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Predictors of Depression and Anxiety among Post-Stroke

Patients: A Cross-Sectional Study
Ngoc Huy Nguyen*
Phutho Department of Health, and VNU University of Medicine and Pharmacy, Vietnam
Son Dinh Thanh Le, Ha Thi Thu Bui, Viet Quoc Hoang, Cuong Cao Do
General Hospital of Phutho, Vietnam

ABSTRACT

Stroke is the second-leading cause of death worldwide and the third-leading cause when considering
both death and disability. Beyond the financial burden it imposes, stroke also has a profound negative
impact on mental health. Research indicates that post-stroke disability significantly contributes to
the development of depression and anxiety. A cross-sectional study was conducted in Viettri City,
Vietnam, from November 2023 to February 2024. Participants included adults diagnosed with post-
stroke. Data were collected using a structured self-report questionnaire covering demographics, clinical
characteristics, functional independence (Barthel Index), anxiety (GAD-7), and depression (PHQ-9)
levels. Multivariable logistic regression was employed to identify factors associated with high anxiety
and/or depression (HAD). A total of 348 participants, with a mean age of 67.49 years, and females
comprising 54.0%, while 26.7% exhibited HAD. Factors significantly associated with these conditions
included marital status (OR= 28.88; 95%CI= 2.72-717.24; p= .011), developed fastidiousness (OR=
7.34; 95%CI= 3.67-15.21; p <.001), exercise habits (OR= 2.90; 95%Cl= 1.42-6.07; p= .004), speech
ability (OR= 13.10; 95%CI= 1.66-290.24; p= .035), personality types (OR= 0.35; 95%CI= 0.13-0.93;
p=.033), and Barthel Index score (OR= 0.90; 95%CI= 0.85-0.95; p <.001) are significant predictors.
The predictive model, which achieved an AUC of 89.6%, facilitated the development of a nomogram
for straightforward assessment of HAD status. Marital status, developed fastidiousness, exercise
habits, speech habits, personality traits and Barthel Index emerged as significant predictors of anxiety
and depression among stroke patients. Addressing these factors through targeted interventions could
potentially mitigate mental health challenges and improve overall outcomes for stroke survivors.
Key words: post-stroke; anxiety; depression; cross-sectional study.

How to cite this paper: Nguyen NH, Le SDT, Bui HTT, Hoang VQ, & Do CC (2025). Predictors of
Depression and Anxiety Among Post-Stroke Patients: A Cross-Sectional Study. International Journal
of Psychology & Psychological Therapy, 25, 1, 57-70.

Novelty and Significance

What is already known about the topic?

¢ Stroke is a leading cause of death and disability worldwide, with high rates of incidence and mortality.

¢ Post-stroke patients face an elevated risk of mental health issues, particularly depression and anxiety.

¢ Non-pharmacological interventions show promise in improving psychological outcomes post-stroke, though communication
challenges may complicate their implementation.

What this paper adds?

* This study identifies six key predictors of post-stroke depression and anxiety.

* Functional independence and communication abilities are highlighted as significant factors influencing the mental health
outcomes of stroke survivors.

¢ A prediction nomogram is developed as a practical tool to estimate the likelihood of post-stroke depression and anxiety.

In 2019 stroke caused 12.2 million incident cases, 101 million prevalent cases,
143 million Disability-Adjusted Life Years (DALYSs), and 6.55 million deaths globally,
maintaining its position as the second-leading cause of death (11.6% of total deaths)
and the third-leading cause of death and disability combined (5.7% of total DALYs)
(GBD 2019 Stroke Collaborators, 2021). Stroke not only causes physical disability but

Correspondence: Ngoc Huy Nguyen, Phutho Department of Health and VNU University of Medicine and Pharmacy,
Vietnam. ORCID: 0009-0002-5694-2198 Email: ngochuynguyen8888@gmail.com. Data availability statement: The data
is not publicly available due to ethical board requirements and commitments made to the study participants.
However, it could be provided upon reasonable request by contacting the corresponding author.
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also significantly impacts psychological well-being, often leading to conditions such as
depression and anxiety (Devereux & Berns, 2023).

