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FL, United States, *Hubei Polytechnic Institute, Xiaogan, China

Background: Depression and anxiety are prevalent mental health issues among
older adult widowed adults. However, the symptom-level relationships between
these conditions remain unclear. Due to the high correlations and complex
relationships among various symptoms, this study employs network analysis
to explore differences in the network structures of depression and anxiety
symptoms between widowed and non-widowed older adults.

Methods: Propensity score matching was used to identify widowed older
adults with similar demographic characteristics. Data from 1,736 widowed and
1,736 matched controls were analyzed using the Chinese Longitudinal Healthy
Longevity Survey (2017-2018). Depression and anxiety were measured by
the Center for Epidemiologic Studies Depression Scale-10 (CESD-10) and the
seven-item Generalized Anxiety Disorder Scale (GAD-7), respectively. Central
and bridge symptoms were evaluated using expected influence (El) and bridge
expected influence (BEI), respectively.

Results: Network analysis revealed similarities in central symptoms between
widowed and non-widowed older adults, with both groups exhibiting “Feeling
depressed or down” (CESD3), “Feeling tense and having difficulty relaxing”
(GAD4), and “Being unable to stop or control worrying” (GAD2) as core
symptoms. However, differences emerged in bridge symptoms. In the widowed
group, “Feeling anxious, worried, or distressed” (GAD1) was most strongly
connected to “Felt lonely” (CESD8); "Worrying too much about various things”
(GAD3) was strongly linked to “Feeling increasingly exhausted and useless
with age” (CESD4); and “Feeling depressed or down” (CESD3) had a strong
association with "Becoming easily annoyed or irritable” (GAD6). In the non-
widowed group, “Feeling anxious, worried, or distressed” (GAD1) exhibited the
strongest association with "Having good sleep quality” (CESD10); “Getting upset
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over small matters” (CESD1) was closely connected to “Feeling anxious, worried,
or distressed” (GAD1); and "Worrying too much about various things” (GAD3)
was most strongly connected to “Feeling depressed or down” (CESD3).

Conclusion: Common central and bridge symptoms highlight universal
intervention targets. Addressing “Feeling depressed or down” in widowed and
"Getting upset over small matters” in non-widowed older adults may help prevent
depression-anxiety comorbidity. These findings support targeted interventions
to improve mental health outcomes. Future research should evaluate tailored
intervention effectiveness.
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older adults, widowed, depression, anxiety, network analysis

1 Introduction

The global population is experiencing an accelerating trend of
aging. According to data from the World Health Organization, the
global population aged 60 and above reached one billion in 2020 and
is projected to rise to two billion by 2050 (1). Findings from China’s
seventh national census indicate that the population aged 65 and above
stands at 190.64 million, accounting for 13.5% of the total population
(2). By 2040, the proportion of older adults in China is projected to
reach 28% (3). Against this backdrop, the physical and mental health
issues associated with aging are gaining increasing attention.

Widowhood significantly impacts the health of older adults, and
with the aging population, the number of widowed older adults is on
the rise (4). Approximately 47.48 million older adults in China,
representing 26.89% of the older adult population, are widowed (5).
The Conservation of Resources Theory highlights that widowhood is
one of the most challenging life transitions, requiring more time and
energy for adjustment compared to divorce (6). This transition
involves not only the loss of a spouse but also severe psychological
distress and increased vulnerability to various health issues (7).

Research indicates that older adults who have lost a spouse often
face significant mental health challenges, including depression,
anxiety, loneliness, and social withdrawal (8, 9). Following
widowhood, social support tends to diminish (10), leading to lower
subjective well-being compared to non-widowed older adults (11).
Additionally, their physical health declines markedly (12), and they
face an increased risk of cardiovascular diseases (13). The mortality
risk for widowed individuals is 1.25 times higher than that for their
non-widowed counterparts (14), and the risk of suicide is significantly
elevated (15). These factors collectively contribute to the psychological
distress experienced by widowed older adults. A systematic review and
meta-analysis estimated the prevalence of depression within 1 month
of widowhood to be 38.2% (21.9-55.8%) (16). Furthermore, widowed
individuals are more likely to exhibit somatic and phobic anxiety
symptoms (17), and experience higher levels of depression and anxiety
compared to their non-widowed peers (18, 19).

The issue of depression and anxiety among older adults is
complex. Depression and anxiety are the most prevalent mental health
issues in older adults, significantly contributing to the global burden
of disease (20, 21). Depression in older adults is characterized by
persistent low mood, often accompanied by cognitive impairments
and somatic symptoms (22). Globally, an estimated 280 million people
suffer from depression, with older adults comprising 6.5% of this total
(23). A systematic review and meta-analysis of 55 studies (N = 59,851)
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found a global prevalence of depression among older adults to
be 35.1% (95% CI: 30.2-40.4%) (22). In China, 4.46% of older adults
experience depression, while 35.19% experience depressive symptoms
(24). Depression in later life can negatively impact physical health,
daily functioning, and overall well-being. Depressive symptoms and
major depressive disorder are frequently associated with chronic
physical illnesses, such as stroke, diabetes, chronic obstructive
pulmonary disease, cancer, Alzheimer’s disease, and arthritis (25, 26).
Severe depression can even lead to disability, suicide, and increased
mortality risk (27). Anxiety, characterized by excessive worry and
nervousness, also severely impacts older adults. Studies indicate a
prevalence of generalized anxiety disorder ranging from 0.2 to 32.2%
among older adults in low- and middle-income countries (28). In
China, the detection rate of anxiety in older adults ranges from 1.39
to 32.74% (19, 29). Anxiety is closely linked to the development of
vascular dementia and cardiovascular diseases, profoundly impacting
the quality of life for older individuals (30).

Depression and anxiety commonly co-occur (30), with comorbid
anxiety disorders affecting 40 to 60% of individuals diagnosed with
major depressive disorder (31). Older adults experiencing both
depression and anxiety face increased healthcare burdens, elevated
disability risks (32), and higher susceptibility to chronic illnesses
compared to those with either condition alone (33, 34). They also
report heightened psychological distress and more somatic symptoms
such as chest discomfort, palpitations, and gastrointestinal issues.
Prolonged stress-induced physiological and psychological
hyperarousal can adversely affect bodily systems through hormonal
and immune mechanisms, particularly impacting frail older adults
(33), and ultimately leading to a significant decline in overall well-
being (35).

As the high correlations and complex relationships among
depression and anxiety, network analysis methods are indispensable
for unraveling the complexities of depression and anxiety among
older adults. Traditional psychopathology theories often rely on
aggregated scores from standardized tests to gauge the severity of
psychiatric symptoms (36). However, this approach overlooks the
interconnectedness and unique characteristics of individual
symptoms (37). Network analysis fills this gap by investigating the
intricate and dynamic relationships between psychiatric symptoms
(38). This methodology constructs a network where symptoms are
nodes connected by edges, identifying core symptoms through
metrics such as centrality, proximity, and strength. By emphasizing
pivotal symptoms within the network, network analysis offers insights
into the underlying mechanisms of mental illness. Currently, network
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analysis is widely utilized to study depression and anxiety symptoms
across diverse populations, including adolescents (39, 40), college
students (41, 42), individuals with chronic diseases (43, 44), disabled
older adults (45), and medical professionals (46). These studies
consistently demonstrate the interconnected nature of depression and
anxiety symptoms. Network analysis not only identifies central
symptoms within these networks but also underscores the
significance of specific symptoms in shaping the overall
symptom structure.

However, despite the growing body of research using network
analysis to understand depression and anxiety, a critical knowledge
gap remains: the comparative network structures of comorbid
depression and anxiety symptoms in widowed versus non-widowed
older adults have been largely unexplored. While one study examined
depression symptom networks in these populations (47), it did not
address the crucial interplay between depression and anxiety, which
are known to be highly comorbid, especially in older adults (48, 49).
Furthermore, that previous study did not utilize methods to control
for baseline differences between the groups, potentially confounding
the results. This is a significant limitation, as widowed and
non-widowed older adults often differ on key demographic and
health-related variables that could independently influence mental
health outcomes.

To address this gap, the current study employed a rigorous
methodology combining propensity score matching (PSM) and
network analysis. PSM was used to create comparable widowed and
non-widowed groups, minimizing selection bias by balancing key
demographic and health-related confounders before comparing their
depression and anxiety symptom networks. Utilizing data from the
Chinese Longitudinal Healthy Longevity Survey (CLHLS), this study
aims to identify central symptoms within each group and bridge
symptoms linking depression and anxiety. By pinpointing these bridge
symptoms, this study provides evidence for targeted, cost-effective
interventions to prevent depression-anxiety comorbidity, reducing
disease burden and healthcare costs in older adults.

