in university
freshmen. Since the interactive effect was independent from
sociodemographic and lifestyle factors, we speculated that some
core features of APD may explain the moderating role of
possible APD on victimization-depression association. First,
social support can buffer the negative effect of a stressful event
on the mental health of individuals (37). Because persons with
APD avoid social contact with others and are more likely to
have insufficient social support to cope with stressful situations,
freshmen with possible APD would be more likely to be
depressed if they were bullied. Second, persons with APD are
overly concerned with “looking foolish” and tend to adopt
avoidance coping strategies to deal with stressful situations, so
bullied students are more likely to be stressed and depressed if
they had possible APD.

This stud has two limitations. First, our assessment of bullying
victimization did not include cyberbullying victimization, which
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TABLE 1 | Relationships across bullying victimization, possible avoidant personality disorder (APD), and depressive symptoms among Chinese university freshmen.

Variables n Number of Univariate logistic Multiple logistic Multiple logistic Multiple logistic Multiple logistic
depressed regression analysis regression analysis regression analysis regression analysis in regression analysis in
students (%) with the interaction sample without sample with possible

term possible APD APD
Odds ratio (95% CI) P  Oddsratio (95% Cl) P Oddsratio (95% ClI) P  Odds ratio (95% CI) P Odds ratio (95% Cl) P

Bullying victimization x Possible APD 1.80 (1.06, 3.04) 0.029
Sex Male 868 200 (23.0) 1 1 1 1 1

Female 585 161 (27.5) 1.27 (0.99, 1.61) 0.053 1.54 (1.17, 2.04) 0.002 1.55(1.17,2.06)  0.002 1.55(1.17,2.06) 0.039 1.56(1.02,2.39)  0.040
Age-group (years) <20 861 216 (25.1) 1 1 1 1 1

>20 592 145 (24.5) 0.97 (0.76, 1.24) 0.797 0.98 (0.75, 1.28) 0.877 0.98 (0.75, 1.28) 0.871 0.83(0.58,1.20) 0.316 1.18(0.79,1.77) 0.417
Ethnic group Han 1,339 330 (24.6) 1 1 1 1 1

Minority 114 31(27.2) 1.14 (0.74,1.76) 0.546 1.25(0.78, 2.00) 0.346 1.28 (0.80, 2.04) 0.306 1.64(0.93,2.92) 0.089 0.83(0.38,1.80) 0.636
Place of origin Urban 1,050 246 (23.4) 1 1 1 1

Rural 403 115(28.5) 1.31 (1.01, 1.69) 0.044 1.22(0.88, 1.68) 0.238 1.22(0.88,1.70)  0.229 1.22(0.79,1.90) 0.375 1.29(0.79,2.11)  0.313
Living arrangement With 1,418 349 (24.6) 1 1 1 1 1

roommates

With family 35 12 (34.3) 1.60 (0.79, 3.25) 0.195 1.68 (0.76, 3.71) 0.201 1.67(0.76,3.68) 0202 2.42(0.93,6.29) 0.070 0.88(0.25,3.11) 0.843

members

Self-rated family Good 299 75(24.1) 1 1 1 1 1

financial status

Moderate 1,027 242 (23.6) 0.92 (0.68, 1.24) 0.588 1.12(0.80, 1.55) 0.518 1.11 (0.80, 1.55) 0.422 1.12(0.70,1.78) 0.642 1.11(0.69,1.80) 0.671

Poor 127 44 (34.6) 1.58 (1.01, 2.48) 0.045 1.64 (0.94, 2.85) 0.083 1.60 (0.91, 2.80) 0.101 1.31(0.59,2.92) 0.513 1.98(0.87,4.50) 0.104
The only child No 373 92 (24.7) 1 1 1 1 1

Yes 1,080 269 (24.9) 1.01 (0.77, 1.33) 0.926 1.32(0.93, 1.87) 0.119 1.35(0.95,1.91)  0.094 1.30(0.89,2.06) 0.275 1.55(0.90,2.66) 0.113
Marital status of Married 1,363 326 (23.9) 1 1 1 1
parents

Others* 90 35(38.9) 2.02 (1.30, 3.15) 0.002 1.83 (1.12, 2.99) 0.016 1.87 (1.15, 3.06) 0.012 1.97 (1.04,3.74) 0.038 1.87(0.87,4.02) 0.108
Current drinking No 884 210 (23.8) 1 1 1 1

Yes 569 151 (26.5) 1.16 (0.91, 1.48) 0.231 1.28 (0.97, 1.68) 0.085 1.28 (0.97, 1.69) 0.08 1.36(0.94,1.98) 0.105 1.18(0.78,1.80) 0.436
Current smoking No 1,379 339 (24.6) 1 1 1 1

Yes 73 22(30.1) 1.33(0.79,2.22) 0.286 1.19(0.67,2.11) 0550 1.21(0.68,2.16) 0.512  1.44(0.69,3.01) 0.327 0.95(0.39,2.29) 0.901
Bullying victimization ~ No 883 159 (18.0) 1 1 1 1

Yes 570 202 (35.4) 2.50(1.96,3.19) <0.001 2.39(1.84,3.10) <0.001 1.84 (1.29, 2.61) 0.001 1.82(1.28,2.59) 0.001 3.23(2.17,4.82) <0.001
Possible APD No 993 155 (15.6) 1 1

Yes 460 206 (44.8) 4.39 (3.41,5.64) <0.001 4.20(3.24,5.44) <0.001 3.17(2.21,4.54) <0.001

*Others included never-married, remarried, cohabiting, separated, divorced, and widowed.
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is also prevalent and associated with depression in university
students (38). So the current study can not examine the
moderating effect of possible APD on association between
cyberbullying victimization and depression. Second, the
sample was selected from a comprehensive university in
Wuhan, China, and fresh students from universities of
other cities and other categories (i.e., medical) were not
included, so there might be selection bias in the study
sample. Third, some psychosocial factors associated with
depressive symptoms such as social support and possible
dependent personality were not measured and included
in the adjustment analysis. Further studies are needed
to exclude the confounding effects of these unmeasured
psychosocial factors.

In summary, in Chinese university freshmen, bullying
victimization is significantly associated with depressive
symptoms, and possible APD magnifies the victimization-
depression  association.  Bullied freshmen, particularly
freshmen with possible APD, could be considered as the
target group of campus-based depression prevention programs.
In addition, campus-based programs designed to prevent
depression in freshmen may include bullying intervention
program, psychosocial support, social skills training, and stress
management training.
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Background: Schizophrenia is an important public health problem in China. This study
aims to assess the long-term trends in the incidence and disability-adjusted life years
(DALYSs) rate of schizophrenia in China between 1990 and 2019.

Methods: The incidence and DALYs data were drawn from the Global Burden of
Disease Study 2019, and an age—period—cohort model was used in the analysis.

Results: The age-standardized incidence rate (ASIR) and age-standardized DALYs rate
(ASDR) of schizophrenia increased by 0.3 and 3.7% for both sexes between 1990 and
2019. For males, the local drift for incidence was higher than O (P < 0.05) in those aged
10 to 29 years (local drifts, 0.01 to 0.26%) and lower than O (P < 0.05) in those aged 35
to 74 years (local drifts, —1.01 to —0.06%). For females, the local drift was higher than
0 (P < 0.05) in those aged 10 to 34 years (local drifts, 0.05 to 0.26%) and lower than O
(P < 0.05) in those aged 40 to 74 years (local drifts, —0.86 to —0.11%). The local drift
for DALY's rate was higher than O (P < 0.05) in the age group from 10 to 69 years (local
drifts, 0.06 to 0.26% for males and 0.06 to 0.28% for females). The estimated period
and cohort relative risks (RR) for DALYs rate of schizophrenia were found in monotonic
upward patterns, and the cohort RR for the incidence increased as the birth cohort
moved forward starting with those born in 1972,

Conclusion: Although the crude incidence of schizophrenia has decreased in China,
the ASIR, ASDR, and crude DALYs rate all showed a general increasing trend over the
last three decades. The DALYs rate continue to increase as the birth cohort moved
forward, and the increasing trend of incidence was also found in individuals born after
1972. More efforts are needed to promote mental health in China.

Keywords: age-period-cohort analysis, schizophrenia, incidence, trends, China, disability adjusted life years
(DALYSs)

INTRODUCTION

Schizophrenia is a chronic and serious mental disease characterized by distortions in language,
perception, emotions, thinking, behavior and sense of self (1). Patients with schizophrenia are more
likely to suffer from HIV infection, obstetric complications, cardiovascular disease, obesity and
other physical diseases than the general population (2). Compared with the general population, the
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life expectancy of patients with schizophrenia is shortened by
10 to 25 years (3-5). Schizophrenia not only seriously affects
the patients themselves and their families but also brings a
heavy burden to society (6). In 2017, there were 19.78 million
schizophrenic patients worldwide, an increase of 62.74% over
1990 (7), and this number may continue to rise in the future (8).

Globally, schizophrenia is more common in East Asia and
South Asia, especially in China and India (7). In 2017, disability-
adjusted life years (DALYs) in China and India accounted
for 35% of the total DALYs of schizophrenia, with new cases
accounting for 45% (7). China had the largest absolute number
of newly diagnosed schizophrenia cases among the 20 most
populous countries in the world in 2017 (0.29 million, 95%
UI = 0.26 to 0.33 million), and it is also the country with the
highest DALYs (3.67 million, 95% UI = 2.75 to 4.5 million) (7).
Schizophrenia has become an important public health problem
in China (9).

In 2008, China enacted the “National Guiding Outline for
the Development of the Mental Health Service System (2008-
2015), followed by regulations and laws including “Regulations
on the Management of Severe Mental Diseases (2012 Edition)”
and “Mental Health Law.” These efforts all contributed to
promoting the development of mental health in China (10).
From 2005 to 2015, the number of specialist psychiatric hospitals
nationwide was 557 in 2005, 874 in 2010, and 1235 in 2015.
Meanwhile, the total number of psychiatric beds increased from
109,000 in 2005 to 433,100 in 2015. In 2015, the number
of psychiatric beds per 10,000 populations nationwide was
3.15, and the number of psychiatric professionals per 10,000
populations was 4.16 (10). However, there is still gap when
compared with the average number of psychiatric beds and
psychiatric professionals in middle and high-income countries
(10). Moreover, 29% of registered psychiatrists in China only
had a junior college diploma, and 14% had not received any
training (10).