There are numerous risk factors contributing to increased depression and anxiety
among post-stroke patients, such as underlying conditions, education, income, marital
status, personality traits, and so forth. Among these, studies indicate that marital status
significantly influences the mental health outcomes of stroke survivors, with widowed or
divorced individuals reporting higher levels of depression and suicidal ideations (Dong,
Brown, Case, Morgenstern, & Lisabeth, 2020; Gloria et alii, 2024). Post-stroke, individuals
may experience personality changes characterized by increased negative traits such as
frustration and reduced patience, which exacerbate these psychological challenges (Lo
Buono, Noto, Bonanno, Formica, & Corallo, 2022; Stone, 2004).

Studies consistently highlight that introversion, a component of neuroticism, increases
vulnerability to depression and anxiety post-stroke, in contrast with the protective effect
observed in extroversion (Aben et alii, 2002; Morris, & Robinson, 1995). Higher levels
of functional impairment, as assessed by the Barthel Index, are closely associated with
increased severity of depression, highlighting a significant interplay between physical
limitations and mental health (Loong, Kenneth, & Paulin, 1995; Musa & Keegan, 2018).

Non-pharmacological interventions such as structured exercise programs, including
Tai Chi, have shown promise in alleviating depressive symptoms immediately post-
stroke (Eng & Reime, 2014; Li et alii, 2022). However, stroke survivors with aphasia
face additional hurdles due to communication barriers, contributing to heightened rates
of depression and poorer quality of life (Bueno-Guerra et alii, 2024; Lin, Sung, Muo,
& Chen, 2023).

The study investigates prominent predictive factors linked to depression and anxiety
(high anxiety and/or depression -HAD-) among post-stroke patients. Comprehensive
understanding of these dynamics is pivotal for formulating targeted strategies aimed
at enhancing psychological well-being and overall quality of life for stroke survivors.

METHOD

Participants

The study used the sample size formula for a proportion with two primary
outcomes: Anxiety and Depression. The formula (Sahai, & Khurshid, 1996) was:
Z*xp x(1-p)
e

Where n= required sample size, Z= z-score for the confidence level (1.96 for
95%), p= estimated proportion, and E= margin of error (.05),

The sample size calculation for post-stroke Anxiety and post-stroke Depression
used proportions 0.204 for Anxiety and 0.311 for Depression (Schéttke & Giabbiconi,
2015). The required sample size was 335, while 348 survey responses were collected.

All study procedures were approved by the ethics committee of Phutho Provincial
General Hospital (#02/TB-HDDD). Patients provided informed consent after receiving
explanations regarding the study’s benefits and risks, prior to participating in direct
interviews. Then, Participants who verbally agree to the research received a Google Form
survey introduction outlining the project’s benefits and risks once again. Participants
were required to agree to take part in the study to access the questionnaire.

International Journal of Psychology & Psychological Therapy, 25, 1 https://www.ijpsy.com
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The study is a descriptive cross-sectional study conducted from November 2023,
to February 2024, in Viettri City, Phutho Province, Vietnam. The inclusion criteria for the
study were individuals over the age of 18 who had been diagnosed with a cerebral stroke,
including thrombotic stroke, embolic stroke, or intracerebral hemorrhage. Additionally,
participants were required to have experienced the stroke at least one month but no
more than 12 months prior to joining the survey. We excluded participants who are
unable to read and/or understand the content of the questionnaire.

Design

The study used the sample size formula for a proportion with two primary
outcomes: Anxiety and Depression. Based on recommended screening and intervention
guidelines for anxiety and depression, the study categorizes patients into two groups:
High Anxiety and/or Depression (HAD) if they scord 10 or higher on the GAD-7, and/
or 10 or higher on the PHQ-9 scales (Kroenke, Spitzer, & Williams, 2001); and Low
Anxiety and Depression (LAD) if they scored below these thresholds.

Procedure

Participants were recruited from a registry of cerebral stroke patients maintained
by the Phu Tho Department of Health. Eligible individuals were contacted via telephone
and invited to participate. Upon providing informed consent, participants completed
a 50-item online survey hosted on Google Forms. The survey covered six sections:
demographics, lifestyle, clinical characteristics, functional independence (Barthel Index),
anxiety (GAD-7), and depression (PHQ-9).

Data collection was conducted over three months, with participants instructed to
complete the survey in one session to minimize contextual variability. Clear instructions
were provided at the beginning of each section to ensure uniform understanding.

Survey responses were screened for completeness and consistency. Missing or
implausible data were excluded based on pre-specified criteria. Anonymized data were
securely stored on a password-protected server.

Instruments and Measures

Data were collected using a structured Self-report Questionnaire (SRQ) that
covering demographics, clinical characteristics, functional independence (Barthel Index),
anxiety (GAD-7), and depression (PHQ-9) levels.