2 Methods
2.1 Participants and procedures

This study utilizes data from the 2017-2018 wave of the
CLHLS. The CLHLS is a longitudinal survey organized by the Center
for Healthy Aging and Development Research at Peking University.
The CLHLS is a major national research project in China aimed at
understanding the multifaceted aspects of healthy aging. Initiated in
1998, it tracks a large cohort of older adults, collecting comprehensive
data on a wide range of factors, including demographics,
socioeconomic status, family structure, lifestyle behaviors (e.g., diet,
exercise), health status (physical and mental), cognitive function, and
access to healthcare. Following a baseline survey in 1998, the CLHLS
has been conducted in seven waves (2000, 2002, 2005, 2008-2009,
2011-2012, 2014, and 2017-2018) across 23 provinces in China (50).
To ensure a representative sample, the CLHLS employs a multistage,
disproportionate, and targeted random sampling method, focusing on
older adults aged 65 and above. Ethical approval for the CLHLS was
obtained from the Peking University Biomedical Ethics Committee
(IRB00001052-13074) and the Duke University Institutional Review
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Board (Pro00062871). The deidentified 2017-2018 CLHLS dataset
used in this study is publicly available and accessible.

The inclusion criteria for this study were as follows: (1)
participants aged 65 years or older; and (2) availability of complete
data, CESD-10, and GAD-7
(Supplementary Figure S1).

basic demographic scores

2.2 Measures

Sociodemographic data included age, education level, gender,
current residence, current living arrangement, medical payer, and
number of children. Sleep duration was included as a key covariate
due to its well-documented bidirectional relationship with depression
and anxiety (51), particularly in older adults (52, 53). Research
indicates a significant positive correlation between sleep disturbances
and depressive symptoms, with approximately 75% of individuals with
depression experiencing sleep problems (54). Moreover, poor sleep
quality substantially increases the risk of anxiety symptoms.
Additionally, widowhood itself may disrupt sleep (55, 56), further
contributing to mental health vulnerabilities in this population.

Depressive symptoms were assessed by using the Center for
Epidemiologic Studies Depression Scale-10 (CESD-10), a validated
instrument for Chinese older adults (57, 58). The CESD-10 comprises
10 items rated on a 4-point Likert scale (0 = ‘never’ to 3 = ‘always)),
yielding a total score range of 0 to 30. Scores >10 indicate the presence
of depressive symptoms, while scores >20 indicate severe depressive
symptoms (59). The CESD-10 demonstrated good internal consistency
(Cronbach’s alpha = 0.78).

Anxiety symptoms were evaluated by using the Seven-item
Generalized Anxiety Disorder Scale (GAD-7), designed to assess the
frequency of anxiety symptoms experienced over the past 2 weeks.
The GAD-7 employs a 4-point Likert scale with seven items, ranging
from 0 (not at all) to 3 (almost daily). Total scores range from 0 to 21,
with higher scores indicating greater severity of anxiety symptoms
(60). Threshold scores of 5, 10, and 15 denote mild, moderate, and
severe levels of anxiety, respectively (60, 61). In this study, the GAD-7
internal (Cronbach’s

demonstrated  excellent

alpha = 0.92).

consistency

2.3 Statistical analysis

2.3.1 Propensity score matching (PSM) and
univariate analysis

To minimize demographic discrepancies between widowed and
non-widowed groups of older adults, this study employed PSM
utilizing the Matchlt package (version 4.5.1) (62) in R (version 4.3.1).
The nearest neighbor method was implemented in a 1:1 ratio with a
caliper of 0.05 (63). PSM serves to reduce selection bias in observational
studies and ensure balance across study groups (63, 64). Propensity
scores were computed via logistic regression models, with covariates
including age, education level, sleep duration each day, gender, current
living arrangement, medical payers, and number of children.
Non-widowed older adults were selected to match the propensity
scores of widowed counterparts, forming a balanced sample. Matching
quality was evaluated by using standardized mean differences (SMDs),
with values <0.10 indicating effective balance (65). Histograms were
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employed to visualize the propensity score distributions for both
widowed and non-widowed groups before and after matching.

2.3.2 Network analysis

Network analysis was conducted using R (version 4.3.1). The qgraph
package (version 4.2.3) (66) and bootnet package (version 1.4.3) (67)
were utilized for network visualization and estimation. Given that both
the CESD-10 and GAD-7 utilize Likert scales, Spearman correlation
coefficients were computed to estimate edges (68). The Elastic Net Least
Absolute Shrinkage and Selection Operator (ELASSO) was employed to
enhance the graph by assessing edge importance and minimizing
spurious edges (69). The Extended Bayesian Information Criterion
(EBIC) guided model selection, with a tuning parameter (y = 0.5)
controlling sparsity (70). To enhance the visualization of the network,
the edge weight threshold was set to 0.05.In the resulting network, each
item is represented as a node, and pairwise associations between items
are depicted as edges. Thicker edges indicate stronger correlations, with
purple and red denoting positive and negative correlations, respectively.

Centrality indices quantitatively evaluate the structural
significance of nodes within a network, identifying the most influential
ones. These indices include strength, closeness, betweenness, and
expected influence (EI). According to prior studies (68), EI represents
the cumulative weights of edges connected to a node. In this study, EI
was utilized to assess network centrality. Additionally, bridge expected
influence (BEI) was computed to identify nodes bridging between
communities of depression and anxiety symptoms, where higher BEI
values increase the potential for activating interconnected communities
in the network. These calculations were performed using the network
tools package (version 4.2.2) (71). For visualization, EI and BEI are
represented by z-score values. Furthermore, the mgm package (version
1.2) (72) was employed to estimate the predictability of each node,
quantified by its R* value. Node predictability indicates the extent to
which a node can be predicted by its directly connected neighbors.
Nodes with high predictability are more likely to be influenced
effectively by interventions targeting their neighboring nodes.

The bootnet package (Version 1.4.3) (67) was utilized to evaluate
both the accuracy and stability of the network analysis. Accuracy
measures the extent to which sample estimates reflect true values,
depicted by plotting 95% confidence intervals (Cls) of edge weights
(nBoots = 1,500). Narrower Cls indicate higher accuracy. Stability was
(CS-C)
(nBoots = 4,000), where a CS of 0.70 denotes maximal acceptable

assessed using the correlation stability coefficient
sample reduction, and coefficients above 0.50 are generally acceptable,
with a minimum of 0.25. Bootstrap tests of variance were employed
to assess the stability of node EIs and edge weights, with a larger range
in the black area indicating greater significance of differences.

To compare the differences in the network structure of depression
and anxiety symptoms between the “widowed” and “non-widowed”
groups, a network comparison test (NCT) was applied using the
package “Network Comparison Test” (Version 2.2.2) (73).

3 Results
3.1 Study sample

A total of 4,982 widowed and 4,630 non-widowed older adults
were screened for this study. 1,736 widowed older adults were matched
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to 1736 non-widowed older adults after PSM. Table 1 shows the
demographic and clinical characteristics of the matched study sample.
The SMD for the matched demographic variables was 0.03, indicating
a well-balanced match. Supplementary Figure S2 shows the
distribution of propensity scores and histograms.

3.2 Network structures in widowed versus
non-widowed groups

3.2.1 Network structure and centrality symptoms

Figure 1 illustrates the network structures of depression and
anxiety symptoms in the widowed and non-widowed groups,
including both the original networks and the networks with the
weakest links removed (edge weight threshold set to 0.05). In the
“non-widowed” group network, 93 out of 136 edges (68.4%) had
non-zero weights, while in the “widowed” group network, 88 out of
136 edges (64.7%) had non-zero weights, indicating dense
connectivity in both networks. Supplementary Table S1 provides the
detailed edge weights for both groups. In the “widowed” group
network, the most central symptoms were CESD3 (“Feeling depressed
or down”; EI = 1.17), GAD4 (“Feeling tense and having difficulty
relaxing”; EI = 1.09), and GAD2 (“Being unable to stop or control
worrying”; EI = 1.06). Conversely, in the “non-widowed” group
network, central symptoms included GAD4 (“Feeling tense and
having difficulty relaxing”; EI = 1.13), CESD3 (“Feeling depressed or
down”; EI = 1.13), and GAD2 (“Being unable to stop or control
worrying”; EI = 1.05). Figure 2 presents a comparative visualization
of node EIs between the widowed and non-widowed groups. The
mean predictability was 0.418 for the widowed group and 0.442 for
the non-widowed group. Notably, GAD4 in the widowed group
(R*=0.648) and GAD4 in the non-widowed group (R*=0.691)
exhibited the highest predictability. For detailed values of node EI,
BEI, and predictability, refer to Supplementary Tables S2, S3.

