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Objectives: Stroke remains a leading cause of death and disability worldwide. While functional outcome predictors are well established in acute rehabilitation settings, less is known in community hospitals, which typically manage stroke patients with moderate or isolated impairments. This study aimed to identify predictors of short-term functional improvement in stroke survivors admitted to community hospitals in Singapore.

Design: Prospective cohort study.

Setting and participants: The study included 216 stroke survivors admitted to Outram and Sengkang Community Hospitals for inpatient rehabilitation.

Methods: Functional status was measured using the Modified Barthel Index (MBI) on admission and discharge. Data on depressive symptoms (PHQ-2), resilience (CD-RISC-10), comorbidities, stroke severity (NIHSS), time to rehabilitation initiation, and sociodemographics were collected. Logistic regression identified predictors of significant functional improvement, defined as at least a one-level increase in MBI.

Results: Participants' mean age was 71.20 years; most were male (59.30%), Chinese (82.00%), unemployed (58.80%), and living with family (86.50%). Functional improvement was more likely among those who were premorbidly independent (65.70%), had mild depressive symptoms (PHQ-2 ≤ 2; 63.70%), experienced mild strokes (NIHSS ≤ 4; 43.10%), or started rehabilitation within 1 day of onset (33.80%). Older age (p = 0.02) and shorter time to rehabilitation (p = 0.03) independently predicted functional improvement.

Conclusion and implications: Older age and early rehabilitation were significantly associated with greater short-term functional gains in community hospital stroke survivors, underscoring the importance of timely rehabilitation to optimize recovery after stroke, even for older adults.

Keywords
community hospitals, early rehabilitation, functional recovery, predictors of outcome after stroke, stroke rehabilitation and recovery


Introduction

Stroke remains a major global health concern, ranking as the second leading cause of death and third in terms of disease burden (GBD 2019 Stroke Collaborators, 2021). Annually, around 15 million people experience a stroke, with 5 million resulting in death and another 5 million living with permanent disabilities. This imposes a substantial emotional and financial burden on individuals, families, and healthcare systems (World Health Organization, 2022a). In Singapore, stroke is the fourth leading cause of death, responsible for 6% of all mortalities. National stroke episodes have increased from 5,890 in 2010 to 8,849 in 2019, with a mean age of onset at 65 years (National Registry of Diseases Office, 2022). As the population ages, the national stroke burden is expected to rise (Chen, 2008). Over half of stroke survivors experience ongoing motor impairments, affecting their functional independence and quality of life (Mayo et al., 1999). Understanding factors associated with recovery is vital for optimizing rehabilitation and post-acute care planning.

Understanding which factors influence recovery is therefore crucial for tailoring rehabilitation programs and improving patient outcomes. Over the past decades, numerous studies in acute inpatient settings have identified clinical and demographic predictors of functional outcomes, stroke severity, and previous stroke history (Meyer et al., 2015). However, these findings are largely derived from acute hospital populations, and much less is known about such predictors in community or step-down rehabilitation settings, where patients often have stabilized medical conditions but ongoing functional limitations. In one local study conducted in a dedicated rehabilitation unit within a tertiary academic acute hospital, stroke type (especially haemorrhagic and anterior circulation infarcts) predicted longer acute length of stay, while functional score on admission, urinary tract infection, depression, lack of caregiver, and male gender predicted longer rehabilitation stay, with poor correlation between acute and rehab durations (Ng et al., 2016).

Our study focuses on community hospitals in Singapore—step-down facilities providing multidisciplinary rehabilitation once acute medical care has stabilized, in accordance with the National One-Rehabilitation Framework (One-Rehab) guidelines (Figure 1). These institutions typically manage stroke patients with moderate impairments or isolated deficits who benefit from daily therapy but do not require intensive inpatient rehabilitation (Figure 2; Ministry of Health Singapore, 2022).


