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Background: Depressive symptoms are very common in the acute phase of 
stroke; however, its impact on distinct functional recovery trajectories in acute 
ischemic stroke (AIS) patients remains unclear. Our study aimed to depict the 
functional recovery trajectories within 6 months after stroke and explore the 
association of early depressive symptoms with these recovery patterns among 
AIS patients.
Methods: A total of 219 eligible patients were enrolled at the stroke centers 
of two tertiary hospitals in Xuzhou, China from April 2023 to June 2024. The 
Center for Epidemiologic Studies Depression Scale (CES-D) was used to assess 
depressive symptoms during the acute hospitalization. The Group-based 
trajectory model was conducted to identify distinct trajectories of functional 
recovery, as measured by modified Rankin Scale (mRS) and Barthel Index (BI) 
at baseline, 3 months, and 6 months. A series of multinomial logistic regression 
models were performed to examine the relationship between early depressive 
symptoms and dynamic recovery patterns.
Results: We identified 3 mRS trajectories (mild, moderate, and severe) and 5 
BI trajectories (low-rapid rise, moderate low-stable, moderate-progressive 
rise, moderate high-rapid decline, and high-stable), respectively. After full 
adjustments, patients with early depressive symptoms were at increased 
likelihood of being in the moderate (OR 8.22, 95% CI 2.77–24.39) and severe 
(OR 24.41, 95% CI 5.33–111.90) trajectory group for mRS trajectories, and of the 
moderate high-rapid decline (OR 12.93, 95% CI 1.49–112.42) trajectory group 
for BI trajectories ( p < 0.05).
Conclusion: Early depressive symptoms were associated with unfavorable 
functional recovery trajectories within 6 months following acute stroke in AIS 
patients.
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1 Introduction

Depression is the most frequent psychiatric complication of 
stroke, characterized mainly by depressed mood and loss of interest 
(1). It was reported that approximately one-third of survivors would 
be affected by depression at any time of stroke up to 5 years (2). 
Depressive symptoms are very common in the acute stage of stroke 
among hospitalized patients, with prevalence ranging from 5 to 54% 
(3, 4). Patients with depression often have lower rehabilitation 
motivation, prolonged recovery duration, reduced quality of life, as 
well as higher mortality and stroke recurrence compared to those with 
non-depressed stroke (1, 5), which may be ascribed to biological 
changes of neuroplasticity resulting from stroke-induced insults, and/
or psychosocial changes (6). Although the presence of depression 
indicates poor stroke outcomes, it is frequently overlooked or 
inadequately managed in clinical practice (7). Only 6% of acute stroke 
patients and 32% of recovery-phase patients received specialized 
psychological support (8). Therefore, the early detection and 
management of depression during the acute phase in stroke patients 
may be key to preventing subsequent adverse clinical outcomes.

Functional deficit is an expected consequence of stroke, and 
patients often experience functional disability (e.g., hemiplegia, 
aphasia, cognitive impairment, etc) and decreased ability in activities 
of daily living (ADL). The process of recovery after stroke demonstrates 
dynamic changes with great population heterogeneity (9, 10). 
However, to date, most studies have evaluated functional status at a 
specific time point, failing to reflect the dynamic nature of recovery 
(11–13). Several longitudinal studies employed traditional models 
(e.g., linear mixed model) to account for variations in functional 
recovery and time trends among individuals (14–16); however, these 
models may be limited in identifying latent heterogeneity in 
trajectories within certain groups of individuals (17). Despite limited 
evidence suggesting that early depression or depressive symptoms are 
associated with negative functional outcomes (18–20), few studies 
have examined the impact of acute-phase depressive symptoms on 
heterogeneous trajectories of functional recovery in patients with 
acute ischemic stroke (AIS).

In this contex, the Group-based trajectory modeling (GBTM) may 
offer a promising solution, as it is widely recognized for its effectiveness 
in depicting dynamic change and identifying potential heterogeneity 
in trajectories among the study population (17, 21). Accordingly, we 
aimed to apply GBTM for identifying distinct trajectories in patients 
following similar evolution of functional recovery during the first 
6 months after stroke onset. Based on the classification of identified 
trajectories for functional recovery, we further investigated the 
relationship between early depressive symptoms and these recovery 
patterns over time in AIS patients.

2 Materials and methods

2.1 Study design and patients

This study was a longitudinal study conducted at the stroke 
centers of two tertiary hospitals from April 2023 to June 2024 in 
Xuzhou, China. The inclusion criteria for patients were as follows: 
(1) diagnosed with AIS by a neurologist according to a focal 
neurologic deficit and a corresponding infarct on computed 

tomography (CT) or magnetic resonance imaging (MRI), (2) age 
18 years or older, and (3) <2 weeks since stroke onset. The exclusion 
criteria were as follows: (1) diagnosed with mental disorder, 
cognitive or emotional impairment prior to stroke onset, (2) having 
a transient ischemic attack (TIA), and (3) life expectancy < 
6 months.

2.2 Procedures

Two trained neurologists recruited eligible patients for this 
study. Two trained research assistants interviewed patients and 
their primary family caregivers in person to collect 
sociodemographic and stroke-related information, combined with 
medical records.

Baseline assessment (T1) was performed during the acute 
hospitalization of patients (within 7–10 days following acute stroke) 
and follow-up assessments were conducted by telephone interviews at 
3 months (T2) and 6 months (T3) after stroke onset (22, 23). 
Supplementary Table S1 presents the measures collected at each 
time point.

2.3 Measures

2.3.1 Assessment of depressive symptoms
Depressive symptoms were measured using the Center for 

Epidemiologic Studies Depression Scale (CES-D) (24), which reflected 
the frequency of depressive symptoms in participants during the past 
week. CES-D consists of 20 items, including 4 domains: depressed 
affect, positive affect, somatic and retarded activity, and interpersonal 
problems. Each item of CES-D ranged from 0 (little or none at all 
[<1 day]) to 3 [most or all of the time (5–7 days)] on a 4-point Likert 
scale, with four items scored in reverse due to positive statements. The 
total scores ranged from 0 to 60, with higher scores indicating higher 
level of depressive symptoms, and stroke patients with the score of 16 
or more were considered to have depressive symptoms (25). CES-D 
has been widely used for depression screening in Chinese population 
(26, 27) and has been proved to have good reliability and validity 
among stroke patients (25, 28).

2.3.2 Assessment of functional outcomes
The modified Rankin Scale (mRS), as a reliable instrument for 

evaluating functional status, was widely used to assess the degree of 
dependence or disability in stroke survivors (29). The scale scores 
ranged from 0 (no symptoms at all) to 6 (death), with higher scores 
indicating more severe disability or dependence (29). The mRS score 
of 0–1 was usually categorized as a favorable functional outcome in 
clinical research or practice, while mRS score of 2–5 represented an 
unfavorable outcome (30, 31).

The Barthel index (BI) was used to measure patients’ ability to 
perform 10 basic ADLs (32). The scale scores ranged from 0 to 100, 
including self-care (feeding, grooming, bathing, dressing, bowel and 
bladder care, and toilet use) and mobility (ambulation, transfers, and 
stair climbing), and higher scores indicated greater independence (32, 
33). The BI was the most commonly used ADL measurement that 
provided information for stroke patients to develop long-term care 
and rehabilitation plans (34).
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2.4 Covariates

The pertinent covariates collected at baseline (T1) were composed 
of sociodemographic factors (age, sex, marital status, educational 
level, residence, occupational status, household income/yuan per 
year), severity of stroke [National Institutes of Health Stroke Scale 
(NIHSS)] (35, 36), classification of stroke [Oxfordshire Community 
Stroke Project (OCSP) classification, Trial of ORG 10172 in Acute 
Stroke Treatment (TOAST) classification] (37, 38), therapeutic options 
(intravenous thrombolysis (39, 40), endovascular thrombectomy (41, 
42), conservative therapy (39, 43)), medical comorbidities 
(hypertension, diabetes, dyslipidemia, atrial fibrillation), risk factors 
(history of stroke, smoking status, drinking status, body mass index 
[BMI]), and stroke rehabilitation. A detailed coding of covariates is 
listed in Supplementary Table S2. Endovascular treatment included 
intra-arterial thrombectomy, arterial thrombolysis, and emergency 
angioplasty within 6 to 24 h of stroke onset (44). BMI was calculated 
by weight (kg) divided by square of height (m2), and ≥24 kg/m2 was 
defined as overweight or obesity referring to the Chinese criteria for 
adults (45). Stroke rehabilitation was provided by occupational 
therapy, physical therapy, and speech and language therapy during 
hospitalization (46).

2.5 Data quality assurance

To ensure data quality, all neurologists and research assistants 
involved in data collection received standardized and homogeneous 
training, which covered interpretation of the study protocol, 
standardized operation procedures for scales, interview skills, and 
data recording requirements. Only those who passed the post-training 
assessment were permitted to participate in the study, so as to ensure 
the consistency of assessments. A database was established using 
structured electronic data capture forms with EpiData 3.1 software, 
where logic checks and range restrictions were set to prevent invalid 
data entry. All data underwent double data entry by two independent 
research assistants, followed by cross-verification to ensure the 
accuracy of data entry.