Previous studies have shown the trend in the prevalence of
schizophrenia in China over time (11). However, few studies
have explored changes in the incidence and DALYs rates of
schizophrenia in different age groups in China. Furthermore,
the potential effects underlying the temporal trends are still
unknown. Statistical methods used commonly to assess the trends
of disease in populations are descriptive, agnostic, and non-
parametric (12), which may miss some important information.
Parametric statistical models would play a more prominent
role, especially the age-period-cohort (APC) frameworks, which
would discern three types of time-varying phenomena from the
temporal trends: Age, period, and cohort effects. In this study,
we used APC frameworks to investigate the long-term trend
in the incidence and DALYs rates of schizophrenia in China
and explored the potential effect of age, period, and cohort
on the incidence and DALYs rates of schizophrenia, which
would provide more information to help us understand the
temporal trends of schizophrenia in China. The results are a
necessary supplement to the existing research on the burden
of schizophrenia in China and provide a scientific basis for
evidence-based public health policies and the optimal allocation
of health resources.

MATERIALS AND METHODS

Data Sources
The data were extracted from the Global Burden of Disease
(GBD) 2019 database. GBD 2019 provided a standardized,
replicable approach and comprehensive estimation of incidence,
prevalence, and years lived with disability for a total of 369
diseases and injuries for 204 countries and territories (13).
In the GBD, the incidence data of schizophrenia in China
was systematically reviewed from community representative
epidemiological studies (14). Studies found were evaluated
against a series of inclusion criteria, including cross-sectional
or longitudinal design, reported estimates of incidence, utilized
the International Classification of Diseases (ICD) or Diagnostic
and Statistical Manual of Mental Disorders (DSM) diagnostic
criteria, reported estimates of incidence in the form of hazard
rates, representative study design, etc. More information on the
inclusion criteria is available elsewhere (8). Reported estimates
of incidence were entered in DisMod-MR. DisMod-MR is a
Bayesian meta-regression instrument, which can compute the
age-specific and sex-specific estimates from the available data
(14). DALYs is a summary measure of population health, which
was composed of years lived with disability and years of life
lost due to premature mortality. In GBD 2019, disability weight
(0.778 for acute state, and 0.588 for residual state) was used
to estimate the DALYs of schizophrenia. More information on
the calculation of DALYs is available elsewhere (13). The GBD
world population standard was used for the calculation of age-
standardized rate of schizophrenia (13).

In this study, schizophrenia was confirmed based on DSM
or ICD diagnostic criteria (DSM-IV-TR: 295.10-295.30, 295.60,
295.90; ICD 10: F20) (13).

Data Analysis

This study used the APC framework to assess the incidence and
DALYs rates of schizophrenia in China and to assess the potential
impact of age, period, and cohort effects on these trends. The APC
model was developed based on Poisson distribution, and can be
generally expressed as follows (15):

Y = log(M) = p + aAge; + BPeriod; + yCohorty +¢ (1)

Where, M for the incidence/DALYs rate of the corresponding
age group, p for the intercept item, a, B, and y for the age, period
and cohort effect, and € for random error. To address the problem
of identification of the model parameters (perfect collinearity
of the age, period, and cohort variables), weighted least squares
regression was used to partition the effects of age, period, and
cohort effect (12, 16).

By using the APC framework, the following parameters
were evaluated: local drifts, represents annual percentage change
of the expected age-specific rates over time. The longitudinal
age curve represents the age effect, which indicates the risk
of incidence/DALYs of schizophrenia in different age groups
in the reference cohort adjusted for period effects. Period
rate ratios (RR) represent period effects, indicates the risk of
incidence/DALYs of schizophrenia over the years belonging
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to different periods. Cohort RR represent cohort effects,
indicate the risks of incidence/DALYs of schizophrenia in
different birth cohorts.

To conduct APC analysis, we divided the population,
incidence, and DALYs data into 6 periods from 1990-1994
(median 1992) to 2015-2019 (median 2017) at 5-year intervals.
We also divided the age data into 13 consecutive age groups
(10-14 years old to 70-74 years old at five-year intervals). The
birth cohort was divided into 18 birth cohorts from 1918-1922 to
2003-2007 at intervals of 5 years.

Estimable parameters were estimated using the American
National Cancer Institute’s APC web tool (Biostatistics Branch,
National Cancer Institute, Bethesda, MD, United States) (12).
By default, the average age, period, and birth cohort were set as
the reference group. In this study, the central age group (40-
44 years), period group (2000-2004), and birth cohort (cohort
1958-1962) were set as references.

Wald chi-square tests were used to estimate the significance
of estimable functions. All statistical tests were two-sided, and a
P-value less than 0.05 was considered statistically significant.

RESULTS

Trends in the Incidence and
Disability-Adjusted Life Years Rate of
Schizophrenia in China for the Period
From 1990 to 2019

Figure 1A shows the age-standardized incidence rate (ASIR)
and crude incidence rate (CIR) of schizophrenia in China from
1990 to 2019 in both sexes. In 1990, the ASIR of schizophrenia
was 18.41/100,000, and it increased to 18.47/100,000 in 2019
(increased by of 0.3%). The CIR in 1990 was 21.40/100,000, and
it decreased to 18.14/100,000 in 2019 (decreased by 15.2%).

Figure 1B shows the trends in CIR and ASIR of schizophrenia
by sex from 1990 to 2019 in China. For males, the CIR
decreased from 22.23/100,000 in 1990 to 19.28/100,000 in
2019 (decreased by 13.3%), and the ASIR decreased from
19.28/100,000 in 1990 to 19.26/100,000 in 2019 (decreased by
0.1%). For females, the CIR decreased from 20.51/100,000 in 1990
to 16.96/100,000 in 2019 (decreased by 17.3%), and the ASIR
increased from 17.47/100,000 in 1990 to 17.66/100,000 in 2019
(increased by 1.1%).

In 1990, the age-standardized DALYs rate (ASDR) of
schizophrenia was 195.04/100,000, and it increased to
202.42/100,000 in 2019 (increased by 3.8%). The crude DALYs
of schizophrenia was 195.98/100,000, and it increased to
250.99/100,000 in 2019 (increased by 28.1%) (Figure 2A).

For males, the crude DALYs rate increased from
202.85/100,000 in 1990 to 258.54/100,000 in 2019 (increased by
27.4%), and the ASDR increased from 201.90/100,000 in 1990
to 209.30/100,000 in 2019 (increased by 3.7%). For females, the
crude DALYs rate increased from 188.66/100,000 in 1990 to
243.15/100,000 in 2019 (increased by 28.9%), and the ASDR
increased from 187.62/100,000 in 1990 to 195.36/100,000 in 2019
(increased by 4.1%) (Figure 2B).

Local Drift Values for the Incidence and
Disability-Adjusted Life Years Rate of

Schizophrenia in China
Figure 3 shows the annual percentage change of the expected
age-specific rates (local drifts) over the last three decades. As
Figure 3A shows, for males, the local drift for incidence was
higher than 0 (significance with P < 0.05) in the age group
from 10 to 29 years (local drifts, 0.01 to 0.26%), and lower than
0 (significance with P < 0.05) in the age group from 35 to
74 years (local drifts, —1.01 to —0.06%). For females, the local
drift was higher than 0 (significance with P < 0.05) in the age
group from 10 to 34 years (local drifts, 0.05 to 0.26%), and lower
than 0 (significance with P < 0.05) in the age group from 40 to
74 years (local drifts, —0.86 to —0.11%). The greatest increasing
of schizophrenia incidence were found in females aged 30 to
34 years (local drifts = 0.26%, 95% confidence interval [CI] = 0.13
to 0.40%). The greatest improvements was found in males aged
70-74 years (local drifts = —1.01%, 95%CI = —1.42 to —0.61%).
As Figure 3B shows, for both males and females, the local
drift for DALYs was higher than 0 (significance with P < 0.05) in
the age group from 10 to 69 years (local drifts, 0.06 to 0.26% for
males and 0.06 to 0.28% for females). The greatest increasing of
DALYs were found in both males and females aged 10 to 14 years,
local drifts = 0.26% (95%CI: 0.13%, 0.39%) for males and 0.28%
(95%CI: 0.15%, 0.40%) for females.

Longitudinal Age Curves of the
Incidence and Disability-Adjusted Life
Years Rate of Schizophrenia in China

Figure 4 shows the longitudinal age curve of the incidence
and DALYs rate of schizophrenia. After adjusting for period
effects, in the reference cohort, the incidence and DALYs rate
of schizophrenia all showed a general V-shape reversal with
aging, which increased firstly, then decreased. For both males
and females, individuals aged 20-24 years old had the highest
incidence of schizophrenia (53.48/100,000 person years for males,
54.97/100,000 person years for females), and individuals aged
35-39 years had the highest DALYs rate of schizophrenia
(409.70/100,000 person years for males, 382.24/100,000 person
years for females).

Period Rate Ratios of Schizophrenia
Incidence and Disability-Adjusted Life

Years Rate in China

Based on the Wald tests (Table 1), the period effects were
statistically significant for both sexes (P < 0.05 for all). Figure 5
shows the estimated period effects by sex during the whole study
period. For the incidence, the period effects showed a decreasing
tendency during the period from 1990-1994 to 2010-2014 for
both males and females, with the period RR decreased from 1.02
t0 0.96 (decreased by 5.7%), and 1.01 to 0.97 (decreased by 4.1%),
respectively. However, this decreasing tendency slowed down in
males (0.96 to 0.956) and stopped in females (0.97 to 0.97) in
the period from 2015 to 2019. For the DALYs rate, the period
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FIGURE 1 | Trends in age-standardized incidence rate (ASIR) and crude incidence rate (CIR) of schizophrenia in China by sex, 1990 to 2019: (A) ASIR and CIR for
both sexes, (B) ASIR and CIR for males and females. The Global Burden of Disease Study 2019 global age-standard population was used.

