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Objective: Depression is prevalent among older adults with cardiovascular disease (CVD). This study utilized network analysis to
examine depressive symptom structures in older adults with and without CVD and explored the impact of comorbidities.

Methods: Based on 15,234 participants from the 2018 CHARLS data, propensity score matching (PSM) was used to construct
a matched cohort of CVD and non-CVD individuals. Depressive symptoms were assessed via the CESD-10. Network analysis
identified central symptoms and compared network connectivity and strength.

Results: The CVD group exhibited significantly higher depression prevalence and symptom severity than the non-CVD group. In the
CVD network, “depressed”, “could not get going”, and “bothered” were the most central symptoms. Notably, CVD patients with
comorbidities showed significantly higher global network strength (S=0.44, P=0.008) than those without, indicating a more tightly
coupled and potentially more persistent symptom structure.

Conclusion: Older adults with CVD demonstrate distinct depression symptom interactions. The increased network density in patients
with comorbidities suggests a higher vulnerability to self-sustaining depressive states. Targeting central symptoms like “feeling
depressed” and “inability to get going” may optimize psychological interventions and clinical management for this population.
Keywords: cardiovascular disease, depression, network analysis, middle-aged and older adults, comorbidity

Introduction

Population aging is a global trend, with projections indicating that by 2050, over 20% of the world’s population will be
over 65, and 80% of them will be living in low- and middle-income countries.' Cardiovascular disease (CVD) including
coronary heart disease (CHD) and stroke, is one of the most common somatic conditions and a growing global challenge
due to its rising incidence and progression with the continuous aging of the population.>” Recent Global Burden of
Disease data indicate that CVD remains the leading cause of mortality worldwide, accounting for nearly 20 million
deaths annually, with continued increases in prevalence, particularly among aging populations.* A national survey in
China reported that the prevalence of CVD has been increasing, with approximately 330 million cases in 2020, including
13 million strokes and 11.39 million with CHD.> Meanwhile, CVD-related deaths rose from 3.09 million in 2005 to

4.58 million in 2020, making it the leading cause of death, surpassing cancer and other diseases.”* Despite improvements
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in CVD prevention, diagnosis, and early intervention, older adults with heart disease remain at risk not only for mortality
and physical decline but also for mental health problems.’

Some studies have shown that patients with CVD experience greater psychological stress, resulting in an
increased risk of various mental health disorders particularly depression.® '® Recent clinical guidelines increasingly
recognize depression as an important prognostic and modifiable factor in cardiovascular care, emphasizing the need
for early psychological assessment and integrated management in patients with CVD.”"!' Depression, a prevalent
mental disorder, is characterized by sadness, fatigue, and a sense of worthlessness.'*'® A meta-analysis reported that
the prevalence of depression in patients with CHD in China ranged from 34.6% to 45.8%, with severe depression

!4 significantly higher than the global prevalence of 31.3% in cardiac patients."’

ranging from 3.1% to 11.2%,
Moreover, depression following CVD may contribute to adverse cardiac outcomes including increased mortality,
ventricular arrhythmias, and heart failure-related hospitalizations through depression-related behavioral (eg., phy-
sical inactivity, poor diet) and physiological changes (eg., inflammation, platelet dysfunction).”*'® Several studies
to date have demonstrated that the relationship between CVD and depression is likely bidirectional and may involve
shared etiological pathways.>'” For instance, depressive symptoms have been identified as risk factors for increased
CVD risk, while cardiovascular risk factors are also associated with depression.'” The bidirectional link between
CVD and depression may be driven by shared pathophysiological mechanisms, including chronic inflammation,
endothelial, autonomic dysfunction, and neuroendocrine dysregulation.>**'” Given the high prevalence and adverse
impact of depression in CVD patients, and their complex relationship, a deeper understanding of depression’s
psychopathological mechanisms and targeted symptom management is essential to reduce risk and improve treat-
ment outcomes.