The SRQ applied included 59 questions organized into several sections (the SRQ
could be provided upon request by contacting the corresponding author):

- 24 questions designed to collect information on demographics data, lifestyle habits.

- 9 questions about clinical characteristics, encompassing underlying health conditions as well
as specifics related to stroke events.

- 10 questions from the Barthel Index Activities of Daily Living (ADL; Collin, Wade, Davies,
& Horne, 1998), to evaluate activities of daily living and functional independence, covering
tasks like feeding, grooming, mobility, and more. McDowell & Newell (1996) in an early
review reported that there was considerable psychometric data available for the Barthel Index.
Most recently, Hsueh, Lee, & Hsieh (2001) have found a moderate to excellent agreement
between raters for individual items (kappa value range: 0.53-0.94) and an excellent internal
consistency (alpha value range: 0.89-0.92). Likewise, Marvin & Zeltzer (2015) have offered
a more recent extensive review of the psychometric properties of the Index.

https://www. ijpsy. com International Journal of Psychology & Psychological Therapy, 25, 1
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- 7 questions from the Generalized Anxiety Disorder 7 (GAD-7; Mossman et alii, 2017) to
assess levels of anxiety over the past two weeks, with scores ranging from O to 21 indicating
varying degrees of anxiety severity. The GAD-7 has demonstrated good diagnostic validity
(Spitzer et alii, 2006). Examples of items include “feeling restless so that it is hard to sit
still””; “getting tired very easily”; and “muscle tension, aches, or soreness”.

- 9 questions from the Patient Health Questionnaire 9 (PHQ-9; Kroenke, Spitzer, & Williams,
2001): assessing the severity of depression symptoms over the same timeframe, with scores
ranging from O to 27 to evaluate depression severity. The PHQ-9 has showed good diagnostic
validity (Spitzer et alii, 1999). Examples of the PHQ-9 items are “little interest or pleasure

2, «

in doing things,”; “feeling down, depressed, or hopeless,” and “trouble falling or staying
asleep, or sleeping too much.”

Data Analysis

Descriptive statistics were applied to continuous variables using t-tests. For
categorical variables, the Chi-Square test was used if expected cell counts were greater
than 5, and the Fisher exact test if expected cell counts were less than 5, to compare
between HAD and LAD groups. The main analysis aimed to optimize logistic regression
related to HAD status. Variables encompassing demographics, lifestyle habits, underlying
health conditions, and stroke events were selected to construct the optimal model.
Model selection employed the Stepwise Akaike Information Criterion (AIC) method in
the MASS package, utilizing both forward and backward stepwise methods based on
minimizing AIC and maximizing Area Under the Curve (AUC) criteria (Zhang, 2016).
while excluding missing values from the dataset. A predicting model for HAD status
was then created based on the optimal logistic regression. The model was evaluated
using a nomogram from the rms package in R, visually representing the relationship
between predictors and HAD probability. Each variable’s contribution was indicated by
a point scale for easy translation of regression coefficients into predictive probabilities.
All hypotheses were tested as two-tailed, with statistical significance defined as p <.05.
Statistical analyses were performed using R language version 3.6.2 (R Core Team, 2022).

REsuLTS

A total of 348 patients participated in the study, yielding a response rate of 31.7%.
The mean age of the participants was 67.49 years (SD= 13.02), with females representing
54% of the cohort. The prevalence of HAD among the participants was 26.7%. Table
1 provides a comprehensive overview of stroke patient characteristics categorized by
HAD and LAD status, shedding light on various facets of post-stroke recovery.

Among the patients, comorbidity prevalence differed notably between the HAD
and LAD groups (p= .001), suggesting a potential interplay between mental health and
other medical conditions.

Hypertension showed a significant association with anxiety and depression status
(p= .004), indicating a possible link between cardiovascular health and mental well-
being post-stroke.

Marital status exhibited a significant difference (p= .016) between HAD and LAD
groups, implying a potential influence of social support structures on psychological
outcomes post-stroke.

Income levels varied significantly (p= .033) between the two groups, highlighting
the potential role of socioeconomic factors in shaping anxiety and depression levels
post-stroke.

Exercise habits differed significantly (p <.001) between HAD and LAD groups,

International Journal of Psychology & Psychological Therapy, 25, 1 https://www.ijpsy.com
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Table 1. Characteristics of stroke patients by anxiety and depression status.

