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examination of complex
interrelationships between
physical health, stress and
adaptive cognition, and social
connection with depression
and anxiety symptoms

Huiyoung Shin* and Chaerim Park

Department of Psychology, Jeonbuk National University, Jeonju, Republic of Korea

Background: Research has established the link between physical health, stress and
cognition, and social connection with depression and anxiety. Nevertheless, an
understanding of the comorbidity of depression and anxiety symptoms and their
complex interrelationships with relevant factors remains still limited. This study
investigated the complex pattern of interplay between depression and anxiety
symptoms and pertinent physical, cognitive, and social factors and potential
gender differences.

Methods: Using a sample of 600 middle-aged men and women, depression and
anxiety as well as physical health, perceived stress and mastery, and social
connection were assessed. The network structure of depression and anxiety
symptoms and risk and resilience factors were characterized by examining
interrelationships and the centrality indices of Strength and Bridge Strength.
Gender differences were examined using the Network Comparison Test.

Results: Perceived stress and mastery were central bridge factors influencing
comorbid depression and anxiety symptoms, and perceived stress, anhedonia, and
mastery exhibited strong inter-connections to each other. The connections of
physical health-anhedonia and sleep disturbance-irritability were stronger in men
than in women, while social connection with family was linked to interpersonal
problems only in women.

Conclusions: The results underscore that prevention and interventions targeting
reducing perceptions of stress and promoting mastery would prevent onset or
recurrence of depression and anxiety symptoms among middle-aged men and
women. Engaging in behavioral activities to maintain physical health and ensuring
adequate sleep could be particularly beneficial for men in reducing overall
symptom severity.
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1 Introduction

Depression and anxiety are highly common disorders in the
general population, are a major contributor to disability worldwide
(1) and are often comorbid (2). Based on the nationwide statistics of
South Korea, the prevalence of depression and anxiety for adults in
2021 was estimated to be 7.7% and 9.3%, respectively, and the
number of individuals suffering from these internalizing disorders
increased 35.1% between 2017 and 2021 (3). As with many
psychiatric disorders, depression and anxiety, as well as their
symptoms have high comorbidity, which leads to greater debility
than for either alone (4). These debilitating disorders significantly
impact daily functioning and quality of life (5). They are also
associated with work impairment and loss of productivity and
increase the risks of developing physical and psychiatric
comorbidity as well as premature mortality (6, 7). Both depression
and anxiety are more prevalent in women, with 2.1:1 and 1.6:1 ratio
in women compared with men, and the prevalence rates are higher
among adults in midlife compared to early adulthood, with the
highest rates occurring in adults in their 60s (17%) and 50s
(15.8%), respectively (8). Other medium- to high-income countries
report similar results, suggesting there has been an increase in
depression and anxiety symptoms between early adulthood and
midlife, followed by a subsequent decline in old age (9-11).

Given the enormous burden and high occurrence of depression
and anxiety during mid-adulthood, it is crucial to understand the
factors that put middle-aged adults at risk for developing and
maintaining these internalizing disorders. Much of the previous
work has identified relevant individual and environmental factors
that escalate or reduce the risks for development of depression and
anxiety, that are suitable for screening (e.g., genetic liabilities;
neuroticism; earlier life adversity) (2). Relatively fewer studies
have investigated factors that can be changed by individuals
without extensive intervention (12). Moreover, understanding of
the co-occurrence of depression and anxiety symptoms and their
interrelationships with individual and environmental factors
remains still limited. High co-occurrence between depression and
anxiety disorders suggests that there are shared underlying factors
that may alleviate or increase comorbidity among symptoms of
these disorders. In order to identify individuals who are susceptible
to depression and anxiety disorders and to provide prevention
efforts to reduce the incidence and burden of these disorders, it is
crucial to understand central modifiable risk or resilience factors,
and their interactions with depression and anxiety symptoms.

Conventional clinical practices and the Diagnostic and
Statistical Manual of Mental Disorders 5th edition (DSM-5) (13)
are based on the notion that symptoms of psychiatric disorders are
indications of an underlying cause and various symptoms are
equally important as diagnostic criteria to assess severity of
depression and anxiety (14). Accordingly, the standard procedure
to assess the severity of depression and anxiety is to sum up different
rating scale symptom scores into one total score. However,
depression and anxiety scales are multidimensional and using
aggregated symptom scores could obscure important differences
between heterogenous groups and weights of symptoms, as well as
interrelationships among symptoms (14, 15). Concerns on the
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validity of using total scores to assess depression and anxiety have
motivated the network approach (16), which presumes that
psychiatric disorders are combinations and mutually reinforcing
interactions of symptoms within a network. Based on this approach,
a handful of studies have shown that the presence of certain
symptoms can trigger other symptoms, and comorbidity of
depression and anxiety disorders can result from active
interactions between symptoms that are relevant to both
disorders (15, 17). By examining symptom-level associations,
multiple studies have also revealed the importance of some
symptoms over others (i.e., central symptoms) and identified
bridge symptoms that connect different disorders (15, 18, 19).

Network perspective is also a promising approach to examine
the interrelationships between comorbid depression and anxiety
symptoms and modifiable risk or resilience factors. As for
psychiatric symptoms, various individual and environmental
factors for depression and anxiety often coexist and interconnect
with each other. Hence, it is necessary to consider the
interdependent and interacting nature of different individual and
environmental factors and depression and anxiety symptoms, as
well as the different strength of associations among psychiatric
symptoms and relevant factors (16). Research has underscored that
moving beyond simply examining symptom-symptom interactions
of psychiatric disorders and considering risk or resilience factors
within network models is critical to shed light on the pathway to
psychiatric disorders. Furthermore, this approach is required to
elucidate the processes that protect against the development of
psychopathology and to provide insights into the potential
applications that provide targeted treatment (20, 21).

In this study, we included physical, cognitive, and social factors
that have consistently been recognized as etiological or resilience
factors for depression and anxiety disorders within the network
model. Previous studies have provided strong evidence of
longitudinal associations between physical illness and depression
and anxiety symptoms as well as the high comorbidity between
sleep disturbance, depression, and anxiety (22-24). Abundant
research has also established the robust associations between
perceived stress, (mal)adaptive cognitions, and depression and
anxiety symptoms (25, 26). For instance, depression symptoms
are precipitated by major stressful events and recurrent symptoms
are triggered by subsequent minor stressors (27). Furthermore,
(ma)adaptive cognitions have been considered important
contributors to depression and anxiety symptoms in the face of
stressful events (28, 29). Theoretical models and empirical evidence
have suggested that depression and anxiety result from beliefs about
worry and uncontrollability (30, 31), and such beliefs of control and
sense of mastery are significantly linked with endorsement of
depression and anxiety, as well as stress and sleep disturbances
(29, 32). Moreover, extant literature corroborates the importance of
the link between social connection with affective disorders (33, 34).
Research has found that large social networks, frequent contact with
social partners, and high levels of social participation have
protective benefits and alleviate depression and anxiety. As such,
there is a clear connection between physical health, perceived stress
and cognition, and social connection with depression and anxiety
symptoms. However, their interrelationships are likely to be highly
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complex, for which network analysis is suited to investigate the
interacting nature of different factors and depression and
anxiety symptoms.

Therefore, the goal of the present study was to examine the
network structure of depression and anxiety symptoms and relevant
physical, cognitive, and social factors to better understand how they
interact with one another among middle-aged men and women.
This group was chosen, as mid-adulthood, typically defined as 40-
65 years (35), has been reported to be an at-risk time of life
demonstrating high occurrences of depression and anxiety (8-11,
36). To elucidate which risk or resilience factors have most
prominent roles in depression and anxiety symptoms, we detected
central and bridge factors in the network. Further, given gender is
known to be a significant influencing factor underlying prevalence
rates of depression and anxiety (21, 37), we investigated potential
gender differences in the overall network structure as well as the
strength of associations among depression and anxiety symptoms
and risk and resilience factors. Ultimately, by considering various
individual and environmental factors in tandem with depression
and anxiety symptoms, the present study provides important
insights into the complex patterns of the interplay of depression
and anxiety symptoms with risk and resilience factors, and provides
evidence-based and gender-specific health-promoting strategies to
reduce psychopathology symptoms and to better support
psychological health.

