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ABSTRACT

Background Post-stroke depression (PSD) is a common
neuropsychiatric problem associated with a high disease
burden and reduced quality of life (QoL). To date, few
studies have examined the network structure of depressive
symptoms and their relationships with QoL in stroke
survivors.

Aims This study aimed to explore the network structure
of depressive symptoms in PSD and investigate the
interrelationships between specific depressive symptoms
and QoL among older stroke survivors.

Methods This study was based on the 2017-2018
collection of data from a large national survey in China.
Depressive symptoms were assessed using the 10-item
Centre for Epidemiological Studies Depression Scale
(CESD), while QoL was measured with the World Health
Organization Quality of Life-brief version. Network
analysis was employed to explore the structure of PSD,
using expected influence (El) to identify the most central
symptoms and the flow function to investigate the
association between depressive symptoms and QoL.
Results A total of 1123 stroke survivors were
included, with an overall prevalence of depression
of 34.3% (n=385; 95% confidence interval 31.5%

to 37.2%). A higher risk of PSD was significantly
associated with limited activities of daily living
(odds ratio (OR)=1.340; p=0.048), presence of

heart diseases (0R=1.589; p=0.002) and more
severe anxiety symptoms (OR=1.472; p<0.001). In
the network model of depression, the most central
symptoms were CESD3 (‘feeling blue/depressed’, El:
1.180), CESD6 (‘feeling nervous/fearful’, El: 0.864)
and CESDS8 (‘loneliness’, El: 0.843). In addition,
CESDS5 (‘hopelessness’, El: —0.195), CESD10 (‘sleep
disturbances’, El: —0.169) and CESD4 (‘everything
was an effort’, EIl: —0.150) had strong negative
associations with QoL.

Conclusion This study found that PSD was common
among older Chinese stroke survivors. Given its
negative impact on QoL, appropriate interventions
targeting central symptoms and those associated with
QoL should be developed and implemented for stroke
survivors with PSD.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Post-stroke depression (PSD) is prevalent and has a
negative impact on the quality of life (QoL) in stroke
Survivors.

WHAT THIS STUDY ADDS

= The prevalence of PSD was 34.3% among older
stroke survivors. Using network analysis, ‘feeling
blue/depressed’, ‘feeling nervous/fearful’ and ‘lone-
liness’ were the most central depressive symptoms,
while ‘hopelessness’, ‘sleep disturbances’ and ‘ev-
erything was an effort’ were most negatively asso-
ciated with QoL.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings highlight the importance of focusing
interventions on central PSD symptoms to improve
depressive symptoms and overall QoL among older
stroke survivors.

INTRODUCTION

Stroke is the second most common cause
of mortality globally and one of the highest
contributors to disease burden in low- and
middle-income countries.' The prevalence
of stroke increases dramatically with age,
and the number of people living with stroke
is rising with the ageing population world-
wide.? In the European Union, there were
approximately 9.53 million stroke survivors in
2017, and the figure is expected to increase
by 27% in the next 30 years.” Critically, in
China there were 28.76 million cases of stroke
in 2019, according to the Global Burden of
Disease Study.! Additionally, stroke is the
leading cause of chronic severe disabilities
among adults, often resulting in substantial
functional impairments and needing long-
term rehabilitation across various phases of
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recovery.! > % Thus, despite current advances in preven-
tion and treatment, stroke remains a significant concern
for both survivors and families, posing exceptional chal-
lenges to healthcare systems worldwide.”®