RR showed similar monotonic increased patterns for both sexes
(increased by 3.9% for males, and 4.0% for females).

Cohort Rate Ratios of Schizophrenia
Incidence and Disability-Adjusted Life
Years Rate in China

Based on the Wald tests, the cohort effects were statistically
significant for both sexes (P < 0.05 for all) (Table 1).
Figure 6 shows the estimated cohort effects by sex. For the
incidence, the cohort RR showed a decreasing trend for the
cohort individuals born before 1972 (birth cohort 1918-1922
to 1968-1972), with cohort RR decreased from 1.37 to 0.99
(decreased by 27.9%) in males, and 1.27 to 0.99 (decreased
by 22.4%) in females; however, this decreasing tendency was
reversed afterward and increased sharply in the recent birth
cohort (birth cohort 1968-1972 to 2003-2007), with cohort
RR increased from 0.99 to 1.08 (increased by 8.9%) in
males, and 0.99 to 1.08 (increased by 10.6%) in females. For
the DALYs rate, the cohort RR showed general increased

patterns for both sexes (increased by 14.7% for males, and
17.1% for females).

DISCUSSION

Our research illustrates the long-term trend in the incidence and
DALYs rate of schizophrenia in China and detected the potential
effects of age, period, and birth cohort. To our knowledge, this
is the first study that used the APC framework to explore the
trend in the incidence and DALY rate of schizophrenia in China.
Our research showed that compared with the decreased CIR,
the ASIR of schizophrenia increased in China from 1990 to
2019. Although the incidence of schizophrenia decreased in the
elderly population, it increased in the young population. The
risk of schizophrenia incidence continued to increase in people
born after 1972. For DALYs, both crude DALYs rate and ASDR
increased over the past three decades, this increasing trend was
found in almost all age groups, and the period and cohort effects
all showed an overall increasing trend.
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age-standard population was used.
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FIGURE 2 | Trends in crude disability adjusted life years (DALYs) rate and age-standardized DALY rate (ASDR) of schizophrenia in China by sex, 1990 to 2019:
(A) ASDR and crude DALYs rate for both sexes, (B) ASDR and crude DALY rate for males and females. The Global Burden of Disease Study 2019 global

In our study, we found a slight increase in the ASIR
of schizophrenia in China, which was not consistent with
the decreasing tendency globally (7). Rapid urbanization may
be the possible reason for the increase in age-standardized
incidence of schizophrenia in China. Since the initiation of
the reform and opening policy in 1978, China has experienced
an unprecedented scale of urbanization - a nearly fivefold
increase in the urban population in the past four decades
(17). Urbanization creates opportunities for improved health
conditions and high-quality health care, but it also brings
huge health risk factors associated with schizophrenia (18), e.g.,
migration, crowded living conditions, stress in the working
environment, and disparities in health care delivery (19), which
may lead to a high risk of mental health problems for urban
residents (17). In a previous study, a 10% increase in the
degree of urbanicity was associated with an increased risk of
schizophrenia in China (OR = 1.44) (17). Drug abuse may be
another reason for the increased age-standardized incidence of
schizophrenia in China. In the late 1980s, the drug problem
reappeared in China, and spread quickly in the early 1990s (20).

Previous evidence has illustrated associations between drug abuse
and an increased risk of developing schizophrenia later in life
(21). In addition, more willingness to admit symptoms than
before (22), may also contribute to the increase of schizophrenia
incidence. In this study, the crude DALYs rate and ASDR
of schizophrenia in China all showed an increasing tendency.
Besides the possible reason described above, increasing life
expectancy in China may also play a role in increasing the
burden of DALYs.

In our study, for the different sexes, females showed a slightly
increasing trend of ASIR in schizophrenia. This may be related
to females being more likely to be affected by the urbanization
process (23). During the process of urbanization, a mass of
populations leave rural areas and live and work in cities. As
mentioned above, urbanization arose problems such as lack
of contact with nature, social insecurity, pollution, and social
disparities, which have been shown to be particularly associated
with mental health among females with lower socio-economic
status (24). In addition, females were more vulnerable to repeated
stress exposures than males (25).
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In our study, the CIR, ASIR, ASDR, and crude DALYs
rate were higher in males than in females during the study
period. Previous studies have reported that the incidence of
schizophrenia in men is usually slightly higher than that in

women, with a risk ratio of 1.4 (26). These sex differences
in schizophrenia can be interpreted by different hypotheses.
Hormone hypotheses emphasize that gonadal hormones played
an important role in the sex differences in schizophrenia.
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TABLE 1 | Wald Chi-Square tests for estimable functions in the APC model.

Null hypothesis Incidence DALYs rates
Males Females Males Females
Chi-square P-Value Chi-square P-Value Chi-square P-Value Chi-square P-Value
All period RR = 1 178.9 <0.001 67.8 <0.001 789.2 <0.001 929.7 <0.001
All cohort RR = 1 334.9 <0.001 151.0 <0.001 1070.7 <0.001 15635.2 <0.001
All local Drifts = Net Drift 334.1 <0.001 143.3 <0.001 115.8 <0.001 2751 <0.001

DALYs, disability-adjusted life years. RR, Rate Ratio. Net Drift, annual percentage change of the expected age-adjusted rates over time. Local Drift, annual percentage

change of the expected age-specific rates over time.
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intervals. The black dash lines indicates an RR = 1.

Estrogen may play neuroprotective roles in females against
schizophrenia (27). Sex chromosome hypotheses emphasize that
sex chromosomes may roles in neurodevelopment and sex-
specific patterns of transmission in schizophrenia patients (27).
In addition, differences in brain maturity and morphology, and
differences in behavior patterns for specific ages and sex may also
contribute to the sex differences of schizophrenia burden (28).

In this study, we found a certain difference between the
CIR (crude DALYs rate) and ASIR (ASDR) of schizophrenia
for both sexes. This may be related to changes in the age
structure of China. Over the past more than half a century,
the proportion of young people in China has decreased, while
the proportion of elderly people has increased (29). Meanwhile,
schizophrenia is common among younger adults (7). Crude
rates were calculated based on the whole population, which
was vulnerable by the age distribution of the population. With
the decline in the cases of schizophrenia, the crude incidence
rate of schizophrenia has decreased. A previous study predicted

that China will continue to age (30), and the reduction in the
proportion of young people may further decrease the CIR of
the incidence of schizophrenia. While this seems to be a good
expectation in terms of the CIR of schizophrenia in China, our
study also indicated that unlike the decreasing trends among
the elderly, the incidence of schizophrenia in young people in
China has increased in the past 30 years. It seems that the
increase in the incidence of schizophrenia in young people has
not reversed the downward trend in the CIR in schizophrenia
in the past 30 years, but it still reminds us that more attention
should be given to the problem of schizophrenia among young
people in China.

Age is an important demographic risk factor that affects
the incidence and DALYs of schizophrenia. In our study, we
found that both the incidence and DALYs rate of schizophrenia
showed a V-shape reversal with aging, which was consistent with
previous studies (7). Schizophrenia nearly always occurs in late
adolescence or early adulthood, when the prefrontal cortex is
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still developing (31). Previous longitudinal neuroimaging studies
have demonstrated that the prefrontal cortex is the last to mature
(32). Some researchers believe that a variety of outside factors
can cause the prefrontal cortex to finish developing differently
than it would have, which would cause the development of
schizophrenia in young people (33). From a psychology point of
view, the late-adolescent onset of schizophrenia is a consequence
of blocked psychological maturation during adolescence (34),
and the troubled teenage state, such like stress, depress, and
limited understanding of other people’s minds, fails to be solved
with normal maturation, and this state deteriorates into the
appearance of schizophrenia symptoms (34).

The period effect reflects variations in the outcome over time
that influence all age groups simultaneously, and the cohort effect
reflects the changes in outcome across groups of individuals with
the same birth year (35). Although under certain restrictions, the
period effect and cohort effect can be estimated separately by the
period RR and cohort RR, respectively, it is not easy to interpret
them in practice (36). When the period effect influences all age
groups, certain age groups would be affected simultaneously,
which leads to the cohort effect to some extent. Different birth
cohorts are often born in different periods, inevitably having an
impact on the period effect (35). Therefore, in this study, we
comprehensibly discussed the possible reasons for the trends in
the period and cohort effects.

In this study, both the period effect and cohort effect for the
incidence of schizophrenia show a decreasing trend in the earlier
period (before 2015) and older birth cohort (those born before
the year 1972). This may be related to one or more of China’s
achievements in mental health. Since 1949, psychiatric hospitals

have been gradually established in different provinces. Since 1958,
mental health facilities were established in some provinces to
train professionals and to develop work plans (early detection
and treatment and relapse prevention of psychoses). Health,
civil affairs, and public security departments have established
a three-level network, including cities, districts/counties, and
streets/towns, to prevent and treat psychoses since 1980, and
successful experiences with treatment models were extended to
other places. Although the demands of the economic reform
that emerged over the 1990s rendered some models unviable,
by the late 1990s, the Ministry of Health of China began to
reconsider the principles of and approaches to mental health
care. In 2002, an 8-year mental health plan was signed to
build an effective mental health system, thus accelerating mental
health legislation, increasing citizen awareness, strengthening
mental health services, and developing mental health human
resources (37). In 2004, China launched a mental health reform
plan to incorporate mental health into the scope of public
health (37). By 2009, the plan covered 96.88 million people
in 112 cities and had trained nearly 30,000 professional and
technical personnel, including psychiatrists, psychiatric nurses,
community physicians, case managers, community workers,
public safety personnel, and family members (38). In 2013,
Chinas “Mental Health Law” went into effect, which was the
first national law on mental health. The government’s continued
attention and investment partially explained the continued
decrease in period and cohort risk of schizophrenia incidence.
However, although the period effect and cohort effect show
a decreasing trend in the earlier period and birth cohort, as
mentioned before, the burden of schizophrenia risk factors,
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including urbanization, is increasing in China. The period and
cohort effect already showed the potential unfavorable trends -
the decreasing trend of period RR slowed down and stalled in the
recent period year, and the decreasing trend of cohort RR was
reversed with people born after 1972. In addition, period and
cohort effects for the DALY rate of schizophrenia all showed
an unfavorable trend. As the incidence risk increases in newly
born young people, schizophrenia may bring a huge burden to
population health in China, which calls for more effective efforts.

