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Objective: To investigate the prevalence and severity of depression in patients with ischaemic stroke and identify its associated
factors using a cross-sectional design over a 6-month period.

Methods: This cross-sectional study included 499 patients with ischaemic stroke who met the diagnostic and inclusion criteria.
Depression levels were assessed using the Hamilton Depression Rating Scale (HAMD). Data collection included demographic
variables, clinical data and self-reported measures. Neurological deficits were assessed using the National Institutes of Health
Stroke Scale (NIHSS), whereas activities of daily living (ADL) were evaluated using the ADL scale. Chi-squared tests and t-tests
were used to compare the mild and moderate depression groups. Multiple logistic regression identified independent predictors of
depression. The predictive effectiveness of risk factors was evaluated using receiver operating characteristic (ROC) curves.

Results: Of the 499 patients, 305 (61.1%) had mild depression and 194 (38.9%) had moderate depression, with a mean HAMD score of
15.27 + 6.43. Significant differences were observed between groups in hypertension (p < 0.001), diabetes mellitus (p < 0.001), education
level (p < 0.001), stroke location (p = 0.037), ADL score (p < 0.001) and NIHSS score (p < 0.001). Logistic regression identified
hypertension (odds ratio [OR] = 1.963), diabetes mellitus (OR = 4.126), lower education level (OR = 1.460), left-sided stroke (OR =
1.690), lower ADL scores (OR = 0.718) and higher NIHSS scores (OR = 1.213) as independent predictors of depression. The ROC
analysis showed that NIHSS (area under the curve [AUC] = 0.797) and ADL (AUC = 0.741) scores were the most effective predictors.
Conclusion: Depression is common among patients with ischaemic stroke and is substantially influenced by vascular risk factors,
education level, stroke location, daily living abilities and neurological deficits. The NIHSS and ADL scores demonstrated strong
predictive value in identifying patients at risk of depression.
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Introduction

Post-stroke depression (PSD) is a common complication of stroke. Patients with depression may present with low mood,
retardation of thought, self-accusation and self-incrimination. Post-stroke depression may worsen patients’ mental
distress, aggravate their physical symptoms, delay functional recovery and increase the risk of recurrent stroke and
death, imposing a heavy burden on their families and society.'

It has been reported that the prevalence of PSD ranges from 20% to 79% (mostly 40%—50%) in global populations,
with severe depression accounting for approximately 10%. This statistic reflects the proportion of existing PSD cases
observed in diverse geographic regions and populations.®>* In addition to affecting patients’ emotions, depression can
impair cognitive function and reduce treatment compliance, all of which may have adverse effects on neurological
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recovery and prognosis.”® A prior meta-analysis also documented that PSD was associated with long-term functional
impairment and increased mortality.’

Studies have shown that optimised strategies such as transcranial magnetic stimulation, ketamine and electro-
convulsive therapy can help treat varying degrees of depression.'®!" Esketamine nasal spray and psilocybin have
also shown potential for treating treatment-resistant depression.'? Early identification and the prevention of PSD
are also required in clinical practice. At present, the lack of unified diagnostic criteria for PSD results in a high
risk of misdiagnosis or missed diagnosis, which may adversely affect clinical treatment and prognosis. Further
clarification of the degree of depression and its associated factors in patients with PSD, along with the identifica-
tion of relevant correlations, may contribute to better management and the mitigation of PSD progression.'?

Post-stroke depression is a multifactorial disease with a complex pathogenesis, involving neuroanatomy,
neuroendocrinology and immunomodulation.'*'> According to a recent report, the occurrence of PSD may be
attributed to inflammatory reactions, changes in neural plasticity and neurotransmitter imbalances.'® Previous
studies have identified various factors associated with PSD, including vascular risk factors (eg hypertension,
diabetes mellitus),'” demographic factors (eg age, gender, marital status),'® stroke characteristics (eg lesion
location, stroke severity)'? and psychosocial factors (eg lack of social support).?’ Chronic conditions, such as
hypertension and diabetes mellitus, are believed to contribute to PSD by inducing cerebrovascular damage.

A notable association has been observed between right hemispheric stroke and the incidence of depression in the subacute
phase following stroke. These findings highlight the multifactorial nature of PSD and the necessity of evaluating multiple
variables when studying its occurrence and severity. Although considerable attention has been given to the incidence and
influencing factors of PSD,?"** few studies have examined factors affecting depression severity in patients with stroke.