However, most previous studies examining the relationship between CVD and depression have largely been based on
the binary characteristic or total scores of depressive symptoms, rather than individual symptoms.>®*!7'8 Such
traditional methods may obscure the differential effects of CVD on individual symptoms and the interrelationships
among those symptoms.'® A recent study identified that restless sleep and loneliness were significantly associated with
incident CVD,'? but whether these symptoms are viable intervention targets and how they relate to other symptoms
remain unclear. Depression involves various individual symptoms such as low mood, reduced energy, hopelessness, sleep
disturbances, worthlessness, impaired concentration.®'**° These symptoms vary in their clinical outcomes, underlying
risk factors, and neurobiological mechanisms and one symptom may influence changes of others during treatments.?!
Therefore, examining depression at the symptom level may offer valuable insights into its potential causes and support
more effective biopsychosocial interventions.

Network analysis, as an advanced data analysis method, can identify central symptoms and describe causal relation-
ships among symptoms in depressive network structure.”® Central symptoms can trigger the onset and maintenance of
psychological disorders and influence their progression,>> making them key targets for intervention. Symptom interrela-
tions are central to understanding psychiatric comorbidity, based on the view that mental disorders emerge from causal
interactions between symptoms.>* More recently, a study applied network analysis to examine the network structure of
anxiety and depression symptoms in CVD patients, providing new insights.”> However, its findings have limited
generalizability to middle-aged and older adults, as participants included individuals aged 18 and above. Given that
older adults often experience more severe CVD pathology, age-related differences may significantly influence depressive
symptoms expression.> Moreover, the study did not include a comparison with the general population, limiting the ability
to identify depressive network specificity in the CVD group. Lastly, the study did not account for the presence of
comorbidity conditions in CVD patients, which may further influence the depressive symptom network. This considera-
tion is supported by a previous research showing that specific depressive symptoms may be uniquely associated with
depression in older adults with multimorbidity.*®

To address these gaps, the present study used data from China Health and Retirement Longitudinal Study (CHARLS)
to: 1) explore the prevalence and network characteristics of depressive symptoms among demographically matched
middle-aged and older adults with and without CVD; and 2) investigate the impact of other comorbidities on the
depressive symptoms network within the CVD group.
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Method

Study Design and Population
This study was a secondary analysis based on data from the fourth wave (2018) of the CHARLS (http://charls.pku.edu.cn/en).
The CHARLS is an ongoing, nationally representative longitudinal survey that uses a standardized questionnaire to collect

high-quality data, from over 17,500 individuals aged 45 years or older selected from 28 provinces in China. The baseline
survey was conducted in 2011-2012, and all participants have been followed up every 2 years since then. The CHARLS study
was approved by the Institutional Review Board of Peking University (IRB00001052-11015) and all participants provided
informed consent. Detailed information about the study design and cohort profile have been previously reported.?’

In CHARLS 2018, a total of 19816 individuals were involved, 4582 were excluded for following reasons: no
information about age (N = 322); age less than 45 years (N = 227); uncompetitive and missing depression data (N =
3671); lack of CVD data (N = 107), missing information on residence (N=255), leaving 15234 participants for final
analysis. A detailed flow chart was presented in Figure 1.

Assessment of Depression

Depressive symptoms were assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CES-
D-10),%® a widely used instrument with demonstrated reliability and construct validity in elderly people.'**° The CES-
D-10 comprising 10 original items included: 1) BOTHER (I was bothered by things that usually do not bother me); 2)
MIND (I had trouble keeping my mind on what I was doing); 3) DEPRESS (I felt depressed); 4) EFFORT (I felt
everything I did was an effort); 5) HOPEFUL (I felt hopeful about the future); 6) FEARFUL (I felt fearful); 7) SLEEP
(My sleep was restless); 8) HAPPY (I was happy); 9) LONELY (I felt lonely); 10) GOING (I could not get “going”).
These ten items assessed three dimensions of depression: negative affect (DEPRESS, FEARFUL, LONELY), somatic
symptoms (BOTHER, MIND, EFFORT, SLEEP, GOING), and anhedonia (HOPEFUL, HAPPY), which aligns with
DSM-5 conceptualization of depression.'*'**® Each item was rated on a four-point Likert scale ranging from 0 (rarely or
none of the time) to 3 (all of the time) with total scores ranging from 0 to 30. In our analysis, the positive items