2 Methods
2.1 Procedures

We recruited participants from an online research participant
system that retains a panel of 1,724,264 South Korean adults across
varying age, education, income, and demographic as well as clinical
characteristics. We used stratified probability sampling to obtain a
representative sample of middle-aged men and women. The
invitation was distributed to those who qualified to fill one of 6
subgroups defined by three strata for age (40-49, 50-59, and 60-69
years) and two strata for gender (men and women) from February
15 to 17, 2023. To understand a fuller spectrum of psychological
health among middle-aged adults, we adopted dimensional
conceptualizations (38), that is, middle-aged adults with and
without depression and anxiety symptoms were recruited so that
the full spectrum of psychological health, from normal to abnormal,
could be measured. Inclusion criteria were the following (1): South
Korean adults living in South Korea (2); aged between 40-65 years
(3); able to understand the aims and content of the survey. Ethical
approval was obtained from the Institutional Review Board (IRB) of
researchers’ University and informed consent was obtained from all
of the participants.

2.2 Participants

The final sample comprised 600 middle-aged adults (mean
age = 52.68; 48.17% male) and 299 (49.83%) of them reported
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either depression or anxiety symptoms. The prevalence of depression
(CES-D > 16) and anxiety (GAD-7 > 5) were 44.00% and 35.83%,
respectively. About 485 (80.84%) of the participants had received
higher education (undergraduate/graduate school), 421 (70.17%) were
currently employed, and 409 (68.16%) had income higher than
$30,000. About 499 (83.17%) were married or partnered and 466
(77.67%) had at least one child. Tables 1 and 2 provide more detailed
demographic information and the information on the mean of CES-D
and GAD-7, as well as physical, cognitive, and social factors that were
included in the analysis.

2.3 Measures

All measures of depression and anxiety symptoms (39, 40) as
well as physical, cognitive, and social factors that were used in this
study have been validated in South Korean populations (41-43).

2.3.1 Depression symptoms

Depression symptoms were assessed using the 20-item Center
for Epidemiological Studies Depression Scale (CES-D) (44), which
has four subscales of depressed affect, anhedonia, somatic
complaints, and interpersonal problems. Detailed information of
sample items is summarized in Table 3. Each item was scored from
0 (not at all) to 3 (a lot). The CES-D total scores range from 0 to 60.
Total scores of 16 and 25 are considered the cutoffs for clinical and
major depressive symptoms, respectively. The Cronbach’s o scores
for depressed affect, anhedonia, somatic complaints, and
interpersonal problems were 0.92, 0.85, 0.88, and 0.77, respectively.

2.3.2 Anxiety symptoms

Anxiety symptoms were measured with the 7-item Generalized
Anxiety Disorder Scale (GAD-7) (45). Detailed information of
sample items is summarized in Table 3. Each item was scored
from 0 (not at all) to 3 (nearly every day). The GAD-7 total scores
range from 0 to 21. Total scores of 5, 10, 15 are considered the cut-
offs for mild, moderate, and severe anxiety symptoms, respectively.
The Cronbach’s o of this scale for this study was 0.93.

2.3.3 Physical factors

Physical health was measured using a single item assessing
perceived health (46) that is rated on a scale ranging from 1 (poor)
to 5 (excellent). Chronic diseases were measured using an index of
13 major chronic diseases (e.g., cancer, respiratory diseases, and
vascular diseases) by summing the number of diagnosed diseases.
Sleep disturbance was measured using the 19-item Pittsburgh Sleep
Quality Index (PSQI) (47), which assesses the quality and patterns
of sleep (i.e., sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction) over a one-month duration. Sample items
are “During the past month, how often have you taken medicine to
help you sleep?” and “During the past month, how would you rate
your sleep quality overall?” Each item was rated on a scale ranging
from 1 (very good) to 4(very bad). PSQI total scores range from 0 to
21, with a higher score indicating greater sleep disturbance.
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TABLE 1 Demographic and clinical characteristics.

Male (n = 289)

Female (n = 311)

10.3389/fpsyt.2024.1401142

Total (N = 600)

n % n % n %
Age (years) 1.34 0.51
40-49 105 36.33% 104 33.44% 209 34.83%
50-59 106 36.68% 110 35.37% 216 36.00%
60-65 78 26.99% 97 31.19% 175 29.17%
Education 14.09 <0.01
< High school 38 13.15% 77 24.75% 115 19.17%
Undergraduate school 211 73.01% 204 65.59% 415 69.17%
Graduate school 40 13.84% 30 9.65% 70 11.67%
Marital status 11.91 <0.05
Unmarried 53 18.34% 42 13.50% 95 15.83%
Married 219 75.78% 238 76.53% 457 76.17%
Partnered 4 1.38% 1 0.32% 5 0.83%
Divorced 11 3.81% 18 5.79% 29 4.83%
Widowed 2 0.69% 12 3.86% 14 2.33%
Income 17.75 <0.01
< $10,000 34 11.76% 64 20.58% 98 16.33%
$10,000-$20,000 17 5.88% 26 8.36% 43 7.17%
$20,000-$30,000 18 6.23% 32 10.29% 50 8.33%
$30,000-$40,000 48 16.61% 50 16.08% 98 16.33%
> $40,000 172 59.52% 139 44.69% 311 51.83%
Depression (CES-D) 7.62 0.06
No depression (0-15) 157 54.33% 179 57.65% 336 56.00%
Mild depression (16-20) 31 10.73% 41 13.18% 72 12.00%
Moderate depression (21-24) 32 11.07% 16 5.14% 48 8.00%
Severe depression (> 25) 69 23.88% 75 24.12% 144 24.00%
Anxiety (GAD-7) 1.14 0.77
No anxiety (0-4) 185 64.01% 200 64.31% 385 64.17%
Mild anxiety (5-9) 61 21.11% 68 21.86% 129 21.50%
Moderate anxiety (10-14) 34 11.76% 30 9.65% 64 10.67%
Severe anxiety (15-21) 9 3.11% 13 4.18% 22 3.67%

2.3.4 Cognitive factors

Perceived stress was measured using the 10-item Perceived Stress
Scale (PSS) (48), which assesses the extent to which situations in one’s
life are perceived as stressful. A sample item is “How often have you
been upset because of something that happened unexpectedly?” Each
item was rated on a scale ranging from 0 (never) to 4 (very often). PSS
scores range from 0 to 40, with a higher score indicating greater stress.
The Cronbach’s o of this scale for this study was 0.78. Mastery (i.e.,
sense of control) was measured using the 7-item Pearlin Mastery Scale
(PMS) (49), which assesses the extent to which individuals regard their
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life circumstances as being under control. A sample item is “What
happens to me in the future mostly depends on me.” Each item was
rated on a scale ranging from 1 (strongly disagree) to 4 (strongly agree).
PMS total scores range from 7 to 28, with a higher score indicating
greater levels of mastery. The Cronbach’s o of this scale for this study
was 0.79.

2.3.5 Social factors
Social connection and social engagement were measured using
the Lubben Social Network Scale-18 (LSNS-18) (50, 51), which
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TABLE 2 Descriptive information of depression and anxiety symptoms, as well as physical, cognitive, and social factors.

