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ABSTRACT

Background: Post-stroke fatigue is a pervasive and disabling symptom that significantly affects
quality of life (QoL) and social reintegration, yet it often remains underrecognized in rehabilitation
programs focused primarily on physical recovery. Its impact may be particularly profound in low-

® LINK resource settings where structured post-stroke care is limited. Objective: This study aimed to
Lm MEDICAL examine the relationship between fatigue severity and reintegration to normal living among stroke
INTERFACE survivors in Sialkot, Pakistan, while assessing whether this association is independent of gait
performance measures. Methods: A cross-sectional study was conducted among 100 post-stroke
survivors and 100 age- and sex-matched community controls recruited from five tertiary hospitals.
Fatigue was assessed using the Fatigue Severity Scale (FSS), reintegration using the Reintegration
to Normal Living Index (RNLI), and gait performance using the Timed Up and Go (TUG) test, gait
speed, and cadence. Data were analyzed using Pearson correlation and multivariate regression to
identify independent predictors of reintegration, with adjustments for demographic and clinical
confounders. Results: Stroke survivors exhibited significantly higher fatigue (FSS 5.78 + 1.28 vs.
3.58 £0.95; p < 0.001) and lower reintegration (RNLI 28.35 + 16.39 vs. 75.73 £ 11.88; p < 0.001).
Fatigue severity independently predicted poorer reintegration (f = —0.29, p = 0.003) after adjusting
for mobility and socioeconomic factors. Conclusion: Fatigue exerts a substantial, independent
influence on post-stroke reintegration and QolL, underscoring the need for fatigue-focused
rehabilitation strategies that extend beyond gait recovery.
Keywords
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INTRODUCTION

Stroke remains a leading cause of long-term disability worldwide and exerts a disproportionate toll on motor function, participation, and health-
related quality of life (QoL) (1). Beyond acute survival, many survivors develop persistent gait deviations—slower walking speed, shortened step
length, impaired balance, and asymmetry—driven by corticospinal damage, altered tone, and sensorimotor control deficits; these abnormalities
increase the energetic cost of ambulation and heighten fall risk, undermining independence and social roles (2-4). Alongside these motor sequelae,
post-stroke fatigue—a multidimensional syndrome encompassing physical, cognitive, and affective exhaustion—is common, with global
prevalence estimates typically spanning one-third to two-thirds of survivors, and is consistently linked to poorer functional outcomes and
diminished QoL (5-6). Mechanistically, reduced corticomotor excitability and compensatory recruitment patterns may increase the effort required
for movement and everyday tasks, helping explain why impaired gait and fatigue so often co-occur and reinforce one another (7).

The lived impact of this cluster of problems is amplified in resource-constrained settings, where timely, multidisciplinary rehabilitation is difficult
to access. In Pakistan, structural gaps in organized stroke services, specialized rehabilitation personnel, and community follow-up impede recovery
pathways and intensify post-acute disability, with predictable consequences for mobility, societal reintegration, and caregiver burden (8). Within
such contexts, mobility tests alone incompletely capture recovery priorities: survivors and families often report fatigue, limited stamina, and
difficulties resuming valued life roles as the most stubborn barriers, even when basic timed performance measures are stable (9). Contemporary
syntheses underscore that post-stroke fatigue is not merely a correlate of motor impairment but a QoL-critical target in its own right, interacting
with mood, sleep, deconditioning, and energy management behaviors to shape participation and community reintegration (10).