For the potential increased risk of schizophrenia, more
prevention and management measures are needed. The
government is suggested to allocate sufficient human and
facilities resources, strengthen the ability of the general
practitioners to identify high-risk populations, and take early
intervention to prevent high-risk individuals from developing
schizophrenia (39). In addition, social support is also important
for individuals to manage stressful life events and prevent triggers
for schizophrenia.

Although this study used the APC framework to illustrate
the long-term trend in the incidence and DALYs rate of
schizophrenia in China and detect the underlying effect of
this trend, which may provide supplementary information
for understanding the burden of schizophrenia in China,
there are still some limitations that should be noted. First,
this is an ecological study; ecological studies examine the
characteristics of population groups rather than individuals,
and further individual-based studies are needed to confirm
the results. Second, because GBD data do not distinguish the
incidence/DALYs rate of schizophrenia in urban and rural
areas, this study does not analyze the long-term trend of
schizophrenia incidence and DALY rate in urban and rural areas
in China. Considering the difference between the prevalence
of schizophrenia in this region (11), future analyses of the
incidence and DALY of schizophrenia in rural and urban areas
in China are needed.

CONCLUSION

In conclusion, our research shows that although the CIR
of schizophrenia generally decreased in China over the last
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Background: To date, the relationship between diverse time use behaviors and
depression status among emerging adults have not been disentangled in the literature.
Therefore, if and how the time displacement mechanism activates depressive symptoms
among emerging adults remains unclear.

Methods: To fill this gap in the literature, we employed a network analysis to make
estimations. The emerging adult sample (N = 1,811) was collected by the Guizhou
Population Health Cohort Study. Time use behaviors were measured by an adaption
of the self-administered International Physical Activity Questionnaire, and depressive
symptoms were assessed using the 9-item Patient Health Questionnaire (PHQ-9).

Results: The results revealed that the time displacement mechanism of emerging
adults differed from that of adolescents. Sleep duration was not crowded out by other
activities, while the time spent on computer use was found to be negatively related to
time spent on heavy work activities. Moreover, computer use behavior triggered three
depressive symptoms (“Anhedonia,” “Guilt,” and “Motor”), but inhibited “Suicide.” The
results of the directed acyclic graph revealed that females and heavy drinkers were at
risk of depression.

Limitations: The study sample was confined to only one province, which may
limit its generalizability. The cross-sectional design impeded the ability to draw
causal inferences.

Conclusion: Our results enhance the current understanding of the internal mechanism
of how time use behaviors influence depressive symptoms among emerging adults.

Keywords: time use, screen time, time displacement, depression, emerging adult, network analysis
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INTRODUCTION

Existing literature have established the effects of physical
activity (1, 2), screen time (3, 4), and sleep duration (5,
6) on the depression status of both, adolescent and adult
populations. Moreover, previous studies revealed that unhealthy
time use activities (e.g., excessive sedentary time, inadequate
sleep duration) were risk predictors of physiological diseases,
including cardiovascular diseases (7-9), hypertension (10, 11),
and cancers (12-14). Based on plentiful existing evidence, the
World Health Organization (WHO) and other health institutes
proposed updated time use guidelines to direct people’s daily
activities for substantial health benefits (15-18). For example,
WHO recommended that adults (aged 18-64 years) should do
at least 150-300 min of moderate-intensity aerobic physical
activities; or at least 75-150 min of vigorous-intensity aerobic
physical activities; or an equivalent combination of moderate-
and vigorous-intensity activities throughout the week (15). The
Canadian Society for Exercise Physiology recommended that
adults (aged 18-64 years) should do at least 150 min of moderate
to vigorous aerobic physical activities per week, and get 7-9 h of
good-quality sleep (17).

However, the existing research pool still has two significant
gaps. First, the number of studies focusing on emerging adults,
who are undergoing a unique stage of psychological development,
and present different mental health features than adolescents
and adults older than thirty, are relatively few. Second, previous
studies that adopted a regression analysis approach were unable
to disentangle the underlying linkages among diverse time use
behaviors and depressive symptoms.

Emerging adults are those individuals who are leaving
adolescence behind to experience young adulthood, a definition
originally proposed by Arnett (19). The concept of emerging
adulthood describes a period of development during which an
individual has already passed through adolescence, but has not
entirely taken on adult responsibility and independent decision
making (19, 20). The emerging adulthood stage was initially
defined as the age group 18-25 years (19); this was later revised
to the age group 18-29 (20). During emerging adulthood,
individuals are already biologically mature, but most have not
yet established a stable structure in diverse domains of life (e.g.,
intimate relationships, work, and fertility). These individuals are
not identified as socially mature, and thus, they present different
behaviors and psychological patterns than either adolescents or
adults in their thirties. Previous studies have expounded on the
unique patterns observed in emerging adults in several areas,
such as substance use (21), Internet addition (22), technology
adoption (23), and social integration (24). Previous research
revealed that peak alcohol consumption and drug abuse occur
during emerging adulthood (25, 26), and some instances of
excessive substance use appear to be normative behavior for
emerging adults (25, 27). Moreover, one recent study reported
that emerging adults present the highest online social network
usage among all age groups (28). They have a significantly
higher likelihood of adopting pathological social network use
behaviors, which further decreases self-regulation, escalates the
depression status, and magnifies the likelihood of involvement

in cyberbullying (29, 30). However, it remains unclear as to how
diverse time use behaviors affect depressive symptoms among
emerging adults.

Studies focusing on adolescents provide potential theoretical
mechanisms to understand the relationship between time use and
depressive symptoms in emerging adults. Previous research has
identified that screen time is a crucial predictor of depression
(4, 31, 32). Based on this point, Boers et al. (33) put forth
three explanations: time displacement, social comparison, and
reinforcing spiral. Time displacement refers to the time required
for healthy activities (e.g., physical activity and sleep) that may
be displaced by excessive sedentary activities, such as screen
time (34), causing potential depressive reactions (31, 35). Social
comparison states that one’s self-esteem may be damaged by
focusing on favorable objects (e.g., having an “ideal body shape”
or a “luxury lifestyle”), which triggers relative deprivation, a
significant predictor of individual psychological wellbeing (36,
37). A reinforcing spiral implies a selective exposure scenario
that is reinforced by both individual intention and algorithmic
recommendation of specific media content. Individuals are
thereby repeatedly exposed to certain types of content, and
depressive reactions might be triggered if individuals view
excessive volumes of content that may lead to depression
(33). Among these three theories, the social comparison and
reinforcing spiral mechanisms were mostly used to understand
the negative effects of media on children and adolescents (38-41).
Given that emerging adults present a more mature decision-
making pattern during daily activities (19), they are relatively
less sensitive toward media contents compared with children and
adolescents. Thus, we believe that time displacement mechanism
is an optimal approach for interpreting the relationship between
time use and depression in emerging adults.

Moreover, life course theorists have indicated that behaviors
or experiences during one’s early adult life may have potential
effects on one’s later life, and such effects tend to accumulate
(42, 43). For example, adverse experiences during childhood
were found to be crucial risk factors in experiencing psychotic
symptoms and health burden (44, 45). However, one recent
study demonstrated that individuals who experienced traumatic
events during emerging adulthood reported worse health
status compared with individuals who only experienced
traumatic events during adolescence (46). Such cumulatively
disadvantageous phenomena were reported in diverse age groups
(47-49). But the cause of the disadvantages was rarely discussed.
Therefore, understanding the time displacement mechanism in
terms of diverse time use behaviors, and its impact on depressive
symptoms during emerging adulthood also has enormous
potential for predicting long-term health outcomes.

Existing studies also have several limitations as they have been
unable to clarify the detailed patterns of relationship between
diverse time use behaviors and depressive symptoms. First,
both psychiatric and psychological studies usually presuppose
one specific disorder as a latent structure model, with several
symptoms as observed variables (50). The latent structure
model implies that related symptoms are mutually independent;
however, this approach ignores the inter-trigger mechanism
among these symptoms (51, 52). Moreover, studies that adopt
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the traditional regression approach often use the sum score
or mean score of a group of symptoms to represent a
certain disorder (50). Although this operation is effective in
screening for the prevalence of a certain disorder, it neglects the
occurrence of specific symptoms in non-disordered individuals.
Additionally, most time use studies that adopt a regression
approach can only consider one dependent variable in one model,
which also presents limitations in simultaneously revealing the
interrelationships among diverse time use behaviors.

The network analysis approach was employed in this study to
address the methodological gap described above. This approach
presupposes that a mental disorder is a complex system, in
which the relationships and network properties of different
symptoms are identified in detail (51, 53). Both the inter-trigger
mechanisms among different symptoms, and the relationships
between external shocks and psychiatric reactions can be
modeled when using the network analysis approach (54-56).
Recent studies have also adopted network analyses to identify
the central domains of a specific psychological construct (57),
and the central symptoms within a certain mental disorder (58,
59). Moreover, the network analysis approach provides novel
insights in understanding the predictability of a certain symptom
within a complex network (60, 61), and further identifying the
potential interventions of clinical practices (60). Additionally,
the network analysis approach was also employed to investigate
the issue of comorbidity among different disorders (62). It has
the methodological advantage of distinguishing between the
bridge symptom and shared symptom among diverse mental
disorders (63).