This cross-sectional study assesses the prevalence of depression among patients with ischaemic stroke, compares
clinical characteristics across different levels of depression and identifies independent factors associated with depression
severity. It aims to serve as a reference for the early identification, comprehensive prevention and treatment and
prognosis evaluation of PSD.

Although the literature extensively covers factors associated with the development of PSD, there is a relative scarcity of
research that prospectively examines variables linked to depression severity in the acute and subacute phases after stroke.
Furthermore, the interplay between specific clinical characteristics and their differential impact on varying degrees of
depression remains largely under-investigated. This study addresses these gaps by prospectively evaluating the incidence
of depression in patients with ischaemic stroke, comparing the clinical characteristics of patients with different degrees of
depression and screening for independent influencing factors on the degree of depression in these patients. It aims to provide
a reference for the early identification, comprehensive prevention and treatment, and prognosis evaluation of PSD.

Materials and Methods
Study Participants

This cross-sectional study determined the required sample size based on an estimated prevalence of PSD of 40%, as reported in
previous studies, with a margin of error of 5% and a confidence level of 95%. Using these parameters, the minimum sample size
was calculated to be 369 participants. To account for potential dropouts and ensure sufficient statistical power, 499 consecutive
patients with ischaemic stroke were included. These patients were hospitalised in the Department of Integrated Traditional
Chinese and Western Medicine at the Affiliated Hospital of Hebei University between October 2016 and December 2018. All the
patients received standardised treatment, including antiplatelet therapy, lipid-lowering agents, neurotrophic support and inter-
ventions to improve blood circulation. Treatment protocols remained largely consistent across groups.

Inclusion Criteria

Patients were included in the study based on the following criteria: (1) patients aged >18 years; (2) patients diagnosed
with acute ischaemic stroke through cranial computed tomography (CT) or magnetic resonance imaging (MRI);* (3)
patients with an onset time of <2 weeks and a stable condition; and (4) patients who provided written informed consent.
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Exclusion Criteria

The following criteria were used to exclude patients from the study: (1) patients with malignant tumours in the
intracranial or extracranial regions; (2) patients with severe infections or metabolic disorders; (3) patients with
a history of mental illness (eg major depressive disorder, bipolar disorder, schizophrenia or anxiety disorders) or those
taking antidepressants, as these conditions could confound the assessment of PSD; and (4) patients with aphasia or
consciousness disorders that prevented meaningful participation in the assessment.

Ethical Statement

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Affiliated Hospital of Hebei University (No. HDFYLL-KY-2023-137). Written informed consent was obtained from all
patients or their guardians before participation.

Methods of Study

Stroke-related assessments using the National Institutes of Health Stroke Scale (NIHSS) and the activities of daily living
(ADL) scale were conducted upon admission to evaluate initial stroke severity and functional capacity. Depression
assessments using the Hamilton Depression Rating Scale (HAMD) were completed within 2 weeks of stroke onset during
hospitalisation, ensuring clinical stability.

Data collection: A customised questionnaire was developed to collect baseline data from all patients, including gender, age,
marital status, level of education and vascular risk factors. The presence of hypertension, diabetes mellitus, coronary heart disease
and dyslipidaemia was determined based on patients’ medical history or the clinical diagnoses made by their treating physicians.

Stroke-related assessment: Stroke type was identified based on cranial CT or MRI findings. Only patients with
ischaemic stroke were included in this study. Stroke severity was assessed using the NIHSS,?* which has a total score
range of 0—42 points, with higher scores indicating more severe neurological deficits. The level of functional indepen-
dence was evaluated using the Barthel index,”> which has a total score range of 0~100 points. Higher ADL scores
indicate greater functional independence, with scores >60 generally reflecting moderate to good functional ability,
whereas scores <60 suggest substantial dependence in daily activities.?®

Depression assessment: The degree of depression in the enrolled patients was assessed using the HAMD-17.' The
total score ranged from O to 54 points, with 7—17 points indicating mild depression, 18-24 points indicating moderate
depression and >24 points indicating severe depression. Patients were divided into mild and moderate depression groups
based on their HAMD-17 scores.

Statistical analysis: SPSS 22.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. Measurement data
were expressed as mean + standard deviation, whereas categorical data were presented as counts (percentages). All
continuous variables were tested for normality using the Shapiro—Wilk test before applying parametric statistical methods.
The results indicated that the data followed a normal distribution. Inter-group comparisons were performed using the #-test for
continuous variables and the y*-test for categorical variables. Variables with statistically significant differences in univariate
analysis were included in multiple logistic regression analysis to identify independent influencing factors of depression.