Existing rehabilitation research has traditionally foregrounded impairment-level and performance-based outcomes (e.g., gait speed, cadence, Timed
Up-and-Go [TUG]), which are invaluable for quantifying motor capacity but do not fully reflect whether survivors have “re-entered” their social
worlds (2—4). Participation-oriented constructs—operationalized here by the Reintegration to Normal Living Index (RNLI)—index everyday role
resumption and community engagement and may be more proximally affected by fatigue than by momentary timed ambulation, especially where
environmental and service barriers are pronounced (5-6,10). This framing is salient in Sialkot, an industrial district with socio-educational
disparities and constrained access routes to rehabilitation; in such an environment, the path from impairment to participation plausibly runs through
fatigue and energy availability, caregiver capacity, and opportunity structures for activity, not solely through changes in gait kinematics (8—10).
Against this backdrop, there is a clear knowledge gap: few studies in low-resource South Asian settings have examined how fatigue severity relates
to social reintegration after stroke while situating gait measures as secondary descriptors rather than the centerpiece. The prevailing evidence base,
largely derived from higher-resource systems, may not generalize where delayed referrals, fragmented follow-up, and household caregiving norms
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shape recovery trajectories (8—10). Addressing this gap is clinically and policy-relevant: if fatigue is tightly coupled to reintegration independent
of timed mobility, then energy-conservation training, graded activity, psychoeducation, and caregiver skills may warrant elevation alongside gait
work in program design, and novel delivery models (e.g., community-based or tele-supported) may offer feasible implementation pathways in
Sialkot (8-10).

Accordingly, this study focuses on post-stroke survivors in Sialkot (Population), examines fatigue severity measured by the Fatigue Severity Scale
(Exposure), contrasts findings with non-stroke community controls and explores independence from gait performance metrics (Comparator), and
evaluates reintegration using the adjusted RNLI as a QoL-relevant participation outcome (Outcome) (5-6,10). We hypothesize that higher fatigue
severity will be associated with poorer reintegration to normal living among post-stroke survivors, and that this association will persist when
considering contemporaneous gait performance (TUG, speed, cadence), reflecting fatigue’s distinct participation pathway in a low-resource context
(2-6,8-10). The primary research question is: among stroke survivors in Sialkot, is fatigue severity independently associated with lower RNLI
scores, beyond what is explained by timed mobility, and how do socio-educational profiles differ from community controls to contextualize this
relationship (2-6,8-10).

MATERIAL AND METHODS

This research employed a cross-sectional observational design to examine the association between fatigue severity and reintegration to normal
living among post-stroke survivors in Sialkot, Pakistan, compared with community controls. The rationale for using a cross-sectional framework
was to capture concurrent variations in fatigue, functional reintegration, and mobility parameters in a real-world context where long-term follow-
up is often impractical due to resource and logistical constraints (11). The study was conducted across five major hospitals in Sialkot—Civil
Hospital, Syed Medical Complex, Sialkot Medical Complex, Combined Military Hospital (CMH), and Bashir Hospital—between September and
November 2024. These sites were selected because they represent a broad cross-section of public and private healthcare provision in the district,
encompassing diverse socioeconomic backgrounds and referral patterns for post-stroke rehabilitation (12).

Participants were recruited consecutively from outpatient neurology and physiotherapy departments. Inclusion criteria comprised adults aged 25—
85 years with a confirmed diagnosis of ischemic or hemorrhagic stroke at least three months prior to recruitment, clinically stable, and able to
provide informed consent. Participants were required to demonstrate residual gait impairment or self-reported fatigue. Exclusion criteria included
comorbid neurological disorders such as Parkinson’s disease or multiple sclerosis, severe psychiatric illness or cognitive dysfunction interfering
with comprehension of instructions, and orthopedic conditions independently affecting gait (13). A control group of community-dwelling adults
without a history of stroke or neurological disorders was recruited from hospital visitors and community centers using the same age and sex
distribution. Written informed consent was obtained from all participants after a full explanation of study aims, voluntary participation, and data
confidentiality assurances (14).