Poststroke depression (PSD), which is the develop-
ment of a depressive disorder after a stroke, is considered
to be one of the most prevalent and important causes
of illness burden among all neuropsychiatric disor-
ders.” ' A meta-analysis of 61 studies covering 25 488
patients found that the pooled prevalence of PSD was
31% (95% confidence interval (CI) 28% to 35%) within
a b-year post-stroke period."’ Depression is found to be
significantly associated with stroke,'” '* and the burden
of both stroke and depression contributes to substantial
loss of healthy life due to disability."* PSD typically occurs
within 3—-6 months following a stroke, and the prevalence
of PSD can be high even up to 3 years after a stroke,'
resulting in worse functional outcomes, poorer quality of
life (QoL) and higher mortality among survivors.'*? For
instance, a cross-sectional analysis from the Stroke Data
Bank (USA) showed that stroke survivors with depres-
sion experienced greater impairment in activities of daily
living (ADL) compared with those without PSD." Addi-
tionally, a prospective survey found that QoL was signifi-
cantly affected by PSD,'” and a systematic review showed
that lower QoL was associated with PSD.'" Further, a
meta-analysis including 119 075 individuals with stroke
revealed a higher mortality in older adults with PSD
compared with those without PSD (relative risk=1.50;
95% CI 1.28 to 1.75; p<0.001).'® A recent review grouped
the risk factors of PSD into three categories: (1) pre-
stroke (eg, female gender and family history of mental
illness), (2) stroke-related (eg, location of the lesion) and
(3) post-stroke (eg, first year after stroke, higher level of
disability and social isolation).?” The most common risk
factors found in PSD included stroke severity, cognitive
dysfunction, physical impairment and functional depen-
dency.”' Identifying these risk factors could help guide
early identification of comorbid depressive symptoms
and facilitate timely preventive interventions.”” In China,
the average age of stroke survivors is around 65 years
old, which is 10 years younger than that in developed
countries.”” Among older stroke survivors in China, PSD
not only has an adverse long-term impact on their QoL
but also contributes to caregiver burden.” Therefore,
understanding the prevalence and correlates of depres-
sion among older Chinese stroke survivors is important
to address the burden. However, to date, most previous
studies have only examined PSD based on total or mean
scores of standard scales such as the Hamilton Depression
Rating Scale and Patient Health Questionnaire,” ** even
though depression comprises different symptoms. Hence,
the exploration of the relationships between individual
depressive symptoms has not been adequately assessed.

Network analysis is a novel approach to understanding
the psychopathological structure and conceptualising
psychiatric disorders (eg, depression).® In contrast to
traditional statistical methods (eg, regression analysis and

factor analysis) which typically identify the effects of a
latent disorder,?’” the network approach provides a consis-
tent and transparent theoretical framework to concep-
tualise a psychiatric disorder or syndrome as a system of
connected symptoms that can be visualised, analysed and
studied.” Network theory suggests the potential for prior-
itising therapeutic targets by identifying central (influ-
ential) symptoms that are strongly connected to other
symptoms within a network.”® *® Few studies on PSD have
used a network approach, for example, in a network anal-
ysis using the Centre for Epidemiological Studies Depres-
sion Scale-20 (CESD-20) among US stroke survivors aged
65 and above, ‘sadness’, ‘blues’ and ‘depressed’ emerged
as the most central depressive symptoms.?” In clinical
practice, interventions for treating and/or decreasing
a single central symptom might lead to the inhibition
of symptom-to-symptom interactions and a reduction
of overall network activation, which might eventually
prevent the progression into a disorder.” Hence, it is crit-
ical to conduct a network analysis to depict the network
structure of depressive symptoms and identify the central
symptoms.

Further, few studies have investigated the prevalence
of PSD and its associated factors, as well as employing
network analysis to explore the structure of depressive
symptoms among older stroke survivors. Therefore, based
on a national survey in China, the Chinese Longitudinal
Healthy Longevity Survey (CLHLS), our study aimed to
investigate the prevalence and correlates of PSD among
Chinese older stroke survivors, the depressive network
structure and central symptoms, and examine the correla-
tion of individual depressive symptoms with QoL. We
hypothesised that PSD would be common among older
Chinese stroke survivors, while certain depressive symp-
toms, such as ‘feeling blue/depressed” would be the most
central symptom and negatively associated with QoL.

METHODS

Study design and participants

The CLHLS is a nationwide community-based study initi-
ated by Peking University in 1998, and was subsequently
repeated in 2000, 2002, 2005, 2008-2009, 2011-2012,
2014 and 2017-2018.*° Participants were recruited
from counties and urban areas across China using an
unequal probability multistage sampling method. The
sociodemographic, behavioural and health-related data
were collected through face-to-face interviews in each
follow-up wave.” The detailed description of the meth-
odology is reported in a study by Zeng et al’ Our study
was a secondary analysis of the collection of data from
the 2017-2018 data of the CLHLS project. Following the
approach of a previous study by Han et al,” eligible partic-
ipants were aged 65 years and older, and had previously
experienced a stroke. The CLHLS research protocol was
approved by the original Ethics Committee of Peking
University (IRB00001052-13074). Written informed
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consent was obtained from all participants by the original
institution.