In the current study, both time use behavior and depressive
symptoms were complex systems. We employed the network
approach in three ways: First, it was difficult to highlight the
intercorrelation pattern of diverse time use behavior—namely,
the time displacement, using the traditional linear regression
approach. Whereas, network analysis has the merit to illustrate
the intercorrelation pattern. Second, diverse time use behaviors
were conceptually external shocks that may trigger depressive
symptoms via different paths which should be calculated via
the network analysis. Third, one type of network method—the
Bayesian network, provides a novel approach to algorithmically
characterize cross-sectional data as a causal system (64). We
thus used the Bayesian network to present the potential causal
predictors of depression among emerging adults.

Considering the two literature gaps described, the current
study employed network analysis to answer the following two
questions: (1) Does the time displacement mechanism explain the
inter-correlations among diverse time use behaviors in emerging
adults? (2) Does the time displacement mechanism explain
the connections between time use behaviors and depressive
symptoms in emerging adults?

MATERIALS AND METHODS

Participants
The data used in this study were obtained from the
Guizhou Population Health Cohort Study, a prospective

community-based cohort in Guizhou Province, China. Based
on a multistage proportional stratified cluster sampling method,
a total of 9,280 adult residents of 48 townships in 12 districts
in Guizhou Province were included. The original study took
place from 2010 to 2012. The inclusion criteria were: (1) age
18 years or above; (2) living in the study region, and having no
plan to move; (3) completing the survey questionnaire and blood
sampling; and (4) providing written informed consent. For the
current study, we exclude 7,408 participants who were 30 years
old or older. Further 38 participants with missing depressive
symptom variables, 21 participants with outlier responses on
time use variables, and two participants with missing height or
weight information were excluded. Finally, the remaining 1,811
participants were eligible for our analysis.

This study was carried out in accordance with the stipulations
of the Declaration of Helsinki and approved by the Institutional
Review Board of Guizhou Provincial Center for Disease Control
and Prevention (No. S2017-02). All participants provided written
informed consent at enrollment. The information was collected
by trained investigators using a structured questionnaire via face-
to-face interviews.

Assessment Measures

Depressive Symptoms

We used the 9-item Patient Health Questionnaire (PHQ-9) to
measure participants’ depressive symptoms (65). Participants
were asked to rate how frequently they experienced nine specific
depressive symptoms during the previous 2 weeks on a 4-
point Likert scale, ranging from 0 = not at all to 3 = nearly
every day. A higher score for a certain item indicates that
participants were experiencing severe symptoms, while a higher
total score indicates that participants overall had a severe
depressive status. The PHQ-9 used in the current study presented
excellent reliability (Cronbach’s alpha = 0.828). The one-factor
construct was also supported by the confirmatory factor analyses
(CFI = 0.980, TLI = 0.964, RMSEA = 0.057, SRMR = 0.030).

Time Use

We measured nine time use behaviors in participants across three
domains: physical activities (five items), screen activities (three
items), and sleep duration (one item). Time use behaviors were
measured by adapting the long version of the self-administered
International Physical Activity Questionnaire (IPAQ-L) (66).
Measures of time use on physical activities included weekly
minutes spent on heavy work activities (vigorous-intensity
physical activities during work, farming, and housework),
moderate work activities (moderate-intensity physical activities
during work, farming, and housework), traffic time (walking or
cycling for transport), heavy leisure activities (vigorous-intensity
leisure activities such as long-distance running, swimming, and
playing football), and moderate leisure activities (moderate-
intensity leisure activities such as quick walking and performing
Tai Chi). Measures of time use for screen activities included
weekly minutes spent on watching TV, using computer, and
playing video games. Sleep duration was measured in weekly
minutes. We employed confirmatory factor analyses to assess
the psychometric properties of the measurement. Results
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revealed that the one-factor construct had adequate fit indices
(CFI =0.955, TLI = 0.919, RMSEA = 0.035, SRMR = 0.027).

Control Variables

We took sex, age, body mass index (BMI), drinking behavior, and
smoking behavior as control variables. Age and BMI were treated
as continuous variables. Sex, drinking behavior, and smoking
behavior were treated as binary variables. Sex was coded as female
or not, drinking behavior was coded as heavy drinker (drinking
frequency of 3-4 days a week or more) or not, and smoking
behavior was coded as daily smoker (who reported smoking
every day) or not.

Statistical Analysis

Descriptive Analysis

We first used a descriptive analysis to present the outline of
the participants’ data. We employed a cutoff point of five to
calculate the prevalence of mild depression among the current
study sample (65). Moreover, we conducted a correlation matrix
among nine items of time use behavior and the PHQ-9 score
to present the basic patterns of potential time displacements,
and possible correlations between diverse time use behaviors and
depressive status.

Network Estimation

When using a network analysis approach, all variables are treated
as nodes, and edges among the nodes can be interpreted as
partial correlation coefficients among these variables (67). Given
that we included both continuous and binary variables in the
analysis, we employed a mixed graphic model approach via R
package mgm software (an algorithm of regularized generalized
regression) to estimate the networks (68), and we used the
extended Bayesian information criterion with tuning parameter
y = 0.5 to make the estimates.

We first estimated a network that only includes time use
and symptom items to present the inter-correlations among the
diverse items. The second network included time use items,
symptom items, and all control variables; which were estimated
to verify if the findings in the first network were stable. Networks
were visualized using the R package ggraph software (69).
Additionally, to assess the accuracy of the edges in the two
networks, we constructed a 95% bootstrapped confidence interval
around the edges (67). The accuracy estimation was conducted
using the R package bootnet, and 1,000 resamples were used for
the bootstrapping technique. Moreover, the correlation stability
coeflicient (CS-coeflicient) was used to assess the edge stabilities
of two estimated networks.

Directed Acyclic Graph
To identify potential causal directions among the diverse time
use behaviors, depression status, and controlling variables, we
adopted the Incremental Association Markov Blanket (IAMB)
algorithm, a constraint-based structure Bayesian network
learning algorithm implemented in the R package bnlearn (70),
to estimate the directed acyclic graph (DAG).

Following suggestions from an existing study (71), the total
score of the PHQ-9 was included in the DAG estimation. We set

no whitelist to elaborate on the efficacy of the IAMB algorithm
to calculate the edges within the network. Meanwhile, as sex and
age were not influenced by other variables, and we also assumed
that depression status cannot influence time use behaviors, the
following edges were blacklisted: (1) all edges toward sex and
age; (2) edges from the total score of PHQ-9 toward nine time
use behaviors. Moreover, we performed 1,000 non-parametric
bootstraps to check the stability of the DAG results. Based on
the bootstrapping results, edges (both directed and undirected)
related to the total score of PHQ-9 and crucial time use behavior
were re-calculated via t-test or correlation test to reveal the causal
triggers of depression. All R packages were carried out using
version 4.1.2 of R software.

RESULTS

Descriptive Results

Table 1 provides a description of all the variables used in the
current study. Of the sample, 49.70% (n = 900) participants were
female, 22.25% (n = 403) were daily smokers, and 5.52% (n = 100)
were heavy drinkers. The mean age of participants was 24 years
(mean = 23.88, SD = 2.309). Participants reported an average
healthy BMI (mean = 21.905; SD = £3.038). The total PHQ-9
score for the sample was fairly low (mean = 0.701; SD = £1.856),
and the percentage of participants with mild depression was
5.02% (n = 91). These results indicate that the participants
in the current study did not experience significant depressive
symptoms. The participants’ mean weekly sleep duration was
3,415.71 min, which meets the recommended sleep time for
adults as suggested in previous studies (72). However, the
time spent on both heavy leisure activities (mean = 18.771,
SD = +92.525) and moderate leisure activities (mean = 21.526,
SD = £ 111.559) was significantly lower than the WHO’s
recommendations, which states that adults should get 150-
300 min of physical activity per week (15). The mean weekly
duration of participants’ heavy and moderate work activities were
270 and 444 min, respectively. On average, they spent 227 min
in traffic per week. Their mean weekly duration of watching TV
was 883 min, using computer was 347 min, and playing video
games was 43 min.

Table 2 presents the correlation matrix of relationship between
time use and the total score of the PHQ-9. To present comparable
results, all time use behaviors were standardized. The results
revealed that participants who spent more time on moderate
work activities reported a lower PHQ-9 score, while participants
who spent more time using computer reported a higher PHQ-
9 score. The positive relationship between computer usage and
PHQ-9 score implies that computer use may function as a
direct trigger of depression, and therefore, we should focus
on the time displacement mechanism around computer use.
Computer use time was negatively correlated with both heavy
work activities and moderate work activities; however, it was
positively correlated with heavy leisure activities and moderate
leisure activities. Additionally, the results revealed that sleep
duration was negatively correlated with traffic time and duration
of playing video games.
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TABLE 1 | Descriptive statistics (N = 1,811).