[image: Flowchart illustrating the rehabilitation journey over time. The x-axis represents time, and the y-axis indicates the level of care needs. Two phases: Emergency/Acute Inpatient Medical Phase (DRG) focuses on medical needs, overseen by non-rehabilitation physicians, and the Rehabilitation Phase (RDG) centers on rehabilitation needs, guided by rehabilitation specialists. The chart shows overlapping needs for medical and rehabilitation care, transitioning from acute care to rehabilitation. Additional text details key characteristics of each phase, emphasizing referral processes and care planning criteria. ]
FIGURE 1
 The rehabilitation phase in community hospitals follows the emergency and acute inpatient phase. Source: Ministry of Health Singapore (2022).



[image: Chart detailing rehabilitation intensity and frequency across three tiers of need: Tier 3, Tier 2, and Tier 1. Tier 3D requires intense daily rehabilitation for complex conditions, such as SCI and TBI, typically provided in acute hospitals. Tier 3 also includes medically complex patients but does not require daily rehabilitation; care can be delivered through outpatient rehabilitation services. Tier 2D involves less complex conditions managed in community hospitals whereas Tier 2 refers to cases that can be supported at day rehabilitation centers. Tier 1 indicates situations when extended rehabilitation is needed following Tier 2 or 3 services, capped at six months, and is usually provided at day care centers or through home- based therapy. Each tier specifies the level of care required and the appropriate settings for rehabilitation services.]
FIGURE 2
 Rehabilitation complexity tier and rehabilitation intensity. 4The definitions of medically complex conditions and complex nursing care will be deferred to the healthcare professionals within the cluster and organization. 5Includes physiotherapist, occupational therapist, speech therapist, dietitian, clinical psychologist, podiatrist etc. Number of therapists should not singly distinguish rehabilitation care needs of different tiers. 6Therapist with full AHPC registration; OR Advanced Practice Nurse registered with Singapore Nursing Board; OR Medical practitioner with conditional or full registration under Singapore Medical Council. Source: Ministry of Health Singapore (2022).


Functional improvement during this subacute phase is important for discharge planning, caregiver preparation, and determining the need for ongoing rehabilitation. Furthermore, early gains are also linked to better long-term recovery (Wang et al., 2011; Mutai et al., 2012). Yet, few studies in Singapore have examined short-term functional improvement in community hospitals, despite their critical role in stroke care.

To address this gap, we adopted the Social Determinants of Health (SDoH) framework to investigate how medical, sociodemographic, and psychological factors interact to influence recovery (World Health Organization, 2022b). SDoH encompasses a range of individual and contextual influences, including income, education, social networks, and healthcare access, which may impact rehabilitation outcomes.

The primary aim of this study was to identify predictors of short-term functional improvement among stroke survivors admitted to community hospitals. Functional improvement was defined as a one-level increase on the Modified Barthel Index (MBI), which indicates a clinically meaningful shift in independence across activities of daily living, with potential implications for independence and self-care. Our institution employs the Modified Barthel Index (MIBI) as its standard measure of functional independence in community hospitals (Htun et al., 2022). The MIBI has been validated in diverse rehabilitation populations and shows strong correlations with the FIM, capturing similar domains of self-care and mobility. Because it is integrated into our clinical workflow and routinely documented, use of the MIBI ensured complete and consistent data across all participants (Campagnini et al., 2022; Htun et al., 2022; Shah et al., 1989).



Methodology


Study design and site

This prospective cohort study was conducted from March 2022 to April 2024 at Outram Community Hospital (OCH) and Sengkang Community Hospital (SKCH), both operated by SingHealth Community Hospitals (SCH; SingHealth Community Hospitals, 2022). OCH is a 382-bed facility co-located with Singapore General Hospital (SGH), which manages a large portion of stroke patients nationally (Singapore General Hospital, 2022). SKCH, with 247 beds, is situated next to Sengkang General Hospital (SKGH) and primarily receives referrals from SKGH (SingHealth Community Hospitals, 2022). Both hospitals provide an average inpatient rehabilitation duration of 26 days, supported by a multidisciplinary team including physicians, nurses, physiotherapists, occupational therapists, speech therapists, dietitians, and pharmacists.



Participants

Eligible participants included medically stable ischemic stroke patients capable of participating in rehabilitation and providing informed consent.

Exclusion criteria were:

• Haemorrhagic stroke,

• Cognitive impairment (Abbreviated Mental Test score < 7),

• Inability to communicate by any means,

• Refusal or inability to consent.

