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Background: This study aimed to identify depression trajectory patterns in patients with H-type hypertension-related ischemic stroke 
and explore predictors using the COM-B framework.
Methods: A prospective longitudinal study enrolled 588 patients from a Chinese tertiary hospital (September 2023–December 2024). 
Data were collected at six time points (admission and 1, 3, 6, 9, 12 months post-discharge). Growth mixture modeling identified 
trajectory classes, and multivariate logistic regression determined predictive factors.
Results: Four depression trajectory classes were identified: (1) Rapid Recovery group (n=155, 26.4%): swift symptom resolution; (2) 
Moderate Improvement group (n=70, 11.9%): moderate symptom improvement; (3) Persistent Low-Symptom group (n=102, 17.3%): 
optimal reference category; (4) Symptom-Aggravation group (n=261, 44.4%): exacerbation over time. Protective factors included 
positive health behaviors (strongest across all comparisons), first-time stroke onset, urban residence, and employed status (all p < 
0.05). Risk factors included higher health knowledge levels, elevated homocysteine, unemployed/retired status, and higher social 
support. Notably, elevated homocysteine and higher social support were associated with worsening depression, especially in the 
Symptom-Aggravation group (p < 0.05).
Conclusion: Four distinct depression trajectories were identified in H-type hypertension-related ischemic stroke patients, with 
specific predictors. These findings inform targeted interventions to improve depression outcomes.
Keywords: H-type hypertension, post-ischemic stroke depression, COM-B model, longitudinal study

Introduction
Post-stroke depression (PSD) is one of the most common neuropsychiatric complications following stroke, affecting 
approximately 28 million stroke survivors in China.1 Notably, over 30% of ischemic stroke survivors are diagnosed with 
PSD,2 which contributes to 17.2% of the total healthcare burden among acute ischemic stroke patients in China, posing 
a significant public health challenge.3 A recent systematic review and meta-analysis by Liu et al reported that the overall 
prevalence of PSD is 27%, with early-onset depression (within 3 months after stroke) having a high risk of becoming 
persistent, and two-thirds of incident depression cases occur within the first 3 months.4 With the growing number of 
ischemic stroke cases projected in the coming decade, the incidence of PSD is expected to rise accordingly.

Research has shown that both physiological and psychological factors contribute to PSD. Physiological factors 
include stroke severity, lesion location, inflammatory markers, hypertension, and elevated homocysteine (Hcy) 
levels.5–7 In China, around 75% of hypertensive patients also present with elevated Hcy levels (≥10μmol/L), 
a condition termed H-type hypertension.7,8 This combined condition may heighten the risk of PSD by intensifying 
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neuroinflammatory and vascular injury responses after stroke.9 However, research on the relationship between H-type 
hypertension and PSD remains limited.

Moreover, psychological and behavioral aspects of PSD have often been explored in isolation, overlooking the 
dynamic interplay among influencing factors. Recent studies suggest that PSD is also linked to cognitive functioning,10 

social support,2 and health behaviors11—factors that align closely with the COM-B model (Capability, Opportunity, 
Motivation–Behavior).12,13 In this study, “capability” refers to disease-related cognitive ability, “opportunity” refers to 
perceived social support, and “motivation” is represented by depression symptoms, with “behavior” defined as the 
patient’s health behavior.

Therefore, this study aims to investigate the longitudinal trajectories of depression and identify latent post-stroke 
depression (PSD) subgroups among patients with H-type hypertension-associated ischemic stroke using the Growth 
Mixture Model (GMM), while also examining relevant predictive factors. The findings aim to provide a theoretical 
foundation for the development of targeted, subgroup-specific rehabilitation strategies and improve the quality of life 
among stroke survivors.

Methods
Participants and Procedure
The present study employed a convenience sampling method to recruit hospitalized stroke patients from a tertiary hospital 
in Zhengzhou, Henan Province, China. Data collection was conducted between September 2023 and December 2024. The 
inclusion criteria for this study were as follows: participants had to be diagnosed with ischemic stroke by a neurologist and 
meet the diagnostic criteria for H-type hypertension, characterized by a serum homocysteine (Hcy) level of ≥ 10 μmol/L.14 

Eligible participants were required to be 18 years of age or older, have no communication barriers, and demonstrate no 
cognitive impairment, diagnosed by a neurologist with no cognitive impairment. Participants were excluded if they were 
enrolled in other clinical studies or suffering from any serious illness with an expected lifespan of less than one year. 
According to standard requirements for multivariate analysis, the sample size should be at least equal to a multiple of the 
number of independent variables included in the model. In this study, with 38 independent variables, the minimum required 
sample size is ten times that number, amounting to at least 475 participants.15

Ethical Considerations
This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (Approval 
Number:2022-KY-1168-001). Written informed consent was obtained from all participants after they were provided with a full 
explanation of the study’s objectives. The implementation of this study is in line with the principles of the Helsinki Declaration.