Total CES-D GAD-7
Variable (N=600) <16 (n=336) > 16 (n=264) <5(n =385 >5(n=215)
M SD M M SD M SD
Depression symptoms 16.68 11.73 8.29 391 27.36 9.46 -30.75%%* 11.02 7.45 26.81 11.17 -18.55%%*
Depressed affect 3.95 4.81 0.79 1.18 7.97 4.69 -24.27%%% 1.69 278 8.00 5.01 -17.05%%*
Anhedonia 6.96 3.09 5.28 2.56 9.09 2.28 -19.23%4* 6.07 297 8.55 2.61 -10.25%4*
Somatic complaints 5.01 4.51 2.07 1.70 8.77 4.16 -24.59%+* 2.97 2.84 8.68 4.62 -16.4844*
Interpersonal problems 0.76 1.26 0.15 0.43 1.54 1.51 -14.490%* 0.30 0.75 1.58 1.54 -11.480*
Anxiety symptoms 4.11 4.57 1.71 2.69 7.17 4.64 -17.02%%* 1.25 1.28 9.24 3.80 -29.91%4*
Nervousness 0.58 0.79 0.22 0.50 1.05 0.86 -13.810%* 0.14 0.35 1.38 0.74 -23.070%*
Uncontrollable worry 0.62 0.81 0.25 0.50 1.08 0.90 -13.43%%* 0.20 0.40 1.37 0.83 -19.54%%%
Excessive worry 0.85 0.84 0.46 0.60 1.35 0.83 -14.59%*+* 0.43 0.54 1.61 0.73 -20.72%4%
Trouble relaxing 0.59 0.76 0.24 0.52 1.04 0.79 -14.19%%* 0.18 0.40 1.32 0.71 -21.60***
Restlessness 0.42 0.73 0.13 0.45 0.78 0.86 -11.04%%* 0.05 0.22 1.07 0.86 -17.15%4*
Irritability 0.6 0.76 0.26 0.52 1.03 0.80 -13.47%4% 0.19 0.39 1.33 0.70 -22.09%%*
Feeling afraid 0.45 0.75 0.13 0.44 0.86 0.87 -12.38%%* 0.06 0.26 115 0.84 -18.51%%*
Physical factors
Physical health 2.73 0.78 2.88 0.75 2.55 0.79 5180 2.85 0.73 2.52 0.83 4.90**
Number of chronic diseases 0.83 1.02 0.74 0.95 0.94 1.09 -2.34* 0.74 0.91 0.99 1.18 -2.90%%
Sleep disturbance 7.37 3.58 6.14 2.86 8.95 3.78 -10.03*%*%* 6.32 3.01 9.27 3.75 -9.90%*+*
Cognitive factors
Perceived stress 16.28 5.44 13.35 4.43 20.02 4.17 -18.80*** 13.90 4.45 20.54 4.36 -17.65%*%*
Mastery 19.62 3.61 21.61 2.83 17.08 2.82 19.53** 20.88 3.28 17.35 3.02 13.00%**
Social factors
Social engagement 1.63 0.99 1.69 1.00 1.55 0.98 1.72 1.68 1.00 1.55 0.98 1.53
Social connection with family 1.99 091 2.17 0.90 1.76 0.87 5.69¢ 2.07 0.93 1.85 0.87 2.85%*
Social connection with friend 1.74 0.91 1.87 0.88 1.57 0.92 3.97%* 1.81 0.88 1.62 0.95 2.45%*

*p<.05. **p<.01. **p<.001.

assesses the degree of social connection (i.e., network size, closeness,
and frequency of contact) and social engagement (e.g., volunteer,
religious, and leisure/culture/sport). Social connection consists of 6-
item for each social partner, with a higher score indicating larger
networks and more frequent social contact. Social engagement
includes an index of seven social activities and the number of
social activities was used to indicate the level of social engagement.

2.4 Statistical analyses

We estimated the network structure of depression and anxiety
symptoms as well as physical, cognitive, and social factors. Physical
factors included physical health, chronic diseases, and sleep
disturbance, while cognitive factors included perceived stress and
mastery (i.e., sense of control), and social factors included social
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connection and social engagement. The network structure was
estimated based on the total sample first, and then potential
gender differences were examined in relation to the overall
network structure as well as item-level associations.

2.4.1 Network estimation

All statistical analyses were conducted using R version 4.3.1. To
check item redundancy prior to network estimation, goldbricker
function in the R-package networktools version 1.5.2 was used. To
estimate the network structures of depression and anxiety symptoms,
as well as physical, cognitive, and social factors, we used the Extended
Bayesian Information Criterion (EBIC) graphical least absolute
shrinkage and selection operator (GLASSO) network model (52).
To estimate and visualize the networks, we used the R-package
qgraph version 1.9.8 (53). The nodes represented depression and
anxiety symptoms and physical, cognitive, and social factors, while
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TABLE 3

Item information of depression and anxiety scales.

Cronbach's

o

Depression symptoms (CES-D) 0.94

Depressed affect

Anhedonia

Somatic complaints

Interpersonal problems

Anxiety symptoms (GAD-7)

Nervousness

Uncontrollable worry

Excessive worry

I felt that I could not shake
off the blues even with help
from my family or friends.

I felt depressed.

I thought my life had been
a failure. 0.92

I felt fearful.

I felt lonely.

T had crying spells.
T felt sad.

I felt that I was just as good
as other people.

I felt hopeful about
the future. 0.85

T was happy.
I enjoyed life.

I was bothered by things that
usually don’t bother me.

I did not feel like eating; my
appetite was poor.

I had trouble keeping my

mind on what I was doing.
0.88

I felt that everything I did
was an effort.

My sleep was restless.

I talked less than usual.

I could not get “going”.
People were unfriendly.

0.77
I felt that people dislike me.

0.93

Feeling nervous, anxious, or
on edge.

Not being able to stop or
control worrying.

Worrying too much about
different things.

Trouble relaxing

Trouble relaxing.

Restlessness

Irritability

Feeling afraid

Being so restless that it is
hard to sit still.

Becoming easily annoyed
or irritable.

Feeling afraid, as if
something awful
might happen.
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the edges represented the regularized partial correlation coefficients
between the nodes, which excluded the multicollinearity of node
correlations (54). A regularization algorithm was used to reduce all of
the insignificant edges in the network to zero, which led to a sparse
network with as few edges as possible (55). Thicker edges indicate
higher correlations, while blue and red color edges indicate positive
and negative correlations, respectively. Highly correlated nodes were
placed closer together, while weakly correlated nodes were placed in
the peripheral areas of the network graph (56).

2.4.2 Network centrality

To assess the prominence of each node in the network, we
estimated the centrality index of Strength (ie., the sum of the
absolute edge weights connected to a node) with higher strength
denoting a more central role in the network (57). To detect bridge
nodes that play an influential role in connecting two or more clusters,
we estimated the bridge centrality index of Bridge Strength (i.e., the
sum of the edge weights connecting a node to the nodes in other
clusters). We used the R-package bootnet version 1.5.6 (58) and
networktools version 1.5.1 (59) to compute both indices. Following
recommendations from prior literature (60), the top 25% scoring
nodes on the centrality indices were selected in the networks.

2.4.3 Network accuracy and stability

The robustness of the networks was assessed using R-package
bootnet version 1.5.6. We utilized a non-parametric bootstrapping
procedure to estimate the accuracy of edge weights by calculating
95% confidence intervals (Cls), with a narrow CI indicating a
reliable network. In addition, we used a case-dropping bootstrap
procedure to assess the network stability by calculating the
correlation stability-coefticients (CS-coefficients). CS-coefficient
values above 0.25 are recommended for interpretation (61).

2.4.4 Network comparison

To assess potential gender differences in the overall network
structure, global strength, and edge strength, the R-package Network
Comparison Test was used (62), utilizing the Benjamini and Hochberg
false discovery rate correction to control the family-wise error rate.