All questionnaires were administered by trained interviewers.



Variables and data collection

Guided by the SDoH framework, we categorized potential predictors into three domains:

1) Medical factors: comorbidities (such as hypertension, hyperlipidaemia, diabetes mellitus, ischemic heart disease), prior stroke history, stroke severity (NIHSS), time from stroke onset to rehabilitation initiation, and length of hospital stay.

2) Socio-demographic factors: age, sex, ethnicity, marital status, level of education and employment status, smoking and alcohol consumption, living arrangement, caregiver presence, premorbid functional status.

3) Psychosocial factors: depression and resilience.

Cognitive function was assessed using the Abbreviated Mental Test (AMT), a 10-item tool measuring orientation, memory, attention, and general knowledge (Hodkinson, 2012). A score ≤ 6 suggests cognitive impairment, with high sensitivity of 70%−80% and specificity of 71%−90% (MacKenzie et al., 1996).

Depression was screened using the Patient Health Questionnaire-2 (PHQ-2), which evaluates mood and anhedonia over the past 2 weeks. A score ≥3 was used as the cutoff, consistent with validated thresholds for detecting depressive disorders (Kroenke et al., 2003).

Resilience was measured using the Connor-Davidson Resilience Scale (CD-RISC-10), a 10-item scale assessing adaptability, problem-solving ability, emotional regulation, response to failure, and stress coping. Scores range from 0 to 40, with higher scores indicating greater resilience. The CD-RISC-10 has demonstrated strong psychometric properties, including internal consistency, test–retest reliability, and both convergent and divergent validity (Campbell-Sills et al., 2009; Riopel, 2010). It was used with permission from the original authors.

Functional outcomes were assessed using the Modified Barthel Index (MBI), which evaluates independence in 10 activities of daily living (ADLs; Shah et al., 1989; Mahoney and Barthel, 1965).

The total summation score ranges from 0 to 100, which corresponds to the following dependency levels:

0–20 Total dependence

21–60 Severe dependence

61–90 Moderate dependence

91–99 Slight dependence

100 Independence

The MBI demonstrates strong reliability and validity, with high internal consistency (α = 0.90), test-retest reliability (r = 0.89), and good convergent validity (r = 0.74–0.80) with other physical disability measures (O'Sullivan and Schmitz, 2022). The MBI is the standard measure used in Singapore community hospitals for rehabilitation assessment (Chen et al., 2013).



Statistical analysis
 
Sample size

We calculated the sample size based on the rule of 10 events per variable in regression analysis. With 18 variables, we required 180 participants, increasing this to 216 to account for a 20% potential dropout (Peduzzi et al., 1996; Concato et al., 1995).




Analytical methods

Descriptive statistics summarized baseline characteristics. Functional improvement was defined as a one-level increase in MBI dependency level from admission to discharge or Day 26. Participants were divided into two groups based on improvement status:

1. Those with significant improvement in MBI

2. Those without significant improvement

Continuous variables were analyzed using binary logistic regression, and categorical variables were analyzed using Chi-square or Fisher's exact tests. Multivariate logistic regression identified independent predictors of improvement, with p-values < 0.05 considered significant.

Data analysis was performed using SPSS version 26.0 (IBM Corp., Armonk, NY, United States).



Ethics approval

This study received ethics approval from the SingHealth Centralized Institutional Review Board (CIRB Ref: 2022/2110).




Results

Baseline demographic and clinical characteristics of participants are summarized in Table 1. The mean age was 71.18 years (SD 10.70). Most were male (59.30%), Chinese (82.00%), married (59.70%), and living with family (86.50%). A majority were retired or unemployed (58.80%). Most had comorbidities (90.70%) but no prior stroke (79.10%) and were non-smokers (76.40%) and non-drinkers (80.10%).

TABLE 1 Demographic, clinical characteristics, and functional status of participants.