3.2.2 Bridge symptoms

Figure 3 illustrates the comparison of Bridge Expected Influence
(BEI) between the widowed and non-widowed groups.

In the “widowed” group network, key bridge symptoms included
GAD1 (“Feeling anxious, worried, or distressed”; BEI = 0.47), GAD3
(“Worrying too much about various things”; BEIL: 0.32), and CESD3
(“Feeling depressed or down”; BEI = 0.30). Among them, GAD1
exhibited the strongest connection to CESD8 (“Felt lonely”) within the
depression community (edge = 0.075); GAD3 showed the strongest
connection to CESD4 (“Feeling increasingly exhausted and useless
with age”) within the depression community (edge = 0.029); and
CESD3 was most strongly linked to GAD6 (“Becoming easily annoyed
or irritable “) within the anxiety community (edge = 0.040).

In the “non-widowed” group network, key bridging symptoms
included GAD1 (“Feeling anxious, worried, or distressed”; BEIL: 0.48),
CESD1 (“Getting upset over small matters”; BEI: 0.30), and GAD3
(“Worrying too much about various things”; BEL: 0.25). Notably, GAD1
exhibited the strongest association with CESD10 (“Having good sleep
quality”) within the depression community (edge = 0.080); CESD1
demonstrated the most robust connection with GAD1 (“Feeling
anxious, worried, or distressed”) within the anxiety community
(edge = 0.030); and GAD3 was most strongly linked to CESD3 (“Feeling
depressed or down”) within the depression context (edge = 0.031).
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3.2.3 Network accuracy and stability

Supplementary Figure S3 displays narrow bootstrap 95%
confidence intervals (CI) of estimated edge weights, indicating high
accuracy. Supplementary Figure 54 illustrates the robust stability of EI
and BEI. The CS coefficients for EI and BEI are 0.750 and 0.672 in
both the widowed and non-widowed groups. The results of
bootstrapped difference tests reveal statistically significant differences
in most edge weights and node Expected Influence (EI), affirming the
reliability of the principal findings (Supplementary Figure S5).

3.2.4 Comparisons of the two network models
Based on the Network Comparison Test (NCT) results,
comparisons between the network models of the non-widowed and
widowed groups showed no significant differences in global strength
(7.433vs.7.207, S = 0.227, p = 0.158) and network structure (M = 0.180,
p = 0.050). There are significant differences in edge weights between the
non-widowed and widowed groups in the network (p < 0.05).

4 Discussion

This study is among the first to employ network analysis and
propensity score matching (PSM) to explore depression and anxiety

TABLE 1 Characteristics of participants included in the study (N = 3,472).

Characteristics

Non-widowed (N = 1736)

10.3389/fpubh.2025.1495284

symptom networks among widowed and non-widowed older adults
in China. The results revealed no significant differences in the overall
network structure and strength of depression and anxiety symptoms
between the two groups. This suggests that widowhood, in itself, may
not significantly alter the relationships between these symptoms or
their overall severity. The central symptoms were consistent across
both groups, including “Feeling depressed or down” (CESD3),
“Feeling tense and having difficulty relaxing” (GAD4), and “Being
unable to stop or control worrying” (GAD2). Common bridge
symptoms for both groups were “Feeling anxious, worried, or
distressed” (GAD1) and “Worrying too much about various things”
(GAD3). However, “Feeling depressed or down” (CESD3) emerged
as a unique bridge symptom for the widowed group, while “Getting
(CESD1) was specific to the

upset over small matters”

non-widowed group.

4.1 Strengths of our study

The main strengths of this study include its large sample size and
highly representative data from the latest wave of the CLHLS. The
study used PSM and network analysis methods to explore the
interaction between depression and anxiety symptoms in widowed

Widowed (N = 1736)

Mean + SD or n (%)

Mean + SD or n (%)

Age (years) 82.86 +8.77 83.04 +9.56 —0.566 0.571
Education level (years) 3.68 +4.31 377 £4.26 —0.654 0.513
Sleep duration each day (hours) 7.27 +2.14 7.26+2.24 0.170 0.865
Gender 0.195 0.659
Male 836 (48.2%) 822 (47.4%)
Female 900 (51.8%) 914 (52.6%)
Current residence 0.641 0.423
Urban 206 (11.9%) 190 (10.9%)
Rural 1,530 (88.1%) 1,546 (89.1%)
Current living arrangement 1.727 0.422
Family 1,495 (86.1%) 1,470 (84.7%)
Living alone 179 (10.3%) 203 (11.7%)
Nursing home 62 (3.6%) 63 (3.6%)
Medical payers 6.44 0.490
Urban medical insurance 441 (25.4%) 455 (26.2%)
Rural cooperative medical insurance 579 (33.4%) 578 (33.3%)
Commercial health insurance 2(0.1%) 2(0.1%)
No insurance 714 (41.2%) 701 (40.4%)
Number of children 3.97+1.89 3.95+1.93 0.240 0.811
CESD-10 total score 9.46 £4.11 9.68 +4.11 —1.583 0.114
Depression symptoms (CESD-10 > 10) 922 (53.1%) 969 (55.8%) 2.457 0.117
GAD-7 total score 1.58 £2.87 1.53 £2.85 0.475 0.635
Anxiety symptoms (GAD-7 > 5) 234 (13.5%) 222 (12.8%) 0.305 0.580

CESD-10: The Center for Epidemiologic Studies Depression Scale-10; GAD-7: Seven-item generalized anxiety disorder scale.
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Non-widowed Widowed

Non-widowed (Strongest Links Only)

FIGURE 1

Widowed (Strongest Links Only)

The network structure of depression and anxiety in widowed and non-widowed groups.
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older adults compared to demographically matched non-widowed
older adults. The PSM approach minimized the influence of
demographic imbalances between the widowed and non-widowed
groups, resulting in more robust network analysis outcomes.

4.2 Similar network structures between
groups

We found no significant differences in overall network strength
and structure between widowed and non-widowed older adults,
consistent with the findings of Xue et al. (74), but differing from those
of Pan and Liu (47) reported certain differences in the depression
networks of widowed and non-widowed older adults in China, which
may be attributed to variations in datasets (CFPS) and methodological
approaches. Our study employed propensity score matching (PSM)
to minimize intergroup heterogeneity. The lack of data on the time
elapsed since spousal loss in the CLHLS dataset may have attenuated
the effects of recent widowhood, as prior research indicates that the
impact of spousal loss is most pronounced within the first year (16),
Moreover, common aging-related challenges, such as declining health
and reduced autonomy, may contribute to similar symptom networks
across groups (2), This aligns with the Conservation of Resources
Theory (6), which posits that while both groups experience resource
depletion (e.g., health, social networks), widowed individuals may
compensate through alternative support systems.
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In terms of network structure, both widowed and non-widowed
older adult groups exhibited densely interconnected symptom
networks, characterized by predominantly non-zero edge weights,
indicating high comorbidity between anxiety and depression symptoms.

These findings aligned with previous research across various
populations, including patients with COPD (43), disabled older adults
(45), older adult individuals with hypertension (2), as well as other
groups such as nurses (46), adolescents (39), and college students (41).
These studies suggested that mental health issues were not isolated but
were intertwined with multiple factors, forming complex network
relationships (45).

4.3 Central symptom similarities

Network analysis revealed similar central symptoms of anxiety
and depression in both widowed and non-widowed older adults.
However, “Feeling depressed or down” (CESD3) exhibited slightly
higher centrality in the widowed group than in the non-widowed
group. “Feeling depressed or down,” as a negative emotion, is a core
symptom required for the diagnosis of major depressive disorder
(MDD) (31, 75). Widowhood precipitated significant life changes,
including altered lifestyles, shifts in social roles, and increased
financial strain (76, 77). From the perspective of attachment theory
(78), the loss of a partner signifies the loss of a primary attachment
figure, which could trigger intense separation anxiety and insecurity.
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Standardized values (z-score) of expected influence (El) for each
node in the widowed and non-widowed groups.