“HOPEFUL” and “HAPPY” were reverse-scored to reflect hopelessness and unhappiness, respectively. Higher scores

Total participants in CHARLS
2018 (n=19816) ( Excluded (n=4327) B\
* Missing information on age
(n=322)
* Age <45 years (n=227)
* Incomplete CES-D-10 (n=3671)
Middle-aged and older adults with \_* Missing dataon CVD (n=107)
complete CES-D-10 and CVD
information (n=15489) ~
Excluded (n = 255)
» Missing information required for
PSM (e.g., residential information)

Middle-aged and older adults in
PSM (n=15234)

l

v i
. . Non-CVD participants
‘ CVD participants (n=1643) ’ ‘ (n=13591) ’
" Not matched
Not matched (n=0) (n=11948)
Network analysis: Network analysis:
CVD group (n=1643) Non-CVD group (n=1643)

Figure | Flowchart showing the participant selection process.
Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; CES-D-10, |0-item Center for Epidemiologic Studies Depression Scale; CVD, cardiovascular
disease; PSM, propensity score matching.
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indicated more severe depressive symptoms. Based on the total score, participants were categorized into two groups: the
depressive symptom group (DS; score >10) and the non-depressive symptom group (NDS; score <10).*°

Assessment of CVD Events
Our primary outcome of this study was the incident of CVD events including heart disease and stroke. Consistent with

. 1,32
previous research,*'+?

we identified the incident of CVD events through the following standardized questions: “Have you
been told by a doctor that you have been diagnosed with a heart attack, coronary heart disease, angina, congestive heart
failure, or other heart problems?” or “Have you been told by a doctor that you have been diagnosed with a stroke?”

Participants who reported heart disease or stroke during the follow-up period were defined as having incident CVD.

Covariates

We selected covariates based on prior literature indicating their associations with both CVD and depression.'®30-3%33
These included age; gender (male and female); marital status (married and others, including never married, separated,
divorced, or widowed); living residence (urban and rural); educational level (elementary school and below, secondary
school, and college and above); and comorbidities were defined as the number of chronic diseases other than CVD,
including hypertension, dyslipidemia, diabetes, cancer, chronic lung disease, liver disease, kidney disease, stomach

disease, arthritis, and asthma, and were categorized into three groups (0, 1-3, and >4).>°

Statistical Analysis

Statistical analysis was conducted using R software version 4.5.0.** To minimize baseline imbalances between the CVD
and Non-CVD groups, we performed 1:1 propensity score matching (PSM) using the R package Matchit, with a caliper
width of 0.2 on the propensity score scale. Matching factors included age, gender, marital status, living residence,
comorbidities. A statistically significant level was set at P < 0.05 (two-tailed).

Network Estimation

The mean, standard deviation (SD), expected influence (EI), predictability of all the depressive symptoms were
calculated. In the network analysis, each depressive symptom was depicted as “node”, and relationship between two
nodes was depicted as “edge”. For network visualization, edge colors indicated the direction of correlations: green for
positive and red for negative. The thickness of each edge represented the strength of the correlation, with thicker edges
indicating stronger associations.”' We used R package ggraph to build the network model.>> The network was calculated
based on Gaussian Graphical Model (GGM), with the graphic least absolute shrinkage and selection operator (LASSO)
and an Extended Bayesian Information Criterion (EBIC) model, which can improve the accuracy of the prediction, sparse
and interpretability of the network model in the R package ggraph.*®*” The EI of each symptom was calculated as the
sum of the weights of all its edges and a higher EI indicated a more central and influential symptom within the network.”’
Node predictability was estimated using R package mgm which quantifies the extent to which the variance of a node in
a network can be inferred from its neighboring nodes.*®