Data Collection
At the time of admission, 600 patients met the inclusion criteria and expressed willingness to participate in the study. 
Ultimately, 588 patients who completed follow-up assessments at six time points were included in the final analysis. 
During hospitalization, detailed clinical data were collected for each patient. With guidance from the department’s 
cardio-cerebral health manager, participants established follow-up profiles using a digital management platform.

Eligible patients were enrolled after meeting the inclusion criteria. The researchers provided standardized instructions 
outlining the requirements for completing the questionnaire to ensure consistency and data integrity. Patients completed 
self-administered questionnaires; for those who were illiterate or physically unable to do so, trained researchers read the 
items aloud and recorded the responses. Each session took approximately 20–30 minutes. Completed questionnaires were 
carefully checked for missing data, and any omissions were immediately addressed with the patient on site.

Following the initial individual assessment during hospitalization (T1), follow-up evaluations were conducted at 
predetermined time points through telephone interviews, WeChat communication, and face-to-face outpatient visits. 
These follow-ups occurred at the following intervals: 1 month (T2), 3 months (T3), 6 months (T4), 9 months (T5), and 12 
months (T6) after discharge. Telephone interviews were conducted in accordance with the standardized research protocol, 
with responses recorded in real time. Each interview session lasted no more than 30 minutes.
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Measurements
A sociodemographic questionnaire developed by the research team collected information on participants’ gender, age, 
place of residence, Residential status, education level, employment status, smoking history, and alcohol consumption. In 
addition, clinical data were extracted from electronic medical records, including the number of stroke episodes, duration 
since first stroke, homocysteine (Hcy) levels, thrombolysis status, and scores on the Modified Rankin Scale (mRS), 
National Institutes of Health Stroke Scale (NIHSS) scores, Charlson Comorbidity Index (CCI), and Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) scores.

Capacity Factor: Disease Cognitive
Disease-related cognitive ability was assessed using the Stroke Prevention Knowledge Questionnaire (SPKQ), developed 
by Wan et al16 This instrument evaluates eight key dimensions related to stroke prevention: daily routines, diet, exercise, 
medication adherence, blood pressure monitoring, risk factors, stroke warning signs, and stroke management. The 
questionnaire consists of 36 items, each scored using a binary system, resulting in a total score ranging from 0 to 36. 
Higher scores reflect greater knowledge and understanding of stroke prevention. The SPKQ has demonstrated satisfac
tory internal consistency, with a Cronbach’s alpha of 0.738.

Motivational Factors: Depression (Emotion)
Depressive symptoms were assessed using the Patient Health Questionnaire-9 (PHQ-9), which was originally developed 
and validated by Kroenke et al17 The PHQ-9 consists of nine items, each rated on a 4-point Likert scale, with 0 point for 
“never” and 3 points for “always”. Total scores range from 0 to 27, calculated by summing the individual item scores. 
The scale demonstrated excellent internal consistency in this study, with a Cronbach’s alpha of 0.891.

Opportunity Factor: Social Support
Social support was assessed using the Social Support Rating Scale (SSRS) developed by Tang et al18 The scale consists 
of 10 items designed to evaluate three dimensions: objective support, subjective support, and the utilization of social 
support. Total scores range from 12 to 66 points, with higher scores indicating greater perceived social support. The 
SSRS demonstrated acceptable reliability in this study, with a Cronbach’s alpha of 0.731.

Behavior: Health Behavior
Health behaviors were assessed using the Health-Promoting Lifestyle Profile-II (HPLP-II), originally developed by 
Walker et al19 and culturally adapted by Zhang et al20 The instrument comprises 52 items across six dimensions: 
interpersonal relationships, stress management, physical activity, nutrition, self-actualization, and health responsibility. 
Responses were recorded on a 4-point Likert scale, yielding total scores ranging from 52 to 208 points. The scale 
demonstrated strong internal consistency in this study, with a Cronbach’s alpha of 0.901.