Additionally, receiver operating characteristic (ROC) curve analysis was used to assess the predictive effectiveness of
the independent influencing factors identified through logistic regression. The area under the curve (AUC) and 95%
confidence interval (CI) were calculated for each factor to determine its discriminatory ability, with higher AUC values
indicating better predictive performance. A p-value of <0.05 was considered statistically significant.

Results
Sample Characteristics and Comparison of General and Clinical Data in Patients with

Different Degrees of Depression

A total of 499 patients with ischaemic stroke were included in this study, comprising 203 men (40.68%) and 296 women
(59.32%), with a mean age of 67.35 + 11.42 years. The average HAMD score of the included patients was 15.27 + 6.43 points.
Among them, 305 patients (61.12%) had mild depression and 194 (38.88%) had moderate depression, as shown in Table 1.
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Table | Comparison of General Data and Clinical Characteristics of Patients with Different Degrees of Depression [n (%)]

Variables Mild Depression Moderate Depression ¥2/t value | P value | Effect Size
Group (n=305) Group (n=194)

Gender 1.291 0.256 V =0.051

Male 118(58.1) 85(41.9)

Female 187(63.2) 109(36.8)

Age 65.24+10.53 [64.0 (58.0-74.0)] | 70.46x11.85 [71.0 (62.0-81.0)] | 5.127 <0.001 d =047

Marital status 10.542 0.001 V =10.146

Married 259(64.9) 140(35.1)

Others 46(46.0) 54(54.0)

Level of education 59.384 <0.001 V =0.345

Primary school and below | 165(76.0) 52(24.0)

Middle school and above 140(49.6) 142(50.4)

Hypertension 12.996 <0.001 V=0.161

With 162(69.5) 71(30.5)

Without 143(53.8) 123(46.2)

Diabetes 54.906 <0.001 V =0.332

With 95(43.0) 126(57.0)

Without 210(75.5) 68(24.5)

Coronary heart disease 3.885 0.049 V =0.088

With 71(69.6) 31(304)

Without 234(58.9) 163(41.1)

Hyperlipidemia 11.322 0.001 V =0.151

With 165(68.8) 75(31.2)

Without 140(54.1) 119(45.9)

Locus of stroke 6.595 0.037 V=0.l1I5

Left 158(56.2) 123(43.8)

Right 72(68.6) 33(314)

Bilateral 75(66.4) 38(33.6)

Onset of stroke, days 9.67+2.34 [10.0 (8.0-12.0)] 9.67+2.26 [10.0 (8.0-12.0)] —0.002 0.999 d = 0.001

NIHSS score 7.52+4.13 [7.0 (4.0-10.0)] 13.45+£5.74 [13.0 (9.0-17.0)] 13.097 <0.001 d=1.19

ADL score 63.78+21.95 [65.0 (45.0-85.0)] | 45.42+23.18 [45.0 (25.0-65.0)] | 8.780 <0.001 d =08l

Note: Continuous variables are presented as mean+SD [median (IQR)]; Effect sizes reported as Cohen’s d for continuous variables and Cramer’s V for
categorical variables.
Abbreviations: ADL, activities of daily living; NIHSS, National Institutes of Health Stroke Scale.

No statistically significant differences were observed between the two groups in terms of gender and stroke type (p >
0.05). However, significant differences were found in age, marital status, level of education, hypertension, diabetes
mellitus, coronary heart disease, hyperlipidaemia and stroke location (p < 0.05 for all). By contrast, stroke onset time did
not differ significantly between the groups (9.67 + 2.34 vs 9.67 + 2.26 days, p = 0.999). Patients in the moderate
depression group had higher NIHSS scores and lower ADL scores than those in the mild depression group, with
statistically significant differences (p < 0.05 for both).

Multiple Logistic Regression Analysis of Depression in Patients with Ischaemic Stroke
In this study, variables that reached statistical significance (p < 0.05) in the univariate analysis were included in the
multivariable logistic regression model. This approach ensured that only the most relevant associated factors were
retained. The results of the univariate analysis are provided in Table 1 to illustrate the relationships between variables
before multivariable analysis.