Network Accuracy and Stability

The R package bootnet was used to assess the accuracy and stability of the network based on 1000 bootstraps performed
for each node.*” The accuracy of edge weights was measured using the nonparametric bootstrap method to calculated
95% confidence intervals (Cls), with narrower bootstrapped CIs indicating greater network reliability.*® The stability of
centrality indices including strength and node EI was assessed using case-dropping bootstrap to calculate the correlation
stability coefficients (CS-C).*! A CS-C value of 0.25 or higher is considered acceptable, while a value of 0.5 or greater is
preferred.*® Bootstrapped difference tests were conducted using the R package bootnet to assess whether differences in
edge weights were statistically significant, based on non-overlapping 95% CIs.>%*?

Network Comparison
We compared the network characteristics differences between CVD and Non-CVD groups after PSM. Additionally,
considering the influences of aforementioned covariates on depressive symptoms, we also compared network
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characteristics differences based on age (<60 years old vs >60 years old), gender (male vs female), marital status (married
vs others), living residence (urban vs rural), educational level (elementary school and below vs others), comorbidity (no
vs yes) in the CVD group.'?>%323 A Network Comparison Test (NCT) was conducted to assess differences in network
structure and global strength between two networks, using 1000 permutations as recommended previously.?'° Holm-
Bonferroni correction was used to control multiple tests between two networks. All tests were performed using
R package Network Comparison Test.*?

Results

A total of 15234 participants were included in the final analyses, consisting of 1643 (10.8%) individuals with CVD,
13591 (89.2%) individuals without CVD. Before PSM, the two groups exhibited significant demographic differences.
After PSM, the CVD and Non-CVD groups each consisted of 1643 participants. There were no significant differences in
age, gender, marital status, living residence, educational level, and comorbidities (all P > 0.52). The CVD group showed
significantly higher depression prevalence (P < 0.0001) and lower life satisfaction (P = 0.004). With the exception of
“HOPEFUL” (P = 0.07), the CVD group exhibited significantly higher mean levels of other depressive symptoms
compared to the Non-CVD group (all P < 0.005) (Tables 1 and 2).

Table | Baseline Characteristics Before and After PSM

Parameter Total Before PSM After PSM, I:1 Matching
(N=15234)
CcvD Non-CVD P-Value CcvD Non-CVD P-Value
(N=1643) (N=13591) (N=1643) (N=1643)
Age (years, mean + SD) | 61.23+£9.28 63.68+8.88 60.93+9.29 <0.0001 | 63.68+8.88 63.88+9.02 0.52
Genders (N, %)
Male 7445 (48.9%) 763 (46.4%) 6682 (49.2%) 0.04 763 (46.4%) 754 (45.9%) 0.78
Female 7789 (51.1%) 880 (53.6%) 6909 (50.8%) 880 (53.6%) 889 (54.1%)
Marital status (N, %)
Married 13340 (87.6%) | 1396 (85.0%) | 11,944 (87.9%) 0.0008 1396 (85.0%) | 1395 (84.9%) 0.99
Others 1894 (12.4%) 247 (15.0%) 1647 (12.1%) 247 (15.0%) 248 (15.1%)
Residence (N, %)
Urban 4041 (26.5%) 525 (32.0%) 3516 (25.9%) <0.0001 | 525 (32.0%) 523 (31.8%) 0.97
Rural 11193 (73.5%) | 1118 (68.0%) | 10,075 (74.1%) 1118 (68.0%) | 1120 (68.2%)
Educations (N, %)
Elementary school and 9501 (62.4%) 1031 (62.8%) | 8470 (62.3%) 0.79 1031 (62.8%) | 1030 (62.7%) 0.93
below
Secondary school 5407 (35.5%) 574 (34.9%) 4833 (35.6%) 574 (34.9%) 578 (35.2%)
College and above 326 (2.1%) 38 (2.3%) 288 (2.1%) 38 (2.3%) 35 (2.1%)
Comorbidity conditions
(N, %)
0 9256 (60.7%) 672 (40.9%) 8584 (63.1%) <0.0001 | 672 (40.9%) 672 (40.9%) 0.57
(1-3) 5768 (37.9%) 882 (53.7%) 4886 (36.0%) 882 (53.7%) 895 (54.5%)
(=4) 210 (1.4%) 89 (5.4%) 121 (0.9%) 89 (5.4%) 76 (4.6%)
Depression status (N, %)
Depression 5594 (36.7%) 789 (48.0%) 4805 (35.4%) <0.0001 | 789 (48.0%) 607 (36.9%) <0.0001
Non-depression 9640 (63.3%) 854 (52.0%) 8786 (64.6%) 854 (52.0%) 1036 (63.1%)
Life satisfactory (N, %)
Poor 1625 (10.7%) 232 (14.1%) 1393 (10.2%) <0.0001 | 232 (14.1%) 173 (10.5%) 0.004
Fair 8353 (54.8%) 880 (53.6%) 7473 (55.0%) 880 (53.6%) 884 (53.8%)
Very 5256 (34.5%) 531 (32.3%) 4725 (34.8%) 531 (32.3%) 586 (35.7%)