The CLHLS collection of data from the 2017-2018
wave is publicly available. Information about the data can
be found at: https://opendata.pku.edu.cn/file.xhtml?
fileld=10 356&version=2.1. The CLHLS had granted
authorisation for the use of data prior to the commence-
ment of this study. This study was a secondary analysis of
the data previously collected.

Measures and assessments

Data on basic sociodemographic and health-related infor-
mation were collected. Depressive symptoms were evalu-
ated with the validated Chinese version of the CESD,B“‘)”35
which consists of 10 items including (1) feeling both-
ered; (2) difficulty with concentrating; (3) feeling blue/
depressed; (4) everything was an effort; (5) hopeless-
ness; (6) feeling nervous/fearful; (7) lack of happiness;
(8) loneliness; (9) inability to get going; and (10) sleep
disturbances. The CESD-10 used in the CLHLS is a self-
reported 5-point Likert scale that assesses the frequency
of depressive symptoms with response options: ‘never’,
‘rarely’, ‘sometimes’, ‘often’ and ‘most or all of the time’.
In this study, ‘never’ and ‘rarely’ are scored as 0, ‘some-
times’ as 1, ‘often’ as 2 and ‘most or all of the time’ as
3, with total scores ranging from 0 to 30. Items 5, 7 and
10 were scored in reverse. A higher total CESD-10 score
indicates more severe depressive symptoms, with a total
score of 210 being considered as ‘having depressive symp-
toms’.”® The CESD has been widely used in research
among stroke survivors.”’

Anxiety symptoms were assessed using the validated
Chinese version of the self-reported 7-item Generalised
Anxiety Disorder Scale (GAD-7).® % Each item was
scored from 0 (‘not atall’) to 3 (‘nearly every day’). The
total scores range from 0 to 21, with a higher score indi-
cating more severe anxiety symptoms.*’ Global QoL was
measured with the total scores of the first two items in
the Chinese version of the World Health Organization
Quality of Life-brief version (WHOQOL-BREF) question-
naire.*’ #* The two items focus on the overall quality of
life and health conditions and are answered on a 5-point
Likert scale with options being scored from ‘1’ (very
poor) to ‘5’ (very good). Both GAD-7 and WHOQOL-
BREF scales have been widely used in studies conducted
in Chinese populations.*’ **

Univariate and multivariate analyses

Data analyses were conducted using SPSS V.26.0 (SPSS,
Chicago, Illinois, USA). Normal distributions for contin-
uous variables were tested using Quantile-Quantile plots.
As for univariate analysis, independent sample t-tests for
normally distributed continuous variables, Mann-Whitney
U tests for non-normally distributed continuous variables,
and y” tests for categorical variables were used when
comparing demographic, socioeconomic, behavioural
and health-related variables between stroke survivors with
and those without depressive symptoms, as appropriate.

For multivariate analyses, a binary logistic regression anal-
ysis using the ‘Enter’ method (ie, all independent vari-
ables were entered into the model simultaneously) was
performed. Dependent variables were defined as having
depressive symptoms, while independent variables were
identified where there were significant group differences
in univariate analyses. Analysis of covariance (ANCOVA)
was performed to compare QoL between subgroups with
and without depressive symptoms after adjusting for vari-
ables with significant differences in univariate analyses.
The two-tailed significant level for all tests in this study
was set at p<0.05.

Network structure

Network estimation and visualisation

Network analysis was performed using the R programme,
V.4.3.2.% In the network model, nodes represented indi-
vidual depressive symptoms, while edges represented
the correlations between symptoms. Thicker edges indi-
cated stronger correlations, with green edges showing
positive correlations and red reflecting negative correla-
tions."” We executed the network estimation and visual-
isation using R-packages, including ‘qgraph’ (V.1.9.8),*
‘ggplot2’ (V.3.4.4) and ‘bootnet’ (V.1.5.6).* To establish
an undirected network model without edge interpretation
relying on a causal interpretation, a Gaussian graphical
model was conducted to enhance the accuracy of predic-
tion, model simplicity and network interpretability.”’ A
graphic least absolute shrinkage and selection operator
(glasso) with a tuning parameter of 0.5 was performed to
produce sparse models by setting coefficients of the weak
or irrelevant correlations to zero and highlighting the
strongest associations between variables.”’ In addition, an
Extended Bayesian Information Criterion (EBIC) model
was performed to select a simpler model that could
balance model fit and model complexity.”* Based on the
EBICglasso procedure, the ‘estimateNetwork’ function
in the ‘bootnet’ package was used to select an optimal
model. Further, we performed the ‘flow’ function from
the ‘qgraph’ package to assess the association between
individual depressive symptoms and QoL.**