Statistical Analysis
Paper-based questionnaires were carefully reviewed by two independent reviewers and subsequently entered into 
Microsoft Excel 2021 to create a depression database for ischemic stroke follow-up patients. Latent growth mixture 
modeling (GMM) of depression trajectories was conducted using Mplus version 8.3. Model fit was evaluated using 
multiple indices, including the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), adjusted 
Bayesian Information Criterion (aBIC), entropy, the Lo-Mendell-Rubin Likelihood Ratio Test (LMRT), and the 
Bootstrapped Likelihood Ratio Test (BLRT). Lower AIC, BIC, and aBIC values indicate better model fit, while entropy 
values range from 0 to 1, with higher values reflecting greater classification accuracy. The LMRT and BLRT were used to 
compare models with different numbers of classes; statistically significant p-values for these tests indicate that a model 
with k classes fits the data better than a model with k-1 classes.

Data analysis was performed using IBM SPSS version 26. Descriptive statistics were based on the null hypothesis. 
Continuous variables that followed a normal distribution were presented as mean ± standard deviation. Between-group 
differences for continuous variables were assessed using F-tests. Categorical variables were expressed as frequencies and 
percentages, and comparisons between groups were conducted using chi-square tests. Analysis of variance (ANOVA) 
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was initially applied to identify factors influencing depression trajectories in ischemic stroke patients. Subsequently, 
logistic regression analysis was performed with depression trajectory categories as the dependent variable to explore 
predictive factors across three dimensions: general information, cognitive ability, and behavioral opportunities. A p-value 
less than 0.05 was considered statistically significant.

Results
Participant Characteristics and Disease Information
The analysis included a total of 588 patients, with a mean age of 64.22 years (SD =11.72), and 68.2% were male. The 
majority of subjects did not undergo thrombolysis (89.3%). Large-artery atherosclerosis was the most common stroke 
subtype, accounting for 46.4% of cases. Unemployment status was reported in 51.7% of subjects, and educational 
attainment was generally low, with 70.7% having completed junior high school or below. Additional participant 
characteristics are detailed in Table 1.

Table 1 Characteristics of Patients with Ischemic Stroke Across Depression Trajectory Groups (n=588)

Characteristics Total (n=588) Class 1 (n=155) Class 2 (n=70) Class 3 (n=102) Class 4 (n=261) p-value

Education, n (%) 0.003

Primary school or below 173 (29.4) 43 (27.7) 24 (34.3) 27 (26.5) 79 (30.3)

Junior school 243 (41.3) 83 (53.5) 24 (34.3) 37 (36.3) 99 (37.9)

High school 120 (20.4) 23 (14.8) 11 (15.7) 24 (23.5) 62 (23.8)

Undergraduate and above 52 (8.8) 6 (3.9) 11 (15.7) 14 (13.7) 21 (8.0)

Residential status, n (%) <0.001

Living with spouse only 177 (30.1) 39 (25.2) 31 (44.3) 44 (43.1) 63 (24.1)

Living with children 93 (15.8) 31 (20.0) 6 (8.6) 7 (6.9) 49 (18.8)

Living alone 27 (4.6) 6 (3.9) 6 (8.6) 2 (2.0) 13 (5.0)

Living with spouse and children 291 (49.5) 79 (51.0) 27 (38.6) 49 (48.0) 136 (52.1)

Employment status, n (%) <0.001

Unemployed 304 (51.7) 102 (65.8) 15 (21.4) 39 (38.2) 148 (56.7)

Retired 171 (29.1) 42 (27.1) 21 (30.0) 28 (27.5) 80 (30.7)

Employed 113 (19.2) 11 (7.1) 34 (48.6) 35 (34.3) 33 (12.6)

Residence, n (%) 0.034

Urban 232 (39.5) 46 (29.7) 16 (22.9) 48 (47.1) 122 (46.7)

Rural 356 (60.5) 109 (70.3) 54 (77.1) 54 (52.9) 139 (53.3)

Drinking, n (%) <0.001

Non drink 125 (21.3) 29 (18.7) 15 (21.4) 40 (39.2) 41 (15.7)

Current drinker 410 (69.7) 106 (68.4) 49 (70.0) 54 (52.9) 201 (77.0)