2.6 Statistical analyses

The GBTM assumes that the population has inter-individual 
heterogeneity and aims to identify homogeneous classes of individuals 
following similar developmental trajectories over time (17). We 
applied GBTM to identify potential trajectories of mRS and BI from 
stroke onset to recovery period (within 6 months) in AIS patients (47). 
The trajectory models tested from 2 trajectory classes to 6 trajectory 
classes (i.e., linear, quadratic, and cubic) were fitted until the best 
model was determined. The optimal number of mRS or BI trajectory 
groups was determined based on the following criteria: (1) Bayesian 
information criterion (BIC), with a lower absolute value indicating a 
better fit; (2) average posterior probability (AvePP) of assigning an 
individual to a trajectory group ≥ 0.70; and (3) proportion of the 
participants belonging to each trajectory group > 5% (21, 48). 
Trajectories of mRS or BI were analyzed with the lcmm package (49).

Baseline characteristics of AIS patients were described as numbers 
(n) and proportion (%) for categorical variables, while continuous 

variables were described as mean ± standard deviation (SD) or median 
and interquartile range (IQR). Analysis of variance, Kruskal-Wallis H 
test, Chi-square test, or Fisher’s exact test were conducted to compare 
the baseline characteristics of included AIS patients across distinct 
trajectory groups. A series of multinomial logistic regression models 
were performed to explore the association between early depressive 
symptoms and trajectories of functional recovery (mRS, BI) over time. 
Firstly, we ran the univariate analysis to test the association between 
early depressive symptoms, covariates and functional recovery 
trajectories, respectively (Supplementary Tables S3, S4). Then, only 
those significant ( p<0.05) univariate factors were allowed to enter into 
the final multivariate logistic regression models, and multicollinearity 
was assessed among all variables using the variance inflation factor. To 
assess the effect of early depressive symptoms on trajectories of 
functional recovery, we incorporated covariates adjustment into the 
models in turn. For the mRS trajectories, (1) Model I was the base 
model adjusting for baseline depressive symptoms; (2) Model II: 
model I plus stroke-related factors (NIHSS, stroke rehabilitation, 
OCSP classification, hypertension, diabetes, atrial fibrillation, and 
smoking status); (3) Model III: model II plus sociodemographic 
factors (age, sex, and marital status). For the BI trajectories, (1) Model 
I was the base model adjusting for baseline depressive symptoms; (2) 
Model II: model I plus stroke-related factors (NIHSS, stroke 
rehabilitation, OCSP classification, hypertension, and diabetes); (3) 
Model III: model II plus sociodemographic factor (sex). Odds ratios 
(ORs) and 95% confidence intervals (CIs) for the effect of early 
depressive symptoms on mRS or BI trajectories were reported.

To further assess the robustness of the set of logistic regression 
models, the E-values were computed to evaluate the minimum 
strength of association, on the OR scale, that an unmeasured 
confounder would need to have with both early depressive symptoms 
and distinct trajectories of functional recovery to fully nullify the 
observed association, conditional on the measured covariates (50). 
Considering the sample size distribution among BI trajectory 
subgroups and the stability of the model, another sensitivity analysis 
was performed by excluding the small “moderate high–rapid decline” 
subgroup (accounting for 8.3% of the sample). The BI trajectory 
model was refitted to re-examine the association between early 
depressive symptoms and functional recovery trajectories. All 
statistical analyses were performed using R software version 4.3.2 and 
IBM SPSS version 26.0. The statistical significance was set at two-sided 
p < 0.05 throughout.

3 Results

3.1 Sample characteristics

Figure 1 shows the flow diagram of AIS patients assessed at 
each time point. In this study, we included patients who had mRS 
and BI measurements at three time points (T1, T2, and T3) and 
excluded those with missing data due to loss to follow-up or 
death. A total of 219 patients were enrolled in the study. 
Participants who withdrew from the study (n = 11) showed no 
significant differences in depressive symptoms ( p = 0.217) at 
baseline, age ( p = 0.468), gender ( p = 0.154), marital status  
( p = 0.067), and comorbidities ( p  > 0.05), but had higher NIHSS 
scores ( p = 0.007). It could be explained that those patients were 
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more likely to discontinue their participation from the study due 
to more severe brain damage. Table 1 presents the baseline 
characteristics of the study patients, which was consistent with 
those of stroke patients reported by the China National Stroke 
Registry (CNSR) (51, 52).

3.2 Trajectories of mRS and baseline 
characteristics

Three distinct mRS trajectory groups were identified as the best 
model according to the recommended statistical criteria (Figure 2A; 
Supplementary Table S5). The AIS patients were divided into 3 
groups based on their mRS trajectories: Group 1 (mild trajectory, 
41.6%) contained 91 patients with mRS scores below 2 during the 
first 6 months after stroke onset, indicating excellent functional 
recovery; Group 2 (moderate trajectory, 31.5%) contained 69 patients 
with mRS scores began at close to 4 during acute hospitalization and 
gradually decreased to around 3 during 3-month follow-up and then 
maintained this level until 6-month follow-up, indicating poor 
functional recovery; Group 3 (severe trajectory, 26.9%) contained 59 
patients with mRS scores began at around 4 but then continued to 
increase rapidly until the end of the follow-up, indicating worsening 
functional recovery. Longitudinal changes in functional status after 
stroke onset across different mRS trajectory groups are shown in 
Supplementary Figure S1.

Table 2 presents the sociodemographic and clinical characteristics 
of patients in three mRS trajectory groups. Patients in the severe 
trajectory were more likely to be older and unmarried, had a greater 
proportion of posterior circulation infarct (POCI), and higher 
admission NIHSS score, whereas patients in the mild trajectory were 
more likely to be women, had a greater proportion of lacunar 
circulation infarcts (LACI) and small artery occlusion (SAO), and a 
lower burden of hypertension, diabetes, atrial fibrillation and stroke 
rehabilitation ( p < 0.05).

3.3 Trajectories of BI and baseline 
characteristics

Five distinct BI trajectory groups were similarly identified by our 
model based on the criteria and clinical interpretability (Figure 2B; 
Supplementary Table S5): Group1(low-rapid rise trajectory, 9.1%) 
included 20 patients whose BI scores were the lowest in the acute 
stage then rose rapidly over time, representing a gradual 
improvement in ADL; Group 2 (moderate low-stable trajectory, 
10.0%) included 22 patients with BI scores started below 40 then 
stabilized between 50 and 55; Group 3 (moderate-progressive rise 
trajectory, 28.8%) included 63 individuals and followed a similar 
pattern to the group 2, with BI scores fluctuating between 50 and 90, 
and these two groups exhibited mild to moderate dependence in 
ADL; Group 4 (moderate high-rapid decline trajectory, 8.3%) 

FIGURE 1

Flow diagram of patients with acute ischemic stroke (AIS).
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included 18 patients referring to those who initially had BI levels 
similar to the group 3 but continued to decline acutely over the 
following time, representing a progressive deterioration in ADL; 
Group 5 (high-stable trajectory, 43.8%) included 96 patients with 
persistently high BI levels during the first 6 months after onset, 
representing the functional independence. The functional changes 
following acute stroke between different BI trajectory groups are 
shown in Supplementary Figure S2.

The sociodemographic and clinical profiles of patients by BI 
trajectories are shown in Table 3. Patients in the high-stable trajectory 
tended to have lower NIHSS scores on admission, a higher proportion 
of SAO, and a lower rate of stroke rehabilitation, whereas those in the 
low-rapid rise trajectory were more likely to carry a greater burden of 
hypertension and diabetes ( p < 0.05).

3.4 Early depressive symptoms and 
trajectories of functional recovery

Tables 4, 5 present the association between early depressive 
symptoms and trajectories of functional recovery (mRS, BI) during 
the 6-month follow-up period after onset of stroke in multivariable 
logistic regression models with adjustment for relevant covariates, 
respectively.

For mRS trajectories (Table 4), the unadjusted model (Model I) 
revealed that compared with the mild trajectory group, early 
depressive symptoms increased odds of patients belonging to the 
moderate (OR 12.54, 95% CI 5.88–26.77) and severe (OR 53.25, 95% 
CI 14.96–189.55) trajectory group. After adjusting for 
sociodemographic (age, sex, and marital status) and stroke-related 
factors (NIHSS at admission, stroke rehabilitation, OCSP 

TABLE 1  Baseline characteristics of patients with acute ischemic stroke 
(N = 219).

Characteristics Value

Age (years), mean ±SD 66.7 ± 9.90

Sex, n (%)

 � Male 143 (65.3)

 � Female 76 (34.7)

Marital status, n (%)

 � Married 180 (82.2)

 � Divorced/single/widowed 39 (17.8)

Educational level, n (%)

 � Illiterate 21 (9.6)

 � Primary school 31 (14.2)

 � Middle school 60 (27.4)

 � High school 64 (29.2)

 � University/college or above 43 (19.6)

Residence, n (%)

 � Urban 191 (87.2)

 � Rural 28 (12.8)

Occupational status, n (%)

 � Employed 31 (14.2)

 � Retired 163 (74.4)

 � Unemployed 25 (11.4)

Household income/yuan per year, n (%)

 � Under 50,000 yuan 64 (29.2)

 � Among 50,000–100,000 yuan 114 (52.1)

 � Over 100,000 yuan 41 (18.7)

NIHSS, median (IQR) 7 (3–11)

OCSP classification, n (%)

 � TACI 22 (10.0)

 � PACI 57 (26.0)

 � POCI 63 (28.8)

 � LACI 77 (35.2)

TOAST classification, n (%)

 � LAA 70 (32.0)

 � CE 32 (14.6)

 � SAO 74 (33.8)

 � ODE 39 (17.8)

 � UDE 4 (1.8)

Therapeutic options, n (%)

 � Intravenous thrombolysis 26 (11.9)

 � Intra-arterial thrombectomy 4 (1.8)