This, in turn, impacted an individual’s self-worth and future outlook,
rendering them more susceptible to feelings of sadness. This result is
consistent with findings from other studies on older adults. For
instance, network analyses of anxiety and depression in older adults
with hypertension and disabilities have identified “Feeling depressed
or down” as the most central symptom (2, 45). This may have been
attributable to age-related declines in physical function and the
exacerbation of pre-existing chronic conditions, both of which
contributed to heightened depressive symptomatology.

In the non-widowed older adult group, “Feeling tense and having
difficulty relaxing” (GAD4) exhibited marginally higher centrality.
In China, sociocultural norms like filial piety, and legal frameworks
such as the Marriage Law and the Law on the Protection of the
Rights and Interests of Older Adults, established caregiving for older
adults as a familial duty (79). Non-widowed older adults, particularly
women, frequently undertook substantial caregiving responsibilities
for spouses or other family members (80). Research indicated that
caregiving demands substantial time, energy, and emotional
resources, while simultaneously presenting caregivers with
challenges such as the care recipient’s emotional lability and
progressive decline in health (81). According to stress-coping theory
(82), this prolonged exposure to high-stress caregiving can lead to
physical and emotional exhaustion, hindering rest and relaxation
and increasing the likelihood of anxiety symptoms, such as “Feeling
tense and having difficulty relaxing” (GAD4). The higher centrality
of GAD4 in this group may therefore reflected the significant
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caregiving burden experienced by many non-widowed older adults
in China.

“Being unable to stop or control worrying” (GAD2) was
significant core symptom in both groups, reflecting the pervasive
uncertainty and anxiety frequently experienced by older adults in
response to stressors such as aging, illness, and bereavement.
Furthermore, “Feeling depressed or down” (CESD3) and “Being
unable to stop or control worrying” (GAD2) were core symptoms for
both groups. This aligns with the current perspective that these
symptoms are central criteria and essential for diagnosing depression
and generalized anxiety disorder (75, 83). This indicates that core
symptoms of anxiety and depression are shared across different
populations. Sadness and worry may represent common emotional
responses to diverse life stressors and health challenges. From the
perspective of cognitive-behavioral theory, negative cognitive
patterns can exacerbate feelings of sadness and worry, potentially
influencing other symptoms. Cognitive Behavioral Therapy (CBT)
can be used to help older adults identify and change negative thought
patterns and develop skills for managing stress and emotions,
leading to better management of anxiety and depression symptoms
(84, 85).

4 .4 Different bridge symptoms between
groups

The common bridging symptoms in both groups were “Feeling
anxious, worried, or distressed” (GAD1) and “Worrying too much
about various things” (GAD3). “Feeling depressed or down” (CESD3)
and “Getting upset over small matters” (CESD1) were unique
bridging symptoms for the widowed and non-widowed groups,
respectively.

There were differences in bridging symptoms between the two
groups. In the widowed group, “Feeling anxious, worried, or
distressed” (GAD1) and “Felt lonely” (CESD8) were most closely
connected. This suggested that in the widowed group, anxiety was
closely linked with feelings of loneliness. The social isolation and
emotional loss associated with widowhood may have exacerbated
feelings of loneliness, making older adults more prone to depression.
Previous research also indicated that widowed older adults
experienced higher levels of loneliness (86-88). Studies employed the
Dual-Process Bereavement Group Intervention-Chinese (DPBGI-C)
had effectively reduced loneliness and anxiety in widowed older
adults (89). “Worrying too much about various things” (GAD3) and
“Feeling increasingly exhausted and useless with age” (CESD4) were
closely connected, suggesting that excessive worrying in widowed
older adults may have led to or exacerbated feelings of exhaustion and
worthlessness. Widowed older adults often faced challenges such as
loneliness, social isolation (76), and adverse health outcomes related
to widowhood (90). The life changes and uncertainties brought about
by widowhood led to increased worry about the future (91, 92).
Cognitive appraisal theory suggests that an individual’s evaluation of
events affects their emotional responses (93). Future research could
further explore the relationship between widowed individuals’
cognitive appraisal of future uncertainties and their depressive
emotions. “Feeling depressed or down” (CESD3) was most strongly
linked to “Becoming easily annoyed or irritable” (GAD6) within the
anxiety community, indicating a stronger association between
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Bridge centrality indices (z-score) for the widowed and non-widowed groups.

depressive and irritability symptoms. The grieving process after
widowhood was complex, and research shows that widowed older
adults were more likely to experience “angry grief,” which was often
directed towards the deceased partner, oneself, others, or even fate.
This manifested as irritability and dissatisfaction with those around
them (91). Techniques such as relaxation training and internet-based
CBT may help widowed older adults better manage their
emotions (94).

In the non-widowed group, “Feeling anxious, worried, or
distressed” (GAD1) was most closely linked with “Having good
sleep quality” (CESD10). This suggested that for non-widowed
older adults, sleep quality may have been an important factor
linking anxiety and depression. Previous research established the
interrelationship between sleep, anxiety, and depression (95-98).
For non-widowed older adults, particularly those with low marital
satisfaction or those caring for chronically ill spouses, experienced
significant psychological stress and life burden (99-101), potentially
leading to increased anxiety, decreased sleep quality (102), and a
heightened risk of depression. “Feeling anxious, worried, or
distressed” may have reflected an overactive state of the nervous
system, which could disrupt natural sleep rhythms and affect sleep
quality. Simultaneously, insufficient sleep could exacerbate the
overactivation of the nervous system, creating a vicious cycle that
ultimately leads to the development of depressive symptoms (103).
Interventions such as mindfulness-based stress reduction,
mindfulness-based cognitive therapy, cognitive-behavioral therapy
for insomnia, muscle endurance training, and Tai Chi have proven
effective in improving insomnia and anxiety in older adults (104,
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105). Furthermore, “Getting upset over small matters” (CESD1) was
closely linked with “Feeling anxious, worried, or distressed”
(GAD1), indicating heightened emotional sensitivity in this group.
These individuals were prone to being affected by seemingly minor
events in daily life, leading to exaggerated emotional responses. This
finding aligns with previous research, which shows that high
emotional sensitivity is often closely related to anxiety symptoms
(106). “Worrying too much about various things” (GAD3) was most
closely linked with “Feeling depressed or down” (CESD3),
highlighting excessive worry as a key driver of depressive emotions
in non-widowed older adults. These worries may have stemmed
from concerns about aging, illness, role changes, and family health
(4, 81, 107). Accessing professional psychological counseling and
engaging in social activities can help build social support networks
and foster a sense of purpose, potentially alleviating anxiety
(4, 108).

4.5 Limitations

This study has several limitations. First, reliance on self-report
questionnaires to assess depression and anxiety symptoms
introduces potential response biases, such as social desirability and
recall bias, particularly relevant given potential memory decline in
older adults. Future research could mitigate this by incorporating
multi-source data (interviews, observations) for a more
comprehensive assessment. Second, the sample’s limitation to older

adults in China restricts the generalizability of findings to other
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cultures and age groups. Cultural variations in widowhood coping
mechanisms may influence symptom manifestation and network
structure; cross-cultural comparisons are needed to explore these
differences. Third, the network structures observed may
be influenced by the specific measures used. Replicating these
findings with different assessment instruments is crucial. Fourth,
the cross-sectional design limits inferences about the temporal
dynamics of depressive and anxiety symptoms. Longitudinal
studies are needed to track symptom trajectories in older adults
before and after widowhood, examining how these networks evolve
to inform long-term psychological interventions. Finally, our
reliance on the CLHLS dataset, primarily comprising individuals
from rural areas, may limit the representativeness of urban older
adults. Future research should include a more diverse sample,
incorporating urban older adults, to enhance the generalizability
of the findings.

5 Conclusion

In conclusion, our study is among the first to employ network
analysis and propensity score matching (PSM) to explore
depression and anxiety symptom networks among widowed and
non-widowed older adults in China. While overall network
structure and symptom intensity did not differ significantly
between groups, crucial differences emerged in bridging
symptoms. “Feeling depressed or down” (CESD3) played a more
central role in the widowed group, potentially reflecting the
emotional impact of bereavement, while “Getting upset over small
matters” (CESD1) was more prominent in the non-widowed
group, possibly linked to caregiving responsibilities. These
findings offer valuable insights into the mental health of both
widowed and non-widowed older adults and may inform the
development of more targeted intervention strategies.

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

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent from the
[patients/ participants OR patients/participants legal guardian/
next of kin] was not required to participate in this study in
accordance with the national legislation and the institutional
requirements.