3 Results
3.1 Network structure

As presented in Figure 1, the network structure of depression and
anxiety symptoms and physical, cognitive, and social factors indicated
that 83 of 171 edges (48.54%) were above zero. As there were no
redundant items, all items of physical, cognitive, and social domains
were included in the network model. With regard to the depression
symptoms, depressed affect and somatic complaints displayed the
strongest connection, followed by the edge for depressed affect and
interpersonal problems. Among the anxiety symptoms, feeling afraid
and restlessness showed the strongest connection, followed by the
edge for feeling afraid and nervousness. Between depression and

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1401142
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Shin and Park

anxiety symptoms, depressed affect and feeling afraid, and depressed
affect and nervousness displayed strong connections. With regard to
the link between depression and anxiety symptoms and physical and
cognitive factors, perceived stress weighed the highest in connections
with both depression and anxiety symptoms, followed by mastery,
sleep disturbance, and physical health, suggesting their substantial
impact on depression and anxiety. Perceived stress was positively
associated with most of the depression and anxiety symptoms and had
particularly strong connection with anhedonia. In contrast, mastery
was negatively associated with both perceived stress and depression
symptoms and had a particularly strong connection with anhedonia.
Sleep disturbance had positive connections with depression and
anxiety symptoms and physical health was negatively associated
with anhedonia. With regard to the social factors, although the
relative strength of their impact on depression and anxiety
symptoms was weaker than those of physical and cognitive factors,
social connection with family was negatively associated with
anhedonia. It is noteworthy that social engagement had strong
positive connection with friends. The weights matrix for the
regularized partial correlation network estimation is provided in
Supplementary Table S2. The predictability index showed that
45.18% of the variance in each node was explained by the adjacent
nodes. Supplementary Figures S1, S2 provides the results of the
bootstrapped 95% Cls of edge weights and bootstrapped difference
tests for edge weights.

3.2 Network centrality

According to the centrality index of Strength (see Figure 1),
depressed affect had the highest strength, followed by somatic
complaints, perceived stress, nervousness, anhedonia, feeling
afraid, and uncontrollable worry, indicating these nodes were the
most strongly associated other symptoms or factors in the network.
The top 25% of scoring nodes on Bridge Strength are also displayed

Initable

Depression symptoms (CES-D)
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in Figure 1. Anhedonia emerged as the most central bridge node,
followed by perceived stress, and mastery, indicating these were the
main bridge nodes connecting depression and anxiety symptoms
and relevant risk and resilience factors. Perceived stress acted as a
strong bridge node in connecting most depression and anxiety
symptoms. Anhedonia served as a strong bridge node in connecting
perceived stress, mastery, physical health, and social connection
with family. Mastery acted as a strong bridge node in connecting
perceived stress, anhedonia, and depressed affect as well as somatic
complaints. Supplementary Figure S3 provides the results of the
non-parametric bootstrapped difference tests of Strength.

3.3 Network stability

Regarding network stability, the case dropping bootstrap
procedure showed that Strength and Bridge Strength values
remained stable after dropping different proportions of the sample
(see Supplementary Figure S4). The CS-coefficients for Strength and
Bridge Strength were both 0.75, indicating that the results did not
change significantly after dropping 75% of the sample.

3.4 Network comparison

The overall network structure was not significantly different
between men and women (maximum difference = 0.17; p = 0.73)
and the network comparison test showed no significant difference in
global strengths (global strength difference = 0.15; global men
strength = 7.70; global women strength = 7.55; p = 0.64). However,
after the Benjamini and Hochberg post hoc comparison correction,
we found six edges that were significantly different between men and
women; Uncontrollable worry-excessive worry, and interpersonal
problems-social connection with family had significantly stronger
edges in women than in men, whereas somatic complaints—
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The network structure of depression and anxiety symptoms and physical, cognitive, and social factors.
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uncontrollable worry, depressed affect-restlessness, anhedonia-
physical health, irritability-sleep disturbance had significantly
stronger edges in men than in women. The estimated network
structures for men and women are presented in Figure 2 and
centrality indices are shown in Figure 3. CS-coefficients for
Strength and Bridge Strength were both 0.75 in the network of
men and women. The weights matrix for the regularized partial
correlation network estimation by gender is provided in
Supplementary Table S3. The CS-coefficient graphs for the total
sample and for men and women are provided in Supplementary
Figures S5-S8. For the centrality index of Strength and Bridge
Strength, perceived stress was the most central factor and perceived
stress and mastery were the main bridge factors for depression and
anxiety symptoms in both men’s and women’s networks.

4 Discussion

This study used network analysis to characterize the network
structure of depression and anxiety symptoms and physical,
cognitive, and social factors among middle-aged men and women.
With this approach, we quantified the complex and interactive
relationships within and between depression and anxiety symptoms
and various risk and resilience factors, and identified multiple
pathways linking depression and anxiety symptoms and individual
and environmental factors. The network of depression and anxiety
symptoms, the associations between depression and anxiety
symptoms and risk and resilience factors, and gender differences in
the strength of these associations are discussed in more detail below.

Network analysis results revealed that depressed affect and
somatic complaints of depression symptoms, and nervousness and
feeling afraid of anxiety symptoms were central symptoms,
indicating that these symptoms have the strongest impact in
maintaining the entire symptom network. These findings are
consistent with current understanding of the primary symptoms

10.3389/fpsyt.2024.1401142

required for a diagnosis of major depression and anxiety disorders
(63) as well as previous network analyses results (64, 65). Moreover,
anhedonia was found to be the central bridge symptom in the
network, reflecting reductions in interest and pleasure function as
a major pathway between depression and anxiety. Central and bridge
symptoms identified in this study have been consistently understood
as core symptoms of depression and anxiety in both psychiatric and
non-psychiatric samples (63, 66). Our findings corroborate the
results obtained in previous studies and underscore that depressed
affect, somatic complaints, and anhedonia, as well as nervousness
and feeling afraid can be considered central hallmark symptoms of
affective disorders that are the most likely candidates for triggering or
activating remaining depression and anxiety symptoms.

With regard to the link between depression and anxiety symptoms
and physical, cognitive, and social factors, perceived stress was the
highest risk factor, while mastery was the strongest resilience factor.
These two had the most prominent roles for depression and anxiety
symptoms. Although perceived stress was positively associated with
most of the depression and anxiety symptoms, it had a particularly
strong connection with anhedonia. Moreover, anhedonia and
perceived stress were the most central bridge factors in the entire
network. The strength of anhedonia and perceived stress and their
bridging roles in the network indicate the importance of perception of
stress and loss of interest and pleasure as central connections between
various depression and anxiety symptoms and relevant factors. Prior
research has provided strong evidence that chronic stress contributes
to the emergence of anhedonia (26, 67) and is a strong predictor of
development and maintenance of psychopathology symptoms (68).
The current results further emphasize that the impact of perceived
stress on depression and anxiety is more substantial relative to other
individual and environmental factors, and perceived stress and
anhedonia can play a key role in the onset and development of
depression and anxiety symptoms and can exacerbate the comorbidity
and severity of depression and anxiety by functioning as important
pathways and shared underlying causes.
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It is noteworthy that perceived stress, anhedonia, and mastery
were tightly clustered together and exhibit strong inter-connections
to each other. Mastery was negatively associated with both
perceived stress and depression symptoms and had particularly
strong and negative connections with anhedonia. Moreover,
mastery was another central bridge factor following anhedonia
and perceived stress in the entire network. Overall, stress,
anhedonia, and mastery within the network were clearly key
components within which other clusters were connected. The
finding that mastery served a central bridging role indicates that
beliefs of control over life can be protective from developing
depression and anxiety symptoms in the face of stressful events.
Maladaptive cognitions such as believing one has a lack of control
have been considered important determinants for endorsement of
depression and anxiety symptoms (69). Perceptions of lack of control
can lead to certain cognitive patterns dominated by worry, fixation on
threat, rumination, and other counter-productive thought processes,
and often results in conditions where negative emotions persist (29,
70). Abundant research has revealed that individuals with depression
and anxiety symptoms often display avoidant tendencies or
overwhelmed emotional experiences, which further contributes to
depressed affective states and increased worry, in a fashion which is
cyclical in nature (71). The densely interconnected cluster of stress,
anhedonia, and mastery further substantiate the important
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connections between perceptions of stress, (mal)adaptive
cognitions, and depression and anxiety, such that mastery or a sense
of control may be associated with more positive emotions, thus
buffering against the negative impact of stress (28, 72).