Characteristics HAD (n=93) LAD n=255 Total N=348 P
Age (years) 6906 (13.12) 6691 (1296) 6749 (13.02) 176
Male 52(5591%)  136(53.33%) 188 (54.02%)
Gigndter Female 41 (44.09%) 119 (46.67%) 160 (45.98%) 0
BMI (kg/m?) 21.66(2.66) 2171 (247) 21.70 (2.52) 870
Underweight 8 (8.60%) 13 (5.10%) 21 (6.03%)
Normal 62(66.67%) 172 (6745%) 234 (67.24%)
BMI classification At-risk of Obesity 16 (1720%) 51 (20.00%) 67 (19.25%) 728
Obese I 7(7.53%) 18 (7.06%) 25 (7.18%)
Obese 11 0 1(0.39%) 1(0.29%)

. No 20 21.51%) 105 (41.18%) 125 (35.92%)
Comorbidity Yes 73(7849%) 150 (58.82%) 223 (64.08%) 0!
. No 40 (4301%) 156 (61.18%) 196 (56.32%)

1 =t Yes 53(56.99%) 99 (3882%) 152 (43.68%) 0%
) No 58(6237%) 184 (72.16%) 242 (69.54%)
Diabetes Yes 35(37.63%) 71 (2784%)  106(3046%) 0%
No religion 79 (8495%) 190 (7451%) 269 (77.30%)
Religion Buddhism 10 (10.75%) 47 (1843%) 57 (16.38%) .
Christianity 4 (430%) 13 (5.10%) 17 (4.89%) :
Other 0 5(1.96%) 5 (1.44%)
University Postgraduate Degree 2 (2.15%) 8 (3.14%) 10 (2.87%)
) Associate degree 11(1183%) 47 (1843%) 58 (16.67%)
Education General Edusation Degree 78(8387%) 194 (76.08%) 272 (78.16%) O
Others 2(2.15%) 6 (2.35%) 8 (2.30%)
. Married 88 (94.62%)  253(99.22%) 341 (97.99%)
Il T Divorced/ Separated/ Widowed 5(5.38%) 2(0.78%) 72.01%) D
N - Living alone 2(2.15%) 9 (3.53%) 11(3.16%)
Accommodation Living with family 91(9785%) 246 (96.47%)  33709684%)
Farmer 24(2581%) 61 (23.92%) 85(24 43%)
Freelancer 30 (32.26%) 79 (30.98%) 109(31.32%)
Profession Manual Laborer 0 15 (5.88%) 15(4.31%) 069
Office Worker 0 5(1.96%) 5(1.44%)
Retired 39 (41.94%) 95 (37.25%) 134(38.51%)
Income (USD) 156.83 (108.95) 193.50 (147.13) 18373 (138.73) 037
Infrequent drinker 57(6129%) 177 (6941%)  234(67.24%)
Alcohol drinking habits ~ Former regular drinker 31(33.33%) 68 (26.67%) 99(28.45%) 332
Regular drinker 5(5.38%) 10 (3.92%) 15(4.31%)
Infrequent smoker 60 (64.52%) 168 (65.88%)  228(65.52%)
Smoking habits Former regular smoker 28 (30.11%) 76 (29.80%) 104(29.89%) 887
Regular smoker 5(5.38%) 11 (4.31%) 16(4.60%)
o No 71(7634%) 116 (4549%)  187(53.74%)
Exercise habits Yes 22(2366%) 139(5451%)  16146.26%) <001
Complete hemiplegia 41 (4409%) 23 (9.02%) 64(18.39%)
Most severe stroke Hemiparesis cannot sit independently 5(5.38%) 37 (14.51%) 42(12.07%) <001
condition Hemiparesis can sit independently 10 (10.75%) 34 (13.33%) 44(12.64%) .
Hemiparesis, can still walk 37 (39.78%) 161 (63.14%) 198(56.90%)
Time of stroke (months) 6.72 (3.17) 645 (3.01) 6.53 (3.05) 479
. No 2931.18%) 209 (8196%)  238(68.39%)
Developed fastidious Yes 64 (68.82%) 46 (18.04%) 1noG161%) <901
Current hemiplegia No 24 (25.81%) 172 (67.45%) 196(56.32%) <001
status Yes 69 (74.19%) 83 (32.55%) 152(43.68%) :
Normal 33(3548%)  195(77.38%)  228(66.09%)
Speech ability Speech difficult 50 (53.76%) 56 (22.22%) 106(30.72%) <001
Unable to communicate 10 (10.75%) 1 (0.40%) 11(3.19%)
Normal 28(30.11%) 159 (62.35%)  187(53.74%)
Memory capacity Slightly decrease 35 (37.63%) 32 (12.55%) 67(19.25%) <.001
Significant decrease 30 (3226%) 64 (25.10%) 94(27.01%)
Receiving psychological No 78 (83.87%)  238(9333%)  316(90.80%) 013
counseling Yes 15 (16.13%) 17 (6.67%) 32(9.20%) :
Introverted 33(3548%) 165 (64.71%)  198(56.90%)
Personality Types Extroverted 43 (4624%) 60 (2353%)  103(29.60%)  <.001
Neutral 17 (1828%) 30 (11.76%) 47(13.51%)
Barthel index (scores) 18.73 (6.95) 26.98 (5.47) 24.77 (6.93) <.001
i Severe dependenc 32(3441%)  218(8549%)  250(71.84%)
Barthel classification 3. ) dependencyy 61(65.59%)  37(1451%) o8(28.16%) <001
PHQ-9 Index (scores) 15.77 (4.61) 3.59 (3.61) 6.84 (6.66) <.001
GAD-7 Index (scores) 11.99(4.13)  271(3.04) 519(531) <001
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suggesting the potential benefits of regular exercise in mitigating anxiety and depression
post-stroke.