	Variables
	Participants with significant improvement in MBI n = 150 (%)
	Participants without significant improvement in MBI n = 66 (%)
	p-value





	Age (years ± SD)
	70.05 ± 10.81
	73.73 ± 10.12
	0.02



	Age



	< 65 years
	108 (72.00)
	56 (84.85)
	0.04



	≥65 years
	42 (28.00)
	10 (15.15)
	



	Gender



	Male
	87 (58.00)
	41 (62.12)
	0.57



	Female
	63 (42.00)
	25 (37.88)
	



	Race



	Chinese
	122 (81.33)
	55 (83.33)
	0.20



	Malay
	20 (13.33)
	8 (12.12)
	



	Indian
	6 (4.00)
	2 (3.03)
	



	Others
	2 (1.33)
	1 (1.52)
	



	Marital status



	Single
	16 (10.67)
	13 (19.70)
	0.26



	Married
	92 (61.33)
	37 (56.06)
	



	Divorced
	13 (8.67)
	3 (4.54)
	



	Widowed
	29 (19.33)
	13 (19.70)
	



	Living arrangement



	Alone
	16 (10.67)
	13 (19.70)
	0.07



	Family/friends
	134 (89.33)
	53 (80.30)
	



	Presence of caregiver



	Yes
	95 (63.33)
	43 (65.15)
	0.40



	No
	55 (36.67)
	23 (34.85)
	



	Education level



	No formal education
	15 (10.00)
	11 (16.67)
	0.18



	Primary
	55 (36.67)
	21 (31.82)
	



	Secondary
	39 (26.00)
	15 (22.73)
	



	Tertiary
	41 (27.33)
	19 (28.79)
	



	Occupation



	Working full-time/part-time
	53 (35.33)
	16 (24.24)
	0.82



	Retired and/or unemployed
	85 (56.67)
	42 (63.64)
	



	Homemaker
	12 (8.00)
	8 (12.12)
	



	Premorbid functional status



	Independent
	142 (94.66)
	58 (87.88)
	0.11



	Partially dependent
	7 (4.67)
	8 (12.12)
	



	Fully dependent
	1 (0.67)
	0 (0.00)
	



	PHQ-2 total score



	2 or less
	136 (90.67)
	55 (83.33)
	0.12



	3 or greater
	14 (9.33)
	11 (16.67)
	



	Previous stroke



	Yes
	29 (19.33)
	16 (24.24)
	0.41



	No
	121 (80.67)
	50 (75.76)
	



	Presence of *comorbidities



	Present
	134 (89.33)
	62 (93.94)
	0.28



	Absent
	16 (10.67)
	4 (6.06)
	



	Number of comorbidities



	< 5
	101 (67.33)
	45 (68.18)
	0.73



	5–10
	49 (32.67)
	21 (31.82)
	



	NIHSS severity (categories)



	Mild (1–4)
	93 (62.00)
	38 (57.58)
	0.53



	Mild to moderately severe (5–14)
	50 (33.33)
	27 (40.90)
	



	Severe (15–24)
	6 (4.00)
	1 (1.52)
	



	Very severe (>25)
	1 (0.67)
	0 (0.00)
	



	Time between onset of stroke and initiation of rehabilitation (day)



	0
	7 (4.67)
	5 (7.58)
	0.20



	1
	73 (48.67)
	38 (57.57)
	



	2
	38 (25.33)
	17 (25.76)
	



	3
	27 (18.00)
	6 (9.09)
	



	4
	5 (3.33)
	0 (0.00)
	



	MBI on admission



	Slight dependence
	0 (0.00)
	1 (1.52)
	0.10



	Moderate dependence
	40 (26.67)
	12 (18.18)
	



	Severe dependence
	97 (64.66)
	42 (63.64)
	



	Total dependence
	13 (8.67)
	11 (16.66)
	



	Smoking



	Yes
	20 (13.33)
	9 (13.64)
	0.53



	No
	117 (78.00)
	48 (72.72)
	



	Ex-smoker
	13 (8.67)
	9 (13.64)
	



	Alcohol consumption



	Yes
	19 (12.67)
	12 (18.18)
	0.54



	No
	122 (81.33)
	51 (77.27)
	



	Ex-drinker
	9 (6.00)
	3 (4.55)
	



	CD-RISC-10 score (mean ± SD)
	25.81 ± 6.71
	25.38 ± 7.41
	0.67



	Length of stay (mean ± SD)
	28.49 ± 16.46
	32.29 ± 21.34
	0.16





CD-RISC-10, Conner-Davidson Resilience Score 10-item; MBI, modified Barthel Index; NIHSS, National Institutes of Health Stroke Scale; PHQ-2, Patient Health Questionnaire-2.