Note: Underlined values indicate statistically significant differences at P < 0.05.
Abbreviations: PSM, propensity score matching; CVD, cardiovascular disease.
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Table 2 Mean, Standard Deviation, Expected Influence, Predictability of Depressive Symptoms in CVD and Non-CVD Groups Before and After PSM

Symptoms Before PSM After PSM
CVD (N=1643) Non-CVD (N=13591) t-Test P-Value CVD (N=1643) Non-CVD (N=1643) t-Test | P-Value

M SD El Pre M SD El Pre M SD El Pre M SD El Pre
BOTHER .11 1.15 | 090 | 04l 0.89 1.08 | 0.86 | 0.4I 7.32 <0.0001 I.11 I.15 0.90 | 04l 0.92 I.11 0.88 | 043 | 4.73 <0.0001
MIND 1.13 I.16 | 0.70 | 0.33 0.88 107 | 079 | 039 | 8.7 <0.0001 1.13 I.16 | 0.70 0.33 0.92 1.09 | 0.75 037 | 529 <0.0001
DEPRESS 1.15 1.13 I.13 0.50 | 0.86 1.06 1.13 0.50 | 9.80 <0.0001 I.15 1.13 1.13 0.50 | 0.92 I.10 1.14 | 053 5.85 <0.0001
EFFORT 1.19 1.21 0.85 0.39 | 0.90 1.12 | 091 040 | 9.03 <0.0001 I.19 1.21 0.85 0.39 | 096 I.16 | 0.91 0.41 5.48 <0.0001
HOPEFUL 1.39 128 | 036 | 0.16 1.28 126 | 030 | 0.13 3.46 0.0006 1.39 1.28 | 0.36 0.16 1.31 127 | 0.29 0.11 1.78 0.07
FEARFUL 048 | 090 | 057 | 024 | 037 | 08l 0.71 029 | 474 <0.0001 048 | 090 | 0.57 024 | 040 | 0.85 | 0.75 0.31 2.80 0.005
SLEEP 1.34 124 | 048 | 0.16 1.08 120 | 0.55 | 0.19 | 8.06 <0.0001 1.34 124 | 048 0.16 1.14 122 | 0.52 0.18 | 4.60 <0.0001
HAPPY 1.20 1.23 0.76 | 028 | 0.99 1.16 | 0.76 | 0.24 | 6.33 <0.0001 1.20 1.23 0.76 0.28 1.03 1.17 | 0.73 0.26 3.93 <0.0001
LONELY 0.76 I.11 0.85 036 | 056 | 098 | 084 | 034 | 7.08 <0.0001 0.76 I.11 0.85 0.36 | 0.60 1.02 | 0.76 030 | 422 <0.0001
GOING 0.58 1.0l 097 | 040 | 039 | 084 | 084 | 035 7.44 <0.0001 0.58 1.0l 0.97 | 040 | 042 | 088 | 0.80 035 | 478 <0.0001