References

1. WHO Mental health of older adults. (2023) Available online at: https://www.who.
int/news-room/fact-sheets/detail/mental-health-of-older-adults ~ (Accessed June
27,2024).

Frontiers in Public Health

10.3389/fpubh.2025.1495284

Author contributions

YL: Conceptualization, Data curation, Formal analysis,
Methodology, Writing - original draft. DL: Data curation, Formal
analysis, Writing — original draft. XG: Conceptualization, Writing —
original draft. DF: Funding acquisition, Project administration,
Writing - review & editing. LZ: Data curation, Formal analysis,
Writing - review & editing. WC: Conceptualization, Methodology,
Writing - review & editing. JC: Supervision, Writing - review &
editing. SL: Conceptualization, Methodology, Writing - review &
editing. GY: Writing — review & editing. ZC: Conceptualization,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by grants from the Key Laboratory Open Project of Hubei Province
[grant numbers:2022KFHO016].

Acknowledgments

We would like to thank the CLHLS Program at Peking University
for the approval to use the 2017-2018 CLHLS data. Additionally, we
acknowledge the use of ChatGPT (version GPT-4) for language
polishing in this manuscript.

Conflict of interest

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

Publisher’'s note

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

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1495284/
full#supplementary-material

2. MaH, Zhao M, Liu Y, Wei P. Network analysis of depression and anxiety symptoms and
their associations with life satisfaction among Chinese hypertensive older adults: a cross-
sectional study. Front Public Health. (2024) 12:1370359. doi: 10.3389/fpubh.2024.1370359

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1495284
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1495284/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1495284/full#supplementary-material
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://doi.org/10.3389/fpubh.2024.1370359

Lietal.

3. WHO Ageing and health. (2022) Available online at: https://www.who.int/news-
room/fact-sheets/detail/ageing-and-health (Accessed June 27, 2024).

4.Li X, Ge T, Dong Q, Jiang Q. Social participation, psychological resilience and
depression among widowed older adults in China. BMC Geriatr. (2023) 23:454. doi:
10.1186/s12877-023-04168-7

5. Zhang Y, Chen X, Sun Y, Feng S, Wang E, Gu H, et al. Relationship of widowhood
with pulse pressure, fasting blood glucose, and mental health in older adults: a
propensity matching score analysis. Front Public Health. (2023) 11:1257133. doi:
10.3389/fpubh.2023.1257133

6. Hobfoll SE. Conservation of resources. A new attempt at conceptualizing stress. Am
Psychol. (1989) 44:513-24. doi: 10.1037/0003-066X.44.3.513

7. Stroebe M, Schut H, Stroebe W. Health outcomes of bereavement. Lancet. (2007)
370:1960-73. doi: 10.1016/S0140-6736(07)61816-9

8. Srivastava S, Debnath P, Shri N, Muhammad T. The association of widowhood and
living alone with depression among older adults in India. Sci Rep. (2021) 11:21641. doi:
10.1038/s41598-021-01238-x

9. XuJ, Wu Z, Schimmele CM, Li S. Widowhood and depression: a longitudinal study
of older persons in rural China. Aging Ment Health. (2020) 24:914-22. doi:
10.1080/13607863.2019.1571016

10. Houwen KVD, Stroebe M, Stroebe W, Schut H, Bout JVD, Meij LW-D. Risk factors
for bereavement outcome: a multivariate approach. Death Stud. (2010) 34:195-220. doi:
10.1080/07481180903559196

11. Cheng G, Yan Y. Sociodemographic, health-related, and social predictors of
subjective well-being among Chinese oldest-old: a national community-based cohort
study. BMC Geriatr. (2021) 21:124. doi: 10.1186/s12877-021-02071-7

12.Guo Y, Ge T, Mei L, Wang L, Li . Widowhood and health status among Chinese
older adults: the mediation effects of different types of support. Front Public Health.
(2021) 9:745073. doi: 10.3389/fpubh.2021.745073

13. Carey IM, Shah SM, DeWilde S, Harris T, Victor CR, Cook DG. Increased risk of
acute cardiovascular events after partner bereavement: a matched cohort study. JAMA
Intern Med. (2014) 174:598-605. doi: 10.1001/jamainternmed.2013.14558

14. Blanner C, Mejldal A, Prina AM, Munk-Jergensen P, Ersboll AK, Andersen K.
Widowhood and mortality: a Danish nationwide register-based cohort study. Epidemiol
Psychiatr Sci. (2020) 29:e149. doi: 10.1017/S2045796020000591

15. Wang S-H, Wu H, Hsu L-Y, Lin M-C, Fan C-C, Chen P-C, et al. Widowhood and
mortality risk in Taiwan: a population-based matched cohort study. Int J Epidemiol.
(2024) 53:dyae034. doi: 10.1093/ije/dyae034

16. Kristiansen CB, Kjeer JN, Hjorth P, Andersen K, Prina AM. The association of time
since spousal loss and depression in widowhood: a systematic review and meta-analysis.
Soc Psychiatry Psychiatr Epidemiol. (2019) 54:781-92. doi: 10.1007/s00127-019-01680-3

17. Liu X, Liu F, Ruan W, Chen Y, Qu S, Wang W. Mental health status and associated
contributing factors among the Hakka elderly in Fujian, China. Front Public Health.
(2022) 10:928880. doi: 10.3389/fpubh.2022.928880

18. Blanner Kristiansen C, Kjar JN, Hjorth P, Andersen K, Prina AM. Prevalence of
common mental disorders in widowhood: a systematic review and meta-analysis. J
Affect Disord. (2019) 245:1016-23. doi: 10.1016/j.jad.2018.11.088

19. He Z-F, Tan W-Y, Ma H, Shuai Y, Shan Z, Zhai J, et al. Prevalence and factors
associated with depression and anxiety among older adults: a large-scale cross-sectional
study in China. ] Affect Disord. (2024) 346:135-43. doi: 10.1016/j.jad.2023.11.022

20. WHO Mental health of older adults. Available online at: https://www.who.int/
news-room/fact-sheets/detail/mental-health-of-older-adults (Accessed July 1, 2024).

21. Vos T, Lim SS, Abbas KM, Bhattacharyya K. 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

22.Cai H, Jin Y, Liu R, Zhang Q, Su Z, Ungvari GS, et al. Global prevalence of
depression in older adults: a systematic review and meta-analysis of epidemiological
surveys. Asian ] Psychiatr. (2023) 80:103417. doi: 10.1016/j.ajp.2022.103417

23. WHO Depressive disorder (depression). https://www.who.int/news-room/fact-
sheets/detail/depression (Accessed July 1, 2024).

24.Zhou L, Ma X, Wang W. Relationship between cognitive performance and
depressive symptoms in Chinese older adults: the China health and retirement
longitudinal study (CHARLS). ] Affect Disord. (2021) 281:454-8. doi:
10.1016/j.jad.2020.12.059

25. Casey DA. Depression in older adults: a treatable medical condition. Prim Care.
(2017) 44:499-510. doi: 10.1016/j.pop.2017.04.007

26.Lu Y, Feng L, Feng L, Nyunt MS, Yap KB, Ng TP. Systemic inflammation,
depression and obstructive pulmonary function: a population-based study. Respir Res.
(2013) 14:53. doi: 10.1186/1465-9921-14-53

27. Lenze EJ, Mulsant BH, Blumberger DM, Karp JE, Newcomer JW, Anderson SJ, et al.
Efficacy, safety, and tolerability of augmentation pharmacotherapy with aripiprazole for
treatment-resistant depression in late life: a randomized placebo-controlled trial. Lancet.
(2015) 386:2404-12. doi: 10.1016/S0140-6736(15)00308-6

28. Edwards N, Walker S, Paddick S-M, Prina AM, Chinnasamy M, Reddy N, et al.
Prevalence of depression and anxiety in older people in low- and middle- income

Frontiers in Public Health

10

10.3389/fpubh.2025.1495284

countries in Africa, Asia and South America: a systematic review and meta-analysis. J
Affect Disord. (2023) 325:656-74. doi: 10.1016/j.jad.2023.01.068

29.Lu L, Shen H, Tan L, Huang Q, Chen Q, Liang M, et al. Prevalence and factors
associated with anxiety and depression among community-dwelling older adults in
Hunan, China: a cross-sectional study. BMC Psychiatry. (2023) 23:107. doi:
10.1186/512888-023-04583-5