*Comorbidities: hypertension, diabetes mellitus, ischemic heart disease, atrial fibrillation (Simić-Panić, 2018; Karatepe et al., 2008).

The bold values indicate significance with p < 0.05.




Participants who demonstrated significant functional improvement were more likely to be premorbidly independent (94.70% vs. 87.88%, p = 0.11), have a PHQ-2 score ≤ 2 (90.67% vs. 87.33%, p = 0.12), and a mild stroke severity by NIHSS (62.00% vs. 57.58%, p = 0.53); however, these were not statistically significant.

The average CD-RISC-10 score was 25.68 (SD 6.92). Participants who improved had slightly higher scores (25.81 ± 6.71) than those who did not (25.38 ± 7.41), but this difference was not significant (p = 0.67).

The mean length of stay was 29.65 days (SD 18.1). Participants who improved functionally had shorter hospital stays (28.49 ± 16.46 vs. 32.29 ± 21.34 days, p = 0.16), though this was also not significant.

Univariate analysis (Table 2) revealed two significant predictors for functional improvement at Day 26 post-rehabilitation:

• Age 65 years and above (OR = 0.46, 95% CI: 0.21–1.00, p = 0.02).

• Rehabilitation within 2 days of stroke onset (OR = 0.37, 95% CI: 0.15–0.93, p = 0.04).

TABLE 2 Univariate analysis of factors associated with significant improvement in MBI.




	Variables
	Unadjusted odds-ratio (95% CI)
	p-value





	Age (years)



	< 65
	0.46 (0.21–1.00)
	0.04



	≥65
	Ref
	



	Gender



	Female
	0.84 (0.47–1.53)
	0.57



	Male
	Ref
	



	Race



	Non-Chinese
	0.87 (0.41–1.88)
	0.73



	Chinese
	Ref
	



	Marital status



	Single
	3.20 (0.89–4.61)
	0.10



	Widowed
	1.12 (0.52–2.38)
	0.78



	Divorced
	0.57 (0.16–2.13)
	0.41



	Married
	Ref
	



	Occupation



	Working full-time/part-time
	0.61 (0.31–1.19)
	0.15



	Homemaker
	1.35 (0.51–3.55)
	0.54



	Retired and/or unemployed
	Ref
	



	Living arrangement



	Alone
	2.05 (0.93–4.56)
	0.08



	Family/friends
	Ref
	



	Education level



	No formal education
	1.92 (0.76–4.85)
	0.17



	Secondary
	1.01 (0.46–2.20)
	0.98



	Tertiary
	1.21 (0.58–2.55)
	0.61



	Primary
	Ref
	



	Premorbid functional status



	Partially/fully dependent
	2.45 (0.88–6.83)
	0.09



	Independent
	Ref
	



	PHQ-2 total score



	3 or greater
	1.94 (0.83–4.54)
	0.13



	2 or less
	Ref
	



	Previous stroke



	Yes
	1.34 (0.67–2.67)
	0.41



	No
	Ref
	



	Presence of *comorbidities



	Present
	1.85 (0.59–5.77)
	0.29



	Absent
	Ref
	



	NIHSS severity (categories)



	Mild to moderately severe (5–14)
	1.32 (0.72–2.41)
	0.36



	Severe (15–24)/very severe (>25)
	0.35 (0.04–2.94)
	0.33



	Mild (1–4)
	Ref
	



	Time between onset of stroke and initiation of rehabilitation



	(day)