Former drinker 53 (9.0) 20 (12.9) 6 (8.6) 8 (7.8) 19 (7.3)

Thrombolysis, n (%) 0.016

No 525 (89.3) 132 (85.2) 60 (85.7) 88 (86.3) 245 (93.9)

Yes 63 (10.7) 23 (14.8) 10 (14.3) 14 (13.7) 16 (6.1)

mRS, n (%) <0.001

≤2 464 (78.9) 124 (80.0) 40 (57.1) 81 (79.4) 219 (83.9)

>2 124 (21.1) 31 (20.0) 30 (42.9) 21 (20.6) 42 (16.1)

CCI, n (%) <0.001

≤2 511 (86.9) 147 (94.8) 47 (67.1) 90 (88.2) 227 (87.0)

>2 77 (13.1) 8 (5.2) 23 (32.9) 12 (11.8) 34 (13.0)

Occurrence of stroke attack, n (%) <0.001

First time 320 (54.4) 87 (56.1) 41 (58.6) 73 (71.6) 119 (45.6)

Second time 182 (31.0) 47 (30.3) 21 (30.0) 26 (25.5) 88 (33.7)

≥3 times 86 (14.6) 21 (13.5) 8 (11.4) 3 (2.9) 54 (20.7)

(Continued)
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A COM-B Model-Based Univariate Analysis of Depression Trajectory Classifications
Significant differences were observed among the four depression trajectory groups across all three COM-B components (all 
p < 0.001). Specifically, the Persistent Low-Symptom Group (Class 3) had the lowest scores in Stroke Knowledge 
Questionnaire (SPKQ, 24.28 ± 7.25) and Social Support Rating Scale (SSRS, 37.04 ± 9.24), but the highest scores in 
Health Promotion Lifestyle Practices (HPLP, 165.46 ± 27.29). In contrast, the Symptom-Aggravation Group (Class 4) showed 
the highest SPKQ (27.78 ± 6.15) and SSRS (41.91 ± 9.07), while the Rapid Recovery Group (Class 1) and the Moderate 
Improvement Group (Class 2) had intermediate values. Additional participant characteristics are detailed in Table 1.

Depression Trajectories
Latent class growth mixture modeling (GMM) was employed to analyze depression trajectories over six time points in patients 
with ischemic stroke, with depression scores at each time point designated as variables. The analysis included 588 patients. 

Table 1 (Continued). 

Characteristics Total (n=588) Class 1 (n=155) Class 2 (n=70) Class 3 (n=102) Class 4 (n=261) p-value

TOAST, n (%) <0.001

Large artery atherosclerosis 273 (46.4) 77 (49.7) 37 (52.9) 62 (60.8) 97 (37.2)

Cardioembolism 16 (2.7) 1 (0.6) 7 (10.0) 3 (2.9) 5 (1.9)

Small-artery occlusion 207 (35.2) 43 (27.7) 16 (22.9) 24 (23.5) 124 (47.5)

Other/unknown 92 (15.6) 34 (21.9) 10 (14.3) 13 (12.7) 35 (13.4)

Gender, n (%) 0.58

Male 401 (68.2) 100 (64.5) 49 (70.0) 74 (72.5) 178 (68.2)

Female 187 (31.8) 55 (35.5) 21 (30.0) 28 (27.5) 83 (31.8)

Smoking, n (%) 0.228

Non smoking 348 (59.2) 89 (57.4) 41 (58.6) 54 (52.9) 164 (62.8)

Current Smoking 169 (28.7) 40 (25.8) 20 (28.6) 35 (34.3) 74 (28.4)

Former smoking 71 (12.1) 26 (16.8) 9 (12.9) 13 (12.7) 23 (8.8)

Monthly household income (RMB), n (%) 0.096

<3000 218 (37.1) 52 (33.5) 25 (35.7) 43 (42.2) 98 (37.5)

3001~5000 200 (34.0) 67 (43.2) 24 (34.3) 36 (35.3) 73 (28.0)

5001~10,000 120 (20.4) 23 (14.8) 17 (24.3) 15 (14.7) 65 (24.9)

>10,000 50 (8.5) 13 (8.4) 4 (5.7) 8 (7.8) 25 (9.6)

Duration since first stroke, n (%) 0.064

< 3 months 239 (40.6) 61 (39.4) 27 (38.6) 50 (49.0) 101 (38.7)