 � Conservative therapy 189 (86.3)

Comorbidities, n (%)

 � Hypertension 166 (75.8)

 � Diabetes 95 (43.4)

(Continued)

TABLE 1  (Continued)

 � Dyslipidemia 44 (20.1)

 � Atrial fibrillation 32 (14.6)

Risk factors

 � History of stroke, n (%) 47 (21.4)

Smoking status, n (%)

 � Former smoker 44 (20.1)

 � Never smoker 126 (57.5)

 � Current smoker 49 (22.4)

Drinking status, n (%)

 � Former drinker 23 (10.5)

 � Never drinker 122 (55.7)

 � Current drinker 74 (33.8)

BMI (≥24 kg/m2), n (%) 116 (53.0)

Stroke rehabilitation, n (%) 57 (26.0)

Depressive symptoms, n (%) 118 (53.9)

NIHSS, National Institutes of Health Stroke Scale; OCSP, Oxfordshire Community Stroke 
Project; TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; 
POCI, posterior circulation infarct; LACI, lacunar circulation infarcts; TOAST, Trial of ORG 
10172 in Acute Stroke Treatment; LAA, Large-artery atherothrombotic; CE, Cardioembolic; 
SAO, Small-artery occlusion; ODE, Other determined etiology; UDE, Undetermined 
etiology; BMI, body mass index; n, number; SD, Standard Deviation; IQR, Interquartile.
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classification, hypertension, diabetes, atrial fibrillation, and smoking 
status), the fully adjusted model (Model III) confirmed the results. 
Additionally, stroke severity at baseline independently predicted poor 
recovery trajectories, either in unadjusted or adjusted analyses  
( p < 0.001).

For BI trajectories (Table 5), the unadjusted model (Model I) 
demonstrated that early depressive symptoms were associated with an 
increased likelihood of patients being in the low-rapid rise (OR 38.0, 
95% CI 4.87–296.71), moderate low-stable (OR 12.67, 95% CI 3.49–
45.99), moderate-progressive rise (OR 2.85, 95% CI 1.48–5.49), and 
moderate high-rapid decline (OR 34.0, 95% CI 4.33–267.02) trajectory 
groups, compared to the high-stable trajectory group. After adjusting 
for all covariates (Model III), the association between early depressive 
symptoms and the first three trajectory groups was no longer 
significant, but remained significant for the moderate high-rapid 
decline trajectory group (OR 12.93, 95% CI 1.49–112.42). The stroke 
severity at baseline was also significantly related to the BI trajectory 
groups throughout models ( p < 0.001 ).

3.5 Sensitivity analyses

We calculated the E-values to assess the robustness of observed 
associations against potential unmeasured confounder factors, as 
shown in Supplementary Table S6. The E-values for the associations 
between early depressive symptoms and mRS trajectories were 5.18 
(moderate vs. mild) and 9.35 (severe vs. mild). Similarly, for the 
relationship between early depressive symptoms and BI trajectories, 

the E-value for the OR was 6.65 in the comparison between moderate 
high-rapid decline and high-stable trajectory group. This indicates 
that the observed associations could potentially be explained by an 
unmeasured confounder factor associated with both the exposure and 
the outcome, with a relative risk greater than the reported E-values, 
conditional on the measured covariates. The refitted model identified 
three distinct BI recovery trajectories (Supplementary Figure S3): a 
“moderate-low functional recovery” (Class 1, 15.4%, BI slowly 
improved from ≈20 to ≈50), a “high-stability” (Class 2, 59.2%, BI ≈80 
maintained from T1, set as reference), and a “gradual 
improvement”(Class 3, 25.4%, BI increased from ≈40 at T1 to ≈80 at 
T3). In the adjusted multinomial logistic regression 
(Supplementary Table S7), early depressive symptoms remained 
significantly associated with the less favorable “moderate-low 
functional recovery” trajectory (OR = 3.62, 95% CI: 1.36–9.67, 
p = 0.010) but not with the “gradual improvement” trajectory 
(OR = 4.70, 95% CI: 0.90–24.69, p = 0.067). This confirms that the 
core finding—linking early depressive symptoms specifically to 
unfavorable functional recovery trajectories—is robust and not 
substantially altered by the exclusion of the smallest subgroup.

4 Discussion

In this longitudinal study of patients with AIS, we identified 
distinct trajectory groups through the dynamic change patterns of 
functional recovery (mRS, BI) during the first 6 months after stroke 
onset. The three distinct mRS trajectories were characterized by mild, 

FIGURE 2

Trajectories of functional recovery. (A) shows the identified trajectories of mRS score across different severity groups. (B) presents the trajectories of BI 
score across different recovery patterns. mRS, modified Rankin Scale; BI, Barthel Index. T1, baseline; T2, 3months; T3, 6 months; T1 to T3 represent the 
assessments performed at different time points.
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TABLE 2  Characteristics of patients by mRS trajectory groups (n = 219).

Characteristics Trajectories of mRS p value

Mild Moderate Severe

(n = 91) (n = 69) (n = 59)

Age (years), mean ±SD 65.3 ± 9.8 65.3 ± 9.2 70.4 ± 9.8 0.003

Sex, n (%) 0.025

 � Male 50 (54.9) 50 (72.5) 43 (72.9)

 � Female 41 (45.1) 19 (27.5) 16 (27.1)

Marital status, n (%) 0.005

 � Married 82 (90.1) 57 (82.6) 41 (69.5)

 � Divorced/single/widowed 9 (9.9) 12 (17.4) 18 (30.5)

Educational level, n (%) 0.944

 � Illiterate 9 (9.9) 7 (10.1) 5 (8.5)

 � Primary school 11 (12.1) 12 (17.4) 8 (13.6)

 � Middle school 23 (25.3) 17 (24.6) 20 (33.9)

 � High school 29 (31.9) 19 (27.5) 16 (27.1)

 � University/college or above 19 (20.9) 14 (20.3) 10 (16.9)

Residence, n (%) 0.360

 � Urban 82 (90.1) 57 (82.6) 52 (88.1)

 � Rural 9 (9.9) 12 (17.4) 7 (11.9)

Occupational status, n (%) 0.586

 � Employed 15 (16.5) 9 (13.0) 7 (11.9)

 � Retired 67 (73.6) 49 (71.0) 47 (79.7)

 � Unemployed 9 (9.9) 11 (16.0) 5 (8.5)

Household income/yuan per year, n (%) 0.101

 � Under 50,000 yuan 19 (20.9) 23 (33.3) 22 (37.3)

 � Among 50,000–100,000 yuan 57 (62.6) 32 (46.4) 25 (42.4)

 � Over 100,000 yuan 15 (16.5) 14 (20.3) 12 (20.3)

NIHSS, median (IQR) 3 (2–4) 10 (7–12) 11 (8–14) <0.001

OCSP classification, n (%) 0.007

 � TACI 7 (7.7) 10 (14.5) 5 (8.5)

 � PACI 20 (22.0) 19 (27.5) 18 (30.5)

 � POCI 19 (20.9) 20 (29.0) 24 (40.7)

 � LACI 45 (49.5) 20 (29.0) 12 (20.3)

TOAST classification, n (%) 0.002

 � LAA 17 (18.7) 30 (43.5) 23 (39.0)

 � CE 16 (17.6) 7 (10.1) 9 (15.3)

 � SAO 45 (49.5) 15 (21.7) 14 (23.7)

 � ODE 12 (13.2) 16 (23.2) 11 (18.6)

 � UDE 1 (1.1) 1 (1.4) 2 (3.4)

Therapeutic options, n (%) 0.136

 � Intravenous thrombolysis 13 (14.3) 9 (13.0) 4 (6.8)

 � Intra-arterial thrombectomy 0 1 (1.5) 3 (5.1)

 � Conservative therapy 78 (85.7) 59 (85.5) 52 (88.1)

Comorbidities, n (%)

 � Hypertension 61 (67.0) 57 (82.6) 48 (81.4) 0.038
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moderate, and severe, while five distinct BI trajectories were 
categorized as low-rapid rise, moderate low-stable, moderate-
progressive rise, moderate high-rapid decline, and high-stable. We 
found that depressive symptoms in the acute stage of stroke were 
associated with worsening functional recovery trajectories within the 
6-month poststroke period in AIS patients after adjustment for 
covariates. Specifically, patients with early depressive symptoms had 
the highest risk of mRS trajectories belonging to the severe trajectory 
group. In particular, patients with early depressive symptoms were 
uniquely associated with an increased probability of membership in 
the moderate high-rapid decline trajectory group compared to other 
BI trajectories. To our best knowledge, this is the first study to report 
the relationship between baseline depressive symptoms and the 
longitudinal trajectories of functional recovery in Chinese patients 
with AIS.

The functional recovery trajectory of post-stroke is heterogeneous 
among individuals and varies over time. Several studies have 
suggested that functional recovery after stroke continues to evolve in 
different patterns, such as improvement, deterioration, or stability in 
different subgroups (53, 54). Our finding of the five BI trajectories 
was in line with the result of a prior study (47), although there were 
some changes in the patterns of trajectories. Another study has 
reported four mRS trajectories including no significant, slight, severe 
to moderate, and persistent severe disability among ischemic stroke 
patients age≥22 years during one-year follow-up (55), whereas the 
no significant disability trajectory was not identified in our study. The 
main reason for the variation in the number of trajectories might be 
attributed to the older age of the patients in our study, who were 
therefore more likely to be in the severe trajectory group (26.9%). 
Furthermore, the differences could be partly explained by the sample 

size and the procedure of follow-up (e.g., assessment frequencies, 
evaluation methods, and observation duration).