30. Han LKM, Schnack HG, Brouwer RM, Veltman DJ, van der Wee NJA, van Tol
M-], et al. Contributing factors to advanced brain aging in depression and anxiety
disorders. Transl Psychiatry. (2021) 11:402. doi: 10.1038/s41398-021-01524-2

31. Michael E, Thase T, Richard H, Weisler M. Utilizing the DSM-5 anxious distress
specifier to develop treatment strategies for patients with major depressive disorder:
(academic highlights). ] Clin Psychiatry. (2017) 78:1351-62. doi: 10.4088/JCP.ot17015ah1

32. Lecrubier Y. The burden of depression and anxiety in general medicine. J Clin
Psychiatry. (2001) 62:4.

33. Kang H-J, Bae K-Y, Kim S-W, Shin H-Y, Shin I-S, Yoon J-S, et al. Impact of anxiety
and depression on physical health condition and disability in an elderly Korean
population. Psychiatry Investig. (2017) 14:240-8. doi: 10.4306/pi.2017.14.3.240

34. Laurin C, Moullec G, Bacon SL, Lavoie KL. Impact of anxiety and depression on
chronic obstructive pulmonary disease exacerbation risk. Am J Respir Crit Care Med.
(2012) 185:918-23. doi: 10.1164/rccm.201105-0939PP

35. Cairney J, Corna LM, Veldhuizen S, Herrmann N, Streiner DL. Comorbid
depression and anxiety in later life: patterns of association, subjective well-
being, and impairment. Am ] Geriatr Psychiatry. (2008) 16:201-8. doi:
10.1097/01.JGP.0000300627.93523.c8

36. 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

37.Fried EI, Nesse RM. Depression sum-scores don't add up: why analyzing
specific depression symptoms is essential. BMC Med. (2015) 13:72. doi:
10.1186/s12916-015-0325-4

38. McNally RJ. Can network analysis transform psychopathology? Behav Res Ther.
(2016) 86:95-104. doi: 10.1016/j.brat.2016.06.006

39. Cai H, Bai W, Liu H, Chen X, Qi H, Liu R, et al. Network analysis of depressive
and anxiety symptoms in adolescents during the later stage of the COVID-19 pandemic.
Transl Psychiatry. (2022) 12:98. doi: 10.1038/s41398-022-01838-9

40.Xu S, Ju Y, Wei X, Ou W, Ma M, Lv G, et al. Network analysis of suicide ideation
and depression-anxiety symptoms among Chinese adolescents. Gen Psychiatr. (2024)
37:101225. doi: 10.1136/gpsych-2023-101225

41.Bai W, Cai H, Liu S, Chen X, Sha S, Cheung T, et al. Anxiety and depressive
symptoms in college students during the late stage of the COVID-19 outbreak: a network
approach. Transl Psychiatry. (2021) 11:638. doi: 10.1038/541398-021-01738-4

42.Luo J, Bei D-L, Zheng C, Jin ], Yao C, Zhao J, et al. The comorbid network
characteristics of anxiety and depressive symptoms among Chinese college freshmen.
BMC Psychiatry. (2024) 24:297. doi: 10.1186/s12888-024-05733-z

43. Yohannes AM, Murri MB, Hanania NA, Regan EA, Iyer A, Bhatt SP, et al.
Depressive and anxiety symptoms in patients with COPD: a network analysis. Respir
Med. (2022) 198:106865. doi: 10.1016/j.rmed.2022.106865

44. Zhang L, Zhu W, Wu B. Network analysis of depression and anxiety symptoms
in Chinese rheumatoid arthritis patients. Peer]. (2023) 11:e16356. doi:
10.7717/peer;j.16356

45. Zhang P, Wang L, Zhou Q, Dong X, Guo Y, Wang P, et al. A network analysis of
anxiety and depression symptoms in Chinese disabled elderly. ] Affect Disord. (2023)
333:535-42. doi: 10.1016/j.jad.2023.04.065

46. Peng P, Chen Q, Liang M, Liu Y, Chen S, Wang Y, et al. A network analysis of
anxiety and depression symptoms among Chinese nurses in the late stage of the
COVID-19 pandemic. Front Public Health. (2022) 10:996386. doi:
10.3389/fpubh.2022.996386

47.Pan H, Liu Q. Difference of depression between widowed and non-widowed older
people in China: a network analysis approach. J Affect Disord. (2021) 280:68-76. doi:
10.1016/j.jad.2020.11.058

48.Jacobson NC, Newman MG. Anxiety and depression as bidirectional risk factors
for one another: a meta-analysis of longitudinal studies. Psychol Bull. (2017)
143:1155-200. doi: 10.1037/bul0000111

49. Wittchen HU, Kessler RC, Pfister H, Lieb M. Why do people with anxiety disorders
become depressed? A prospective-longitudinal community study. Acta Psychiatr Scand
Suppl. (2000) 102:14-23. doi: 10.1111/j.0065-1591.2000.acp29-03.x

50. Center for Healthy Aging and Development Studies. The Chinese longitudinal
healthy longevity survey (CLHLS)-longitudinal data (1998-2018). Beijing, China:
Peking University Open Research Data Platform (2020).

51. Ohayon MM, Roth T. Place of chronic insomnia in the course of depressive and
anxiety disorders. J Psychiatr Res. (2003) 37:9-15. doi: 10.1016/S0022-3956(02)00052-3

52.Jaussent I, Bouyer J, Ancelin M-L, Akbaraly T, Peres K, Ritchie K, et al. Insomnia
and daytime sleepiness are risk factors for depressive symptoms in the elderly. Sleep.
(2011) 34:1103-10. doi: 10.5665/SLEEP.1170

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1495284
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.1186/s12877-023-04168-7
https://doi.org/10.3389/fpubh.2023.1257133
https://doi.org/10.1037/0003-066X.44.3.513
https://doi.org/10.1016/S0140-6736(07)61816-9
https://doi.org/10.1038/s41598-021-01238-x
https://doi.org/10.1080/13607863.2019.1571016
https://doi.org/10.1080/07481180903559196
https://doi.org/10.1186/s12877-021-02071-7
https://doi.org/10.3389/fpubh.2021.745073
https://doi.org/10.1001/jamainternmed.2013.14558
https://doi.org/10.1017/S2045796020000591
https://doi.org/10.1093/ije/dyae034
https://doi.org/10.1007/s00127-019-01680-3
https://doi.org/10.3389/fpubh.2022.928880
https://doi.org/10.1016/j.jad.2018.11.088
https://doi.org/10.1016/j.jad.2023.11.022
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/j.ajp.2022.103417
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1016/j.jad.2020.12.059
https://doi.org/10.1016/j.pop.2017.04.007
https://doi.org/10.1186/1465-9921-14-53
https://doi.org/10.1016/S0140-6736(15)00308-6
https://doi.org/10.1016/j.jad.2023.01.068
https://doi.org/10.1186/s12888-023-04583-5
https://doi.org/10.1038/s41398-021-01524-2
https://doi.org/10.4088/JCP.ot17015ah1
https://doi.org/10.4306/pi.2017.14.3.240
https://doi.org/10.1164/rccm.201105-0939PP
https://doi.org/10.1097/01.JGP.0000300627.93523.c8
https://doi.org/10.1017/S0033291716002300
https://doi.org/10.1186/s12916-015-0325-4
https://doi.org/10.1016/j.brat.2016.06.006
https://doi.org/10.1038/s41398-022-01838-9
https://doi.org/10.1136/gpsych-2023-101225
https://doi.org/10.1038/s41398-021-01738-4
https://doi.org/10.1186/s12888-024-05733-z
https://doi.org/10.1016/j.rmed.2022.106865
https://doi.org/10.7717/peerj.16356
https://doi.org/10.1016/j.jad.2023.04.065
https://doi.org/10.3389/fpubh.2022.996386
https://doi.org/10.1016/j.jad.2020.11.058
https://doi.org/10.1037/bul0000111
https://doi.org/10.1111/j.0065-1591.2000.acp29-03.x
https://doi.org/10.1016/S0022-3956(02)00052-3
https://doi.org/10.5665/SLEEP.1170

Lietal.