Data collection was conducted in a controlled clinical environment to minimize external distractions and ensure consistency across sites. Each
participant completed a structured evaluation comprising sociodemographic information (age, sex, education, employment, income category) and
clinical characteristics (stroke type, duration since onset, comorbidities, and therapy participation). Fatigue was assessed using the Fatigue Severity
Scale (FSS), a nine-item self-report instrument scored on a seven-point Likert scale, where higher mean scores indicate greater fatigue severity
(15). Reintegration to daily life was measured using the Reintegration to Normal Living Index (RNLI), adjusted to a 0-100 scale to facilitate cross-
group comparison, with higher scores indicating better community participation and role resumption (16). Gait performance was evaluated using
the Timed Up and Go (TUG) test, gait speed (measured in meters per second over a fixed 6-meter walkway), and cadence (steps per minute). All
instruments have demonstrated reliability and validity in post-stroke populations (17).

To reduce measurement bias, all physical assessments were performed by trained physiotherapists blinded to participants’ fatigue scores.
Standardized protocols and calibration of timing devices were maintained throughout. The order of test administration was consistent—TUG
followed by gait speed and cadence—to prevent fatigue-induced carryover effects. To minimize confounding, demographic and clinical variables
such as age, sex, and stroke type were recorded and included in multivariate analyses. Self-report questionnaires were interviewer-administered
for participants with mild expressive or comprehension difficulties to ensure accurate responses (18).

The sample size of 200 (100 stroke survivors and 100 controls) was determined to provide at least 80% power to detect a moderate correlation (r
=0.25) between FSS and RNLI scores at a 5% significance level, accounting for potential non-normality and attrition. Data were double-entered
and cross-verified to ensure integrity and reproducibility.

Statistical analyses were performed using IBM SPSS Statistics version 26.0. Descriptive statistics (mean + SD, frequency, and percentages) were
calculated for all variables. Between-group differences were analyzed using independent-sample t-tests for continuous variables and chi-square
tests for categorical data. Pearson’s correlation coefficients quantified associations between fatigue, reintegration, and gait parameters. Linear
regression models were used to identify predictors of functional mobility and reintegration, adjusting for potential confounders including age, sex,
stroke type, and employment status. Model assumptions were evaluated through residual normality and collinearity diagnostics. Missing data,
which were minimal (<5%), were handled using pairwise deletion to preserve statistical power (19).

Ethical approval was obtained from the institutional review boards of all participating hospitals (Approval No. 24/2024-Rehab). All procedures
conformed to the principles of the Declaration of Helsinki. Participant anonymity was maintained by assigning unique codes, and electronic data
were stored on password-protected devices accessible only to the research team. Efforts to ensure reproducibility included standardized data
collection manuals, independent verification of entered data, and retention of anonymized datasets for future secondary analysis upon request (20).

RESULTS

A total of 200 participants were included, comprising 100 post-stroke survivors (experimental group) and 100 age- and sex-matched community
controls. The mean age of the stroke group was 54.33 + 10.98 years compared with 45.32 & 15.79 years in controls (p <0.001). Males and females
were evenly distributed in both groups (50% each). Descriptive and inferential results for demographic, clinical, and functional variables are
summarized in Tables 1-5.

Table 1. Sociodemographic characteristics of participants
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Variable Experimental (n=100) Control (n=100) t/ p-value
Age (years), mean = SD 54.33 £10.98 4532+ 15.79 4.69 <0.001 ***
Gender (Male/Female) 50/50 50/50 0.00 1.000
Education — Nil (%) 32 (32%) 12 (12%) 11.46 0.001 **
Education — High School (%) 26 (26%) 0 (0%) 27.08 <0.001 ***
Education — Bachelor’s (%) 29 (29%) 9 (9%) 12.50 <0.001 ***
Education — Master’s (%) 13 (13%) 79 (79%) 83.22 <0.001 ***
Employment — Unemployed (%) 63 (63%) 20 (20%) 33.95 <0.001 ***
Employment — Employed (%) 34 (34%) 79 (79%) 36.62 <0.001 ***
Employment — Retired (%) 3 (3%) 1 (1%) 0.63 0.43
Monthly income below 50,000 PKR (%) 68 (68%) 27 (27%) 31.62 <0.001 ***

**% p <0.001; ** p<0.01. Post-stroke participants demonstrated significantly lower educational attainment and employment rates compared with
controls, highlighting socioeconomic disparities that may influence rehabilitation and reintegration outcomes.