Node centrality and predictability

To identify central symptoms in the network, expected
influence (EI) that accounts for the presence of negative
edges was applied as a stable and reliable centrality index,
with a higher EI indicating that the symptom is more
strongly associated with other symptoms and is more
central to the network.” The package ‘qgraph’ (V.1.9.8)
was conducted to examine the most central symptoms.*®
In addition, node predictability, defined as the extent to
which a given node’s variance is explained by all other
nodes in the network, was estimated with the R-package
‘mgm’ (V.1.2-14).%

Network stability and accuracy
The stability and accuracy of the network model of
depressive symptoms were examined using the R-package

Zheng M, et al. General Psychiatry 2025;38:e101838. doi:10.1136/gpsych-2024-101838

3


https://opendata.pku.edu.cn/file
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.
https://opendata.pku.edu.cn/file.xhtml?fileId=10356&version=2.1.

General Psychiatry 8

Participants interviewed in the 2017-2018 wave of the CLHLS (n=15 874)

Excluded:
— - Non-stroke survivors or participants lacking any self-reported
data on stroke (n=14 220)

Stroke survivors (n=1654)

Excluded stroke survivors (n=531):

- Aged under 65 years (n=2)

- Missing more than one item in CESD-10, GAD-7, and WHOQOL-
BREF assessments (n=381)

- Incomplete information on key variables such as financial
support, regular physical exercise, or chronic diseases (n=148)

Eligible stroke survivors (n=1123)

Figure 1

Flowchart of the study sample inclusion process. CESD, Centre for Epidemiological Studies Depression Scale;

CLHLS, Chinese Longitudinal Healthy Longevity Survey; GAD-7, 7-item Generalised Anxiety Disorder Scale; WHOQOL-BREF,

World Health Organization Quality of Life-brief version.

‘bootnet’.’ For network stability, we conducted a case-
dropping bootstrap which dropped and repeatedly resam-
pled the dataset, and subsequently assessed the stability of
the network. A sufficiently stable network was identified if
there were no significant changes in the centrality indices
of the nodes across the different bootstrap samples. More-
over, the Correlation Stability Coefficient (CS-coefficient)
was computed to assess centrality stability. A CS-coefficient
value above 0.25 indicates that results from the observed
network model are stable, although a value above 0.5
is preferable.”® For the network accuracy, bootstrapped
95% ClIs on the edge weights were conducted to evaluate
edge accuracy, with a narrower range of CI representing
a more reliable network. Differences between edges were
assessed using a non-parametric bootstrapped difference

test.

RESULTS

Participant characteristics

Based on the 2017-2018 wave of the CLHLS, a total of
1123 older stroke survivors were included in this study
(figure 1). Demographic and clinical characteristics of
the participants are shown in table 1. The mean (standard
deviation (SD)) age of the participants was 81.93 (9.53)
years and 51.5% (n=578) were male. Most of the partici-
pants were married (n=566, 50.4%) and lived with family
members (n=898, 80.0%), but only 38.6% had received
education for 6 years or longer (n=433).

Prevalence and correlates of depression

The overall prevalence of depression (CESD-10 total
score>10) among older stroke survivors was 34.3%
(n=385; 95%CI 31.5% to 37.2%). Table 1 indi-
cates the significant differences found in terms of
male gender (y°=8.856, p=0.003), sufficient financial
support (1°=39.372, p<0.001), recent physical exercise

(x*=46.596, p<0.001), limitations in ADL (5*=23.710,
p<0.001), diabetes (x°=5.506, p=0.019) and heart diseases
(x*=12.511, p<0.001) between stroke survivors with and
without depression. Further, those with depression
tended to have more severe anxiety (GAD-7) (Z=-8.211,
p<0.001) and a lower QoL (Z=16.714, p<0.001).