53. Hwang H, Kim KM, Yun C-H, Yang KI, Chu MK, Kim W-]. Sleep state of the
elderly population in Korea: Nationwide cross-sectional population-based study. Front
Neurol. (2023) 13:1095404. doi: 10.3389/fneur.2022.1095404

54. Kay DB, Dzierzewski JM. Sleep in the context of healthy aging and psychiatric
syndromes. Sleep Med Clin. (2015) 10:11-5. doi: 10.1016/j.jsmc.2014.11.012

55. De Lang TA, Buyukcan-Tetik A, De Jong PJ, Lancel M, Eisma MC. Cross-lagged
analyses of prolonged grief and depression symptoms with insomnia symptoms. Behav
Ther. (2023) 54:510-23. doi: 10.1016/j.beth.2022.12.004

56. Lancel M, Stroebe M, Eisma MC. Sleep disturbances in bereavement: a systematic
review. Sleep Med Rev. (2020) 53:101331. doi: 10.1016/j.smrv.2020.101331

57.Boey KW. Cross-validation of a short form of the CES-D in Chinese
elderly. Int ] Geriatr Psychiatry. (1999) 14:608-17. doi:
10.1002/(SICI)1099-1166(199908)14:8<608::AID-GPS991>3.0.CO;2-Z

58. 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

59. Bai W, Zhang J, Smith RD, Cheung T, Su Z, Ng CH, et al. Inter-relationship
between cognitive performance and depressive symptoms and their association with
quality of life in older adults: a network analysis based on the 2017-2018 wave of
Chinese longitudinal healthy longevity survey (CLHLS). ] Affect Disord. (2023)
320:621-7. doi: 10.1016/j.jad.2022.09.159

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

61. Liang S, Liu C, Rotaru K, Li K, Wei X, Yuan S, et al. The relations between emotion
regulation, depression and anxiety among medical staff during the late stage of
COVID-19 pandemic: a network analysis. Psychiatry Res. (2022) 317:114863. doi:
10.1016/j.psychres.2022.114863

62. Chen M-Y, Bai W, Wu X-D, Sha S, Su Z, Cheung T, et al. The network structures
of depressive and insomnia symptoms among cancer patients using propensity score
matching: findings from the health and retirement study (HRS). ] Affect Disord. (2024)
356:450-8. doi: 10.1016/j.jad.2024.04.035

63.Kane LT, Fang T, Galetta MS, Goyal DKC, Nicholson K], Kepler CK, et al.
Propensity score matching: a statistical method. Clin Spine Surg. (2020) 33:120-2. doi:
10.1097/BSD.0000000000000932

64. Hadi Y, Dulai PS, Kupec J, Mohy-Ud-Din N, Jairath V, Farraye FA, et al. Incidence,
outcomes, and impact of COVID-19 on inflammatory bowel disease: propensity
matched research network analysis. Aliment Pharmacol Ther. (2022) 55:191-200. doi:
10.1111/apt.16730

65. Zhao Q-Y, Luo J-C, Su Y, Zhang Y-J, Tu G-W, Luo Z. Propensity score matching
with R: conventional methods and new features. Ann Transl Med. (2021) 9:812-2. doi:
10.21037/atm-20-3998

66. Epskamp S, Cramer AQOJ, Waldorp L], Schmittmann VD, Borsboom D. Qgraph:
network visualizations of relationships in psychometric data. J Stat Softw. (2012)
48:1-18. doi: 10.18637/js5.v048.i04

67.Epskamp S, Borsboom D, Fried EI. Estimating psychological networks
and their accuracy: a tutorial paper. Behav Res. (2018) 50:195-212. doi:
10.3758/513428-017-0862-1

68.Xie X, Li Y, Liu J, Zhang L, Sun T, Zhang C, et al. The relationship between
childhood maltreatment and non-suicidal self-injury in adolescents with depressive
disorders. Psychiatry Res. (2024) 331:115638. doi: 10.1016/j.psychres.2023.115638

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

70. Hevey D. Network analysis: a brief overview and tutorial. Health Psychol Behav
Med. (2018) 6:301-28. doi: 10.1080/21642850.2018.1521283

71.Jones PJ, Ma R, McNally RJ. Bridge centrality: a network approach to
understanding comorbidity. Multivar Behav Res. (2021) 56:353-67. doi:
10.1080/00273171.2019.1614898

72. Haslbeck JMB, Waldorp L]. How well do network models predict observations?
On the importance of predictability in network models. Behav Res. (2018) 50:853-61.
doi: 10.3758/513428-017-0910-x

73. 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

74.Xue S, Lu A, Chen W, Li J, Ke X, An Y. A latent profile analysis and network
analysis of anxiety and depression symptoms in Chinese widowed elderly. ] Affect Disord.
(2024) 366:172-80. doi: 10.1016/j.jad.2024.08.181

75. Belmaker RH, Agam G. Major depressive disorder. N Engl ] Med. (2008)
358:55-68. doi: 10.1056/NEJMra073096

76. Boerner K, Stokes J, Jansen T. Widowhood and bereavement in late life. Curr Opin
Psychol. (2024) 55:101748. doi: 10.1016/j.copsyc.2023.101748

77.Hahn EA, Cichy KE, Small B], Almeida DM. Daily emotional and physical
reactivity to stressors among widowed and married older adults. ] Gerontol Ser B Psychol
Sci Soc Sci. (2014) 69B:19-28. doi: 10.1093/geronb/gbt035

Frontiers in Public Health

11

10.3389/fpubh.2025.1495284

78. Mikulincer M, Shaver PR. An attachment perspective on loss and grief. Curr Opin
Psychol. (2022) 45:101283. doi: 10.1016/j.copsyc.2021.11.003

79. Lin JP, Yi CC. Filial norms and intergenerational support to aging parents in China
and Taiwan. Int ] Soc Welf. (2011) 20:5109-20. doi: 10.1111/j.1468-2397.2011.00824.x

80. Swinkels ], Van TT, Verbakel E, Broese van Groenou M. Explaining the gender gap
in the caregiving burden of partner caregivers. ] Gerontol B Psychol Sci Soc Sci. (2019)
74:309-17. doi: 10.1093/geronb/gbx036

81. Monin JK, Levy B, Doyle M, Schulz R, Kershaw T. The impact of both spousal
caregivers’ and care recipients’ health on relationship satisfaction in the caregiver health
effects study. J Health Psychol. (2019) 24:1744-55. doi: 10.1177/1359105317699682

82.Beck JG. Review of stress, appraisal, and coping. Health Psychol. (1986) 5:497-500.
doi: 10.1037/h0090854

83. DeMartini J, Patel G, Fancher TL. Generalized anxiety disorder. Ann Intern Med.
(2019) 170:1TC49-64. doi: 10.7326/AITC201904020

84. Hall ], Kellett S, Berrios R, Bains MK, Scott S. Efficacy of cognitive behavioral
therapy for generalized anxiety disorder in older adults: systematic review, Meta-
analysis, and Meta-regression. Am ] Geriatr Psychiatry. (2016) 24:1063-73. doi:
10.1016/j.jagp.2016.06.006

85.Newman MG, Basterfield C, Erickson TM, Caulley E, Przeworski A, Llera SJ.
Psychotherapeutic treatments for generalized anxiety disorder: cognitive and behavioral
therapies, enhancement strategies, and emerging efforts. Expert Rev Neurother. (2022)
22:751-70. doi: 10.1080/14737175.2022.2125800

86. Dahlberg L, Agahi N, Lennartsson C. Lonelier than ever? Loneliness of older
people over two decades. Arch Gerontol Geriatr. (2018) 75:96-103. doi:
10.1016/j.archger.2017.11.004

87. Golden J, Conroy RM, Bruce I, Denihan A, Greene E, Kirby M, et al. Loneliness,
social support networks, mood and wellbeing in community-dwelling elderly. Int J
Geriatr Psychiatry. (2009) 24:694-700. doi: 10.1002/gps.2181

88. Tang C, Huang R, Wang Y, Zhou W. Relationship of depression and loneliness with
quality of life in rural widowed elderly women living alone. Zhong Nan Da Xue Xue Bao
Yi Xue Ban. (2023) 48:1865-73. doi: 10.11817/j.issn.1672-7347.2023.230197

89. Chow AYM, Caserta M, Lund D, Suen MHP, Xiu D, Chan IKN, et al. Dual-process
bereavement group intervention (DPBGI) for widowed older adults. The Gerontologist.
(2018) 59:983-94. doi: 10.1093/geront/gny095

90. Domingue BW, Duncan L, Harrati A, Belsky DW. Short-term mental health
sequelae of bereavement predict long-term physical health decline in older adults: U.S.
health and retirement study analysis ] Gerontol B Psychol Sci Soc Sci. (2021) 76:1231-240.
doi: 10.1093/geronb/gbaa044