Note: Bold text indicates the top three nodes with the highest El in the CVD and Non-CVD groups after PSM. Underlined values indicate statistically significant differences at P < 0.05.
Abbreviations: M, mean score; SD, standard deviations; El, expected influence; Pre, predictability; PSM, propensity score matching; CVD, cardiovascular disease.
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Network Description in CVD and Non-CVD Group After PSM

The mean, SD, EI, predictability of each depressive symptoms for both CVD and Non-CVD groups were presented in
Table 2. Network models of depressive symptoms were shown in Figure 2. The mean predictability values for the CVD and
Non-CVD groups were 0.322 and 0.324, respectively, and were represented by ring-shaped pie charts in this figure. The
corresponding numbers of nonzero edges were 37/45 and 39/45, respectively, and the majority of edges being positive. The
CVD group network model indicated that the top three nodes with the highest EI were DEPRESS (EI value = 1.13, z =
1.56), GOING (EI value = 0.97, z = 0.90), BOTHER (EI value = 0.90, z = 0.60). The connection HOPEFUL-HAPPY
(weight = 0.35) was the strongest positive edge. This correlation should be interpreted cautiously because both items are
positively worded and reverse scored in the CES-D-10. For Non-CVD group network model, the top three nodes with the
highest EI were DEPRESS (EI value = 1.14, z = 1.71), EFFORT (EI value = 0.91, z = 0.67), and BOTHER (EI value =
0.88, z = 0.55). The connection BOTHER-DEPRESS (weight = 0.32) was the strongest positive edge (Table 2,
Supplemental Table 1 and Figure 3). The bootstrapped 95% CI for all edge weights showed that the results were reliable

and accurate (Supplemental Figure 1). The bootstrapped difference test were shown in Supplemental Figure 2. The case-

dropping subset bootstrap procedure yielded that the CS-C value of EI and strength for all networks was computed to be
0.75 exceeding the recommended threshold and indicating robust centrality indices (Supplemental Figure 3).

The network comparison between CVD and Non-CVD group revealed no significant differences in global strength (S
= 0.07, P = 0.72) or network structure (M = 0.08, P = 0.76) (Supplemental Figure 4).

Sub-Group Network Comparison in the CVD Group

No significant age (S = 0.08, M = 0.11, all P > 0.67), gender (S = 0.0001, M = 0.09, all P > 0.88), marital status (S =
0.37, M = 0.20, all P > 0.09), living residence (S = 0.009, M = 0.12, all P > 0.56), and educational level (S = 0.07, M =
0.11, all P > 0.61) differences were observed in network global strength and structure among CVD patients. For
comorbidity, the network global strength was significant (yes: 4.13 vs no: 3.69; S = 0.44, P = 0.008); however, the
network structure was insignificant (M = 0.12, P = 0.47) (Figure 4 and Supplemental Figure 5).

Figure 2 Network structures of depressive symptoms among CVD and Non-CVD groups. (A) Network structure of the CVD group after propensity score matching
(n=1643). (B) Network structure of the Non-CVD group after propensity score matching (n=1643).
Abbreviation: CVD, cardiovascular disease.
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Figure 3 Centrality plot showing the strength and expected influence (z-scores) of each depressive symptom in the CVD and Non-CVD group networks after propensity
score matching. Z-scores were calculated by subtracting the network-specific mean centrality value across symptoms from each symptom’s centrality value and dividing by
the corresponding standard deviation. These standardized values reflect the relative importance of each symptom within its respective network, with higher z-scores
indicating greater symptom centrality compared to other symptoms in the same network.