Before conducting logistic regression, we confirmed that its assumptions were met, including the absence of
significant multicollinearity, as indicated by the variance inflation factors below 5. The linearity of continuous indepen-

dent variables with the logit of the outcome was assessed using the Box—Tidwell test, which showed no significant
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deviations. Additionally, Cook’s distance analysis revealed no influential outliers affecting the model. The logistic
regression model was statistically significant, as indicated by the Omnibus test (y>= 127.36, p < 0.001), and the
Nagelkerke R?value was 0.328, suggesting that the model explained 32.8% of the variance in depression severity.

As shown in Table 2, hypertension (odds ratio [OR] = 1.963, 95% CI: 1.333-2.890, p = 0.001), diabetes mellitus (OR
= 4.126, 95% CI: 2.774-6.136, p < 0.001), level of education (OR = 1.460, 95% CI: 1.267-1.683, p < 0.001), left
hemispheric stroke (OR = 1.690, 95% CI: 1.126-2.539, p = 0.011), ADL score (OR = 0.718, 95% CI: 0.574-0.899, p =
0.004) and NIHSS score (OR = 1.213, 95% CI: 1.108-1.328, p < 0.001) were identified as independent influencing
factors of PSD.

Receiver Operating Characteristic Curve Analysis
The ROC curve analysis was performed to assess the predictive effectiveness of the identified risk factors for depression
in patients with ischaemic stroke. The results are summarised in Table 3 and illustrated in Figure 1.

Among the variables analysed, the NIHSS score demonstrated the highest predictive value, with an AUC of 0.797
(95% CI: 0.759-0.832, p < 0.001), indicating excellent discrimination. The ADL score also demonstrated strong
predictive ability, with an AUC of 0.741 (95% CI: 0.700-0.778, p < 0.001). Other factors, including diabetes mellitus
(AUC =0.668, 95% CI: 0.625-0.709, p < 0.001) and education level (primary school and below) (AUC = 0.638, 95% CI:
0.594-0.681, p < 0.001), demonstrated moderate predictive effectiveness. Hypertension (AUC = 0.584, 95% CI:
0.540-0.628, p < 0.001) and left hemispheric stroke (AUC = 0.557, 95% CI: 0.512-0.601, p = 0.032) demonstrated
relatively weak predictive performance.

Table 2 Multivariate Logistic Regression Analysis of Influential Factors of
Depression in Patients with Ischemic Stroke

Variables B SE Wald P OR (95% CI)
Hypertension 0.674 0.197 | 11.704 | 0.001 1.963(1.333-2.890)
Diabetes 1418 0.203 | 48.899 | <0.001 | 4.126(2.774-6.136)
Degree of education 0.379 0.073 | 27.106 | <0.001 | 1.460(1.267—-1.683)
Left hemispheric stroke | 0.525 0.208 | 6.402 0.011 1.690(1.126-2.539)
ADL score —0.331 | 0.115 | 8320 | 0.004 0.718(0.574-0.899)
NIHSS score 0.193 0.046 | 17.864 | <0.001 | 1.213(1.108-1.328)
Constant —1.972 | 0.584 | 11.393 | 0.001 0.139

Abbreviations: ADL, activities of daily living; NIHSS, National Institutes of Health Stroke Scale.

Table 3 Receiver-Operating Curve Analysis of Influential
Factors for Predicting Moderate Depression in Patients
with Ischemic Stroke

Variables AUC (95% CI) P value
Hypertension 0.584 (0.540-0.628) | <0.001
Diabetes 0.668 (0.625-0.709) | <0.001

Primary school and below | 0.638 (0.594-0.681) | <0.001
Left hemispheric stroke 0.557 (0.512-0.601) | 0.032
ADL score 0.741 (0.700-0.778) | <0.001
NIHSS score 0.797 (0.759-0.832) | <0.001

Abbreviations: AUC, area under the curve; ADL, activities of daily living;
NIHSS, National Institutes of Health Stroke Scale.
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Figure | ROC Curve Analysis of Key Risk Factors for Depression in Ischaemic Stroke Patients.

Discussion

In this study, patients with ischaemic stroke exhibited a high incidence of depression (HAMD score of 15.27 + 6.43
points), with mild and moderate depression accounting for 61.12% and 38.88% of cases, respectively. This highlights the
necessity of clinical screening and diagnosis of depression in patients with stroke.