91. Bonanno GA, Wortman CB, Lehman DR, Tweed RG, Haring M, Sonnega J, et al.
Resilience to loss and chronic grief: a prospective study from preloss to 18-months
postloss. J Pers Soc Psychol. (2002) 83:1150-64. doi: 10.1037/0022-3514.83.5.1150

92. Mancini AD, Sinan B, Bonanno GA. Predictors of prolonged grief, resilience, and
recovery among bereaved spouses. ] Clin Psychol. (2015) 71:1245-58. doi: 10.1002/jclp.22224

93. Lazarus RS. Toward better research on stress and coping. Am Psychol. (2000)
55:665-73. doi: 10.1037//0003-066x.55.6.665

94. Davidow JB, Zide BS, Levin LL, Biddle KD, Urizar JC, Donovan NJ. A scoping
review of interventions for spousal bereavement in older adults. Am J Geriatr Psychiatry.
(2022) 30:404-18. doi: 10.1016/j.jagp.2021.08.002

95. Chellappa SL, Aeschbach D. Sleep and anxiety: from mechanisms to interventions.
Sleep Med Rev. (2022) 61:101583. doi: 10.1016/j.smrv.2021.101583

96. Steiger A, Pawlowski M. Depression and sleep. Int ] Mol Sci. (2019) 20:607. doi:
10.3390/ijms20030607

97.Xiao S, Shi L, Zhang J, Li X, Lin H, Xue Y, et al. The role of anxiety and depressive
symptoms in mediating the relationship between subjective sleep quality and cognitive
function among older adults in China. J Affect Disord. (2023) 325:640-6. doi:
10.1016/j.jad.2023.01.048

98. Xu WQ, Lin LH, Ding KR, Ke YE Huang JH, Hou CL, et al. The role of depression
and anxiety in the relationship between poor sleep quality and subjective cognitive
decline in Chinese elderly: exploring parallel, serial, and moderated mediation. J Affect
Disord. (2021) 294:464-71. doi: 10.1016/.jad.2021.07.063

99. Cox VCM, Welten JJE, Schepers VPM, Ketelaar M, Kruithof W], van Heugten CM,
et al. Burden, anxiety and depressive symptoms in partners - course and predictors
during the first two years after stroke. Top Stroke Rehabil. (2023) 30:533-42. doi:
10.1080/10749357.2022.2098898

100. Ma J, Yang H, Hu W, Khan HTA. Spousal care intensity, socioeconomic status,
and depression among the older caregivers in China: a study on 2011-2018 CHARLS
panel data. Healthcare. (2022) 10:239. doi: 10.3390/healthcare10020239

101. Wong DFK, Ng TK, Zhuang XY. Caregiving burden and psychological distress
in Chinese spousal caregivers: gender difference in the moderating role of positive
aspects of caregiving. Aging Ment Health. (2019) 23:976-83. doi:
10.1080/13607863.2018.1474447

102. Potier F, Degryse J-M, Aubouy G, Henrard S, Bihin B, Debacq-Chainiaux F, et al.
Spousal caregiving is associated with an increased risk of frailty: a case-control study. J
Frailty Aging. (2018) 7:170-5. doi: 10.14283/jfa.2018.11

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1495284
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fneur.2022.1095404
https://doi.org/10.1016/j.jsmc.2014.11.012
https://doi.org/10.1016/j.beth.2022.12.004
https://doi.org/10.1016/j.smrv.2020.101331
https://doi.org/10.1002/(SICI)1099-1166(199908)14:8<608::AID-GPS991>3.0.CO;2-Z
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/j.jad.2022.09.159
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/j.psychres.2022.114863
https://doi.org/10.1016/j.jad.2024.04.035
https://doi.org/10.1097/BSD.0000000000000932
https://doi.org/10.1111/apt.16730
https://doi.org/10.21037/atm-20-3998
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1016/j.psychres.2023.115638
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1080/21642850.2018.1521283
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.3758/s13428-017-0910-x
https://doi.org/10.1037/met0000476
https://doi.org/10.1016/j.jad.2024.08.181
https://doi.org/10.1056/NEJMra073096
https://doi.org/10.1016/j.copsyc.2023.101748
https://doi.org/10.1093/geronb/gbt035
https://doi.org/10.1016/j.copsyc.2021.11.003
https://doi.org/10.1111/j.1468-2397.2011.00824.x
https://doi.org/10.1093/geronb/gbx036
https://doi.org/10.1177/1359105317699682
https://doi.org/10.1037/h0090854
https://doi.org/10.7326/AITC201904020
https://doi.org/10.1016/j.jagp.2016.06.006
https://doi.org/10.1080/14737175.2022.2125800
https://doi.org/10.1016/j.archger.2017.11.004
https://doi.org/10.1002/gps.2181
https://doi.org/10.11817/j.issn.1672-7347.2023.230197
https://doi.org/10.1093/geront/gny095
https://doi.org/10.1093/geronb/gbaa044
https://doi.org/10.1037/0022-3514.83.5.1150
https://doi.org/10.1002/jclp.22224
https://doi.org/10.1037//0003-066x.55.6.665
https://doi.org/10.1016/j.jagp.2021.08.002
https://doi.org/10.1016/j.smrv.2021.101583
https://doi.org/10.3390/ijms20030607
https://doi.org/10.1016/j.jad.2023.01.048
https://doi.org/10.1016/j.jad.2021.07.063
https://doi.org/10.1080/10749357.2022.2098898
https://doi.org/10.3390/healthcare10020239
https://doi.org/10.1080/13607863.2018.1474447
https://doi.org/10.14283/jfa.2018.11

Lietal.

103. Abad VC, Guilleminault C. Sleep and psychiatry. Dialogues Clin Neurosci. (2005)
7:291-303. doi: 10.31887/DCNS.2005.7.4/vabad

104. Hasan F, Tu Y-K, Lin C-M, Chuang L-P, Jeng C, Yuliana LT, et al. Comparative
efficacy of exercise regimens on sleep quality in older adults: a systematic review and
network meta-analysis. Sleep Med Rev. (2022) 65:101673. doi: 10.1016/j.smrv.2022.101673

105. Hazlett-Stevens H, Singer ], Chong A. Mindfulness-based stress reduction and
mindfulness-based cognitive therapy with older adults: a qualitative review of
randomized controlled outcome research. Clin Gerontol. (2019) 42:347-58. doi:
10.1080/07317115.2018.1518282

Frontiers in Public Health

12

10.3389/fpubh.2025.1495284

106. Barlow DH. Anxiety and its disorders: The nature and treatment of anxiety and
panic. 2nd ed. New York, NY: The Guilford Press (2002).

107. Ostwald SK, Godwin KM, Cron SG. Predictors of life satisfaction in stroke
survivors and spousal caregivers after inpatient rehabilitation. Rehabil Nurs. (2009)
34:160-7. doi: 10.1002/j.2048-7940.2009.tb00272.x

108. Shvedko A, Whittaker AC, Thompson JL, Greig CA. Physical activity
interventions for treatment of social isolation, loneliness or low social support in older
adults: a systematic review and meta-analysis of randomised controlled trials. Psychol
Sport Exerc. (2018) 34:128-37. doi: 10.1016/j.psychsport.2017.10.003

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1495284
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.31887/DCNS.2005.7.4/vabad
https://doi.org/10.1016/j.smrv.2022.101673
https://doi.org/10.1080/07317115.2018.1518282
https://doi.org/10.1002/j.2048-7940.2009.tb00272.x
https://doi.org/10.1016/j.psychsport.2017.10.003

	Inter-relationships of depression and anxiety symptoms among widowed and non-widowed older adults: findings from the Chinese Longitudinal Healthy Longevity Survey based on network analysis and propensity score matching
	1 Introduction
	2 Methods
	2.1 Participants and procedures
	2.2 Measures
	2.3 Statistical analysis
	2.3.1 Propensity score matching (PSM) and univariate analysis
	2.3.2 Network analysis

	3 Results
	3.1 Study sample
	3.2 Network structures in widowed versus non-widowed groups
	3.2.1 Network structure and centrality symptoms
	3.2.2 Bridge symptoms
	3.2.3 Network accuracy and stability
	3.2.4 Comparisons of the two network models

	4 Discussion
	4.1 Strengths of our study
	4.2 Similar network structures between groups
	4.3 Central symptom similarities
	4.4 Different bridge symptoms between groups
	4.5 Limitations

	5 Conclusion

	References