	3 or more
	0.37 (0.15–0.93)
	0.04



	2 or less
	Ref
	



	MBI on admission



	Slight/moderate dependence
	0.75 (0.36–1.55)
	0.44



	Total dependence
	1.95 (0.81–4.72)
	0.14



	Severe dependence
	Ref
	



	Smoking



	Yes
	1.10 (0.47–2.58)
	0.83



	Ex-smoker
	1.69 (0.68–4.21)
	0.26



	No
	Ref
	



	Alcohol consumption



	Yes
	1.51 (0.68–3.34)
	0.31



	Ex-drinker
	0.80 (0.21–3.07)
	0.74



	No
	Ref
	



	CD-RISC-10 score
	0.99 (0.95–1.03)
	0.67



	Length of stay
	1.01 (0.10–1.03)
	0.16





CD-RISC-10, Conner-Davidson Resilience Score 10-item; MBI, modified Barthel Index; NIHSS, National Institutes of Health Stroke Scale; PHQ-2, Patient Health Questionnaire-2.

*Comorbidities: hypertension, diabetes mellitus, ischemic heart disease, atrial fibrillation.

The bold values indicate significance with p < 0.05.




Multivariate analysis (Table 3) confirmed similar associations after adjusting for covariates, including depression (PHQ-2), history of previous stroke, initial stroke severity (NIHSS), and functional status upon admission (MBI).

• Younger age (less than 65 years) was associated with lower odds of significant functional improvement (adjusted OR = 0.42, 95% CI: 0.19–1.00, p = 0.03).

• Late rehabilitation (on or after Day 3 of stroke onset) was associated with lower odds of improvement (adjusted OR = 0.36, 95% CI: 0.14–1.00, p = 0.04).

TABLE 3 Multivariate analysis of factors associated with significant improvement in MBI.




	Variables
	Adjusted odds-ratio (95% CI)
	p-value





	Age (years)



	< 65
	0.42 (0.19–1.00)
	0.03



	≥65
	Ref
	



	PHQ-2 total score



	3 or greater
	1.96 (0.80–4.83)
	0.14



	2 or less
	Ref
	



	Previous stroke



	Yes
	0.96 (0.43–2.14)
	0.93



	No
	Ref
	



	NIHSS severity (categories)



	Mild to moderately severe (5–14)
	1.21 (0.62–2.36)
	0.58



	Severe (15–24)/very severe (>25)
	0.46 (0.05–4.00)
	0.48



	Mild (1–4)
	Ref
	



	Time between onset of stroke and rehab admission (day)



	3 or more
	0.36 (0.14–1.00)
	0.04



	2 or less
	Ref
	



	MBI on admission



	Slight/moderate dependence
	0.80 (0.38–1.70)
	0.56



	Total dependence
	2.01 (0.76–5.36)
	0.16



	Severe dependence
	Ref
	





MBI, modified Barthel Index; NIHSS, National Institutes of Health Stroke Scale; PHQ-2, Patient Health Questionnaire-2.

The bold values indicate significance with p < 0.05.




Admission MBI scores also showed a trend—those with total dependence had higher odds of improvement, but this was not statistically significant (adjusted OR = 2.01, 95% CI: 0.76–5.36, p = 0.16).



Discussion

Our study identified two significant predictors of short-term functional improvement in stroke survivors admitted to community hospitals in Singapore: older age (defined as ≥65 years) and early initiation of rehabilitation (within 2 days of stroke onset). “Short-term functional improvement” refers to within a typical single inpatient rehabilitation episode which is about 4 weeks. This is consistent with other studies in subacute or community rehabilitation that focus on outcomes measured at discharge rather than months later (Htun et al., 2022). These findings are especially relevant given the unique population and care model of community hospitals, which cater to patients with moderate deficits or isolated impairments who do not require intensive acute rehabilitation. Compared to acute hospital settings, community hospitals provide a more resource-conscious but still structured environment for recovery and understanding predictors of improvement within this context is essential for optimizing care delivery.

Older age as a predictor of functional improvement

Contrary to the common belief that older age is associated with poorer rehabilitation outcomes, our findings showed that older adults had better short-term functional improvement. This may be explained by local referral patterns—younger stroke survivors referred to community hospitals often have more severe strokes with poorer prognoses, which may limit their rehabilitation potential. This underscores the rationale for frameworks like the One-Rehab guidelines, which aim to enhance rehabilitation efficiency in Singapore's healthcare system (Ministry of Health Singapore, 2022).