Factors such as speech ability (p <.001) and memory capacity (p <.001) demonstrated
significant associations with anxiety and depression status, highlighting the impact of
communication and cognitive functions on mental health post-stroke.

The proportion of patients receiving psychological counseling varied significantly
(p=.013) between HAD and LAD groups, emphasizing the importance of tailored mental
health interventions in stroke rehabilitation.

Figure 1 shows a strong positive correlation between GAD-7 and PHQ-9 scores,
indicating that higher levels of anxiety are closely associated with higher levels of
depression. Figures 1A and 1C reveal that the conditions of anxiety and/or depression
are quite similar when assessed using the individual scales. Figure 1B shows that most
participants with GAD-7 scores greater than 10 also have PHQ-9 scores greater than 9.
Conversely, for participants with GAD-7 scores less than 10, there is a higher proportion
of those with PHQ-9 scores above 9. However, overall, this proportion is significantly
lower compared to the group with both GAD-7 scores less than 10 and PHQ-9 scores

less than 11.

30 Anxiety/Depression Status

~ HAD
= LAD

Barthel index (scores)
- 10
e 15
® 20
@® 25
® 30
20

PHQ-9 scores

(X2 X X X )

(XXX XX XX X ]

o
o

10 15 20

GAD-7 scores
Figure 1. Correlation between GAD-7, PHQ-9 scores, and Barthel Index. Figures 1A and 1C present density
plots illustrating the distribution of GAD-7 and PHQ-9 scores, respectively. Figure 1B displays a scatter
plot depicting the relationship between GAD-7 and PHQ-9 scores, where the size of each data point
corresponds to the Barthel Index score, and the color represents the Anxiety and/or Depression status.

Figure 2 shows the relationship between functional independence, measured by
the Barthel Index, and psychological outcomes, including depression, as indicated by
PHQ-9 scores, and anxiety, as indicated by GAD-7 scores. Figures 2A and 2B illustrate
an inverse correlation between Barthel Index scores and both PHQ-9 and GAD-7 scores.
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Figure 2. Figure 2. The relationship between Barthel Index scores and GAD-7 and PHQ-9 scores. Figures Al and B1 represent density plots of Barthel
Index scores, while Figures A3 and B3 depict density plots of PHQ-9 and GAD-7 scores. Figures A2 and B2 illustrate the relationship between
Barthel Index scores and PHQ-9, and GAD-7 respectively.
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This indicates that higher functional independence, as measured by the Barthel Index,
is associated with lower levels of depression and anxiety. Additionally, participants
exhibiting an increase level of fastidiousness compared to their pre-stroke condition tend
to have significantly higher PHQ-9 and GAD-7 scores across all Barthel Index levels,
compared to those without increased fastidiousness.

Table 2 presents a multivariable regression model identifying significant predictors
associated with HAD status among post-stroke patients. This analysis highlights the
complex interplay of various factors influencing mental health outcomes post-stroke.

Table 2. Multivariable regression model regarding HAD status.