A binary logistic regression analysis revealed that
male gender (OR=0.695; p=0.014), sufficient finan-
cial support (OR=0.579; p=0.012) and recent phys-
ical exercise (OR=0.492; p<0.001) were significantly
associated with a lower risk of depression, whereas
limitations in ADL (OR=1.340; p=0.048), having heart
diseases (OR=1.589; p=0.002) and more severe anxiety
measured (OR=1.472; p<0.001) were significantly associ-
ated with a higher risk of depression. Additionally, after
controlling for covariates using ANCOVA, stroke survi-
vors with depressive symptoms still had lower QoL (I
(1123)=127.431, p<0.001) compared with those without
depressive symptoms.

Network structure of depressive symptoms

Figure 2 shows the network structure of depressive symp-
toms. The three nodes with the highest centrality were
CESD3 (‘feeling blue/depressed’, EI: 1.180), CESD6
(‘feeling nervous/fearful’, EI: 0.864) and CESDS (‘loneli-
ness’, EI: 0.843). The mean predictability was 0.631, indi-
cating an average of 63.10% of the variance in each node
could be accounted for by its neighbouring nodes in the
model. Online supplemental table S1 shows the descrip-
tive statistics and network centrality indices for each item
in CESD-10.

Figure 3 demonstrates that CESD5 (‘hopelessness’,
average edge weight=-0.195) had the strongest nega-
tive association with QoL, followed by CESDI10 (‘sleep
disturbances’, average edge weight=-0.169) and CESD4
(‘everything was an effort’, average edge weight=-0.150).
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Table 1 Demographic and clinical characteristics of older adults with a history of stroke

Total No DEP DEP

(n=1123) (n=738) (n=385) Univariate analyses
Variable n % n % n % Ve df P value
Male gender 578 51.5 404 54.7 174 45.2 8.856 1 0.003
Urban residence 515 45.9 334 45.3 181 47.0 0.247 1 0.619
Married status 566 50.4 338 45.8 228 59.2 3.820 1 0.051
Living with family 898 80.0 597 80.9 301 78.2 0.728 1 0.394
members
Education years 433 38.6 283 38.3 150 39.0 0.104 1 0.747
(=6 years )
Sufficient financial 975 86.8 675 91.5 300 77.9 39.372 1 <0.001
support
Recent physical 417 37.1 327 443 90 23.4 46.596 1 <0.001
exercise
Limitations in ADL 516 45.9 300 40.7 216 56.1 23.710 1 <0.001
Hypertension 715 63.7 461 62.5 254 66.0 1.138 1 0.286
Diabetes 218 19.4 128 17.3 90 23.4 5.506 1 0.019
Dyslipidaemia 170 15.1 106 14.4 64 16.6 0.829 1 0.363
Heart disease 418 37.2 247 3315 171 44.4 12.511 1 <0.001

Mean SD Mean SD Mean SD t/z df P value
Age (years) 81.93 9.53 82.12 9.75 81.55 9.09 0.970 828.17 0.332
GAD-7 total 1.67 2.93 0.73 1.65 3.48 3.86 -8.211 - <0.001
Global QoL 4.93 1.51 5.42 1.37 4.01 1.32 16.714 805.58 <0.001

Bolded values: <0.05; limitations in activities of daily living: being limited in activities because of health problems for the last 6 months.

*Mann-Whitney U test.

ADL, activities of daily living; DEP, depressive symptoms; GAD-7, 7-item Generalized Anxiety Disorder Scale; QoL, quality of life; SD, standard

deviation.