Multiple logistic regression in this study indicated that vascular conditions such as hypertension and diabetes mellitus
were significantly associated with PSD. More specifically, chronic diseases such as hypertension and diabetes mellitus
can induce cerebrovascular lesions, damaging the white matter and cortex, thus affecting emotion-related brain regions
and inducing depression.”’ Several existing studies have confirmed the importance of managing these vascular risk
factors in preventing stroke and improving prognosis.”® > Moreover, depression may be induced by physical and mental
stress as well as lifestyle changes in patients with long-term chronic diseases. This highlights the importance of
aggressive management of hypertension and diabetes mellitus in patients with stroke, not only to prevent recurrent
stroke but also to reduce the risk of developing PSD. The regular monitoring of blood pressure and glucose levels,
coupled with lifestyle interventions and appropriate medication, should be a standard part of post-stroke care.

Furthermore, our study revealed a positive correlation between the level of education and PSD. Patients with a higher
level of education had a greater risk of depression. This may be because highly educated patients have higher levels of
disease awareness and greater concern about prognosis and recurrence risk, both of which may increase psychological
pressure.’! In addition, because of high levels of work-related stress, highly educated patients may experience a reduced
ability to work and disrupted social activities caused by stroke-induced functional impairment, which in turn increases
the risk of depression. As a result, psychological counselling should be considered for patients with a higher level of
education to help alleviate their psychological pressure.

Left hemispheric stroke was found to be significantly associated with depression. It is speculated that the left
hemisphere is dominant in emotional processing, and its impairment may cause emotional dysregulation and, hence,
increase the risk of depression.'”??* Damage to the left cerebral hemisphere is thought to be associated with
depression, with a higher incidence observed in cases involving the left frontal cortex and the left basal ganglia. The
underlying mechanism is that 5-HT and NE are more easily depleted in the left cerebral hemisphere than in the right, and
damage to the NE and 5-HTergic neuronal pathways in these regions reduces NE and 5-HT levels, leading to PSD.*”

Some promising intervention strategies, such as deep transcranial magnetic stimulation, continuous theta burst
stimulation and Stanford neuromodulation therapy, have shown potential antidepressant effects in patients with

880 htps: Neuropsychiatric Disease and Treatment 2025:21



Li et al

depression.**** In addition, special attention should be given to screening patients with left hemispheric stroke, with
early psychological intervention applied to mitigate the risk of depression. These findings underscore the need for routine
depression screening in patients with left hemispheric strokes. Moreover, they support the exploration and implementa-
tion of neuromodulation therapies alongside traditional psychological interventions for this specific patient population.

Furthermore, the degree of PSD was positively correlated with the severity of neurological deficits and negatively
correlated with ADL.*>>? Patients with more severe neurological damage may have a higher degree of dependence in
daily life activities, leading to increased physical and mental strain and a higher risk of depression. Therefore, in post-
stroke rehabilitation, personalised rehabilitation programmes should be adopted to encourage patient engagement,
improve ADL and promote social participation, thereby reducing the occurrence of depression. This highlights the
importance of comprehensive rehabilitation programmes that focus not only on physical recovery but also on improving
ADL and fostering social engagement. Early and intensive rehabilitation efforts, tailored to individual patient needs, can
help mitigate the risk of depression by fostering independence and improving quality of life.

However, this study has several limitations. First, it was a single-centre study with a relatively small sample size,
which may limit the generalisability of the findings. The consecutive enrolment of participants could introduce selection
bias, as it may not fully represent the broader population of patients with ischaemic stroke. Future multicentre studies
with larger sample sizes are needed to validate these results and enhance generalisability. Second, the cross-sectional
design of this study prevented the examination of changes in depression at different stages of stroke recovery. Third, the
HAMD was used to assess depression. Although widely utilised, the HAMD is a clinician-administered scale that relies
on subjective interpretation and may be influenced by observer bias. Additionally, it may not fully capture the nuances of
depressive symptoms experienced by patients with stroke, potentially leading to an under- or overestimation of
depression severity. Future studies should consider incorporating self-report measures and qualitative assessments to
provide a more comprehensive understanding of PSD. Finally, this study did not investigate the impact of post-stroke
cognitive impairment on depression, which warrants further exploration in future research.

Conclusion

This study reports a high incidence of PSD and identifies factors associated with vascular conditions, level of education,
stroke location, neurological deficits and ADL. The findings suggest that personalised psychological interventions and
rehabilitation tailored to patients with these factors may help support their physical and mental well-being and improve
their quality of life. Additionally, a dynamic assessment of depression in patients with stroke is essential for the early
identification and timely implementation of preventive and therapeutic strategies for PSD.
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