Predictors Univariable Multivariable
OR 95%ClI p OR 95%ClI p
Intercept - - - 1.40 0.20-9.65 732
Marital status Married ] Reference Reference
Divorced/Separated/Widowed ~ 13.94  2.21-269.14 017  28.88  2.72-717.24 011
Developed No Reference Reference <.001
fastidious Yes 9.50 5.53-16.71 <001 734 3.67-15.21
Exercise Yes Reference Reference
habits No 392 2.30-6.87 <.001 2.90 1.4-6.07 004
Normal Reference Reference
Speech ability ~ Speech difficult 521 3.06-9.02 <.001 1.63 0.74-3.55 223
Unable to communicate 5255 9.40-986.24 <001 13.10  1.66-290.24 035
Personality Neutral Reference Reference
Types Introverted 037 0.18-0.79 009 035 0.13-093 033
Extroverted 136 0.65-291 421 044 0.16-1.21 112
Barthel index (scores) 0.84 0.81-0.87 <.001 0.90 0.85-0.95 <.001
AUC - 0.8958
Observations 328 328

In the multivariable model, six factors emerged as significant predictors of anxiety
and depression (HAD) status. Comparing the univariable and multivariable models in
Table 2 reveals notable differences in the strength and significance of these predictors.

In the univariable model, marital status demonstrates a strong association, with
divorced, separated, or widowed individuals having an OR of 13.94 (95% CI= 2.21-
269.14; p= .017). This effect becomes even stronger in the multivariable model (OR=
28.88; 95% CI= 2.72-717.24; p= 011).

For developed fastidiousness, the univariable model shows a ninefold increase
in risk (OR= 9.50; 95% CI: 5.53-16.71; p <.001), which slightly decreases but remains
significant in the multivariable model (OR= 7.34; 95% CI= 3.67-15.21; p <.001).
Similarly, the effect of lack of exercise is attenuated from an OR of 3.92 (95% CI=
2.30-6.87; p <.001) in the univariable model to 2.90 (95% CI= 1.40-6.07; p= .004) in
the multivariable model.

For speech ability, the univariable model indicates significant associations for
individuals with speech difficulties (OR= 5.21; 95% CI= 3.06-9.02; p <.001) and those
unable to communicate (OR= 52.55; 95% ClI= 9.40-986.24; p <.001). However, in the
multivariable model, the significance of speech difficulties diminishes (p= .223), while
the risk associated with the inability to communicate remains substantial but decreases
in magnitude (OR= 13.10; 95% CI= 1.66-290.24; p= .035).

Personality type follows a similar trend. Introversion significantly reduces the risk
of HAD in both models, with the OR shifting from 0.37 (95% CI= 0.18-0.79; p= .009)
in the univariable model to 0.35 (95% CI: 0.13-0.93, p= .033). Extroversion, however,
remains non-significant in both models.

Lastly, the Barthel Index, which measures independence in daily activities,
consistently demonstrates a protective effect. The univariable model suggests a stronger
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association (OR= 0.84; 95% CI= 0.81-0.87, p <.001), consistent with the multivariable
model (OR= 0.90; 95% CI= 0.85-0.95; p <.001).

The consistent trends between the univariable and multivariable models, with most
predictors retaining their direction and significance, along with the multivariable model
achieving an AUC of 89.6%, suggest that the model is well-specified and effectively
accounts for confounding factors. Minimal changes in effect sizes for key predictors,
such as developed fastidiousness and the Barthel Index, indicate robust, independent
impacts, further supporting the model’s quality and reliability in identifying predictors
of HAD status.

Figure 3 illustrates a prediction nomogram derived from optimal model parameters,
encompassing six variables detailed in Table 2: Marital status, developed fastidiousness,
Exercise habits, Speech ability, Personality Types, and Barthel Index (scores). Each
variable corresponds to a specific point value, and the total points are then associated with
“the probability of the occurrence of HAD” to determine the likelihood of experiencing
HAD. For example, a post-stroke patient who is married (0 points), lacks exercise habits
(32 points), exhibits developed fastidiousness (59 points), experiences speech difficulty
(14 points), is extroverted (7 points), and has a Barthel Index score of 18 (42 points).
With a total score of 154 points, this patient has a greater than 80% risk of developing
HAD. Notably, our study developed a prediction nomogram to easily forecast the risk
of HAD among post-stroke patients.