Although overall network structure was not significantly
difterent, there were several associations that differed in important
ways between men and women. The connections of physical health-
anhedonia and sleep disturbance-irritability were stronger in men
than in women, while social connection with family was linked to
interpersonal problems only in women. These results can be
diagnostically useful as physical health and sleep disturbances are
more critically related to depression and anxiety symptoms for men,
whereas social factors are more influential for depression and
anxiety symptoms in women. Previous research has provided
strong evidence that physical functioning or illness contribute to
psychiatric conditions where affective disorders are centrally
relevant (e.g., anhedonia) (24). Abundant research has also
indicated that sleep disturbances such as insomnia contribute to
the onset and recurrence of internalizing symptoms (22, 23, 73).
However, evidence of gender differences in terms of impact of
physical health and sleep disturbances on depression and anxiety is
scarce and mixed. Several studies have reported that men with sleep
disorders reported higher levels of fatigue and depression symptoms
compared with women (74, 75), but other studies have also
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indicated physical activity was more effective in alleviating
depression symptoms in women than in men (76, 77). Given that
these studies have used aggregated scores of depression symptoms,
future studies based on symptom-level interpretations should
analyze the link between physical factors and depression
symptoms to check how generalizable the current findings are.

In contrast, gender-related differences in terms of the links
between social connection and depression symptoms have been
supported in the literature and are consistent with the current
findings. Multiple studies have reported that although women can
benefit more from supportive relationships than men, they can also feel
increased stress from the additional roles they are expected to play and
their involvement in the lives of others (78). Moreover, women can
suffer more when they have conflict with their social partners or
experience a lack of support, due to high expectations and devotion to
social connection (79). Previous studies have consistently shown that
women feel more responsible toward social partners than men and this
can cause women to feel more burdened and overloaded (80). Greater
involvement and responsibility have been associated with higher rates
of depression in women than in men (81, 82). The negative link
between social connection with anhedonia as well as perceived stress
was robust and equally strong for both men and women, corroborating
the protective benefits of social connection for depression and anxiety
symptoms (33, 34). However, potential gender differences found in the
present study underscore that healthcare providers should aim to
provide more support that is tailored to gender.

The current findings have several clinical implications. In view
of the central impact of bridge nodes in the network, prevention and
intervention efforts should target central bridge symptoms or
factors that serve as key pathways for co-occurring depression and
anxiety. Anhedonia, which is characterized by loss of motivation,
interest, and pleasure emerged as the most prominent bridge symptom
in the current comorbidity network. Considering its dense
interconnection with mastery and perceived stress, anhedonia may
connect transdiagnostic experiences between depression and anxiety,
such as avoidance tendency or overwhelmed emotions, and reduced
interest (83). Hence, targeting anhedonia would be beneficial to
prevent or alleviate depression and anxiety symptoms among
middle-aged men and women. In a related vein, the findings that
mastery served as central bridging roles and had strong and negative
connections with perceived stress and anhedonia suggests that one’s
belief about control over stressful events in life can be protective from
the onset of affective disorders. Accordingly, mental health preventions
should focus on building mastery or enhancing coping strategies to
foster a sense of control in the face of stressful events through a
treatment program. Lastly, our results showed that the connections of
physical health-anhedonia and sleep disturbance-irritability were
stronger in men than in women. Engaging in behavioral activities to
maintain physical health (e.g., exercise and taking a walk), ensuring
adequate sleep, and other self-care activities may therefore be
particularly beneficial in reducing overall symptom severity for men.

There are a number of limitations. First, this study was based on
a cross-sectional analysis, which is not sufficient to make causal
inferences between symptoms and risk and resilience factors. Future
study should clarify how physical, cognitive, and social factors
interact with each other and predict symptom-level changes by
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employing longitudinal network analysis. Second, although
considering multiple domains of physical, cognitive, and social
factors and analyzing their interrelationships with depression and
anxiety symptoms is a strength of this study, there are other important
factors that were not included. Future studies could take into account a
more diverse range of individual and environmental factors and thus
provide a more comprehensive portrait of the complex pattern of
interplay between risk and resilience factors and psychopathology
symptoms. Third, although the current sample is deemed to be
representative of South Korean middle-aged adult population with
the use of a stratified sampling, the modest sample size may limit the
generalizability of the findings. Future research based on different
cohorts should replicate our results to allow for the generalization of
the interrelationships found in this study.

5 Conclusion

This study is the first to consider various risk and resilience factors
in physical, cognitive, and social domains and simultaneously
investigate their interrelationships with depression and anxiety
symptoms among middle-aged men and women, by employing a
network analysis. Through this approach, we have elucidated the
complex associations within and between physical, cognitive, social,
and psychological domains, and uncover various pathways linking risk
and resilience factors with comorbid depression and anxiety symptoms.
Identifying the protective or harmful roles of individual and
environmental factors on depression and anxiety will be particularly
informative given the enormous burden of depression and anxiety
during mid-adulthood. The findings emphasize that prevention aimed
at reducing perceptions of stress and promoting mastery, is central to
preventing the onset or maintenance of depression and anxiety
symptoms among middle-aged men and women.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional
Review Board, Jeonbuk National University. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

HS: Validation, Supervision, Project administration,
Methodology, Investigation, Data curation, Conceptualization,
Writing - review & editing, Writing - original draft. CP: Writing
- review & editing, Formal Analysis, Data curation.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1401142
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Shin and Park

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The research
received funding from the Brain Korea 21 fourth project of the
Korea Research Foundation (Jeonbuk National University,
Psychology Department no. 4199990714213).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: A
systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

2. Kalin NH. The critical relationship between anxiety and depression. Am |
Psychiatry. (2020) 177:365-67. doi: 10.1176/appi.ajp.2020.20030305

3. Health Insurance Review & Assessment Services. The Analysis of Depression and
Anxiety Disorder Treatment Trends in the Last 5 years (2017-2021) (2022). Available at:
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRA A020041000100&brdScnBltNo=
4&brdBltNo=10627 (Accessed June 24, 2022).

4. Kessler RC, Sampson NA, Berglund P, Gruber MJ, Al-Hamzawi A, Andrade L,
et al. Anxious and non-anxious major depressive disorder in the World Health
Organization World mental health surveys. Epidemiol Psychiatr Sci. (2015) 24:210-
26. doi: 10.1017/52045796015000189

5. Vancampfort D, Kimbowa S, Schuch F, Mugisha J. Physical activity, physical
fitness and quality of life in outpatients with major depressive disorder versus matched
healthy controls: Data from a low-income country. ] Affect Disord. (2021) 294:802-04.
doi: 10.1016/j.jad.2021.07.092

6. Colman I, Kingsbury M, Sucha E, Horton NJ, Murphy JM, Gilman SE. Depressive
and anxious symptoms and 20-year mortality: Evidence from the Stirling County study.
Depress Anxiety. (2018) 35:638-47. doi: 10.1002/da.22750

7. Linder A, Gerdtham UG, Trygg N, Fritzell S, Saha S. Inequalities in the economic
consequences of depression and anxiety in Europe: A systematic scoping review. Eur |
Public Health. (2020) 30:767-77. doi: 10.1093/eurpub/ckz127

8. Ministry of Health and Welfare. National mental health survey 2021 (2022).
Available at: https://mhs.ncmh.go.kr/en/ (Accessed December 1, 2020).