Younger patients in community hospitals may represent a subgroup with more complex stroke etiologies, such as arterial dissections, congenital heart conditions, autoimmune disorders, or clotting abnormalities. These conditions can contribute to greater stroke severity and poorer recovery. In addition, lifestyle-related risk factors (e.g., smoking, obesity, hyperlipidaemia) may exacerbate stroke severity in younger individuals, further complicating recovery (UCHealth, 2019; Blocker, 2023). Supporting this, prior studies have found that while older patients (≥60 years) with moderate to moderately severe strokes show substantial improvements during inpatient rehabilitation, younger age, greater stroke severity, and lower admission function were associated with longer hospital stays (Albu et al., 2024). Other studies also note that while older patients may have worse discharge outcomes, age has less impact when functional gains are measured after a defined rehabilitation period (Lehmann et al., 1975). Kalra (1994) further demonstrated that intensive stroke rehabilitation benefits all age groups without requiring additional resources.

However, age-related gains may not persist over time. One study found that stroke patients over 70 showed significant subacute recovery, but many experienced functional decline between 18 and 60 months post-stroke (Shin et al., 2022). This emphasizes the need for age-tailored strategies: early intensive rehabilitation for younger patients, and ongoing monitoring and support for older patients to sustain functional gains (Yoo et al., 2020).

Early rehabilitation

Our study also supports the growing body of evidence emphasizing the importance of early rehabilitation. Initiating rehabilitation within 2 days of stroke onset was associated with better functional outcomes—echoing findings by Otokita et al. (2021), who found early rehabilitation improved discharge outcomes in ischemic stroke patients. This approach is also endorsed by international guidelines, such as the European Stroke Organization and the American Heart Association/American Stroke Association, which recommend early discharge to community-based rehabilitation for medically stable patients with mild-to-moderate strokes (Powers et al., 2019; Cerebrovascular Diseases Working Group, 2008). Early rehabilitation may enhance neuroplasticity, restore brain function, and prevent complications associated with immobility. In Singapore, these findings support streamlined workflows to facilitate early transfer (within 48 h) from acute hospitals to community care, along with standardized rehabilitation pathways to minimize care variation and optimize recovery.

Depression

We did not find a significant association between PHQ-2 scores and short-term functional improvement, in contrast with previous studies reporting poorer recovery among stroke patients with depression (Van De Weg et al., 1999; Sloane et al., 2023). Most of our participants had PHQ-2 scores ≤ 2, suggesting minimal depressive symptoms. Some literature indicates that only major depression, rather than subclinical symptoms, predicts poorer functional outcomes (Pohjasvaara et al., 2001). This discrepancy may reflect Singapore's unique healthcare context, including integrated care pathways, strong social support systems, and cultural attitudes toward mental health. Additionally, PHQ-2 may lack the sensitivity of PHQ-9 in detecting major depressive disorder (Arroll et al., 2010). Furthermore, the multidisciplinary care model used in community hospitals may help buffer the impact of depression on functional recovery (Hadidi et al., 2009).

Psychological resilience

Consistent with Gyawali et al. (2020), our study found no significant association between psychological resilience (CD-RISC-10) and short-term functional improvement. However, resilience may play a greater role in cognitive outcomes post-stroke, suggesting a need for further research in this area (Gyawali et al., 2020).

The mean CD-RISC-10 score in our sample was 25.68 ± 6.92, consistent with findings from Campbell-Sills and Stein (2007) and Serrano-Parra et al. (2013), as well as a Singapore study reporting an average score of 26.50 among older adults (Bautista et al., 2018) Notably, lower resilience scores were seen among individuals with physical illnesses, including stroke. While our participants generally displayed moderate resilience, resilience-building interventions may still help patients cope more effectively with post-stroke challenges (Southwick et al., 2014).