Variables Mean (Std. dev.) N (%) Min Max
Depression status
Sum score of PHQ-9 0.701 (1.856) - 0 23
Mild depression (1 = yes) - 91 (5.02%) 0 1
Time use behaviors (minutes per week)
Heavy work activities 270.413 (574.878) - 0 3360
Moderate work activities 444.445 (630.311) - 0 3570
Traffic time 226.596 (326.428) - 0 2400
Heavy leisure activities 18.771 (92.525) - 0 1200
Moderate leisure activities 21.526 (111.559) - 0 1800
TV watching 882.808 (576.518) - 0 5040
Computer use 347.368 (666.677) - 0 5040
Video game 42.591 (195.817) - 0 3360
Sleep duration 3415.71 (452.301) - 0 5040
Control variables
Female (1 = yes) - 900 (49.70%) 0 1
Age 23.88 (3.309) - 18 29.98
BMI 21.905 (3.038) - 14.479 37.188
Smoking (1 = daily smoker) - 403 (22.25%) 0 1
Drinker (1 = heavy drinker) - 100 (5.52%) 0 1
TABLE 2 | Correlation matrix of relationships among time use and the total score of PHQ-9.
Variables (1) (2 () 4) (5) (6) (7) ®) (9) (10)
(1) Heavy work activities 1.000
(2) Moderate work activities 0.099 1.000

(0.000)
(3) Traffic time 0.145 0.203 1.000

(0.000) (0.000)
(4) Heavy leisure activities —0.005 —0.039 0.162 1.000

(0.824) (0.098) (0.000)
(5) Moderate leisure activities —0.041 —0.021 0.076 0.462 1.000

(0.084) (0.378) (0.001) (0.000)
(6) TV watching —0.026 0.045 0.016 —0.042 —0.009 1.000

(0.276) (0.054) (0.500) (0.075) (0.700)
(7) Computer use -0.170 —0.161 —0.036 0.176 0.091 —0.044 1.000

(0.000) (0.000) (0.127) (0.000) (0.000) (0.061)
(8) Video game —0.036 —0.063 0.025 0.165 0.088 0.072 0.319 1.000

(0.128) (0.008) (0.288) (0.000) (0.000) (0.002) (0.000)
(9) Sleep duration —0.038 0.001 —0.049 —0.037 0.030 0.017 —0.028 —0.059 1.000

(0.101) (0.952) (0.037) (0.118) (0.203) (0.460) (0.230) (0.011)
(10) Sum score of PHQ-9 0.025 —0.065 —0.013 —0.017 —0.007 0.023 0.086 0.010 —0.017 1.000

(0.283) (0.005) (0.595) (0.469) (0.766) (0.321) (0.000) (0.657) (0.460)
All time use behaviors were standardized; P-values were presented in parentheses.
Results of the Network Estimation between sleep duration and traffic time, and between

The estimated network results are shown in Figure 1. Figure 1A
displays the internal linkages among diverse time use behaviors
and the nine depressive symptoms. Figure 1B displays the results
of the network with the control variables. The reference names
of items used for the assessment of time use and depressive
symptoms are listed in Supplementary Table 1. Detailed edge
weights are listed in Supplementary Tables 2, 3, and the
bootstrapped accuracy plots are displayed in Supplementary
Figures 1, 2. Moreover, two networks have high edge stabilities
(all CS-coefficients = 0.75).

After controlling for all time use behaviors and depressive
symptoms, Figure 1A shows that the negative relationships

sleep duration and video games time were not significant.
Computer use time is positively correlated with time spent
on video games and heavy leisure activities, but negatively
correlated with TV watching time, heavy work activities,
and moderate work activities. The direct linkages between
leisure activities (both heavy and moderate) and work
activities (both heavy and moderate) were not significant;
however, Figure 1A reveals that negative relationships
between leisure activities and work activities were mediated
by computer use. Figure 1B presents consistent results
after controlling for age, sex, BMI, smoking behavior, and
drinking behavior.
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variables. (B) Results of the estimated network with control variables.

FIGURE 1 | Results of kestimated network models. The blue edges denote the positive relationships, and the red edges denote the negative relationships. The
direct linked nodes among time use behaviors and depressive symptoms were highlighted with larger circles. (A) Results of the estimated network without control

Work Activities

Traffic Activities
Leisure Activities
Screen Activities
Sleep Duration
Depressive Symptoms
Control Variables

0000000

According to Figure 1A, computer use was the only trigger
for depressive symptoms. Computer use significantly triggered
three depressive symptoms: “Anhedonia,” “Guilt,” and “Motor.”
These results imply that participants who spend more time using
computers will have little interest or pleasure in doing other
things in their daily life, may feel bad about themselves, and
may have slow behavioral reactions. However, computer use was
found to be an inhibitor of “Suicide.” The linkages between
computer use and these four depressive symptoms were found
to be robust when controlling for age, sex, BMI, and smoking and
drinking behaviors (see Figure 1B).

Results of the Directed Acyclic Graph

Figure 2 presents the results of the DAG. Figure 2A presents
the initial estimated DAG results, where computer use has
direct effects on heavy work activities, heavy leisure activities,
video games time, and the total score of PHQ-9. The total
score of PHQ-9 was directly affected by computer use, sex, and
drinking behavior.

Figure 2B presents the bootstrapped inclusion proportions
of each directed and undirected linkage among the variables.
Compared with the results in Figure 2A, predictors of the total
score of the PHQ-9 were consistent: female sex (diff = 0.267,
t=3.067, p < 0.01), being a heavy drinker (diff = 0.242, t = 1.268,
p = 0.205), and computer use (r = 0.086, p < 0.001) were
predictors for the risk of depression.

The direct linkages related to computer use that are presented
in Figure 2B were slightly different from the results in Figure 2A:
first, the linkage between computer use and heavy work activities
was undirected in Figure 2B; second, the linkage between
computer use and moderate work activities was directed from
computer use to moderate work activities in Figure 2B; third,
age was found to directly affect computer use (Figure 2B). Using

a t-test and correlation test, the DAG results in Figure 2B
revealed that older participants reported decreased time spent
on computer use (r = —0.085, p < 0.001). The time spent on
computer use was negatively correlated with the time spent
on heavy work activities (r = —0.170, p < 0.001). Moreover,
computer use was found to directly decrease the time spent
on moderate leisure activities (r = —0.161, p < 0.001) and
increase the time spent on both heavy leisure activities (r = 0.176,
p < 0.001), and on video games (r = 0.319, p < 0.001).

DISCUSSION

To the best of our knowledge, this is the first study to adopt a
network analysis to disentangle the underlying linkages among
diverse time use behaviors and depressive symptoms in emerging
adults. While the prevalence of mild depression among emerging
adults in the Guizhou Population Health Cohort Study was quite
low, this study contributes novel insights to understanding the
potential mechanism of triggering depressive symptoms.

First, the time displacement mechanism explains the
underlying connections among diverse time use behaviors among
emerging adults. Previous studies focusing on adolescents’ time
use behaviors revealed a pattern in which higher screen time
led to a decreased sleep duration (32, 73). However, our
results demonstrated that emerging adults maintain adequate
sleep duration, and that it is not influenced by other time use
behaviors when controlling for all concerned variables. Poor
sleep quality usually leads to significant psychiatric reactions,
including inattention and fatigue (74-77). The different patterns
of the time displacement mechanism regarding sleep between
adolescents and emerging adults could be explained in two
ways: First, the crucial stressors that lead to unhealthy sleep
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among adolescents and emerging adults were different. In China,
stressors related to academic work served as crucial risk factors
in determining adolescents’ sleep quality (78, 79), while the
work environment stressors were key predictors of emerging
adults’ sleep quality (80-82). For adolescents, screen time
significantly replaces sleep duration (83). However, emerging
adult participants in the current study were living in Guizhou—a
developing province during the survey time, and they may not
have faced significant stressors from the work environment.
Second, emerging adults present more mature social interactions
and activities compared with adolescents. The time spent on
certain behaviors was not compulsory. Thus, as the results
revealed that, time spent on computer use was found to be
negatively associated with the time spent on work activities.
These results indicate that individuals who were undergoing
emerging adulthood—a unique developmental stage with initial
social independence-replaced their working time with time
spent on computer use. The decreased work time is the behavior
compensation for excessive screen time.

Second, the time displacement mechanism also explains
the connections between time use behaviors and depressive
symptoms. The time spent on using computer was significantly
correlated with four depressive symptoms. It triggered
“Anhedonia;,” “Guilt) and “Motor;” but inhibited “Suicide.”
As the connections between time spent on using computers,
playing video games, and leisure activities were positive, the
negative connection between time spent on computer use
and “Suicide” could be explained by the fact that emerging
adults usually use computers for recreational purposes, which

distracts them from depressive and suicidal content. Given that
participants who spent more time on computer use usually
spent less time on working activities, the positive connections
between computer use and the symptoms “Anhedonia,” “Guilt,
and “Motor” could be because computer use is a potential
disengagement coping strategy for emerging adults, to distract
them when they have to take on social responsibilities in
scenarios they never experienced during their adolescence (84).
The disengagement coping strategy granted emerging adults an
escape from dealing with the stressors they faced, thus leading
to worse depressive status. “Anhedonia” was triggered since
emerging adults who used computers excessively may have
an inadequate locus of control toward the rewards from the
work-related activities, spend more time in online activity (85),
and have a high possibility of problematic Internet use (86, 87).
Moreover, the activated symptom—“Guilt” could be explained
as excessive computer use worsens emerging adults’ social
connections (88), and decreased social provisions are typically
related to low self-esteem and severe depression status (89).
Additionally, the activated “Motor” implies that excessive time
spent on computers has potentially negative effects on emerging
adults’ physical and cognitive development (90, 91).

Third, the results from the DAG revealed that depression
was also linked to two other factors. Sex (specifically, being
female) and drinking behavior were risk predictors of depression.
While the ¢-test result was insignificant (diff = 0.242, ¢ = 1.268,
p = 0.205), the DAG indicated that being a heavy drinker
increases emerging adults’ depression, which is consistent with
most previous studies (92-94). This result could be explained
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by shared genetic and environmental determinant theories (95,
96). Previous twin and adoption studies revealed the presence
of genetic influence on alcohol dependence, depression, and
the comorbidity of alcohol dependence and depression (95,
97-99). Moreover, such effects were also moderated by social
environments, including peer effect (100, 101), living regions
(102), and marital status (103, 104). Given that most of the
emerging adults have not yet assumed full family responsibilities,
the genetic association between heavy drinking behavior and
depression status among emerging adults may be intensified by
their drinking peers and unmarried status. Additionally, females
reported more severe depressive status (diff = 0.267, t = 3.067,
p < 0.01). One previous study indicated that stressors related to
pregnancy and postpartum experiences increased the incidence
of depression in the female population (105). While not all
emerging adult females had experienced pregnancy, fertility-
related issues in traditional Chinese family situations may affect
females persistently, and lead to further depressive episodes.

Fourth, results also provide beneficial practical
implications to cope with the COVID-19 pandemic. Given the
lockdown measure and social distancing recommendations were
most adopted policies during the repeated outbreak periods,
most of the offline activities have to be taken online. Several
depression risk factors, including problematic Internet use
(86, 106) and cyberbullying involvement (30, 107, 108) were
intensified. Governments and public institutes should promote
timely psychological support campaigns to guide individuals’
online behavior, and relieve the stress generated via intensified
online activities.