3 months –1 year 215 (36.6) 57 (36.8) 27 (38.6) 38 (37.3) 93 (35.6)

1–3 years 102 (17.3) 32 (20.6) 9 (12.9) 8 (7.8) 53 (20.3)

> 3 years 32 (5.4) 5 (3.2) 7 (10.0) 6 (5.9) 14 (5.4)

Number of children, n (%) 0.193

0 4 (0.7) 1 (0.6) 0 (0.0) 1 (1.0) 2 (0.8)

1 138 (23.5) 39 (25.2) 10 (14.3) 31 (30.4) 58 (22.2)

2 335 (57.0) 93 (60.0) 42 (60.0) 56 (54.9) 144 (55.2)

≥3 111 (18.9) 22 (14.2) 18 (25.7) 14 (13.7) 57 (21.8)

Family history of stroke, n (%) 0.200

No 459 (78.1) 126 (81.4) 57 (81.4) 83 (81.4) 193 (73.9)

Yes 129 (21.9) 29 (18.7) 13 (18.6) 19 (18.6) 68 (26.1)

Age, years 64.22 ± 11.72 65.14 ± 11.41 61.34 ± 12.09 60.32 ± 12.23 65.99± 11.1 <0.001

NIHSS 2.10± 1.99 1.85±1.81 2.79 ± 2.08 2.32 ± 2.78 1.97 ± 1.90 0.004

Homocysteine 20.70 ± 15.05 30.37 ± 19.88 17.78 ± 10.53 17.93 ± 10.74 16.81 ± 11.25 <0.001

SPKQ 26.59 ± 6.75 26.59 ± 6.50 25.39 ± 7.69 24.28 ± 7.25 27.78 ± 6.15 <0.001

HPLP 138.67 ± 29.09 130.43 ± 23.34 125.81 ± 29.10 165.46 ± 27.29 136.57 ± 27.70 <0.001

SSRS 39.79 ± 9.67 38.58 ± 10.51 38.51 ± 9.03 37.04 ± 9.24 41.91± 9.07 <0.001

BMI (kg/m2) 24.58 ± 3.44 24.34 ± 3.30 25.19 ± 3.22 24.66 ± 3.51 24.52 ± 3.55 0.374

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SPKQ, Stroke Prevention Knowledge Questionnaire; HPLP, Health-Promoting Lifestyle Profile-II; SSRS, Social 
Support Rating Scale; BMI, Body Mass Index; mRS, Modified Rankin Scale; CCI, Charlson Comorbidity Index; TOAST, Trial of Org 10172 in Acute Stroke Treatment scores.

Patient Preference and Adherence 2026:20                                                                                       https://doi.org/10.2147/PPA.S610786                                                                                                                                                                                                                                                                                                                                                                                                       5

Guo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Starting with a one-class model, the number of classes was incrementally increased, resulting in the fitting of five models. As the 
number of classes increased, values of the AIC, BIC, and aBIC progressively decreased. The LMRT, BLRT, and entropy values 
all favored the 4-class model (p < 0.05) (Table 2). Based on these fit indices and patient characteristics, the 4-class model was 
identified as optimal. Through latent class growth analysis, this study identified four depressive trajectory types among post- 
stroke patients. Class 1, the “Rapid Recovery Group” (26.4%), had the highest baseline depression levels but showed the greatest 
improvement. Class 2, the “Moderate Improvement Group” (11.9%), began at moderately elevated levels of depression and 
maintained a steady trajectory of improvement. Class 3, the “Persistent Low Symptoms Group” (17.3%), showed lower baseline 
levels and a stable, mild decline. Class 4, the “Symptom-Aggravation group” (44.4%), was the largest subgroup. Despite starting 
at lower levels, this group exhibited a marked upward trend in depressive symptoms over time, making early identification and 
intensive intervention critical for this population. The model fitting trajectory is illustrated in Figure 1.