Abbreviation: CVD, cardiovascular disease.
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Figure 4 Network structures of depressive symptoms in CVD patients with and without comorbidity. (A) Network structure of the Comorbidity group. (B) Network
structure of the Non-comorbidity group.
Abbreviation: CVD, cardiovascular disease.

Discussion

This study compared the prevalence and network structures of depressive symptoms between demographically matched
CVD group and Non-CVD group, as well as conducted a comprehensive subgroup network analysis within the CVD
group using data from CHARLS. We found that individuals with CVD exhibited a higher prevalence and greater severity
of depressive symptoms and lower life satisfaction. In the CVD group, DEPRESS, GOING, and BOTHER were the most
influential symptoms with the HOPEFUL-HAPPY connection showing the strongest positive association. In the Non-
CVD group, DEPRESS, EFFORT, and BOTHER were the most influential symptoms and the connection BOTHER-
DEPRESS was the strongest positive edge. Additionally, within the CVD group, network global strength was signifi-
cantly higher among individuals with comorbidities compared to those without.

After applying PSM to reduce demographic differences between groups, the CVD group showed significantly higher
prevalence and severity of depression compared to the Non-CVD group. These findings are largely consistent with
previous studies showing that elevated depressive symptoms are significantly associated with CVD among middle-aged
and older adults.”'*'®4* Such associations may be explained by genetic factors, treatment-related effects of depression or
CVD, and the increased physical and emotional burdens associated with heart disease.'” Notably, in our cohort, the
prevalence of depression (48.0%) among individuals with CVD was relatively high, whereas this figure ranged 20%-—
35% in previous reports.”' %> This discrepancy may be attributed to several factors, including differences in assessment
methods, measurement tools and cut-off criteria, timing of assessment, inclusion and exclusion criteria, as well as
variations in regions and demographic characteristics.®'®** Taken together, these findings highlight the importance of
assessing depression for early CVD detection and prevention.

From a network perspective, DEPRESS emerged as the most central symptom of depressive symptoms network in both
groups, indicating its key role in the onset and maintenance of depressive symptoms. DEPRESS reflects negative affect, defined
as feeling “upset or unpleasantly engaged rather than peaceful” and is the most characteristic and consistent symptom required for
a depression diagnosis according to the DSM-5.'*'? Similarly, the central role of DEPRESS has been consistently observed

26,47

across diverse elderly populations, including those with disabilities,* hypertension,*® multimorbidity, those living alone,*®
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indicating its widespread prevalence in depressed older adults. These results may be explained by age-related increases physical
impairments, psychosocial stressors, and comorbid illnesses in elderly, who are also less equipped to manage negative emotions,
contributing to persistent depressed mood.”**” The sudden onset and severity of the CVD, long-term physical impairment and
treatment-related economic burden, also contribute to increased negative emotions such as depressed mood.>> Furthermore, the
CVD can induce physiological changes including immune dysregulation, altered neuroplasticity, and elevated inflammatory
markers, which underlie negative emotions.” Thus, targeting the DEPRESS symptom through focused interventions may be
a more effective strategy for reducing the risk of depression in older adults with or without CVD.

EFFORT emerged as an additional core symptom in the Non-CVD group, aligning with previous studies that
identified “Everything was an effort” as a common depressive symptom among older adults across multiple countries,
including the UK and China.?**° In contrast, GOING (Could not get going) was another central symptom in CVD group.
This finding was consistent with several depressed network analysis studies among older adults with multimorbidity,
functional disabilities, and widowed eld<3rly.26’45’50 EFFORT and GOING have similar meanings and as noted by Bradley
et al, that both are the items of somatic retardation factor of the scale.’’ The difference between them may be elderly with
CVD encounter more challenges and burdens which may lead to feelings of powerlessness and the belief that life can no

. 2
longer continue as usual.’