9. Blanchflower DG. Unhappiness and age. ] Econ Behav Organ. (2020) 176:461-88.
doi: 10.1016/1,jebo.2020.04.022

10. Gondek D, Bann D, Patalay P, Goodman A, McElroy E, Richards M, et al.
Psychological distress from early adulthood to early old age: Evidence from the 1946,
1958 and 1970 British birth cohorts. Psychol Med. (2022) 52:1471-80. doi: 10.1017/
$003329172000327X

11. Global Burden of Disease Collaborative Network. Global burden of disease study
2019 (GBD 2019) results. Seattle, United States: Institute for Health Metrics and
Evaluation (IHME (2020). Available at: https://vizhub.healthdata.org/gbd-results/.

12. Zimmermann M, Chong AK, Vechiu C, Papa A. Modifiable risk and protective
factors for anxiety disorders among adults: A systematic review. Psychiatry Res. (2020)
285:112705. doi: 10.1016/j.psychres.2019.112705

13. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders: DSM-5. 5th ed. Washington, D.C: American Psychiatric Association (2013).
doi: 10.1176/appi.books.9780890425596

14. Fried EI, Nesse RM. Depression is not a consistent syndrome: An investigation
of unique symptom patterns in the STAR* D study. J Affect Disord. (2015) 172:96-102.
doi: 10.1016/j.jad.2014.10.010

15. Beard C, Millner AJ, Forgeard MJC, Fried EI, Hsu KJ, Treadway MT, et al.
Network analysis of depression and anxiety symptom relationships in a psychiatric
sample. Psychol Med. (2016) 46:3359-69. doi: 10.1017/50033291716002300

16. Borsboom D, Cramer AOJ. Network analysis: An integrative approach to the
structure of psychopathology. Annu Rev Clin Psychol. (2013) 9:91-121. doi: 10.1146/
annurev-clinpsy-050212-185608

Frontiers in Psychiatry

11

10.3389/fpsyt.2024.1401142

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1401142/
full#supplementary-material

17. Cramer AQJ, Waldorp LJ, van der Maas HLJ, Borsboom D. Comorbidity: A
network perspective. Behav Brain Sci. (2010) 33:137-50. doi: 10.1017/
50140525X09991567

18. Cheng P, Liu Z, Sun M, Zhang W, Guo R, Hu A, et al. The relations of psychotic-
like experiences (PLEs) and depressive symptoms and the bias of depressive symptoms
during the clustering among Chinese adolescents: Findings from the network
perspective. ] Affect Disord. (2024) 350:867-76. doi: 10.1016/j.jad.2024.01.180

19. Fried EI, van Borkulo CD, Cramer AO, Boschloo L, Schoevers RA, Borsboom D.
Mental disorders as networks of problems: A review of recent insights. Soc Psychiatry
Psychiatr Epiodemiol. (2017) 52:1-10. doi: 10.1007/s00127-016-1319-z

20. Schellekens MP, Wolvers MD, Schroevers MJ, Bootsma TI, Cramer AQO, van der
Lee ML. Exploring the interconnectedness of fatigue, depression, anxiety and potential
risk and protective factors in cancer patients: A network approach. ] Behav Med. (2020)
43:553-63. doi: 10.1007/s10865-019-00084-7

21. Zheng Z, Zhao W, Zhou Q, Yang Y, Chen S, Hu J, et al. Sex differences in
depression, anxiety and health-promoting lifestyles among community residents: A
network approach. J Affect Disord. (2023) 340:369-78. doi: 10.1016/.jad.2023.07.107

22. Alvaro PK, Roberts RM, Harris JK. A systematic review assessing bidirectionality
between sleep disturbances, anxiety, and depression. Sleep. (2013) 36:1059-68.
doi: 10.5665/sleep.2810

23. Baglioni C, Battagliese G, Feige B, Spiegelhalder K, Nissen C, Voderholzer U,
et al. Insomnia as a predictor of depression: A meta-analytic evaluation of longitudinal
epidemiological studies. ] Affect Disord. (2011) 135:10-9. doi: 10.1016/j.jad.2011.01.011

24. Clarke DM, Currie KC. Depression, anxiety and their relationship with chronic
diseases: A review of the epidemiology, risk and treatment evidence. Med ] Aus. (2009)
190:554-60. doi: 10.5694/j.1326-5377.2009.tb02471.x

25. Papageorgiou C, Wells A. An empirical test of a clinical metacognitive model of
rumination and depression. Cognit Ther Res. (2003) 27:261-73. doi: 10.1023/
A:1023962332399

26. Pelletier-Baldelli A, Strauss GP, Kuhney FS, Chun C, Gupta T, Ellman LM, et al.
Perceived stress influences anhedonia and social functioning in a community sample
enriched for psychosis-risk. J Psychiatr Res. (2021) 135:96-103. doi: 10.1016/
j.jpsychires.2021.01.005

27. Phillips R, Walsh E, Jensen T, Nagy G, Kinard J, Cernasov P, et al. Longitudinal
associations between perceived stress and anhedonia during psychotherapy. J Affect
Disord. (2023) 330:206-13. doi: 10.1016/j.jad.2023.03.011

28. Julian M, Le HN, Coussons-Read M, Hobel CJ, Schetter CD. The moderating
role of resilience resources in the association between stressful life events and
symptoms of postpartum depression. | Affect Disord. (2021) 293:261-67.
doi: 10.1016/j.jad.2021.05.082

29. Yilmaz AE, Gengoz T, Wells A. The temporal precedence of metacognition in
the development of anxiety and depression symptoms in the context of life-stress: A
prospective study. J Anxiety Disord. (2011) 25:389-96. doi: 10.1016/j.janxdis.2010.
11.001

30. Wells A. Meta-cognition and worry: A cognitive model of generalized anxiety
disorder. Behav Cognit Psychother. (1995) 23:301-20. doi: 10.1017/S1352465800015897

31. Wells A, Carter K. Further tests of a cognitive model of generalized
anxiety disorder: Metacognitions and worry in GAD, panic disorder, social phobia,
depression, and nonpatients. Behav Ther. (2001) 32:85-102. doi: 10.1016/S0005-7894
(01)80045-9

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1401142/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1401142/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1176/appi.ajp.2020.20030305
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020041000100&brdScnBltNo=4&amp;brdBltNo=10627
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020041000100&brdScnBltNo=4&amp;brdBltNo=10627
https://doi.org/10.1017/S2045796015000189
https://doi.org/10.1016/j.jad.2021.07.092
https://doi.org/10.1002/da.22750
https://doi.org/10.1093/eurpub/ckz127
https://mhs.ncmh.go.kr/en/
https://doi.org/10.1016/j.jebo.2020.04.022
https://doi.org/10.1017/S003329172000327X
https://doi.org/10.1017/S003329172000327X
https://vizhub.healthdata.org/gbd-results/
https://doi.org/10.1016/j.psychres.2019.112705
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1017/S0033291716002300
https://doi.org/10.1146/annurev-clinpsy-050212-185608
https://doi.org/10.1146/annurev-clinpsy-050212-185608
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1016/j.jad.2024.01.180
https://doi.org/10.1007/s00127-016-1319-z
https://doi.org/10.1007/s10865-019-00084-7
https://doi.org/10.1016/j.jad.2023.07.107
https://doi.org/10.5665/sleep.2810
https://doi.org/10.1016/j.jad.2011.01.011
https://doi.org/10.5694/j.1326-5377.2009.tb02471.x
https://doi.org/10.1023/A:1023962332399
https://doi.org/10.1023/A:1023962332399
https://doi.org/10.1016/j.jpsychires.2021.01.005
https://doi.org/10.1016/j.jpsychires.2021.01.005
https://doi.org/10.1016/j.jad.2023.03.011
https://doi.org/10.1016/j.jad.2021.05.082
https://doi.org/10.1016/j.janxdis.2010.11.001
https://doi.org/10.1016/j.janxdis.2010.11.001
https://doi.org/10.1017/S1352465800015897
https://doi.org/10.1016/S0005-7894(01)80045-9
https://doi.org/10.1016/S0005-7894(01)80045-9
https://doi.org/10.3389/fpsyt.2024.1401142
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Shin and Park