This study has several limitations. First, while the DAG
approach provides potential causal directions among the
variables, the causal mechanism is obtained by the algorithm,
rather than the longitudinal design. The data that were analyzed
were cross-sectional, which leads to limitations in causal
inference. Second, it remains unknown if the time displacement
mechanism has long-term effects on individuals’ depression
status. Further studies should collect longitudinal data to address
these issues. Third, the sample was recruited from only one
province in China. Therefore, caution should be exercised when
generalizing the findings to other populations. We hope that
scholars, in future, will employ network analysis to test the
linkages between time use behaviors and depressive symptoms
for other populations. Further meta-analyses of these potential

our
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Purpose: To examine Australian psychological distress trends from 2001 to 2017/18,
including analysis by age, sex, location, and household income.

Methods: Secondary analysis of the working age population (18-64 years) in six
successive representative national health surveys. Measures were prevalence of
psychological distress at very-high symptom level (defined by a Kessler Psychological
Distress Scale (K10) score of 30 or more) and combined high/very-high level (K10
score of 22 or more). Very-high K10 scores are associated with mental health problems
meeting diagnostic thresholds in past year.

Results: From 2001 to 2017/18 Australian rates of K10 very-high distress rose
significantly from 3.8 to 5.1% and combined high/very-high from 13.2 to 14.8%. In
women aged 55-64, very-high distress rose significantly and substantially from 3.5 to
7.2% and high/very-high distress from 12.4 to 18.7%. In men aged 25-34, very-high
distress increased from 2.1 to 4.0% and high/very-high from 10.6 to 11.5%. Income was
strongly and inversely associated with distress (lowest vs. highest quintile adjusted OR
11.4). An apparent association of increased distress with regional location disappeared
with adjustment for income.

Conclusion: Australia’s population level of psychological distress increased significantly
from 2001-2017/18, with levels highest in women and with rates inversely associated
with income. This is likely to be indicative of increased community rates of mental
disorders. Given that this has occurred whilst mental healthcare expenditure has
increased, there is an urgent need to reconsider how best to respond to mental iliness,
including targeting the most vulnerable based on social determinants such as age,
gender, and lower incomes.
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Mental Health in Australia 2007-2018

INTRODUCTION

Monitoring Australia’s Mental Health

Australia has had two instances of a National Survey of Mental
Health and Wellbeing (NSMHWB); one in 1997 (n = 10,641,
response rate 78%) and another in 2007 (n = 8,841, response
rate 60%) (1, 2) while a further survey with some similarities is
underway (3). These provide valuable in-depth cross-sectional
information including administration of lengthy symptom-based
interviews designed to elicit Diagnostic and Statistical Manual
of Mental Disorders (DSM) and International Classification of
Diseases (ICD) diagnoses. However, the relative infrequency and
irregularity of these surveys, changes in instrumentation, and
variability in response rates mean that, for valuable surveillance
information on trends in psychological distress and mental
disorders in Australia, we need to look elsewhere.

The Australian National Health Survey (ANHS) is an
important source of data on health and social determinants
(4) which through this century has usually been conducted
every 3 years. Typically ANHS sample sizes exceed 20,000 with
response rates around 80%. The ANHS includes the Kessler-
10 (K10) questionnaire (5). The K10, commonly described as
measuring psychological distress, is a ten-item Likert scale, items
having a timeframe of 4 weeks and asking how often symptoms
occurred in that time. Scoring points range from “all of the
time” (5) through “most of the time” (4), “some of the time”
(3), “a little of the time” (2), and “none of the time” (1).
Total scores range from 10 to 50. Buoyed by the World Health
Organization’s World Mental Health Survey Initiative that began
in the early 2000s, there is K10 stratum data from over 40
countries, which has enabled estimations of population mental
health and comparisons (5-11).

The construction of psychological distress as measured by
the K10 includes symptoms commonly associated with common
mental disorders, particularly when these are endorsed at higher
frequency levels. There are content similarities with symptoms
in diagnostic criteria for anxiety and affective disorders but also
with responses to other disorder states. Examples here would
be K10 items 2, 3, 7 and 9 with specific wordings being of
feeling: “nervous”; so nervous that nothing could calm you
down”; “depressed”; and “so sad that nothing could cheer you
up.” The timeframe of 4 weeks prior where items are scored 4
or 5 involves persistence of symptoms for longer than required
to meet diagnostic criteria for an episode of depression (12, 13).
Therefore, it appears reasonable that high scores on the K10
would correlate with active common mental disorders. In fact,
elevated K10 scores correlating with common mental disorders
are reported from the 2007 NSMHWB across Australia (5, 7).
In this survey, 79.6% of people with a K10 score in the very-
high distress range (scores of 30 and above) had a 12-month
CIDI assessed mental disorder (Positive Predictive Value or PPV)
and the Stratum-Specific Likelihood ratio (SSLR: probability of
a person who has the disease testing positive divided by the
probability of a person who does not have the disease testing
positive) for any mental disorder was 15.6. High K10 scores
(scores of 22-29) had a lower PPV for any mental disorder of

57.1%, with a lower SSLR of 5.3 (7). Therefore, ANHS-based
population rates of very-high K10 score represent a reasonable
regular survey proxy for recently active mental health problems
and our best available measure of this collected regularly in
representative surveys in Australia. Combined high/very-high
scores provide a measure more broadly of psychological distress
rates. This regular ANHS collection of K10 data is currently
Australia’s best source for surveillance of mental disorder trends
along with those of a broader construct of psychological distress
in the Australian population.

Previous Work on Time Trends

Previous published work examined trends in psychological
distress as measured by the K10 in the adult Australian
population from the ANHS between 2001 and 2014 and reported
stable rates (14). Headline ANHS rates of very-high K10 as
reported by the Australian Bureau of Statistics until 2017/18, so
with a further survey data point than in previous reporting, do
seem to have increased (up from 2014/15 by 1.3%: from 11.7 to
13.0% for combined high/very-high K10 scores) (15); however
comparisons of rates were not standardized for demographic
changes. So time trends found in simple rate comparisons could
reflect altered population structure rather than valid secular trend
findings. Examination focusing primarily on a large Australian
nationally representative household panel study with a focus
on workforce issues (16) - and with a timespan extending to
2017/18 - did indicate an increase in elevated K10 scores, also
commenting on some increase in the ANHS findings for elevated
K10. But these comparisons did not apply standardization to the
ANHS data for demographic changes.

International Comparisons

In a review of major surveys conducted in Australia, Canada,
the United Kingdom, and the United States, and in the context
of appreciable funding increases for mental health services
during recent times particularly in Australia (17, 18), again no
improvements in population health were observed (19). We note
a possible different picture across some of Europe, as recent
analysis of the European Social Health Survey show that in most
countries of Europe between 2006 and 2014 the population rates
of symptoms associated with depressive disorders seem to have
declined (20). The recent comprehensive review of the national
burden of 12 mental disorders in 204 countries has examined
up-to-date information on the prevalence and burden of mental
disorders across the world between 1990 and 2019. No marked
changes were found in age-standardized prevalence of any mental
disorder (including anxiety and depressive disorders) in any
country between 1990 and 2019 (21). However, a limitation of its
Australian finding applies as the most recent input data meeting
the inclusion criteria (of providing mental disorder prevalence
from probability sampling to capture a representative sample of
the general population) was obtained in 2007.

Timing of This Work

The COVID-19 pandemic represents an adventitious event
without parallel during the period of history of modern survey
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methodologies in mental health. Considerable volumes of work
have gone on in the context of this pandemic to assess its
impact on aspects of mental health; this is critically important,
and also important is to understand the trends underway in
the mental health of a nation before the pandemic took hold
and create an evidence baseline for ongoing population mental
health surveillance.

During the previous two decades before the COVID-19
pandemic, Federal and state governments in Australia had
increased constant-dollar per-capita mental health services
expenditure by 50% (22). Reducing population rates of mental
illness featured as an aspiration in key Australian Federal and
State policy mental health policy documents [e.g., (23, 24)].
Reducing psychological distress in the population as measured
with the K10 was also documented as an intention for the State
of Victoria’s 10-year Mental Health Plan (24). Therefore, it is
important to report K10 band score population rates regularly.
By this, the trends hoped for in policy may be identified
and acknowledged if policy implementation is successful, while
there can be holding of governments to account if progress
is not achieved.

Given that mental health services were accessed by an
estimated 12% of Australian adults prior to the pandemic
(25), there is appreciable opportunity for treatment services
to influence the course of mental health problems and impact
population mental health outcomes in Australia. Treatment
services may not prevent case onsets, but where a mental disorder
within the last year has been detected and effectively treated,
we might expect that K10 scores will reduce over time from
the higher ranges more rapidly than they would have done
without this treatment. Inadequate treatment of an established
disorder may be associated with persistent symptoms apparent
as elevated K10 scores. Therefore, improved case ascertainment
and treatment might reasonably be expected to reduce surveyed
rates of very-high K10 scores. If effective treatment rates
increase, then more people with the identified problems will
have, with support by treatment and care, transitioned from
the higher to lower rates of symptomatology reflected in K10
scores. Noting here that the K10 is one of the instruments
advised for use as an outcome measure in Australian primary
mental health care, (26) we might hope to find population
mental health improvement in the previous two decades when
funding for treatment services increased substantially. Given
that further increases in mental health services spending are
now occurring as part of the response to the mental health
impacts arising from the COVID-19 pandemic, it is critical
to explore and understand what impact previous increases in
mental health expenditure had on population measures if any.
This can help to inform future services spending and support
the implementation of evidence based initiatives to support
improvements population mental health.

Regular Population Mental Health
Surveillance in Australia and the Aims of
This Work

Previous work has reported overall ANHS rates of K10 score
bands up to 2014 (14, 27) - this work adds by inclusion of a

further national survey data point and, like that reporting, applies
standardization for population changes. Also, adding to previous
work (14, 28, 29), we examine prevalence of psychological
distress in Australia between 2001 and 2018, exploring subgroups
by age, gender, household income and location. In order for
the relationships with income to be coherently examined and
consistent with other data presented we restrict analyses to the
working age population.