Our study showed that depressive symptoms within 
hospitalization predicted poor functional outcomes following 
acute stroke, which was consistent with the findings of previous 
studies (3, 18, 19). Although the correlation between depressive 
symptoms and stroke-related outcomes has been confirmed using 
various measurements ranging from weeks or months to years 
after ischemic stroke (56, 57), few studies have investigated the 
impact of depressive symptoms in the acute stage on heterogeneous 
trajectories of functional recovery. Our study further 
supplemented previous research by identifying the dynamic 
patterns of functional recovery. Unlike single or two time-point 
assessments, evaluating the dynamic changes in functional 
recovery may provide deeper insights into the prognosis for AIS 
patients. Moreover, we found that in the fully adjusted models, 
patients with early depressive symptoms consistently had a higher 
likelihood of belonging to the “severe” mRS trajectory group or 
the “moderate high-rapid decline” BI trajectory group. The 
finding suggests that individuals who experience depressive 
symptoms in the acute stage of stroke would face greater 
challenges in rehabilitation. It highlights the importance of 
detecting depression in the early phase after stroke onset, and has 
significant clinical implications (58, 59). Stroke severity was also 
found to be significantly related to adverse recovery, underscoring 
the pivotal impact of initial neurological deficits on stroke 
outcomes. It is noteworthy that depressive symptoms in the acute 
stage is connected with biological changes, such as inflammation 
and impaired brain neuroplasticity, as well as behavioral changes, 
including reduced motivation in rehabilitation engagement, social 

TABLE 2  (Continued)

Characteristics Trajectories of mRS p value

Mild Moderate Severe

(n = 91) (n = 69) (n = 59)

 � Diabetes 28 (30.8) 37 (53.6) 30 (50.8) 0.006

 � Dyslipidemia 16 (17.6) 11 (16.0) 17 (28.8) 0.143

 � Atrial fibrillation 8 (8.8) 16 (23.2) 8 (13.6) 0.037

BMI (≥24 kg/m2), n (%) 55 (60.4) 34 (49.3) 27 (45.8) 0.162

History of stroke, n (%) 16 (17.6) 16 (23.2) 15 (25.4) 0.476

Smoking status, n (%) 0.124

 � Current smoker 23 (25.3) 19 (27.5) 7 (11.9)

 � Never smoker 52 (57.1) 39 (56.5) 35 (59.3)

 � Former smoker 16 (17.6) 11 (16.0) 17 (28.8)

Drinking status, n (%) 0.122

 � Current drinker 27 (29.7) 31 (44.9) 16 (27.1)

 � Never drinker 54 (59.3) 34 (49.3) 34 (57.6)

 � Former drinker 10 (11.0) 4 (5.8) 9 (15.3)

Stroke rehabilitation, n (%) 8 (8.8) 29 (42.0) 20 (33.9) <0.001

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project; TACI, total anterior circulation infarct; PACI, partial anterior 
circulation infarct; POCI, posterior circulation infarct; LACI, lacunar circulation infarcts; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; LAA, Large-artery atherothrombotic; CE, 
Cardioembolic; SAO, Small-artery occlusion; ODE, Other determined etiology; UDE, Undetermined etiology; BMI, body mass index; n, number; SD, Standard Deviation; IQR, Interquartile. 
Values in bold indicate statistical significance with ( p < 0.05).
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TABLE 3  Characteristics of patients by BI trajectory groups (n = 219).

Characteristics Trajectories of BI p value

Low-rapid 
rise

Moderate low-
stable

Moderate-
progressive rise

Moderate 
high-rapid 

decline

High-stable

(n = 20) (n = 22) (n = 63) (n = 18) (n = 96)

Age (years), mean ±SD 68.2 ± 11.2 67.4 ± 8.3 67.6 ± 9.2 69.8 ± 11.1 65.0 ± 10.1 0.210

Sex, n (%) 0.171

 � Male 17 (85.0) 16 (72.7) 41 (65.1) 13 (72.2) 56 (58.3)

 � Female 3 (15.0) 6 (27.3) 22 (34.9) 5 (27.8) 40 (41.7)

Marital status, n (%) 0.300

 � Married 15 (75.0) 19 (86.7) 49 (77.8) 13 (72.2) 84 (87.5)

 � Divorced/single/

widowed

5 (25.0) 3 (13.6) 14 (22.2) 5 (27.8) 12 (12.5)

Educational level, n (%) 0.414

 � Illiterate 1 (5.0) 4 (18.2) 7 (11.1) 1 (5.6) 8 (8.3)

 � Primary school 2 (10.0) 1 (4.5) 11 (17.5) 4 (22.2) 13 (13.5)

 � Middle school 10 (50.0) 4 (18.2) 12 (19.0) 7 (38.9) 27 (28.1)

 � High school 3 (15.0) 8 (36.4) 18 (28.6) 4 (22.2) 31 (32.3)

 � University/college or 

above

4 (20.0) 5 (22.7) 15 (23.8) 2 (11.1) 17 (17.7)

Residence, n (%) 0.535

 � Urban 18 (90.0) 17 (77.3) 56 (88.9) 17 (94.4) 83 (86.5)

 � Rural 2 (10.0) 5 (22.7) 7 (11.1) 1 (5.6) 13 (13.5)

Occupational status, n (%) 0.871

 � Employed 3 (15.0) 3 (13.6) 7 (11.1) 2 (11.1) 16 (16.7)

 � Retired 16 (80.0) 16 (72.7) 46 (73.0) 15 (83.3) 70 (72.9)

 � Unemployed 1 (5.0) 3 (13.6) 10 (15.9) 1 (5.6) 10 (10.4)

Household income/yuan 

per year, n (%)

0.197

 � Under 50,000 yuan 9 (45.0) 6 (27.3) 17 (27.0) 9 (50.0) 23 (24.0)

 � Among 50,000–100,000 

yuan

7 (35.0) 10 (45.5) 32 (50.8) 8 (44.4) 57 (59.4)

 � Over 100,000 yuan 4 (20.0) 6 (27.3) 14 (22.2) 1 (5.6) 16 (16.7)

NIHSS, median (IQR) 15 (9.3–17) 13 (10–17) 10 (7–12) 9.5 (7–11.3) 3 (2–5) <0.001

OCSP classification, n (%) 0.066

 � TACI 4 (20.0) 3 (13.6) 7 (11.1) 2 (11.1) 6 (6.3)

 � PACI 4 (20.0) 9 (40.9) 15 (23.8) 6 (33.3) 23 (24.0)

 � POCI 8 (40.0) 4 (18.2) 24 (38.1) 6 (33.3) 21 (21.9)

 � LACI 4 (20.0) 6 (27.3) 17 (27.0) 4 (22.2) 46 (47.9)

TOAST classification, n 

(%)

0.005

 � LAA 8 (40.0) 13 (59.1) 19 (30.2) 7 (38.9) 23 (24.0)

 � CE 4 (20.0) 2 (9.1) 8 (12.7) 5 (27.8) 13 (13.5)

 � SAO 3 (15.0) 5 (22.7) 17 (27.0) 3 (16.7) 46 (47.9)

 � ODE 4 (20.0) 1 (4.5) 19 (30.2) 3 (16.7) 12 (12.5)

 � UDE 1 (5.0) 1 (4.5) 0 0 2 (2.1)
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participation, and lifestyle modifications, and these factors in turn 
have detrimental effects on functional outcomes after stroke (1).

Although depression after stroke is highly prevalent, and it’s a 
range of unfavorable stroke-related outcomes, only a minority of AIS 
patients receive early detection during hospitalization. Neurologists 
should therefore prioritize structured depression screening in the 
acute phase, as endorsed by the American Heart Association/
American Stroke Association (AHA/ASA) (60). Our findings extend 
this generic recommendation by providing a data-driven framework 
for risk stratification and subsequent management. Specifically, early 
depressive symptoms serve not only as a marker of psychological 
distress but also as a robust indicator for identifying patients at the 
greatest risk of following the most adverse functional recovery 
trajectories, namely the “severe” mRS and “moderate high–rapid 
decline” BI pathways. Consequently, a positive screen in the acute 
phase should immediately categorize a patient into a high-risk 
surveillance group. For these individuals, standard post-discharge 
monitoring must be intensified, with the 3-month follow-up 

constituting a critical decision point to detect early functional decline. 
This trajectory-informed perspective enables clinicians to move 
beyond a one-size-fits-all approach, allowing for the timely escalation 
of rehabilitation intensity and the integration of mental health 
interventions precisely when they are most needed to alter the 
projected recovery course. Thus, by linking acute depressive 
symptomatology to probable long-term functional outcomes, our 
study argues for transforming depression screening from an isolated 
check-box into the initial step of a dynamic, personalized management 
protocol aimed at mitigating the risk of the poorest recoveries.