Predictors of Depression Trajectory Among Patients with Ischemic Stroke
The present analysis treated the four categories of post-stroke depression as the dependent variable. The independent variables 
encompassed age, education level, residence, residential status, drinking history, employment status, thrombolytic therapy 
status, TOAST, occurrence of stroke attack, modified Rankin Scale (mRS) score, National Institutes of Health Stroke Scale 
(NIHSS) score, Charlson Comorbidity Index (CCI), and scores from three scales: The Stroke Prevention Knowledge 
Questionnaire (SPKQ), the Social Support Rating Scale (SSRS), and the Health-Promoting Lifestyle Profile-II (HPLP-II) 

Table 2 Growth Mixture Model Fit Indices for One-to-Five-Classes of Depression Trajectories (n=588)

Classes AIC BIC aBIC Entropy p-value Mixing Ratio

LMR BLRT

1 21,138.88 21,187.01 21,152.10 1 - - 1

2 20,772.22 20,832.49 20,789.05 0.977 <0.001 <0.001 0.722/0.278
3 20,674.21 20,748.62 20,694.65 0.956 <0.001 <0.001 0.109/0.183/0.707

4 20,649.35 20,736.89 20,673.40 0.810 0.0190 <0.001 0.116/0.255/0.456/0.177

5 20,636.65 20,737.32 20,664.30 0.821 0.0690 <0.001 0.105/0.430/0.171/0.246/0.047

Abbreviations: AIC, the Akaike Information Criterion; BIC, the Bayesian Information Criterion; aBIC, the Sample-Size Adjusted BIC; 
LMR, the Lo-Mendell-Rubin Adjusted Likelihood Ratio Test; BLRT, Bootstrapped Likelihood Ratio Test.

Figure 1 Trajectories of depression for the 4-class model. 
Note: The y-axis represents depression scores, and the x-axis represents time points (months). T1 indicates the baseline assessment during hospitalization; T2 to T6 
represent follow-ups at 1, 3, 6, 9, and 12 months after discharge, respectively.
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are all grounded in the COM-B theoretical framework. Multivariate logistic regression analysis revealed that employment 
status, residence, residential status, occurrence of stroke attack, homocysteine levels, drinking history, SPKQ, and HPLP-II 
were significant predictors of post-stroke depression categories. The detailed results are presented in Table 3.

Discussion
The present prospective longitudinal study employed a growth mixture model to analyse depression trajectories among stroke 
patients over the subsequent 12 months, identifying four distinct depression categories. The results of the study indicated that 
the Symptom-Aggravation group constituted the largest proportion of the overall sample, with depression levels showing an 
upward trend over time. This finding is consistent with the research conducted by Huang et al7 Furthermore, this study 
corroborates the prevailing consensus that stroke survivors frequently exhibit depressive symptomatology, with the majority 
demonstrating an elevated risk of persistent depression, thereby validating the findings of preceding research.In contrast to the 
longitudinal study by Ayis et al on a general stroke population,21 the present study focused specifically on patients with H-type 
hypertension, used a 12-month trajectory, identified a novel “knowledge–behaviour gap”, and tested homocysteine levels as 
a predictor – none of which were addressed in earlier work.

The present study uncovers a fundamental contradiction that exerts a significant influence on the trajectories of 
depression following a stroke. The investigation reveals a considerable “knowledge-behaviour gap” between health 
knowledge and health behaviours. Contrary to common expectations, higher levels of health knowledge did not guide 
patients towards optimal recovery trajectories. Instead, they became a predictor of suboptimal trajectories. This 
phenomenon is particularly evident in the Symptom-Aggravation group, comprising patients who possess high health 

Table 3 Multivariate Logistic Regression for Predictors of Depression Trajectory Among Ischemic Stroke 
Patients (n=588)

Models Predictors B(SE) Wald p OR (95% CI)

Class1 vs Class3 Homocysteine 0.045(0.013) 11.504 0.001 1.046(1.019,1.074)

Health Knowledge 0.116(0.028) 16.881 <0.001 1.123(1.063,1.187)

Health Behavior −0.059(0.007) 61.783 <0.001 0.943(0.929,0.957)
Education: Junior school 1.439(0.727) 3.918 0.048 4.218(1.014,17.542)

Work Status: Unemployed 2.093(0.574) 13.296 <0.001 8.106(2.632,24.965)

Work Status: Retired 1.808(0.614) 8.669 0.003 6.100(1.830,20.328)
Number of Attacks: First time −2.457(0.850) 8.361 0.004 0.086(0.016,0.453)

Number of Attacks: Second time −2.151(0.877) 6.013 0.014 0.116(0.021,0.649)
Class2 vs Class3 Health Knowledge 0.099(0.034) 8.536 0.003 1.104(1.033,1.180)

Health Behavior −0.070(0.009) 57.5 <0.001 0.933(0.916,0.950)