0 10 20 30 40 50 60 70 80 90 100

Point
0 7 14 32 42 59

Disvorced/ Separated/ Widowed

Marital status

Married |

Excercise habits

Yes

Developed fastidi

No

Speech abilitty

Personality types

Speech difficult

No change

Extroverted

Introverted

Neutral

Unable to communicate

Barthel index (scores)

32 30 28 26 24 22 20 18 16 14 12 10

Total point (scores)

0 50 100 250 300

The probability of the occurrence of HAD
0.05

0.2 0.5 0.99

Figure 3. Prediction nomogram to evaluate the risk of HAD in post-stroke patients.

DiscussioNn

Mood disorders are prevalent and can arise at any time after a stroke in all age
groups, with depression and anxiety affecting 1 in 3 post-stroke survivors in their first
year. Our study is a cross-sectional study conducted on 348 patients over the age of 18,
diagnosed with cerebral stroke within one year prior to participating in the study. The
main analysis used Stepwise AIC to determine the optimal logistic regression model to
predict HAD status based on AIC and AUC. The optimal model includes six variables:
marital status, developed fastidiousness, exercise habits, speech ability, personality types,
and Barthel Index. This model was found to be highly suitable with the collected data,
as evidenced by an AUC of 89.6%.
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Marital status significantly influences depression and anxiety in post-stroke
patients. Widowed or divorced individuals reported the highest levels of depression
and suicidal thoughts, indicating that the loss of a life partner exacerbates these issues
(Dong et alii, 2020; Gloria et alii, 2024). Research from the BASIC project further
showed that unmarried stroke survivors had worse cognitive function, quality of life,
and more depressive symptoms compared to married individuals (Dong et alii, 2020).
Additionally, a study on middle-aged stroke survivors highlighted the increased severity
of depressive symptoms post-stroke, emphasizing the need for targeted mental health
interventions for unmarried survivors (Tan, Liao, Zhao, Sun, & Yi, 2023). A Saudi
Arabian study reported a high prevalence of post-stroke depression, with marital status
being a significant predictor (Abuadas et alii, 2023). Our study similarly found that
stroke patients who were divorced, widowed, or separated faced a significantly higher
risk of HAD, with an odds ratio of 29 compared to married patients.

Changes in personality, particularly the development of negative traits, significantly
increase the risk of anxiety or depression in post-stroke patients (Lo Buono et alii, 2022;
Stone, 2004). These alterations often manifest as increased frustration, reduced patience,
decreased confidence, and a generally less easy-going nature, which are commonly
observed in post-stroke patients (Lo Buono et alii, 2022; Stone, 2004). Such changes
not only affect the emotional well-being of patients but also contribute to higher levels
of psychological distress (Aben et alii, 2002; Dulay, Criswell, & Hodics, 2023). This
heightened vulnerability to anxiety and depression is further exacerbated by the interplay
of neurobiological changes and the psychological burden of coping with new post-stroke
limitations and disabilities (Kim, 2016; Robinson & Jorge, 2016). Therefore, recognizing
and addressing these personality changes is crucial for preventing and managing anxiety
and depression in stroke survivors (Chun, Ford, Kutlubaev, Almeida, & Mead, 2022;
Dulay, Criswell, & Hodics, 2023). Our findings support previous research indicating
that post-stroke patients experiencing negative personality changes such as developed
fastidiousness are at higher risk for HAD and are identified as a strong predictor.

Exercise is increasingly recognized for its potential to reduce depressive symptoms
in post-stroke patients. Systematic reviews and meta-analyses have shown that structured
exercise programs can significantly alleviate depression immediately post-intervention
(Eng & Reime, 2014; Li et alii, 2022). Home-based mind-body exercises, particularly
Tai Chi, have been identified as particularly effective (Chen, Guo, Kuang, & Zhang,
2024). Additionally, non-pharmacological interventions, including various forms of
exercise, are supported by literature for their benefits in managing post-stroke depression
(Villa, Ferrari, & Moretti, 2018; Wijeratne, Sales, & Wijeratne, 2022). Exercise has also
been shown to reduce anxiety, which is common in the first-year post-stroke, affecting
around 29.3% of patients (Chun, Ford, Kutlubaev, Almeida, & Mead, 2022; Pisegna,
Knebel, Juckett, 2024; Rafsten, Danielsson, & Sunnerhagen, 2018). This aligns with our
research, which found that a lack of exercise is associated with a three-fold increase in
the occurrence of HAD, consistent with the studies mentioned above.