32. Solem S, Thunes SS, Hjemdal O, Hagen R, Wells A. A metacognitive perspective
on mindfulness: An empirical investigation. BMC Psychol. (2015) 3:24. doi: 10.1186/
540359-015-0081-4

33. Santini ZI, Koyanagi A, Tyrovolas S, Mason C, Haro JM. The association
between social relationships and depression: A systematic review. J Affect Disord.
(2015) 175:53-65. doi: 10.1016/j.jad.2014.12.049

34. Wickramaratne PJ, Yangchen T, Lepow L, Patra BG, Glicksburg B, Talati A, et al.
Social connectedness as a determinant of mental health: A scoping review. PloS One.
(2022) 17:€0275004. doi: 10.1371/journal.pone.0275004

35. Willis SL, Martin M. Middle adulthood: A lifespan perspective. Sage. (2005).
doi: 10.4135/9781452225999

36. Infurna FJ, Staben OE, Lachman ME, Gerstorf D. Historical change in midlife
health, well-being, and despair: Cross-cultural and socioeconomic comparisons. Am
Psychol. (2021) 76:870-87. doi: 10.1037/amp0000817

37. Girgus JS, Yang K. Gender and depression. Curr Opin Psychol. (2015) 4:53-60.
doi: 10.1016/j.copsyc.2015.01.019

38. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research
domain criteria (RDoC): Toward a new classification framework for research on mental
disorders. Am ] Psychiatry. (2010) 167:748-51. doi: 10.1176/appi.ajp.2010.09091379

39. Chon KK, Choi SC, Yang BC. Integrated adaptation of CES-D in korea. Kor |
Psychol. (2001) 6:59-76.

40. Seo JG, Park SP. Validation of the Generalized Anxiety Disorder-7 (GAD-7) and
GAD-2 in patients with migraine. ] Headache Pain. (2015) 16:1-7. doi: 10.1186/s10194-
015-0583-8

41. Lee ], Shin C, Ko YH, Lim J, Joe SH, Kim S, et al. The reliability and validity
studies of the Korean version of the Perceived Stress Scale. Korean ] Psychom Med.
(2012) 20:127-34.

42. Shin H, Park C. Social support and psychological well-being in younger and
older adults: The mediating effects of basic psychological need satisfaction. Front
Psychol. (2022) 13:1051968. doi: 10.3389/fpsyg.2022.1051968

43. Sohn SI, Kim DH, Lee MY, Cho YW. The reliability and validity of the Korean
version of the Pittsburgh Sleep Quality Index. Sleep Breath. (2012) 16:803-12.
doi: 10.1007/s11325-011-0579-9

44. Radloff LS. The CES-D scale: A self-report depression scale for research in the
general population. Appl Psychol Meas. (1977) 1:385-401. doi: 10.1177/
014662167700100306

45. Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing
generalized anxiety disorder: The GAD-7. Arch Intern Med. (2006) 166:1092-97.
doi: 10.1001/archinte.166.10.1092

46. Schnittker J, Bacak V. The increasing predictive validity of self-rated health. PloS
One. (2014) 9:¢84933. doi: 10.1371/journal.pone.0084933

47. Buysee DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: A new instrument for psychiatric practice and research. Psychiatry Res.
(1989) 28:193-213. doi: 10.1016/0165-1781(89)90047-4

48. Cohen S, Williamson G. Perceived stress in a probability sample of the United
States. In: Spacapan S, Oskamp S, editors. The social psychology of health. Newbury
Park, CA: Sage (1988).

49. Pearlin LI, Schooler C. The structure of coping. ] Health Soc Behav. (1978) 19:2—
21. doi: 10.2307/2136319

50. Lubben JE. Assessing social networks among elderly populations. Fam
Community Health. (1988) 11:42-52. doi: 10.1097/00003727-198811000-00008

51. Sansoni J, Marosszeky N, Sansoni E, Fleming G. Final report: effective assessment
of social isolation. Wollongong, NSW: Centre for Health Service Development,
University of Wollongong (2010).

52. Isvoranu A-M, Epskamp S. Which estimation method to choose in network
psychometrics? Deriving guidelines for applied researchers. Psychol Methods. (2023)
28:925-46. doi: 10.1037/met0000439

53. Epskamp S, Cramer A, Waldorp L, Schmittmann V, Borsboom D. qgraph:
Network visualizations of relationships in psychometric data. J Stat Software. (2012)
48:1-18. doi: 10.18637/jss.v048.104

54. Epskamp S, Fried EI. A tutorial on regularized partial correlation networks.
Psychol Methods. (2018) 23:617-34. doi: 10.1037/met0000167

55. Friedman J, Hastie T, Tibshirani R. Sparse inverse covariance estimation with the
graphical lasso. Biostat. (2008) 9:432-41. doi: 10.1093/biostatistics/kxm045

56. Jones PJ, Mair P, McNally R]. Visualizing psychological networks: A tutorial in
R. Front Psychol. (2018) 9:1742. doi: 10.3389/fpsyg.2018.01742

57. Epskamp S, Rhemtulla M, Borsboom D. Generalized network psychometrics:
Combining network and latent variable models. Psychometrika. (2017) 82:904-27.
doi: 10.1007/s11336-017-9557-x

58. Epskamp S, Fried EI Package ‘bootnet (2024). Available at: https://cran.r-
project.org/web/packages/bootnet/bootnet.pdf (Accessed February 21, 2024).

59. Jones P. networktools: Tools for identifying important nodes in networks (2024).
Available at: https://CRAN.R-project.org/package=networktools (Accessed February
24, 2024).

Frontiers in Psychiatry

12

10.3389/fpsyt.2024.1401142

60. Jones PJ, Ma R, McNally RJ. Bridge centrality: A network approach to
understanding comorbidity. Multivariate Behav Res. (2019) 56:353-67. doi: 10.1080/
00273171.2019.1614898

61. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their
accuracy: A tutorial paper. Behav Res Methods. (2018) 50:195-212. doi: 10.3758/
§13428-017-0862-1

62. van Borkulo CD, van Bork R, Boschloo L, Kossakowski JJ, Tio P, Schoevers RA,
et al. Comparing network structures on three aspects: A permutation test. Psychol
Methods. (2023) 28:1273-85. doi: 10.1037/met0000476

63. Fried EI, Epskamp S, Nesse RM, Tuerlinckx F, Borsboom D. What are ‘good
depression symptoms? Comparing the centrality of DSM and non-DSM symptoms of
depression in a network analysis. ] Affect Disord. (2016) 189:314-20. doi: 10.1016/
jjad.2015.09.005

64. Zhang Y, Luo M, Ouyang J, Chen Y, Xia H, Yang F, et al. The influence of
changes in the Chinese COVID-19 prevention and control policies on mental health of
medical staff: A network analysis. J Affect Disord. (2023) 335:10-7. doi: 10.1016/
7.jd.2023.05.013

65. Zhou J, Liu S, Mayes TL, Feng Y, Fang M, Xiao L, et al. The network analysis of
depressive symptoms before and after two weeks of antidepressant treatment. J Affect
Disord. (2022) 299:126-34. doi: 10.1016/j.jad.2021.11.059

66. Malgaroli M, Calderon A, Bonanno GA. Networks of major depressive disorder:
A systematic review. Clin Psychol Rev. (2021) 85:102000. doi: 10.1016/
j.cpr.2021.102000

67. Ironside M, Kumar P, Kang M-S, Pizzagalli DA. Brain mechanisms mediating
effects of stress on reward sensitivity. Curr Opin Behav Sci. (2018) 22:106-13.
doi: 10.1016/j.cobeha.2018.01.016

68. Kupferberg A, Bicks L, Hasler G. Social functioning in major depressive disorder.
Neurosci Biobehav Rev. (2016) 69:313-32. doi: 10.1016/j.neubiorev.2016.07.002

69. Sun 'Y, Zhang D, Yang Y, Wu M, Xie H, Zhang J, et al. Social support moderates
the effects of self-esteem and depression on quality of life among Chinese rural elderly
in nursing homes. Arch Psychiatr Nurs. (2017) 31:197-204. doi: 10.1016/
j-apnu.2016.09.015

70. Wells A. Emotional disorders and metacognition: Innovative cognitive therapy.
Chichester, UK: John Wiley & Sons Ltd (2000).