MATERIALS AND METHODS

Design

This study was a large-scale secondary analysis (n = 78, 204)
of K10 data collected by the Australian Bureau of Statistics
(ABS) from working-age Australian adults across six National
Health Surveys (ANHS) (2001-02, 2004-05, 2007-08, 2011-12,
2014-15, and 2017-18). We analyzed responses from adults aged
18-64 years in each survey, except for the 2004-05 ANHS
as data was only available for adults aged 20-64 years. We
standardized all surveys to the 2001 Australian census population
based on the strata of sex and age (30). Elevated psychological
distress rates were calculated and compared across sex as
available in the ANHS.

National Health Surveys

These ANHS cross-sectional household-based surveys are
undertaken at 3-year intervals to monitor health trends over
time with detailed methods described elsewhere (4). Trained ABS
interviewers conducted face-to-face interviews in each survey.
Household and person weights are assigned by the ABS to adjust
for the probability of sample selection, seasonality and non-
response, and the data are then calibrated to the population
benchmarks. This ensures that the estimates are representative of
population distributions and compensates for any over- or under-
representation of particular categories of persons or households.

Psychological Distress Measure

The K10, a self-administered 10-item Likert scale tool, measures
current psychological distress, particularly symptoms of anxiety
and depressive disorders (5). Used in ordinal form, band scores
are closely associated with mental health disorders (5). K10 scores
range between 10 and 50, and score bands are: low (10-15),
moderate (16-21), high (22-29), and very-high (30-50). Here
we also generated an overlapping and combined high/very-high
category, which consisted of scores 22 and higher.

Geographic Location

A residential location variable for each survey participant is
available and based on the Accessibility and Remoteness Index
of Australia (ARIA+) (4). It describes the residential location as
Major cities of Australia, Inner Regional Australia or Other.

Data Analysis

All statistical analyses were performed in Stata 16.0 (StataCorp,
College Station, TX, United States). When not stratified by age,
data were directly age-standardized against the estimated resident
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population of Australia as at 30 June 2001. Using this direct
age-adjustment approach, the 2001 age-structured population
is used as the reference and each survey round is weighted to
match this (30). Effect size estimates for dichotomous outcomes
of combined high/very-high and very-high psychological distress
are presented as odds ratios calculated using logistic regression
on the K10 data from the Australian working age population.
Independent variables examined first in a univariate regression
with the outcome, then in a multivariable regression, were: year,
sex, age-group, household income, and location. All independent
variables were specified as categorical, including the “year”
variable because prevalence changes over time was not linear. For
time trend examinations the reference year was 2001. The overall
time trend examinations done using the regression analyses
had a level of significance set at an alpha of 0.05. Subsequent
sub-group pairwise comparisons using 2001 and 2017-18 data
employed tests for two proportions. Given that twelve sub-group
pairwise comparisons were planned (see the section “Results”),
to minimize the occurrences of spurious positives a Bonferroni
correction was applied with the alpha value was set at 0.0042 (i.e.,
approx. 0.05/12).

Ethics Approval

As is common practice for the ABS, data collection occurred
under the auspices of the Census and Statistics Act 1905. Per
the ABS and Universities Australia Agreement (31), students,
staff, and researchers affiliated with participating universities have
access to the basic, anonymized, microdata for the 2001-02, 2004-
05, 2007-08, 2011-12, 2014-15, and 2017-18 cycles of the ANHS.
Therefore, ethics approval was not required for these analyses.

RESULTS

Overall Results and Time Trends

In the six national surveys between 2001 and 2017-18 there were
n = 78,204 surveys completed by working-age adults producing
K10 distress data, see Table 1. Figure 1 shows that the greatest
distress occurred in the latest survey at 2017-18: for combined
high/very-high level distress the 14.8% rate was significantly
greater than all previous years (p < 0.001); for very-high level
distress the 5.1% rate was significantly greater than 2001, 2004,
2007, and 2011 (p < 0.01).

For very-high distress, multivariable regression identified
similar rates of very-high distress across 2001, 2004, and 2007,
see Table 2. Then compared to 2001, greater rates were evident in
2011, 2014 and 2017-18 with odds ratios (OR) of 1.15 (95% CI:
1.001-1.33), 1.21 (1.06-1.39) and 1.40 (1.23-1.59), respectively.

For combined high/very-high distress, multivariable
regression identified that compared to 2001, the 2011 rate
was significantly lower with OR of 0.91 (0.84-0.99), whilst in
2017-18 rate was greater with OR of 1.18 (1.09-1.27), see Table 2.

Age and Gender

Figure 2 shows the K10 distress data broken down by age and
gender over time. In analysis by gender, very-high distress was
more prevalent in women at 5.2% (95% CI: 5.0-5.4) compared to

men at 3.3% (95% CI: 3.1-3.5), see Table 1. Combined high/very-
high distress was also more prevalent in women at 16.1% (95%
CI: 15.7-16.4) compared to men at 10.9% (95% CI: 10.6-13.9).
Multivariable regression confirmed that women had greater odds

TABLE 1 | Age-standardized prevalence of psychological distress in the Australian
working age population, 2001-2017/18.

K10 very-high K10 combined high/
very-high
n® Rate? 95% Cl Rate? 95% Cl
Age Group
18-24 7846  4.05% 3.62% 4.49% 15.75% 14.95% 16.56%
25-34 17292 3.55% 3.27% 3.82% 12.78% 12.28% 13.28%
35-44 19874 3.97% 3.69% 4.24% 12.99% 12.52% 13.46%
45-54 17742 539% 5.05% 5.72% 14.00% 13.49% 14.51%
55-64 156470 4.53% 4.20% 4.85% 12.96% 12.43% 13.49%
Location?
Major cities 51289  4.09% 3.92% 4.27% 13.13% 12.83% 13.43%
Inner regional 15073  4.75% 4.40% 5.10% 14.42% 13.83% 15.00%
Other 11862 4.24% 3.87% 4.61% 13.66% 13.01% 14.30%
Sexr?
Male 36809 3.30% 3.12% 3.49% 10.90% 10.57% 11.22%
Female 41415 518% 4.96% 5.41% 16.05% 15.68% 16.42%
Male and Year?
2001 6797 3.01% 2.60% 3.41% 10.86% 10.11% 11.61%
2004 7135 327% 2.86% 3.69% 11.33% 10.57% 12.08%
2007 6095 2.87% 2.46% 3.28% 10.29% 9.52% 11.06%
2011 5871 3.08% 2.63% 352% 954% 877% 10.31%
2014 5197  3.43% 2.92% 3.93% 10.35% 9.50% 11.19%
2017/18 5714  419% 3.66% 4.72% 12.57% 11.68% 13.46%
Female and Year®
2001 7844  519% 4.69% 5.69% 17.00% 16.15% 17.84%
2004 8033 5.02% 4.54% 550% 16.73% 15.89% 17.58%
2007 6509 4.59% 4.08% 511% 15.33% 14.44% 16.23%
2011 6461 4.61% 4.09% 513% 13.72% 12.85% 14.58%
2014 6099 543% 4.85% 6.02% 15.50% 14.55% 16.44%
2017/18 6469 590% 5.31% 6.50% 16.97% 16.03% 17.92%
Household income quintiles
(poor) 1 10031 10.88% 9.25% 12.51% 24.56% 22.36% 26.76%
2 10050 6.06% 4.78% 7.35% 20.11% 17.95% 22.26%
3 13307 1.98% 1.41% 256% 11.82% 10.27% 13.37%
4 15601 2.14% 1.47% 281% 9.12% 7.82% 10.43%
(rich) 5 16897 1.01% 0.58% 1.45% 576% 4.82% 6.70%
Female and Household income quintiles
(poor) 1 5915 11.91% 9.78% 14.03% 26.94% 24.06% 29.82%
2 6005 6.80% 5.07% 852% 23.31% 20.37% 26.24%
3 7078 253% 1.59% 3.46% 14.99% 12.55% 17.43%
4 7840 2.75% 1.66% 3.84% 11.44% 9.38% 13.49%
(rich) 5 7736 1.75% 0.92% 2.58% 7.79% 6.16% 9.42%
Male and Household income quintiles
(poor) 1 4120 9.64% 7.13% 12.15% 21.72% 18.35% 25.08%
2 4050 5.12% 3.22% 7.083% 15.99% 12.86% 19.11%
3 6229 1.45% 0.77% 213% 8.70% 6.83% 10.58%
4 7761 1.54% 0.75% 2.33% 6.88% 529% 8.47%
(rich) 5 9161 0.43% 0.01% 0.85% 4.16% 3.09% 5.24%

aStandardized to 2001 Australian Census. Derived from a total of n = 78,204 survey
participants aged 18-64 years. SNumber of survey respondents.
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2001 2004 2007 2011 2014 2017/18
e \/ory High K10  e===High and Very High K10
K10 K10
n very- 95% Cl high/very- 95% Cl
Year high high
2001 14641 3.78% 3.42% 4.13% 13.24% 12.60% 13.89%
2004 15168 4.02% 3.72% 4.33% 13.34% 12.81% 13.87%
2007 12604 3.62% 3.30% 3.94% 12.27% 11.71% 12.83%
2011 12332 3.86% 3.52% 4.20% 11.65% 11.07% 12.23%
2014 11296 4.44% 4.05% 4.83% 12.95% 12.31% 13.58%
2017/18 12183 5.06% 4.66% 5.46% 14.81% 14.16% 15.46%
FIGURE 1 | Age-standardized prevalence of psychological distress in the Australian working age population, 2001-2017. @Standardized to 2001 Australian Census.
Derived from a total of n = 78,204 survey participants aged 18-64 years. **Rate at 2017 significantly greater than all previous years (o < 0.001). * Rate in 2017
significantly greater than 2001, 2004, 2007, and 2011 (p < 0.01).
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