The current study made contributions to the early detection and 
effective management tailored to those patients at higher risk by 
firstly exploring the associations between acute-phase depressive 
symptoms and specific patterns of recovery over time based on the 
application of GBTM. The functional outcomes in this study were 
comprehensively assessed by two widely adopted and validated 
instruments from different domains, which helps clinicians capture 
subtle changes in functional status to formulate more detailed 

TABLE 3  (Continued)

Characteristics Trajectories of BI p value

Low-rapid 
rise

Moderate low-
stable

Moderate-
progressive rise

Moderate 
high-rapid 

decline

High-stable

(n = 20) (n = 22) (n = 63) (n = 18) (n = 96)

Therapeutic options, n 

(%)

0.086

 � Intravenous 

thrombolysis

1 (5.0) 3 (13.6) 9 (14.3) 0 13 (13.5)

 � Intra-arterial 

thrombectomy

0 2 (9.1) 2 (3.2) 0 0

 � Conservative therapy 19 (95.0) 17 (77.3) 52 (82.5) 18 (100.0) 83 (86.5)

Comorbidities, n (%)

 � Hypertension 18 (90.0) 19 (86.4) 52 (82.5) 14 (77.8) 63 (65.6) 0.032

 � Diabetes 14 (70.0) 9 (40.9) 34 (54.0) 8 (44.4) 30 (31.3) 0.006

 � Dyslipidemia 7 (35.0) 5 (22.7) 11 (17.5) 6 (33.3) 15 (15.6) 0.178

 � Atrial fibrillation 4 (20.0) 5 (22.7) 10 (15.9) 3 (16.7) 10 (10.4) 0.538

BMI (≥24 kg/m2), n (%) 11 (55.0) 9 (40.9) 37 (58.7) 6 (33.3) 53 (55.2) 0.274

History of stroke, n (%) 4 (20.0) 5 (22.7) 18 (28.6) 4 (22.2) 16 (16.7) 0.517

Smoking status, n (%) 0.247

 � Current smoker 4 (20.0) 4 (18.2) 15 (23.8) 0 26 (27.1)

 � Never smoker 11 (55.0) 11 (50.0) 37 (58.7) 12 (66.7) 55 (57.3)

 � Former smoker 5 (25.0) 7 (31.8) 11 (17.5) 6 (33.3) 15 (15.6)

Drinking status, n (%) 0.429

 � Current drinker 10 (50.0) 9 (40.9) 22 (34.9) 2 (11.1) 31 (32.3)

 � Never drinker 8 (40.0) 10 (45.5) 35 (55.6) 13 (72.2) 56 (58.3)

 � Former drinker 2 (10.0) 3 (13.6) 6 (9.5) 3 (16.7) 9 (9.4)

Stroke rehabilitation, n 

(%)

10 (50.0) 13 (59.1) 20 (31.7) 6 (33.3) 8 (8.3) <0.001

BI, Barthel Index; NIHSS, National Institutes of Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project; TACI, total anterior circulation infarct; PACI, partial anterior circulation 
infarct; POCI, posterior circulation infarct; LACI, lacunar circulation infarcts; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; LAA, Large-artery atherothrombotic; CE, 
Cardioembolic; SAO, Small-artery occlusion; ODE, Other determined etiology; UDE, Undetermined etiology; BMI, body mass index; n, number; SD: Standard Deviation; IQR, Interquartile. 
Values in bold indicate statistical significance with ( p < 0.05).

https://doi.org/10.3389/fneur.2026.1737884
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Li et al.� 10.3389/fneur.2026.1737884

Frontiers in Neurology 11 frontiersin.org

support strategies for stroke patients. However, several limitations of 
this study should be noted. First, as a symptom-rating scale rather 
than a diagnostic instrument, the CES-D may have overestimated the 
prevalence of depressive symptoms in the acute setting due to 

overlapping somatic items (e.g., fatigue, sleep disturbance) that could 
reflect neurological impairment rather than depressive affect. 
Although the CES-D had demonstrated reliability and validity in 
stroke populations (25, 28), this inherent measurement bias limited 

TABLE 4  Association between depressive symptoms and trajectories of mRS.

Variables Moderate vs. Mild Severe vs. Mild

OR (95% CI) p value OR (95% CI) p value

Model I

Depressive symptoms 12.54 (5.88, 26.77) <0.001 53.25 (14.96, 189.55) <0.001

Model II

Depressive symptoms 8.47 (2.96, 24.20) <0.001 30.21 (6.83, 133.57) <0.001

NIHSS 1.61 (1.33, 1.95) <0.001 1.72 (1.40, 2.10) <0.001

Stroke rehabilitation 1.58 (0.38, 6.60) 0.531 1.08 (0.23, 5.01) 0.921

OCSP classification

 � TACI 0.46 (0.08, 2.71) 0.388 0.66 (0.09, 5.13) 0.694

 � PACI 1.05 (0.30, 3.71) 0.940 1.57 (0.37, 6.77) 0.543

 � POCI 1.29 (0.36, 4.64) 0.695 2.44 (0.55, 10.90) 0.243

 � LACI (ref)

Hypertension 1.15 (0.35, 3.81) 0.818 1.10 (0.27, 4.52) 0.897

Diabetes 2.38 (0.83, 6.83) 0.106 1.91 (0.57, 6.37) 0.293

Atrial fibrillation 0.85 (0.18, 3.99) 0.833 0.35 (0.06, 2.05) 0.243

Smoking status

 � Former smoker 0.26 (0.05, 1.26) 0.095 1.32 (0.20, 8.65) 0.776

 � Never smoker 0.61 (0.18, 2.07) 0.427 2.59 (0.53, 12.62) 0.240

 � Current smoker (ref)

Model III

Depressive symptoms 8.22 (2.77, 24.39) <0.001 24.41 (5.33, 111.90) <0.001

NIHSS 1.62 (1.34, 1.96) <0.001 1.70 (1.38, 2.09) <0.001

Stroke rehabilitation 1.71 (0.40, 7.28) 0.466 1.39 (0.29, 6.81) 0.682

OCSP classification

 � TACI 0.37 (0.06, 2.41) 0.296 0.76 (0.09, 6.54) 0.802

 � PACI 1.00 (0.25, 3.97) 0.998 2.22 (0.43, 11.43) 0.339

 � POCI 1.04 (0.28, 3.86) 0.957 2.35 (0.49, 11.28) 0.287

 � LACI (ref)

Hypertension 1.40 (0.39, 5.02) 0.602 1.30 (0.27, 6.28) 0.744

Diabetes 2.43 (0.81, 7.30) 0.114 1.73 (0.49, 6.05) 0.391

Atrial fibrillation 0.70 (0.14, 3.56) 0.664 0.23 (0.04, 1.48) 0.121

Smoking status

 � Former smoker 0.27 (0.05, 1.38) 0.115 1.21 (0.17, 8.76) 0.851

 � Never smoker 1.83 (0.40, 8.36) 0.434 4.82 (0.71, 32.76) 0.108

 � Current smoker (ref)

Age 0.99 (0.93, 1.04) 0.605 1.05 (0.98, 1.12) 0.198

Sex (Male) 4.61 (0.97, 19.67) 0.059 4.45 (0.88, 22.46) 0.071

Marital status (Married) 0.50 (0.11, 2.27) 0.372 0.25 (0.05, 1.31) 0.102

Model I: no adjustment; Model II: adjust for NIHSS, stroke rehabilitation, OCSP classification, hypertension, diabetes, atrial fibrillation, smoking status; Model III: NIHSS, stroke 
rehabilitation, OCSP classification, hypertension, diabetes, atrial fibrillation, smoking status, age, sex (male), marital status (married). mRS, modified Rankin Scale; NIHSS, National Institutes 
of Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project; TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; 
LACI, lacunar circulation infarcts; OR: odds ratio, CI: confidence intervals; ref, Reference. Values in bold indicate statistical significance with ( p < 0.05).
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the specificity of the score during the early post-stroke period and 
could have led to an inflated estimation of symptom burden. Second, 
given that the median NIHSS score at admission was 7 (interquartile 
range, 2–11), and patients who dropped out during follow-up were 
older and had a severe stroke at baseline, which may result in the 
study population with predominantly moderate and mild stroke 
severity. The conclusions of this study should be interpreted and 
extrapolated cautiously to other AIS patients. Third, functional status 
was assessed at only three time points (T1-T3), and participants with 
missing mRS and/or BI measurements were excluded, whereas more 
ample data could provide a more accurate analysis of trajectory. 
Furthermore, while telephone interviews were employed to improve 
follow-up rates, particularly among patients with severe disability, 

this method may have compromised the accuracy of certain BI items 
(e.g., transfers and stair climbing) that require direct observation, 
potentially introducing measurement bias toward overestimating 
functional independence, despite evidence supporting the reliability 
of telephone-assessed mRS. (23) Fourth, only 8.3% of patients 
exhibited moderate high-rapid decline of function. We may have 
been underpowered to detect clinically significant differences duo to 
the uneven sample sizes between the groups of BI trajectories. 
However, it is recommended that the minimum sample size of each 
BI trajectory group is more than 5% of the total population (17). 
Fifth, while this longitudinal study adjusted for key covariates 
including stroke severity (NIHSS) and lesion characteristics (OCSP/
TOAST classification), residual confounding due to unmeasured 

TABLE 5  Association between depressive symptoms and trajectories of BI.