Work Status: Unemployed −1.710(0.644) 7.039 0.008 0.181(0.051,0.640)
Residence: Urban −1.298(0.488) 7.063 0.008 0.273(0.105,0.711)

Residential status: Living with spouse only −2.439(1.056) 5.339 0.021 0.087(0.011,0.691)

Residential status: Living with children −2.350(1.066) 4.864 0.027 0.095(0.012,0.770)
Class4 vs Class3 Homocysteine −0.032(0.015) 4.585 0.032 0.969(0.941,0.997)

Health Knowledge 0.127(0.026) 23.234 <0.001 1.136(1.079,1.196)

Social Support 0.071(0.017) 17.48 <0.001 1.073(1.038,1.110)
Health Behavior −0.056(0.007) 66.154 <0.001 0.945(0.932,0.958)

Work Status: Unemployed 1.744(0.507) 11.824 0.001 5.723(2.117,15.468)

Residential status: Living with children −2.195(0.981) 5.003 0.025 0.111(0.016,0.762)
Drinking: Non drink 1.340(0.584) 5.258 0.022 3.818(1.215,12.001)

Number of Attacks: First time −2.992(0.812) 13.576 <0.001 0.050(0.010,0.247)

Number of Attacks: Second time −2.595(0.839) 9.563 0.002 0.075(0.014,0.387)
mRS: ≤2 1.153(0.484) 5.68 0.017 3.166(1.227,8.170)

Note: Class 3 (persistent low-symptom group) was designated as the reference group. Class 1 (rapid recovery group), Class 2 (moderate 
improvement group), Class 3 (persistent low-symptom group), and Class 4 (symptom-aggravation group) are the four trajectory classes. 
Abbreviations: SPKQ, Stroke Prevention Knowledge Questionnaire; SSRS, Social Support Rating Scale; HPLP, Health-Promoting Lifestyle 
Profile-II; mRS, Modified Rankin Scale; CCI, Charlson Comorbidity Index; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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knowledge, abundant social support, and relatively good neurological function, yet paradoxically exhibit a persistent 
worsening of depressive symptoms. This finding indicates that when individuals encounter the predicament of “knowing 
but not doing,” the discrepancy between cognition and behaviour may itself become a risk factor, thereby exacerbating 
their psychological distress.22,23 In contrast, the adoption of positive health behaviours has been shown to offer 
a protective effect that supersedes the influence of knowledge, emerging as the most stable and potent protective factor 
across all comparisons of depression trajectories.24–26 This finding necessitates a reevaluation of clinical intervention 
priorities: For patients with sound physiological foundations yet persistent deterioration, the crux lies not in supplement
ing health knowledge but in employing behavioural activation strategies to bridge the gap between “knowing” and 
“doing”. It is imperative that clinical practice evolves from a focus on mere physiological monitoring and knowledge 
dissemination towards the identification of the “high knowledge-low execution” contradiction. The utilisation of 
psychological support methodologies, such as cognitive behavioural therapy, is imperative in order to facilitate the 
management of stress related to the disease and the adjustment of expectations. This approach is pivotal in disrupting the 
detrimental cycle whereby increased knowledge is purported to engender greater difficulty in action.

The findings of this study suggest that, in comparison to the Persistent Low Symptoms Group, individuals with elevated 
homocysteine levels, healthy lifestyle habits, and a reduced number of stroke episodes are more likely to be classified as part of 
the Rapid Recovery Group. The extant research27 suggests a correlation between anxiety in the early post-stroke period and 
the subsequent development of depression. It is hypothesised that elevated anxiety levels in the acute phase may result in an 
escalation in depression severity. However, this anxiety may be mitigated as the condition is effectively managed or the patient 
adapts to their circumstances.28,29 The study’s participants experienced heightened disease anxiety early on due to awareness 
of their prognosis, leading to temporarily elevated depression scores. However, consistent adherence to healthy behaviours 
facilitated clinical improvement over time, resulting in rapid depression remission. Notably, both the Rapid Recovery Group 
and the Symptom-Aggravation group had high unemployment rates (65.8% and 56.7%, respectively), yet their prognoses 
were opposite. Patients in both groups were generally older (mean age 65.1 years and 66.0 years, respectively), indicating that 
most unemployed individuals were unable to work due to age (reaching retirement age and exiting the labour force) rather than 
illness-related job loss. Thus, the direct negative impact of unemployment on prognosis was likely limited. The divergent 
outcomes can be explained by other factors: the Rapid Recovery Group had a higher proportion of first-ever strokes and better 
health behaviours, which offset the emotional burden of stroke; whereas the Symptom-Aggravation group had more recurrent 
strokes, poorer health behaviours, and less social support, leading to a vicious cycle. For such patients, it is recommended that 
disease information be supplemented with proactive behavioural guidance and psychological support. This approach facil
itates the translation of health-related knowledge into consistent behavioural patterns, thereby mitigating the initial stages of 
disease-related anxiety and promoting the consolidation of expeditious recovery outcomes. Concurrently, the management of 
homocysteine levels is of equal importance.