Online supplemental figure S1 shows the results of the
network stability. The CS-coefficient of EI was 0.75 after
running a case-dropping bootstrap, which indicated that
the network structure would remain stable even if 75%

Table 2 Independent correlates of depressive symptoms

among older adults with a history of stroke (n=1123)
Depression

Variables P value OR 95% Cl

Male gender 0.014 0.695 0.521 to 0.927

Sufficient 0.012 0.579 0.378 to 0.889

financial support

Recent physical <0.001 0.492 0.358 to0 0.672

exercise

Limitations in 0.048 1.340 1.003 to 1.791

activities of daily

living

Diabetes 0.361 1.184 0.821 to 1.698

Heart disease 0.002 1.589 1.177 to 2.145

GAD-7 total <0.001 1.472 1.381 to 1.574

Bolded value: <0.05.
GAD-7, 7-item Generalised Anxiety Disorder Scale.

of the entire sample were dropped. As shown in online
supplemental figure S2, the narrow bootstrapped 95%
CIs of edge weights in the network showed that most of
the edges within the depressive network were stable and
accurate. Based on a bootstrapped difference test, a large
proportion of edge weight differences and EI differences
were significant, suggesting the network model was reli-
able (online supplemental figures S3-S4).

DISCUSSION

Main findings

To the best of our knowledge, this was the first study to
investigate the prevalence, correlates and network struc-
ture of PSD among older stroke survivors. We found
that PSD was common (34.3%; 95% CI 31.5% to 37.2%)
based on data from the 2017-2018 wave of the CLHLS
in China, which is consistent with the overall PSD prev-
alence of 33.0% found by a previous systematic review
(95% CI 29.0% to 36.0%)'" but slightly higher than the
range of PSD prevalence (19.6% to 22.2%) among stroke
survivors.” *° In addition, the prevalence of depression
in this study was higher than that reported among older
adults receiving primary care (30.6%; 95% CI 27.3% to

Zheng M, et al. General Psychiatry 2025;38:¢101838. doi:10.1136/gpsych-2024-101838

5


https://dx.doi.org/10.1136/gpsych-2024-101838
https://dx.doi.org/10.1136/gpsych-2024-101838
https://dx.doi.org/10.1136/gpsych-2024-101838
https://dx.doi.org/10.1136/gpsych-2024-101838

General Psychiatry 8

&)

CESD-10 symptoms
CESD1: feeling bothered

CESD5: hopelessness
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CESD8: loneliness
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CESD2: difficulty with concentrating
CESD3: feeling blue/depressed
CESD4: everything was an effort

CESDE6: feeling nervous/fearful

CESD9: inability to get going
CESD10: sleep disturbances

Expected influence

CESD3+

CESD6+

CESD8

CESD94

CESD1

CESD5

CESD4+

CESD74

CESD10+

CESD2+

-1 0 1 2

Figure 2 Network structure of depressive symptoms among older adults with stroke. CESD, Centre for Epidemiological

Studies Depression Scale.

34.0%) and the general older adult population in China
(23.6%; 95% CI 20.3% to 27.2%).”"*® The relatively high
prevalence of PSD in this study could be attributed to
a complex interaction of biological, psychological and
social factors, including a previous history of depression,
duration of disability, cognitive impairment and family

&

CXEXXXXR

and social support.” ® Further studies on strategies to
prevent and reduce the PSD prevalence are urgently
needed.

In this study, having limitations in ADL, higher GAD-7
total scores and heart diseases were associated with a
higher risk of depression. A Swedish cross-sectional study

CESD-10 symptoms

CESD1: feeling bothered
CESD2: difficulty with concentrating
CESDS3: feeling blue/depressed
CESD4: everything was an effort
CESD5: hopelessness

CESDB6: feeling nervous/fearful
CESD7: lack of happiness
CESDS8: loneliness

CESD9: inability to get going
CESD10: sleep disturbances

o 0 0 0 0 0 0o o o o

Quality of Life
o Qol: quality of Life

Figure 3 Flow network of quality of life and depressive symptoms. CESD, Centre for Epidemiological Studies Depression

Scale.
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found that the severity of impaired ADL was associated
with the risk of developing PSD among stroke survivors.”'
Significant limitations in ADL would indicate greater
functional impairment and reduced participation in
social activities, both of which could lead to more severe
depression after a stroke.” ®® Post-stroke anxiety (PSA)
appears to be another correlate of PSD. A retrospective
study found that PSA was associated with higher levels
of depression, which is consistent with our findings.**
Stroke survivors in the recovery stage often worry about
the possibility of stroke recurrence and may thus expe-
rience increased risk of anxiety, leading to decreased
QoL.” Further, we found that having heart diseases was
associated with a higher risk of PSD, which is consistent
with a recent case—control study showing that ischaemic
heart disease (adjusted OR=9.97; 95% CI 3.40 to 29.22)
was associated with more severe PSD.? Previous research
revealed that hypothalamic—pituitary—adrenal dysregu-
lation, reduced heart rate variability and altered blood
platelet function might represent underlying mechanisms
that link depression to heart diseases.”” High prevalence
of depression was identified among individuals with heart
diseases,” thus indicating that comorbid heart diseases
with stroke might increase the risk of depression.