Variables Low-rapid rise Moderate low-stable Moderate-progressive 
rise

Moderate high-rapid 
decline

vs High-stable vs High-stable vs High-stable vs High-stable

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Model I

Depressive 

symptoms

38.00 (4.87, 

296.71)
0.001 12.67 (3.49, 45.99) <0.001 2.85 (1.48, 5.49) 0.002 34.00 (4.33,267.02) 0.001

Model II

Depressive 

symptoms
8.28 (0.76, 90.19) 0.083 2.66 (0.49, 14.56) 0.261 0.94 (0.36, 2.460) 0.902 13.11 (1.51, 113.95) 0.020

NIHSS 2.57 (1.98, 3.34) <0.001 2.47 (1.92, 3.18) <0.001 1.81 (1.49, 2.19) <0.001 1.69 (1.34, 2.12) <0.001

Stroke rehabilitation 1.90 (0.36, 9.91) 0.449 2.77 (0.56, 13.61) 0.210 0.97 (0.28, 3.40) 0.964 1.06 (0.23, 4.98) 0.939

Hypertension 4.03 (0.51, 32.25) 0.188 4.76 (0.70, 32.41) 0.111 1.63 (0.54, 4.97) 0.390 1.43 (0.31, 6.59) 0.645

Diabetes 4.53 (0.99, 20.83) 0.052 1.12 (0.27, 4.62) 0.874 1.89 (0.73, 4.89) 0.187 1.17 (0.32, 4.25) 0.817

OCSP classification

 � TACI 0.75 (0.06, 9.60) 0.828 0.36 (0.03, 4.29) 0.416 0.54 (0.08, 3.69) 0.532 0.90 (0.08, 10.49) 0.934

 � PACI 0.34 (0.04, 2.78) 0.311 0.81 (0.14, 4.73) 0.818 0.72 (0.21, 2.43) 0.593 1.01 (0.19, 5.34) 0.987

 � POCI 0.56 (0.09, 3.71) 0.550 0.25 (0.04, 1.64) 0.147 0.91 (0.29, 2.84) 0.872 0.98 (0.19, 5.16) 0.985

 � LACI (ref)

Model III

�Depressive 

symptoms
8.55 (0.75, 97.47) 0.084 2.59 (0.47, 14.36) 0.277 0.94 (0.36, 2.46) 0.897 12.93 (1.49, 112.42) 0.021

NIHSS 2.62 (2.00, 3.42) <0.001 2.48 (1.92, 3.19) <0.001 1.81 (1.49, 2.20) <0.001 1.69 (1.34, 2.12) <0.001

Stroke rehabilitation 1.68 (0.31, 8.99) 0.546 2.70 (0.55, 13.35) 0.223 0.99 (0.28, 3.50) 0.988 1.05 (0.22, 4.97) 0.950

Hypertension 5.72 (0.65, 50.13) 0.115 5.25 (0.73, 38.08) 0.101 1.58 (0.51, 4.85) 0.425 1.46 (0.31, 6.91) 0.637

Diabetes 5.04 (1.08, 23.62) 0.051 1.15 (0.28, 4.79) 0.848 1.88 (0.73, 4.85) 0.194 1.17 (0.32, 4.29) 0.813

OCSP classification

 � TACI 0.79 (0.06, 9.89) 0.857 0.33 (0.03, 4.08) 0.391 0.54 (0.08, 3.69) 0.532 0.88 (0.08, 10.31) 0.918

 � PACI 0.34 (0.04, 2.98) 0.328 0.88 (0.15, 5.17) 0.887 0.73 (0.21,2.46) 0.606 1.03 (0.20, 5.42) 0.975

 � POCI 0.44 (0.06, 3.10) 0.407 0.25 (0.04, 1.73) 0.161 0.97 (0.30, 3.13) 0.957 1.00 (0.19, 5.39) 0.999

 � LACI (ref)

Sex (Male) 3.44 (0.52, 22.92) 0.201 1.28 (0.27, 6.18) 0.758 0.81 (0.30, 2.22) 0.686 1.03 (0.25, 4.23) 0.965

Model I: no adjustment; Model II: adjust for NIHSS, Stroke rehabilitation, OCSP classification, hypertension, diabetes; Model III: NIHSS, Stroke rehabilitation, OCSP classification, 
hypertension, diabetes, sex (Male). BI, Barthel Index; NIHSS, National Institutes of Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project; TACI, total anterior circulation infarct; 
PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; LACI, lacunar circulation infarcts; OR: odds ratio, CI: confidence intervals; ref, Reference. Values in bold indicate 
statistical significance with ( p< 0.05).
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psychosocial factors (e.g., social support and coping styles) remained 
possible. Additionally, reverse causality could not be entirely 
eliminated, as depressive symptoms might themselves be influenced 
by post-stroke neurological deficits. Finally, this study depicted the 
recovery trajectories of AIS patients within the initial 6 months after 
acute stroke. However, the observed recovery trajectories may not 
fully represent long-term patterns of functional change, due to 
prolonged recovery periods in some patients (beyond 6 months or 
longer) (61), which may limit the conclusions of the study. Thus, 
studies with larger samples, more complete information on 
demographics, and extended follow-up are needed to further 
elucidate the longer-term relationship between depression and 
dynamic change of functional recovery.

5 Conclusion

In conclusion, three mRS trajectories and five BI trajectories were 
identified in patients with acute ischemic stroke. We found that 
depressive symptoms in the acute phase were associated with poorer 
trajectories of functional recovery within 6 months after stroke onset. 
Our findings further support the recommendations for early 
screening for and effective treatment of depression after stroke, as 
well as for targeted strategies to reduce functional disability, to 
broadly alleviate the enormous burden on stroke survivors 
worldwide.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the Second Affiliated Hospital of Xuzhou Medical 
University. The studies were conducted in accordance with the local 
legislation and institutional requirements. The participants provided 
their written informed consent to participate in this study.

Author contributions

FL: Conceptualization, Data curation, Formal analysis, Writing – 
original draft. XS: Investigation, Writing – review & editing. CZ: 
Investigation, Writing  – review & editing. CP: Data curation, 

Methodology, Visualization, Writing – review & editing. TH: 
Investigation, Writing – review & editing. XW: Conceptualization, 
Methodology, Writing  – review & editing. LR: Investigation, 
Supervision, Writing – review & editing. HL: Investigation, Writing – 
review & editing, Resources, Validation.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This work was supported by the National 
Key Research and Development Program of China 
[2021YFC2500103], the Medical Science and Technology Innovation 
Project of Xuzhou Municipal Health Commission 
[XWKYHT20240054], and the Development Fund of Affiliated 
Hospital of Xuzhou Medical University [XYFM202462].

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

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

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2026.1737884/
full#supplementary-material

References
	1.	Guo, J, Wang, J, Sun, W, and Liu, X. The advances of post-stroke depression: 

2021 update. J Neurol. (2022) 269:1236–49. doi: 10.1007/s00415-021-10597-4
	2.	Hackett, ML, and Pickles, K. Part I: frequency of depression after stroke: an updated 

systematic review and meta-analysis of observational studies. Int J Stroke. (2014) 
9:1017–25. doi: 10.1111/ijs.12357

	3.	Kowalska, K, Krzywoszański, Ł, Droś, J, Pasińska, P, Wilk, A, and 
Klimkowicz-Mrowiec, A. Early depression independently of other 

neuropsychiatric conditions, influences disability and mortality after stroke 
(research study-part of PROPOLIS study). Biomedicine. (2020) 8:509. doi: 
10.3390/biomedicines8110509

	4.	Kouwenhoven, SE, Kirkevold, M, Engedal, K, and Kim, HS. Depression in 
acute stroke: prevalence, dominant symptoms and associated factors. A systematic 
literature review. Disabil Rehabil. (2011) 33:539–56. doi: 10.3109/ 
09638288.2010.505997

https://doi.org/10.3389/fneur.2026.1737884
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2026.1737884/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2026.1737884/full#supplementary-material
https://doi.org/10.1007/s00415-021-10597-4
https://doi.org/10.1111/ijs.12357
https://doi.org/10.3390/biomedicines8110509
https://doi.org/10.3109/09638288.2010.505997
https://doi.org/10.3109/09638288.2010.505997


Li et al.� 10.3389/fneur.2026.1737884

Frontiers in Neurology 14 frontiersin.org

	5.	Shin, M, Sohn, MK, Lee, J, Kim, DY, Shin, YI, Oh, GJ, et al. Post-stroke depression 
and cognitive aging: a multicenter, prospective cohort study. J Pers Med. (2022) 12:389. 
doi: 10.3390/jpm12030389

	6.	Lanctôt, KL, Lindsay, MP, Smith, EE, Sahlas, DJ, Foley, N, Gubitz, G, et al. Cognition 
and fatigue following management of mood and in collaboration with the Canadian 
stroke consortium. Canadian stroke best practice recommendations: mood, cognition 
and fatigue following stroke, 6th edition update 2019. Int J Stroke. (2020) 15:668–88. doi: 
10.1177/1747493019847334

	7.	Duncan, PW, Zorowitz, R, Bates, B, Choi, JY, Glasberg, JJ, Graham, GD, et al. 
Management of adult stroke rehabilitation care: a clinical practice guideline. Stroke. 
(2005) 36:e100–43. doi: 10.1161/01.str.0000180861.54180.ff

	8.	Baker, C, Worrall, L, Rose, M, Hudson, K, Ryan, B, and O'Byrne, L. A systematic 
review of rehabilitation interventions to prevent and treat depression in post-stroke 
aphasia. Disabil Rehabil. (2018) 40:1870–92. doi: 10.1080/09638288.2017.1315181

	9.	Ganesh, A, Luengo-Fernandez, R, Wharton, RM, Gutnikov, SA, Silver, LE, 
Mehta, Z, et al. Time course of evolution of disability and cause-specific mortality after 
ischemic stroke: implications for trial design. J Am Heart Assoc. (2017) 11:e005788. doi: 
10.1161/jaha.117.005788

	10.	Lee, KB, Lim, SH, Kim, KH, Kim, KJ, Kim, YR, Chang, WN, et al. Six-month 
functional recovery of stroke patients: a multi-time-point study. Int J Rehabil Res. (2015) 
38:173–80. doi: 10.1097/mrr.0000000000000108

	11.	Ezema, CI, Akusoba, PC, Nweke, MC, Uchewoke, CU, Agono, J, and Usoro, G. 
Influence of post-stroke depression on functional Independence in activities of daily 
living. Ethiop J Health Sci. (2019) 29:841–6. doi: 10.4314/ejhs.v29i1.5

	12.	Astuti, P, Kusnanto, K, and Dwi Novitasari, F. Depression and functional disability 
in stroke patients. J Public Health Res. (2020) 9:1835. doi: 10.4081/jphr.2020.1835

	13.	Žikić, TR, Divjak, I, Jovićević, M, Semnic, M, Slankamenac, P, Žarkov, M, et al. 
The effect of post stroke depression on functional outcome and quality of life. Acta Clin 
Croat. (2014) 53:294–301.