By contrast, the prognosis for the moderate improvement group was more closely linked to socioeconomic factors. 
This group was more likely to be unemployed, live in an urban area, and live with a spouse or children. Employment 
offers economic security and, furthermore, fosters a sense of purpose and routine, thus playing a vital role in the 
maintenance of mental health.30 Urban environments are characterised by a greater number of opportunities for social 
interaction and community support, which can facilitate psychosocial adaptation.31 Concurrently, social support from 
family members, notably spouses and children, is indispensable in alleviating post-stroke depression, promoting emo
tional well-being, and providing practical assistance, rendering it crucial for the rehabilitation process.30 It is also worthy 
of note that the study identified that the absence of a spouse and children was indicative of a certain protective effect. 
This may be indicative of more independent or supportive family interaction patterns, rather than mere social isolation. It 
is hypothesised that such arrangements may assist patients in the more autonomous organisation of rehabilitation 
activities, according to their individual circumstances. This is believed to prevent the impact on self-management 
abilities caused by excessive dependence or family intervention. Consequently, clinical and community-based interven
tions should prioritise assisting patients in preserving and optimising their existing socioeconomic advantages and social 
support networks. With regard to family support, it is imperative to respect individual differences. The emphasis should 
be shifted from the concept of “cohabitation status” to the “quality” of supportive relationships. It is crucial to advocate 
for family environments that provide emotional support while respecting the patient’s autonomy in rehabilitation. In 
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summary, the findings of this study emphasise the importance of integrating health knowledge education with beha
vioural interventions. The development of bespoke, diversified intervention strategies is imperative for cohorts exhibiting 
disparate risk profiles, with the objective of optimising comprehensive rehabilitation outcomes.

In the present study, although univariate analysis indicated a significant association between age, thrombolysis, CCI and 
TOAST classification with depression, these associations did not remain statistically significant in the final model. This finding 
indicates that, once the impact of other variables is taken into account, age, thrombolysis, CCI, and TOAST classification cease 
to be independent predictors of depression. This phenomenon may be attributed to the masking of the effects of age, 
thrombolysis, CCI, and TOAST classification by more pronounced effects of other variables within the model. 
Consequently, it is recommended that subsequent studies undertake a more comprehensive investigation of the association 
between age, thrombolysis, CCI and TOAST with depression, whilst also contemplating the validation of findings across 
a more substantial sample size.

Limitation
However, this study has some limitations. First, since all participants were recruited from a single hospital and followed 
for 12 months, there may be selection bias; moreover, most participants were from rural areas with limited education, 
which restricts generalizability to urban or more educated populations. Second, we did not collect information on 
depression-related treatments or supportive care during follow-up; therefore, the observed symptom trajectories reflect 
the course of depression under routine clinical care rather than untreated natural history. Future research should 
systematically assess the long-term effects of multidimensional intervention strategies in broader and more diverse 
populations with longer follow-up periods and better documentation of treatments received. A prospective, multicenter, 
long-term observational study will improve generalizability and reliability.

Conclusion
This study identified four distinct depressive symptom trajectories in ischemic stroke patients using a growth mixture 
model: rapid recovery, persistent low symptoms, symptom-aggravation, and moderate improvement. Positive health 
behaviours emerged as the most stable protective factor across all trajectories, while distinct risk profiles (eg., 
unemployment, social isolation, urban resources) characterized different subgroups. These findings highlight the need 
for early identification of high-risk individuals and personalized interventions addressing both health behaviours and 
psychosocial factors. Notably, the observed trajectories reflect courses under routine clinical care rather than untreated 
natural history, as information on depression-related treatment during follow-up was not collected.
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