Other predictors

Unlike earlier studies, we found no significant association between functional improvement and previous stroke history, initial stroke severity, or admission functional scores. This differs from research by Wang et al. (2011), Duncan et al. (2000), and Bang et al. (2005), who identified these factors as key predictors of long-term recovery (Bautista et al., 2018; Southwick et al., 2014). Several factors may explain this divergence. First, neuroplasticity allows functional recovery even in patients with severe strokes (Inouye et al., 2000; FlintRehab, 2023). Research by Dobkin (2005) and Teasell et al. (2005) supports the idea that intensive, individualized rehabilitation can yield meaningful improvement regardless of initial deficits. Recovery is likely influenced by a complex interplay of factors—such as depression, cognitive status, age, and timeliness of intervention—rather than any single predictor alone.



Strengths and limitations

Our study offers several strengths. First, the community hospital (transitional care) setting provides unique insight into the recovery of stroke survivors with moderate deficits (Tier 2D). The inclusion of psychosocial variables, such as depression and resilience, reflects a comprehensive approach to evaluating stroke recovery. The multidisciplinary team-based approach also ensures holistic rehabilitation addressing physical, cognitive, and emotional needs, while strong community linkages support successful transitions to home. Second, the study had a low dropout rate of just 2% (4 out of 216 participants), enhancing statistical power and reducing attrition bias. Most participants completed their rehabilitation and were successfully discharged home. Third, by identifying factors associated with short-term functional improvement, this study provides a foundation for future longitudinal research aimed at establishing causal relationships and exploring underlying mechanisms.

However, several limitations warrant consideration. First, by excluding patients with cognitive impairment, we may have limited the applicability of our findings to the broader stroke population, as cognitive deficits are common post-stroke. Second, our study only examined short-term outcomes; further research is needed to explore the sustainability of early functional gains. Third, we were unable to assess other potentially important variables such as socioeconomic status, intensity and duration of rehabilitation, and family support, which may influence recovery trajectories.

The community hospital model in Singapore operates within a tightly integrated national health system, characterized by high continuity of care, publicly funded rehabilitation subsidies, and short transfer times between acute and post-acute settings under the One-Rehabilitation Framework. Such system-level coordination may not be present in other countries where subacute rehabilitation is delivered through more fragmented, insurance-based or outpatient-dominated pathways (Ifejika et al., 2025). Consequently, the observed benefits of early transfer and structured multidisciplinary rehabilitation may be attenuated in health systems with delayed transitions or variable access to therapy services. Cultural and social factors unique to Singapore such as high family co-residence rates (86.50% in our sample), community-based caregiving expectations, and multi-ethnic but urban population homogeneity, may also influence recovery trajectories differently from Western or rural Asian contexts (Gubhaju et al., 2018).



Conclusion and future implications

This study provides valuable insights into stroke rehabilitation outcomes within Singapore's community hospital setting. We identified two key predictors of short-term functional improvement: older age and early initiation of rehabilitation. Notably, older patients achieved better functional outcomes than expected, challenging common assumptions about age-related limitations in recovery—an important finding given Singapore's rapidly aging population. Early rehabilitation also proved to be a critical factor, with prompt initiation within 2 days of stroke onset associated with significantly better outcomes. These findings highlight the importance of streamlined care pathways, including timely transfers from acute care to rehabilitation, and support the development of age-specific strategies that prioritize early intervention.

Moving forward, a more comprehensive approach to stroke rehabilitation is needed—one that considers not only traditional clinical indicators but also psychosocial and contextual factors. Future research should extend follow-up beyond the short term and include a wider spectrum of stroke survivors to better inform practices and policies in community-based stroke rehabilitation.

Future studies should aim to validate these findings across multiple community and regional rehabilitation settings to enhance generalisability. Comparative research between Singapore and other health systems could clarify how differences in healthcare financing, rehabilitation intensity, and care coordination influence recovery trajectories. Inclusion of cognitive and socioeconomic variables will allow for a more comprehensive understanding of stroke recovery determinants. Longitudinal studies extending follow-up beyond discharge are needed to assess the sustainability of short-term gains and their translation into long-term independence and community reintegration. In addition, implementation-focused research using frameworks such as RE-AIM or CFIR could examine how organizational processes, referral timing, and resource allocation affect the timeliness and effectiveness of rehabilitation. These efforts will strengthen evidence for optimizing early rehabilitation and support the design of scalable, system-level strategies to improve functional recovery after stroke.
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