71. Berenbaum H, Bredemeier K, Thompson RJ, Boden MT. Worry, anhedonic
depression, and emotional styles. Cognit Ther Res. (2012) 36:72-80. doi: 10.1007/
510608-010-9329-8

72. Bisschop MI, Kriegsman DMW, Beekman ATF, Deeg DJH. Chronic diseases and
depression: The modifying role of psychosocial resources. Soc Sci Med. (2004) 59:721—
33. doi: 10.1016/j.socscimed.2003.11.038

73. Anderson KN, Bradley AJ. Sleep disturbance in mental health problems and
neurodegenerative disease. Nat Sci Sleep. (2013) 5:61-75. doi: 10.2147/NSS.S34842

74. Joo HJ, Kwon KA, Shin J, Park S, Jang SI. Association between sleep quality
and depressive symptoms. J Affect Disord. (2022) 310:258-65. doi: 10.1016/
jjad.2022.05.004

75. Lee MH, Lee SA, Lee GH, Ryu HS, Chung S, Chung YS, et al. Gender differences
in the effect of comorbid insomnia symptom on depression, anxiety, fatigue, and
daytime sleepiness in patients with obstructive sleep apnea. Sleep Breath. (2014)
18:111-17. doi: 10.1007/s11325-013-0856-x

76. Masina T, Madzar T, Musil V, Milosevic M. Differences in health-promoting
lifestyle profile among Croatian medical students according to gender and year of
study. Acta Clin Croat. (2017) 56:84-91. doi: 10.20471/acc.2017.56.01.13

77. Mclntyre E, Lauche R, Frawley J, Sibbritt D, Reddy P, Adams J. Physical activity
and depression symptoms in women with chronic illness and the mediating role of
health-related quality of life. J Affect Disord. (2019) 252:294-99. doi: 10.1016/
jjad.2019.04.057

78. Dalgard OS, Dowrick C, Lehtinen V, Vazquez-Barquero JL, Casey P, Wilkinson
G, et al. Negative life events, social support and gender difference in depression: A
multinational community survey with data from the ODIN study. Soc Psychiatry
Psychiatr Epidemiol. (2006) 41:444-51. doi: 10.1007/s00127-006-0051-5

79. Davis SN, Greenstein TN. Gender ideology: Components, predictors, and
consequences. Annu Rev Sociol. (2009) 35:87-105. doi: 10.1146/annurev-soc-070308-
115920

80. Neff LA, Karney BR. To know you is to love you: the implications of global
adoration and specific accuracy for marital relationships. J Pers Soc Psychol. (2005)
88:480-97. doi: 10.1037/0022-3514.88.3.480

81. Orth-Gomér K, Leineweber C. Multiple stressors and coronary disease in
women: The Stockholm female coronary risk study. Biol Psychol. (2005) 69:57-66.
doi: 10.1016/j.biopsycho.2004.11.005

82. Shin H, Park C. Gender differences in social networks and physical and mental
health: Are social relationships more health protective in women than in men? Front
Psychol. (2023) 14:1216032. doi: 10.3389/fpsyg.2023.1216032

83. Winer ES, Bryant ], Bartoszek G, Rojas E, Nadorff MR, Kilgore J. Mapping the
relationship between anxiety, anhedonia, and depression. J Affect Disord. (2017)
221:289-96. doi: 10.1016/j.jad.2017.06.006

frontiersin.org


https://doi.org/10.1186/s40359-015-0081-4
https://doi.org/10.1186/s40359-015-0081-4
https://doi.org/10.1016/j.jad.2014.12.049
https://doi.org/10.1371/journal.pone.0275004
https://doi.org/10.4135/9781452225999
https://doi.org/10.1037/amp0000817
https://doi.org/10.1016/j.copsyc.2015.01.019
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1186/s10194-015-0583-8
https://doi.org/10.1186/s10194-015-0583-8
https://doi.org/10.3389/fpsyg.2022.1051968
https://doi.org/10.1007/s11325-011-0579-9
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1371/journal.pone.0084933
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.2307/2136319
https://doi.org/10.1097/00003727-198811000-00008
https://doi.org/10.1037/met0000439
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1037/met0000167
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.3389/fpsyg.2018.01742
https://doi.org/10.1007/s11336-017-9557-x
https://cran.r-project.org/web/packages/bootnet/bootnet.pdf
https://cran.r-project.org/web/packages/bootnet/bootnet.pdf
https://CRAN.R-project.org/package=networktools
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1037/met0000476
https://doi.org/10.1016/j.jad.2015.09.005
https://doi.org/10.1016/j.jad.2015.09.005
https://doi.org/10.1016/j.jd.2023.05.013
https://doi.org/10.1016/j.jd.2023.05.013
https://doi.org/10.1016/j.jad.2021.11.059
https://doi.org/10.1016/j.cpr.2021.102000
https://doi.org/10.1016/j.cpr.2021.102000
https://doi.org/10.1016/j.cobeha.2018.01.016
https://doi.org/10.1016/j.neubiorev.2016.07.002
https://doi.org/10.1016/j.apnu.2016.09.015
https://doi.org/10.1016/j.apnu.2016.09.015
https://doi.org/10.1007/s10608-010-9329-8
https://doi.org/10.1007/s10608-010-9329-8
https://doi.org/10.1016/j.socscimed.2003.11.038
https://doi.org/10.2147/NSS.S34842
https://doi.org/10.1016/j.jad.2022.05.004
https://doi.org/10.1016/j.jad.2022.05.004
https://doi.org/10.1007/s11325-013-0856-x
https://doi.org/10.20471/acc.2017.56.01.13
https://doi.org/10.1016/j.jad.2019.04.057
https://doi.org/10.1016/j.jad.2019.04.057
https://doi.org/10.1007/s00127-006-0051-5
https://doi.org/10.1146/annurev-soc-070308-115920
https://doi.org/10.1146/annurev-soc-070308-115920
https://doi.org/10.1037/0022-3514.88.3.480
https://doi.org/10.1016/j.biopsycho.2004.11.005
https://doi.org/10.3389/fpsyg.2023.1216032
https://doi.org/10.1016/j.jad.2017.06.006
https://doi.org/10.3389/fpsyt.2024.1401142
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Mastery is central: an examination of complex interrelationships between physical health, stress and adaptive cognition, and social connection with depression and anxiety symptoms
	1 Introduction
	2 Methods
	2.1 Procedures
	2.2 Participants
	2.3 Measures
	2.3.1 Depression symptoms
	2.3.2 Anxiety symptoms
	2.3.3 Physical factors
	2.3.4 Cognitive factors
	2.3.5 Social factors

	2.4 Statistical analyses
	2.4.1 Network estimation
	2.4.2 Network centrality
	2.4.3 Network accuracy and stability
	2.4.4 Network comparison


	3 Results
	3.1 Network structure
	3.2 Network centrality
	3.3 Network stability
	3.4 Network comparison

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