Post-stroke aphasia not only diminishes quality of life but also heightens
susceptibility to depression, as evidenced by studies highlighting lower perceptions
of health and quality of life among aphasic individuals compared to their non-aphasic
counterparts (Bueno-Guerra et alii, 2024). Moreover, long-term follow-ups consistently
reveal higher incidence rates of depression in aphasic patients, emphasizing the robust
association between speech impairment and subsequent mental health challenges (Lin
et alii, 2023). Efforts to enhance screening and implement targeted interventions are
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crucial in addressing these issues and enhancing the overall well-being of stroke survivors
struggling with speech difficulties (Schlesinger, Shiggins, Kneebone, Broomfield, & Ford,
2024). Our findings support this narrative, revealing that patients with speech difficulties
are twice as likely to experience depression, with those unable to communicate facing
a staggering thirteen-fold increase in HAD.

Introversion, as part of the broader neuroticism trait, consistently emerges as
a significant risk factor for anxiety and depression in post-stroke patients. Studies
consistently demonstrate that higher introversion scores correlate with increased depressive
symptoms in stroke survivors (Aben et alii, 2002). This tendency to internalize negative
emotions heightens vulnerability to depression. In contrast, extroversion, characterized
by sociability and positive affect, does not show significant associations with depression
severity post-stroke (Morris & Robinson, 1995), suggesting it lacks a protective effect
against anxiety and depression. Our study further revealed that stroke patients with higher
introversion were associated with a lower incidence of HAD compared to others. The
results are influenced by cultural differences and the prioritization of community values
in Eastern cultures, where the emphasis is often on the influence of others rather than
individual traits like introversion, which is a part of neuroticism. Conversely, introversion
typically correlates with increased vulnerability to anxiety and depression in Western
contexts. However, in Vietnam, where community perceptions hold greater importance,
introversion may be perceived as a protective factor. This reduces the likelihood that
patients will be exposed to gossip or criticism from others, thereby lowering their
risk of HAD. Therefore, our study’s findings, which reveal a distinct relationship
between introversion and HAD in Vietnam, underscore the impact of cultural factors
on psychological outcomes following stroke.

Research shows that functional impairment, as measured by the Barthel Index, is
strongly associated with depression (Amaricai & Poenaru, 2016; Loong et alii, 1995).
Improved physical function correlates with better mood (Loong et alii, 1995). A study
found that lower Barthel Index scores at discharge predicted higher depression levels,
emphasizing the impact of physical disability on mental health (Ahn, Lee, Jeong, Kim,
& Park, 2015). Additionally, longitudinal tracking of Barthel Index scores from discharge
to three months post-discharge indicated that improvements in the Barthel Index were
associated with better overall functional outcomes, indirectly suggesting improved
mental health (Musa & Keegan, 2018). Moreover, the Post-Stroke Depression Risk Scale
identified the Barthel Index as a significant predictor of depression six months post-stroke,
highlighting its role in early identification of at-risk patients (Ladwig, Ziegler, Stidmeyer,
& Werheid, 2022). These findings coincide with our research, which indicates that for
every l-point increase in the Barthel Index, the HAD decreases by 10%. This further
supports the crucial role of the Barthel Index in predicting and managing depression
in post-stroke patients.

This study was conducted within a specific locality in Viettri, Phutho Province,
Vietnam. Given that the research was confined to this particular geographic area, the
generalizability of the findings to stroke patients in other regions or countries may be
limited. The distinctive characteristics of the study site, such as local healthcare practices,
demographic factors, and environmental conditions, could have influenced the results.
Consequently, when extrapolating these findings to other populations or geographical
contexts, it is essential to consider these limitations and exercise caution. The results may
not fully capture the experiences or conditions of stroke patients beyond the study area.
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Stroke remains a significant global health issue, impacting physical and psychological
well-being and often leading to depression and anxiety among survivors. Our study
highlights several critical factors influencing these mental health outcomes post-stroke.

Marital status emerged as a significant predictor, with divorced, widowed, or
separated individuals showing a heightened risk of HAD. Personality changes post-
stroke, characterized by increased negative traits like frustration and reduced patience,
further exacerbate these psychological challenges. Additionally, lack of regular exercise,
communication barriers due to speech impairments, and introverted personality traits
contribute significantly to elevated HAD.

Effective interventions targeting these multifaceted factors are crucial for improving
mental health outcomes and enhancing the overall quality of life for stroke survivors.
By addressing these challenges through tailored strategies such as psychological
counseling, structured exercise programs, and support for improving communication
abilities, healthcare providers can significantly mitigate mental health issues and foster
better recovery among stroke survivors.
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