In contrast, male gender, sufficient financial support
and recent physical exercises were significantly associated
with a lower risk of depression in our study. The asso-
ciation of male gender with PSD is consistent with past
research.”® Gender differences in terms of recovery and
basic ADL performance among stroke survivors have been
widely reported in previous studies.”” ° Males tended to
have a lower risk of developing PSD than females, possibly
due to having better functionality after stroke recovery
and less dependency on their ADL.* The association of
financial status with PSD in our study supports previous
findings that socioeconomic status was significantly
related to PSD.”" Severe PSD could lead to increased
mental healthcare services, particularly in the first year
poststroke.”? Consequently, adequate financial support
might increase access to necessary mental healthcare
services that could potentially lower the risk of developing
PSD. Furthermore, a population-based study showed that
regular physical exercise was significantly associated with
a lower risk of depression,” which is consistent with our
findings. Stroke survivors having regular physical exer-
cise were more likely to rebuild their self-esteem’® and
strengthen resilience by promoting positive emotions and
enhancing their psychological well-being,” " resulting in
a lower risk of PSD. Thus, to decrease PSD risks, our find-
ings underscore the importance of improving ADL, alle-
viating anxiety, ensuring sufficient financial support and
engaging in regular physical exercise.

We found that older stroke survivors with PSD had
lower QoL compared with those without PSD, which is in
line with the findings of a previous longitudinal study.”’
Stroke survivors with PSD usually exhibited less recovery
from functional disabilities compared with those without
PSD, leading to restrictions in ADL, which could further

reduce QoL.”™ Psychological factors (eg, hope and opti-
mism) following stroke might reflect the way stroke survi-
vors cope with stressful conditions,” which could affect
QoL. Depressed stroke survivors tended to perceive more
negative emotions like hopelessness or pessimism than
non-depressed survivors, which could further lead to
poorer QoL.*

Our network analysis indicated that ‘feeling blue/
depressed’ (CESD-3), ‘feeling nervous/fearful’ (CESD-6)
and ‘loneliness’ (CESD-8) were the most central symp-
toms for understanding the depression patterns in older
stroke survivors. Within the network structure of depres-
sion, ‘feeling blue/depressed’ was the most central
symptom, consistent with a recent study showing that
being ‘depressed’ was one of the most central symptoms
in the depressive network among older adults with stroke
in the USA.*" This could partly be explained by lesions
in frontal/anterior areas or in the basal ganglia, limited
social support and marked disability following stroke.’
Moreover, anxiety, lower QoL, dysfunction in speech
and language, feeling despair and poor treatment adher-
ence are common in stroke survivors, all of which could
contribute to feeling blue/depressed.” **

‘Feeling nervous/fearful’ was also an important central
symptom in the depressive network. Among stroke survi-
vors, feeling fearful was significantly associated with fear
of stroke recurrence and fear of falling.*> ™ More than
half of stroke survivors had reported a fear of stroke
recurrence,85 which could result in more severe disabil-
ities and even mortality.** In addition, feeling nervous/
fearful in stroke survivors could be due to fear of falling,
which was related to certain factors such as female sex,
impaired postural control, balance impairments, use of a
walking aid, and a history of falls.*®

‘Loneliness’ was another central symptom identified in
the network. Loneliness, within the context of depressive
symptoms, is defined as a distressing feeling that arises
when one perceives that their social needs are not being
met by either the quantity or particularly the quality of
their social relationships.”” According to the epidemi-
ological literature, loneliness could have a synergistic
effect on other depressive symptoms and reduce well-
being in older adults, which aligns with our findings.*
Stroke survivors might experience disabilities caused by
age-related health conditions, such as cognitive deficits,
contributing to reduced opportunities for social engage-
ment and increased feelings of loneliness.*

In clinical practice, treatments for PSD typically include
pharmacological options, such as selective serotonin
reuptake inhibitors, and psychosocial interventions.”
According to network theory, targeting appropriate inter-
ventions on the most central symptoms identified may
enhance treatment efficacy and provide a more tailored
clinical management plan for stroke survivors.”’