Table 2. Clinical characteristics of stroke participants

Variable Frequency (%) 95% CI (%)
Stroke Type — Ischemic 86 (86%) 78.6-92.2
Stroke Type — Hemorrhagic 14 (14%) 7.8-21.4
Receiving Therapy — Yes 68 (68%) 58.6-76.3
Receiving Therapy — Sometimes 31 (31%) 22.7-40.3
Walking Aid Use — Yes 87 (87%) 80.1-93.9
Walking Ability — Normal 67 (67%) 57.2-75.8
Walking Ability — Difficult 32 (32%) 23.3-41.8

Ischemic stroke was the predominant type. A majority (87%) required walking aids, and one-third reported difficulty walking despite ongoing or

intermittent therapy.

Table 3. Comparison of functional mobility, fatigue, and reintegration outcomes between groups

Measure Experimental (Mean = SD) Control (Mean £ SD) Mean Difference (95% CI) t (df) p-value

TUG (s) 23.95+1.73 13.29+0.97 +10.66 (9.85-11.47) 53.68 (198) <0.001 *%**
Gait Speed (m/s) 0.13+£0.01 0.11 £0.02 +0.02 (0.01-0.03) 9.84 (198) <0.001 *%**
Cadence (steps/min) 59.44 £2.72 52.50+4.12 +6.94 (5.91-7.97) 13.32 (198) <0.001 ***
FSS Total 5091 £13.31 32.26 +8.57 +18.65 (15.67-21.63) 10.69 (198) <0.001 *%**
Mean FSS 5.78 £1.28 3.58 £0.95 +2.20 (1.88-2.52) 13.01 (198) <0.001 ***
RNLI (Adjusted %) 28.35+16.39 7573 £11.88 —47.38 (—51.03—43.73) —26.71 (198)  <0.001 ***

*#% p < 0.001. Stroke survivors exhibited markedly worse mobility and reintegration scores and significantly greater fatigue severity relative to

controls.

Table 4. Correlations between functional and psychosocial variables among stroke participants (n = 100)

Variable Pair Pearson r 95% CI for r p-value
TUG < Gait Speed —-0.927 —0.95 to —0.89 <0.001 ***
TUG < Cadence —0.956 —0.97 to —0.93 <0.001 ***
FSS < RNLI —0.281 —0.45 to —0.09 0.005 **
FSS & TUG —0.047 —0.25t00.16 0.640

FSS < Gait Speed 0.062 —0.15t0 0.27 0.540

FSS < Cadence 0.032 —0.18t0 0.24 0.749
RNLI < TUG —0.064 —0.27t0 0.15 0.528
RNLI < Gait Speed 0.059 —0.16t0 0.26 0.561

*E% p <0.001; ** p <0.01. Fatigue severity correlated negatively with reintegration (r = —0.281, p = 0.005), whereas its direct relationship with
timed mobility (TUG) and gait parameters was weak and nonsignificant. This supports the hypothesis that fatigue affects participation and QoL
more than immediate motor performance.

Table 5. Multiple linear regression predicting reintegration (Adjusted RNLI) in stroke participants

Predictor B (Regression Coefficient) SE (B) B (Standardized) 95% CI for B t p-value
Constant 91.210 6.345 — 78.62 to 103.80 14.38  <0.001 ***
Fatigue Severity (FSS) -1.92 0.62 -0.29 —3.14 t0o —0.70 -3.10  0.003 **
TUG (s) —0.18 0.33 —0.05 —0.84 to 0.48 -0.54  0.591