CVD, as a life threatening condition along with chronic illness, persistent pain, social
functioning decline, may serve as negative stressors that cause older adults with CVD could not go on.>*® Additionally,
patients with heart disease often require dependency on family or friends and increased social support, thus insufficient
support may increase their vulnerability to depression, leading to reduced motivation.”>*® Therefore, interventions
targeting the central symptom “GOING” may be effective in managing depression among older adults with CVD.

The strong relationship between HOPEFUL and HAPPY in CVD group supports previous study finding that hopelessness
about the future may foster the feeling of unhappiness.” According to the hopelessness theory of depression, adverse life
events like CVD may evoke feelings of helplessness, despair, and worthlessness in older adults, resulting in an unhappy
mood.>* Elderly individuals with CVD are at increased subsequent risk of suicide attempt, and such hopelessness, can lead to
avoidance of medical appointments and social interactions.>*® These behaviors could reinforce hopelessness, thereby
contributing to the onset of unhappiness.”® Notably, the two anhedonia symptoms (HOPEFUL and HAPPY) are more
indicative of depression severity than of the presence and absence of depression.'* This may partly explain why this cluster
appears relatively distinct, as individuals with CVD are more likely to exhibit severe depressive symptoms.'*'® Additionally,
the strong correlation between HOPEFUL and HAPPY may partly reflect shared method variance due to their positive
wording and reverse-scoring structure, rather than representing a unique psychopathological process. Therefore, this finding
should be interpreted cautiously when considering its clinical or theoretical implications. Unlike the CVD group, the strong
association between BOTHER and DEPRESS in the non-CVD group indicated that specific stressors such as chronic diseases,
social isolation, and cognitive decline related to aging could contribute to negative feelings in older adults.

To the best of our knowledge, this is the first study to report significantly higher global strength in CVD individuals with
comorbidities compared to those without. This finding indicates that comorbidity burden in older adults is associated with a more
densely connected depressive symptom network, which may complicate depression management in CVD group. It is possible
that comorbidities particularly diabetes, cancer, and chronic lung disease, are associated with chronic pain, physical limitations,
and financial burden, intensifying feelings of hopelessness, helplessness, and loneliness, which may contribute to greater
depressive symptom burden.”> Individuals with multimorbidity have twice the risk of depression compared to those with
a single chronic illness, and three times the risk compared to those without any chronic physical illness.”” Moreover, a previous
study applied network analysis to examine cognitive performance and depressive symptoms in older adults with multimorbidity,
revealing a distinct symptom network in this population.”® Differences in edge weights among older adults with CVD across
comorbidity subgroups highlight the need to consider comorbidity profiles when planning interventions. It should also be noted
that network analysis based on cross-sectional data identifies statistical associations among symptoms rather than definitive
causal relationships. Therefore, interpretations of symptom interactions and network connectivity should remain cautious.

Strengths and Limitations
The strengths of this study included the use of nationally representative data with a large sample size, application of PSM
to balance sociodemographic characteristics across groups, and the employment of network analysis to comprehensively
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explore the depressive symptoms structures in individuals with and without CVD. However, several limitations should be
noted. 1) This study was a cross-sectional study, thus the causal inferences and dynamic interactions between depression
and CVD could not be determine. 2) Depressive symptoms were assessed using self-reported measures (CESD-10) rather
than clinical diagnostic interviews, which may introduce potential bias. 3) We did not specifically examine different CVD
phases, severity or subtypes, which may directly affect their depressive symptoms. 4) As the analysis was based on the
CHARLS dataset only involving Chinese participants, generalizability to other populations may be limited.

Conclusions

This study highlighted the higher prevalence and severity of depression among middle-aged and older individuals with
CVD, and distinct patterns of depressive symptom interactions compared to those without. Central symptoms identified
within the network may represent important intervention targets for preventing and addressing depression in this
population. Clinical strategies should also consider comorbidity-related differences in symptom expression. Future
longitudinal studies are needed to confirm these structural associations and further clarify the temporal relationships
among CVD, comorbidities, and depressive symptoms.
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