The flow network in this study examined the associ-
ation between depressive symptoms and QolL, which
found that ‘hopelessness’ (CESD5), ‘sleep disturbances’
(CESD10) and ‘everything was an effort’ (CESD4) were
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the top symptoms with the strongest negative association
with QoL. This is in line with previous findings that iden-
tified a close association between depression and QoL in
older adults.” ‘Hopelessness’ is defined as a subjective
state in which one perceives limited or a lack of alterna-
tives, and being unable to muster the energy for their
own sake.” In our study, ‘hopelessness’ was the strongest
negative symptom associated with QoL within the flow
network structure. Stroke survivors experiencing hope-
lessness tended to perceive having impaired physical and
social functioning as well as a dependency on others for
assistance with ADL, leading to a lower QOL.80 92 Further,
‘sleep disturbances’ was the second strongest negative
symptom. Sleep problems were common among individ-
uals with PSD and were found to be positively associated
with PSD in a recent Chinese study.” Stroke survivors
experiencing both PSD and sleep disturbances (eg,
insomnia) were more likely to have poorer QoL due to
impairment in physical strength, memory, communi-
cation, emotion control and mobility.”* These factors
might ultimately prolong the rehabilitation and recovery
process after stroke.”*

‘Everything was an effort” was another symptom that
was negatively associated with QoL. In the CESD-10,
‘everything was an effort’ might indicate a higher level of
fatigue.”* Prior network analysis from the English Longi-
tudinal Study of Ageing highlighted the feeling ‘every-
thing was an effort’ as arising from fatigue that could be
due to pain or reduced mobility among elderly people.”
The severity of poststroke fatigue appeared to be a signif-
icant factor for both ADL and stroke-related QoL, with
higher fatigue severity indicating worse physical dysfunc-
tion and contributing to poorer QoL.” Thus, the find-
ings of the flow network model suggest that interventions
targeting depressive symptoms (eg, ‘hopelessness’, ‘sleep
disturbances’ and ‘everything was an effort’) might have
the potential to improve QoL in older stroke survivors
with PSD. For instance, cognitive-behavioural therapy was
shown to be effective in addressing PSD, particularly by
targeting cognitive distortions and emotional distress.”
Additionally, mindfulness-based stress reduction might
be a potential treatment for alleviating feelings of depres-
sion after stroke and enhancing overall well-being.”

Strengths and limitations

The strengths of this study included the nationwide,
representative sample, large sample size and the use of a
network approach to investigate the network structure of
PSD and the interplay between PSD symptoms and QoL
among older stroke survivors. However, the study also
had limitations. First, no data on different stroke phases
(eg, acute or chronic stroke phase), stroke severity or
subtypes (eg, ischaemic or haemorrhagic stroke) were
recorded. Therefore, their influence on the findings of
this study could not be examined. Second, as the network
analysis in this study was generated from cross-sectional
data, any causal inference between depressive symptoms
and between PSD and QoL was not possible. Third, the

depressive symptoms were assessed based on self-report,
which might result in recall bias.

Implications

This study highlighted the need for targeted interven-
tions addressing the most influential central PSD symp-
toms like ‘feeling blue/depressed’, ‘feeling nervous/
fearful’ and ‘loneliness’ to enhance treatment effi-
cacy. Managing symptoms that were strongly associated
with QoL, such as ‘hopelessness’, ‘sleep disturbances’
and ‘everything was an effort’, is critical for improving
QoL among stroke survivors. Preventive strategies for
enhancing ADL, reducing anxiety, ensuring financial
support and promoting regular physical exercise are also
essential. Future longitudinal studies and biomarker inte-
gration are recommended to clarify changes in PSD over
time and the underlying mechanisms.

In conclusion, this study found that PSD was common in
older stroke survivors, particularly in those having limited
ADL, heart diseases or more severe anxiety. Future inter-
ventions targeting the central symptoms and those symp-
toms closely associated with QoL might be effective in the
prevention and treatment of PSD, as well as the improve-
ment of QoL in older stroke survivors.
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