	14.	Kim, Y, Chung, J, Song, JY, Jang, H, Jang, JW, and Kim, S. Association between 
baseline cognitive function and longitudinal functional outcome change after ischemic 
stroke. Dement Geriatr Cogn Disord. (2022) 51:168–74. doi: 10.1159/000523981

	15.	Li, J, Wang, J, Wu, B, Xu, H, Wu, X, Zhou, L, et al. Association between early 
cognitive impairment and midterm functional outcomes among Chinese acute ischemic 
stroke patients: a longitudinal study. Front Neurol. (2020) 11:11–20. doi: 10.3389/
fneur.2020.00020

	16.	Liu, L, Marshall, IJ, Li, X, Bhalla, A, Liu, L, Pei, R, et al. Long-term outcomes of 
depression up to 10-years after stroke in the South London stroke register: a 
population-based study. Lancet Reg Health Eur. (2025) 54:54. doi: 10.1016/j.
lanepe.2025.101324

	17.	Nagin, DS, and Odgers, CL. Group-based trajectory modeling in clinical research. 
Annu Rev Clin Psychol. (2010) 6:109–38. doi: 10.1146/annurev.clinpsy.121208.131413

	18.	Kang, HJ, Bae, KY, Kim, SW, Lee, EH, Kim, JT, Park, MS, et al. Impact of acute 
phase depression on functional outcomes in stroke patients over 1 year. Psychiatry Res. 
(2018) 267:228–31. doi: 10.1016/j.psychres.2018.06.026

	19.	Willey, JZ, Disla, N, Moon, YP, Paik, MC, Sacco, RL, Boden-Albala, B, et al. 
Early depressed mood after stroke predicts long-term disability: the northern 
Manhattan stroke study (NOMASS). Stroke. (2010) 41:1896–900. doi: 10.1161/
strokeaha.110.583997

	20.	Baik, M, Lee, H, Lee, IH, Heo, J, Nam, HS, Lee, HS, et al. Early depression 
screening and short-term functional outcome in hospitalized patients for acute ischemic 
stroke. Front Neurol. (2022) 13:13. doi: 10.3389/fneur.2022.950045

	21.	Nagin, DS. Group-based trajectory modeling: an overview. Ann Nutr Metab. 
(2014) 65:205–10. doi: 10.1159/000360229

	22.	Demain, S, Wiles, R, Roberts, L, and McPherson, K. Recovery plateau following 
stroke: fact or fiction? Disabil Rehabil. (2006) 28:815–21. doi: 
10.1080/09638280500534796

	23.	Chen, XW, Shafei, MN, Abdullah, JM, and Musa, KI. Reliability of telephone 
interview for assessment of long-term stroke outcomes: evidence from interrater 
analysis. Neuroepidemiology. (2019) 52:214–9. doi: 10.1159/000497238

	24.	Radloff, LS. The CES-D scale: a self-report depression scale for research in the 
general population. Appl Psychol Meas. (1977) 1:385–401. doi: 
10.1177/014662167700100306

	25.	Parikh, RM, Eden, DT, Price, TR, and Robinson, RG. The sensitivity and specificity 
of the Center for Epidemiologic Studies Depression Scale in screening for post-stroke 
depression. Int J Psychiatry Med. (1988) 18:169–81. doi: 10.2190/bh75-euya-4fm1-j7qa

	26.	Lei, X, Sun, X, Strauss, J, Zhang, P, and Zhao, Y. Depressive symptoms and SES 
among the mid-aged and elderly in China: evidence from the China health and 
retirement longitudinal study national baseline. Soc Sci Med. (2014) 120:224–32. doi: 
10.1016/j.socscimed.2014.09.028

	27.	Chen, H, and Mui, AC. Factorial validity of the Center for Epidemiologic Studies 
Depression Scale short form in older population in China. Int Psychogeriatr. (2014) 
26:49–57. doi: 10.1017/s1041610213001701

	28.	Shinar, D, Gross, CR, Price, TR, Banko, M, Bolduc, PL, and Robinson, RG. 
Screening for depression in stroke patients: the reliability and validity of the Center for 

Epidemiologic Studies Depression Scale. Stroke. (1986) 17:241–5. doi: 10.1161/01.
str.17.2.241

	29.	Van Swieten, JC, Koudstaal, PJ, Visser, MC, Schouten, HJ, and Van Gijn, J. 
Interobserver agreement for the assessment of handicap in stroke patients. Stroke. (1988) 
19:604–7. doi: 10.1161/01.str.19.5.604

	30.	Broderick, JP, Adeoye, O, and Elm, J. Evolution of the modified Rankin scale and 
its use in future stroke trials. Stroke. (2017) 48:2007–12. doi: 10.1161/
strokeaha.117.017866

	31.	Leung, SO, Chan, CC, and Shah, S. Development of a Chinese version of the 
modified Barthel index-- validity and reliability. Clin Rehabil. (2007) 21:912–22. doi: 
10.1177/0269215507077286

	32.	Collin, C, Wade, DT, Davies, S, and Horne, V. The Barthel ADL index: a reliability 
study. Int Disabil Stud. (1988) 10:61–3. doi: 10.3109/09638288809164103

	33.	Mahoney, FI, and Barthel, DW. Functional evaluation: the Barthel index. Md State 
Med J. (1965) 14:61–2.

	34.	Quinn, TJ, McArthur, K, Ellis, G, and Stott, DJ. Functional assessment in older 
people. BMJ. (2011) 343:d4681. doi: 10.1136/bmj.d4681

	35.	Adams, HP, Davis, PH, Leira, EC, Chang, KC, Bendixen, BH, Clarke, WR, et al. 
Baseline NIH stroke scale score strongly predicts outcome after stroke: a report of the 
trial of org 10172 in acute stroke treatment (TOAST). Neurology. (1999) 53:126–31. doi: 
10.1212/wnl.53.1.126

	36.	Kasner, SE, Chalela, JA, Luciano, JM, Cucchiara, BL, Raps, EC, McGarvey, ML, 
et al. Reliability and validity of estimating the NIH stroke scale score from medical 
records. Stroke. (1999) 30:1534–7. doi: 10.1161/01.str.30.8.1534

	37.	Lindley, RI, Warlow, CP, Wardlaw, JM, Dennis, MS, Slattery, J, and Sandercock, PA. 
Interobserver reliability of a clinical classification of acute cerebral infarction. Stroke. 
(1993) 24:1801–4. doi: 10.1161/01.str.24.12.1801

	38.	Adams, HP, Bendixen, BH, Kappelle, LJ, Biller, J, Love, BB, Gordon, DL, et al. 
Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter 
clinical trial. TOAST. Trial of org 10172 in acute stroke treatment. Stroke. (1993) 
24:35–41. doi: 10.1161/01.str.24.1.35

	39.	Powers, WJ, Rabinstein, AA, Ackerson, T, Adeoye, OM, Bambakidis, NC, 
Becker, K, et al. Guidelines for the early management of patients with acute ischemic 
stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic 
stroke: a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. (2019) 50:e344–418. doi: 10.1161/
str.0000000000000211

	40.	Liu, L, Chen, W, Zhou, H, Duan, W, Li, S, Huo, X, et al. Chinese Stroke 
Association guidelines for clinical management of cerebrovascular disorders: 
executive summary and 2019 update of clinical management of ischaemic 
cerebrovascular diseases. Stroke Vasc Neurol. (2020) 5:159–76. doi: 10.1136/
svn-2020-000378

	41.	Powers, WJ, Rabinstein, AA, Ackerson, T, Adeoye, OM, Bambakidis, NC, 
Becker, K, et al. Guidelines for the early management of patients with acute ischemic 
stroke: a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. (2018) 49:e46–e110. doi: 10.1161/
str.0000000000000158

	42.	Lin, Y, Schulze, V, Brockmeyer, M, Parco, C, Karathanos, A, Heinen, Y, et al. 
Endovascular thrombectomy as a means to improve survival in acute ischemic 
stroke: a meta-analysis. JAMA Neurol. (2019) 76:850–4. doi: 10.1001/
jamaneurol.2019.0525

	43.	Chen, HS, Cui, Y, Wang, XH, Ma, YT, Han, J, Duan, YJ, et al. Clopidogrel plus 
aspirin vs aspirin alone in patients with acute mild to moderate stroke: the ATAMIS 
randomized clinical trial. JAMA Neurol. (2024) 81:450–60. doi: 10.1001/
jamaneurol.2024.0146

	44.	Nogueira, RG, Jadhav, AP, Haussen, DC, Bonafe, A, Budzik, RF, Bhuva, P, et al. 
Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. 
N Engl J Med. (2018) 378:11–21. doi: 10.1056/nejmoa1706442

	45.	Nutrition and Metabolic Management Branch of China International Exchange 
and Promotive Association for Medical and Health Care, Clinical Nutrition Branch of 
Chinese Nutrition Society, Chinese Diabetes Society, Chinese Society for Parenteral 
and Enteral Nutrition, Chinese Clinical Nutritionist Center of Chinese Medical 
Doctor Association. Guidelines for medical nutrition treatment of overweight/obesity 
in China. Asia Pac J Clin Nutr (2021. (2022) 31:450–82. doi: 10.6133/
apjcn.202209_31(3).0013

	46.	Winstein, CJ, Stein, J, Arena, R, Bates, B, Cherney, LR, Cramer, SC, et al. Guidelines 
for adult stroke rehabilitation and recovery: a guideline for healthcare professionals from 
the American Heart Association/American Stroke Association. Stroke. (2016) 47:e98–
e169. doi: 10.1161/str.0000000000000098

	47.	Huang, HC, Chang, CH, Lee, TH, Chang, YJ, Ryu, SJ, Chang, TY, et al. Differential 
trajectory of functional recovery and determinants for first time stroke survivors by 
using a LCGA approach: a hospital based analysis over a 1-year period. Eur J Phys 
Rehabil Med. (2013) 49:463–72.