Gait Speed (m/s) 9.75 12.88 0.08 —15.80 to 35.30 0.76 0.448
Cadence (steps/min) 0.06 0.08 0.10 —0.09 t0 0.21 0.82 0.413
Education (level) 3.21 1.02 0.27 1.18t0 5.24 3.15 0.002 **
Employment (status) 4.86 1.37 0.29 2.15107.57 3.54 <0.001 ***

Model Summary

R =10.58; R*=0.34;
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Predictor B (Regression Coefficient) SE (B) B (Standardized) 95% CI for B t p-value
.R?=0.31; F(6,93) =8.02;
p <0.001

*¥*% p <0.001; ** p <0.01. Fatigue severity emerged as a significant independent predictor of poorer reintegration even after adjusting for gait
measures and socioeconomic covariates, explaining roughly one-third of RNLI variance. Education and employment status also contributed
positively to reintegration, suggesting that socioeconomic resources partially buffer fatigue-related participation loss.
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Figure 1 Temporal Relationship Between Fatigue Severity and Reintegration After Stroke

Fatigue severity demonstrated a progressive decline from a mean Fatigue Severity Scale (FSS) score of 6.1 + 0.4 at three months post-stroke to
4.3 + 0.3 by 24 months, while Reintegration to Normal Living Index (RNLI) scores rose steadily from 25 + 3% to 58 + 6% across the same interval.
The inverse, near-linear temporal relationship indicates that reductions in fatigue are accompanied by consistent improvements in social
reintegration, with the steepest recovery phase between 6 and 12 months post-stroke. This pattern suggests that targeted fatigue management within
the first post-stroke year could yield significant gains in community participation and quality of life, supporting the integration of fatigue-focused
interventions in early rehabilitation strategies.

DISCUSSION

The present study provides new evidence on the interplay between fatigue, reintegration, and mobility among post-stroke survivors in Sialkot,
Pakistan, highlighting how energy depletion and social vulnerability shape recovery outcomes in low-resource environments. Fatigue severity
emerged as a significant independent predictor of reintegration, even when controlling for gait speed, cadence, and timed mobility performance.
This finding underscores that post-stroke fatigue is not merely a by-product of physical deconditioning but a multidimensional determinant of
quality of life (QoL) that exerts a direct influence on participation and psychosocial well-being (21). The negative correlation between Fatigue
Severity Scale (FSS) and Reintegration to Normal Living Index (RNLI) scores supports prior conceptualizations that fatigue limits community
participation through its effects on motivation, self-efficacy, and energy allocation rather than direct impairment of motor control (22).

These results align with previous international studies that have described post-stroke fatigue as a major contributor to reduced functional
independence and poor QoL outcomes. Aali (2020) reported fatigue prevalence rates of 30—70% among survivors and emphasized its impact on
self-care and social roles, findings that parallel the present study’s observation of high fatigue burden and diminished RNLI scores among Sialkot
survivors (23). Similarly, Hinkle et al. (2017) and Dong et al. (2024) identified fatigue as a mediator between neurological injury and participation
outcomes, independent of mobility measures (24,25). The weak correlation observed between fatigue and TUG or gait speed in this study is
consistent with these prior findings, suggesting that physical endurance tests inadequately capture the cognitive-emotional dimensions of fatigue
that impede recovery. In contrast, the significant negative FSS—RNLI association highlights that fatigue may serve as a bottleneck to social
reintegration and psychological adaptation even when mobility is relatively preserved.

The present data extend the literature by contextualizing this relationship within a resource-limited Pakistani setting, where rehabilitation access
remains fragmented and culturally mediated. Prior studies from high-income settings, such as those by Saunders and Fairhall (2020) and Vale and
Rodgers (2020), demonstrated that structured exercise and extended rehabilitation programs improve QoL through enhanced mobility and reduced
fatigue (26,27). However, in Sialkot, participants with similar clinical profiles exhibited lower reintegration scores compared to international
benchmarks, a disparity likely reflecting socioeconomic and systemic barriers to continuity of care. Most participants were unemployed or had
limited education, mirroring the broader pattern of restricted health literacy and reduced capacity for self-directed rehabilitation. These social
determinants interact synergistically with fatigue, leading to a compounding decline in physical and psychosocial functioning (28).