	48.	Kim, SY. Determining the number of latent classes in single- and multi-phase 
growth mixture models. Struct Equ Modeling. (2014) 21:263–79. doi: 
10.1080/10705511.2014.882690

https://doi.org/10.3389/fneur.2026.1737884
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3390/jpm12030389
https://doi.org/10.1177/1747493019847334
https://doi.org/10.1161/01.str.0000180861.54180.ff
https://doi.org/10.1080/09638288.2017.1315181
https://doi.org/10.1161/jaha.117.005788
https://doi.org/10.1097/mrr.0000000000000108
https://doi.org/10.4314/ejhs.v29i1.5
https://doi.org/10.4081/jphr.2020.1835
https://doi.org/10.1159/000523981
https://doi.org/10.3389/fneur.2020.00020
https://doi.org/10.3389/fneur.2020.00020
https://doi.org/10.1016/j.lanepe.2025.101324
https://doi.org/10.1016/j.lanepe.2025.101324
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1016/j.psychres.2018.06.026
https://doi.org/10.1161/strokeaha.110.583997
https://doi.org/10.1161/strokeaha.110.583997
https://doi.org/10.3389/fneur.2022.950045
https://doi.org/10.1159/000360229
https://doi.org/10.1080/09638280500534796
https://doi.org/10.1159/000497238
https://doi.org/10.1177/014662167700100306
https://doi.org/10.2190/bh75-euya-4fm1-j7qa
https://doi.org/10.1016/j.socscimed.2014.09.028
https://doi.org/10.1017/s1041610213001701
https://doi.org/10.1161/01.str.17.2.241
https://doi.org/10.1161/01.str.17.2.241
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.1161/strokeaha.117.017866
https://doi.org/10.1161/strokeaha.117.017866
https://doi.org/10.1177/0269215507077286
https://doi.org/10.3109/09638288809164103
https://doi.org/10.1136/bmj.d4681
https://doi.org/10.1212/wnl.53.1.126
https://doi.org/10.1161/01.str.30.8.1534
https://doi.org/10.1161/01.str.24.12.1801
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1136/svn-2020-000378
https://doi.org/10.1136/svn-2020-000378
https://doi.org/10.1161/str.0000000000000158
https://doi.org/10.1161/str.0000000000000158
https://doi.org/10.1001/jamaneurol.2019.0525
https://doi.org/10.1001/jamaneurol.2019.0525
https://doi.org/10.1001/jamaneurol.2024.0146
https://doi.org/10.1001/jamaneurol.2024.0146
https://doi.org/10.1056/nejmoa1706442
https://doi.org/10.6133/apjcn.202209_31(3).0013
https://doi.org/10.6133/apjcn.202209_31(3).0013
https://doi.org/10.1161/str.0000000000000098
https://doi.org/10.1080/10705511.2014.882690


Li et al.� 10.3389/fneur.2026.1737884

Frontiers in Neurology 15 frontiersin.org

	49.	Proust-Lima, C, Philipps, V, Diakite, A, and Liquet, B. Lcmm: extended mixed 
models using latent classes and latent processes. R Package Version: 2.0.2. 2023. Accessed 
April 1, 2023. (2023). Available online at: cran.r-project.org/package=lcmm.

	50.	VanderWeele, TJ, and Ding, P. Sensitivity analysis in observational research: 
introducing the E-value. Ann Intern Med. (2017) 167:268–74. doi: 10.7326/m16-2607

	51.	Wang, Y, Jing, J, Meng, X, Pan, Y, Wang, Y, Zhao, X, et al. The third China National 
Stroke Registry (CNSR-III) for patients with acute ischaemic stroke or transient 
ischaemic attack: design, rationale and baseline patient characteristics. Stroke Vasc 
Neurol. (2019) 4:158–64. doi: 10.1136/svn-2019-000242

	52.	Wang, Y, Cui, L, Ji, X, Dong, Q, Zeng, J, Wang, Y, et al. The China National 
Stroke Registry for patients with acute cerebrovascular events: design, rationale, and 
baseline patient characteristics. Int J Stroke. (2011) 6:355–61. doi: 
10.1111/j.1747-4949.2011.00584.x

	53.	Liu, L, Xu, M, Marshall, IJ, Wolfe, CD, Wang, Y, and O’Connell, MD. Prevalence 
and natural history of depression after stroke: a systematic review and meta-analysis of 
observational studies. PLoS Med. (2023) 20:e1004200. doi: 10.1371/journal.
pmed.1004200

	54.	Nudo, RJ. Neural bases of recovery after brain injury. J Commun Disord. (2011) 
44:515–20. doi: 10.1016/j.jcomdis.2011.04.004

	55.	Du, J, Zhai, Y, Dong, W, Che, B, Miao, M, Peng, Y, et al. One-year disability 
trajectories and long-term cardiovascular events, recurrent stroke, and mortality after 
ischemic stroke. J Am Heart Assoc. (2024) 13:e030702. doi: 10.1161/jaha.123.030702

	56.	Shewangizaw, S, Fekadu, W, Gebregzihabhier, Y, Mihretu, A, Sackley, C, and 
Alem, A. Impact of depression on stroke outcomes among stroke survivors: systematic 
review and meta-analysis. PLoS One. (2023) 18:e0294668. doi: 10.1371/journal.
pone.0294668

	57.	Butsing, N, Zauszniewski, JA, Ruksakulpiwat, S, Griffin, MTQ, and 
Niyomyart, A. Association between post-stroke depression and functional outcomes: 
a systematic review. PLoS One. (2024) 19:e0309158. doi: 10.1371/journal.
pone.0309158

	58.	Kapoor, A, Lanctot, KL, Bayley, M, Herrmann, N, Murray, BJ, and Swartz, RH. 
Screening for post-stroke depression and cognitive impairment at baseline predicts long-
term patient-Centered outcomes after stroke. J Geriatr Psychiatry Neurol. (2019) 
32:40–8. doi: 10.1177/0891988718819859

	59.	Selvaraj, S, Arora, T, Casameni Montiel, T, Grey, I, Alfraih, H, Fadipe, M, et al. 
Early screening for post-stroke depression, and the effect on functional outcomes, 
quality of life and mortality: a protocol for a systematic review and meta-analysis. BMJ 
Open. (2021) 11:e050451. doi: 10.1136/bmjopen-2021-050451

	60.	Towfighi, A, Ovbiagele, B, EI Husseini, N, Hackett, ML, Jorge, RE, Kissela, BM, 
et al. Poststroke depression: a scientific statement for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. (2017) 48:e30–43. 
doi: 10.1161/str.0000000000000113

	61.	Kwakkel, G, Kollen, B, and Lindeman, E. Understanding the pattern of functional 
recovery after stroke: facts and theories. Restor Neurol Neurosci. (2004) 22:281–99. doi: 
10.3233/RNN-2004-00282

https://doi.org/10.3389/fneur.2026.1737884
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://cran.r-project.org/package=lcmm
https://doi.org/10.7326/m16-2607
https://doi.org/10.1136/svn-2019-000242
https://doi.org/10.1111/j.1747-4949.2011.00584.x
https://doi.org/10.1371/journal.pmed.1004200
https://doi.org/10.1371/journal.pmed.1004200
https://doi.org/10.1016/j.jcomdis.2011.04.004
https://doi.org/10.1161/jaha.123.030702
https://doi.org/10.1371/journal.pone.0294668
https://doi.org/10.1371/journal.pone.0294668
https://doi.org/10.1371/journal.pone.0309158
https://doi.org/10.1371/journal.pone.0309158
https://doi.org/10.1177/0891988718819859
https://doi.org/10.1136/bmjopen-2021-050451
https://doi.org/10.1161/str.0000000000000113
https://doi.org/10.3233/RNN-2004-00282

	Association between early depressive symptoms after stroke and trajectories of functional recovery among patients with acute ischemic stroke: a longitudinal study
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Procedures
	2.3 Measures
	2.3.1 Assessment of depressive symptoms
	2.3.2 Assessment of functional outcomes
	2.4 Covariates
	2.5 Data quality assurance
	2.6 Statistical analyses

	3 Results
	3.1 Sample characteristics
	3.2 Trajectories of mRS and baseline characteristics
	3.3 Trajectories of BI and baseline characteristics
	3.4 Early depressive symptoms and trajectories of functional recovery
	3.5 Sensitivity analyses

	4 Discussion
	5 Conclusion

	References