From a mechanistic standpoint, fatigue after stroke has been linked to disrupted neural pathways within the basal ganglia and prefrontal cortex,
dysregulated neurotransmitter signaling, and maladaptive cortical reorganization that heighten the subjective sense of effort required for voluntary
activity (29). Combined with peripheral mechanisms such as sarcopenia, cardiorespiratory deconditioning, and altered oxygen metabolism, this
neurophysiological burden amplifies the energy cost of ambulation and daily tasks (30). In the absence of structured rehabilitation and psychosocial
counseling, such fatigue perpetuates a cycle of inactivity, dependency, and depressive symptoms. This model is supported by Cheon (2023), who
described how emotional exhaustion secondary to persistent fatigue accelerates social withdrawal and perceived isolation (31). The current findings
echo this model, as participants with higher fatigue demonstrated significantly poorer reintegration despite similar motor test performance.
Clinically, these findings advocate for a paradigm shift in post-stroke care from purely impairment-centered interventions to holistic management
targeting fatigue and participation outcomes. Fatigue management should incorporate graded activity pacing, cognitive-behavioral therapy, energy
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conservation techniques, and sleep hygiene education alongside traditional physiotherapy. The significant role of education and employment status
in predicting reintegration further highlights the need for vocational and psychosocial rehabilitation as integral components of stroke recovery in
low-resource communities (32). Interdisciplinary care teams—comprising physiotherapists, occupational therapists, psychologists, and social
workers—are essential to address the multidimensional nature of fatigue and restore patient independence.

Despite its strengths in addressing an underexplored population, the study has limitations that should be acknowledged. The cross-sectional design
precludes causal inference regarding temporal interactions between fatigue, mobility, and reintegration. Longitudinal data would better elucidate
whether improvements in fatigue precede enhanced participation or vice versa (33). The reliance on self-reported fatigue measures introduces
potential recall and desirability biases, although interviewer administration mitigated these risks. The study was geographically confined to one
district, limiting generalizability to broader populations, and the modest sample size constrains subgroup analyses across stroke subtypes or gender-
specific effects. Furthermore, unmeasured psychosocial factors such as depression, caregiver burden, and social support may have partially
mediated the observed associations (34). Nevertheless, the research contributes meaningfully to the regional evidence base by linking fatigue and
social reintegration in a population largely absent from global rehabilitation discourse. It provides actionable insights for designing context-
sensitive rehabilitation frameworks in Pakistan and similar settings. Future research should employ prospective cohort designs and intervention
trials to evaluate fatigue-targeted rehabilitation modules, including community-based exercise programs, telerehabilitation, and caregiver education
initiatives. Integration of objective physiological fatigue indices, such as actigraphy and muscle oxygenation metrics, would enhance measurement
precision and bridge self-report limitations (35).

CONCLUSION

This cross-sectional study conducted in Sialkot demonstrated that post-stroke fatigue is a significant independent determinant of poor reintegration
to normal living, exerting a greater influence on social participation and quality of life than on direct mobility performance. By revealing that
fatigue severity correlates negatively with reintegration outcomes, even when controlling for gait parameters, the findings emphasize the
multidimensional nature of post-stroke recovery, where energy management and psychosocial adaptation are as critical as physical rehabilitation.
Clinically, these results highlight the need for integrating structured fatigue management, cognitive-behavioral strategies, and vocational
rehabilitation into conventional physiotherapy programs to optimize post-stroke outcomes in low-resource settings. From a research perspective,
the study underscores the importance of longitudinal and interventional studies to examine causal pathways and evaluate fatigue-targeted
rehabilitation models that combine physical reconditioning with psychosocial support to enhance reintegration and long-term functional
independence among stroke survivors.
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