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ABSTRACT

Background: Cognitive impairment is a frequent but often overlooked complication in stroke survivors, impacting functional
recovery, independence, and long-term quality of life. Existing data on post-stroke cognitive decline are limited in South Asian
populations, where demographic and health system factors may influence prevalence and severity. Objective: To determine
the frequency and severity of cognitive decline among post-stroke patients attending a tertiary care center in Pakistan using
the Mini-Mental State Examination (MMSE), and to identify clinical and demographic risk factors associated with cognitive
impairment. Methods: In this cross-sectional study, 179 patients aged 18—70 years with ischemic or hemorrhagic stroke at
least six months previously were consecutively recruited from a neurology department over six months. Demographic and
clinical information was collected, and cognitive function assessed with linguistically validated MMSE versions. Statistical
analyses included group comparisons and multivariate associations using appropriate inferential tests. Results: Cognitive
decline (MMSE <24) was identified in 65.4% of participants, with mild, moderate, and severe impairment observed in 38.5%,
18.4%, and 8.4% respectively. Significant risk factors included older age (p<0.001), hemorrhagic stroke (p=0.048), longer
post-stroke duration (p=0.032), and diabetes mellitus (p=0.008), while gender and other comorbidities were not significant.
Conclusion: Cognitive decline affects a majority of post-stroke patients in this South Asian cohort, especially those with
advanced age, hemorrhagic stroke, longer recovery interval, and diabetes. Routine screening and targeted rehabilitation are
recommended to improve outcomes.

Keywords: Stroke, cognitive decline, Mini-Mental State Examination, post-stroke complications, risk factors, rehabilitation

INTRODUCTION

Stroke remains a leading global cause of mortality and long-term disability, imposing a substantial burden on individuals, families, and
health systems worldwide (1). Annually, over 12 million new stroke cases are recorded, and the prevalence of stroke survivors living with
chronic sequelae is steadily increasing, particularly in low- and middle-income countries (2). Ischemic and hemorrhagic strokes differ in
etiology but are unified by their capacity to produce enduring neurological deficits, including hemiparesis, speech impairment, and sensory
disturbances (3,4). Among the spectrum of post-stroke complications, cognitive decline is both highly prevalent and underrecognized,
despite its profound impact on patient independence, quality of life, and participation in rehabilitation (5,6). Cognitive impairment after
stroke encompasses a broad range of deficits—memory, attention, executive functioning, language, and visuospatial skills—and
contributes to increased morbidity, hindered recovery, and greater caregiver dependence (7,8). The reported frequency of post-stroke
cognitive impairment (PSCI) varies widely, with meta-analyses citing rates between 20% and 80%, largely reflecting differences in
assessment methods, timing of evaluation, and population characteristics (9). Importantly, the risk of cognitive decline may be exacerbated
by advanced age, stroke type and severity, comorbid conditions such as diabetes, and lower educational attainment, all of which influence
cognitive reserve and neuroplasticity (10,11). Reliable identification of PSCI is crucial for tailoring rehabilitation strategies and predicting
long-term outcomes, yet routine cognitive assessment is often neglected in resource-constrained settings, especially in South Asia (12).
The Mini-Mental State Examination (MMSE) is widely used for screening cognitive impairment and offers a practical approach for rapid
assessment across diverse domains, despite its recognized limitations in detecting subtle deficits (13). International studies using the
MMSE have reported variable prevalence rates, including 35% in large hospital cohorts (14) and up to 65% at six months post-stroke in
some populations (15). However, existing evidence from South Asian countries is scarce, and little is known about the true burden and
determinants of PSCI in Pakistani stroke survivors, where disparities in education, access to care, and stroke management may modulate
risk. This knowledge gap has significant implications for the design of effective post-stroke rehabilitation programs, the allocation of
healthcare resources, and the development of culturally relevant screening protocols (16). Therefore, the present study was undertaken to
determine the frequency and severity of cognitive decline in post-stroke patients attending a tertiary care center in Pakistan, utilizing the
MMSE, and to identify clinical and demographic risk factors associated with cognitive impairment in this population.

MATERIAL AND METHODS

This cross-sectional observational study was conducted in the Department of Neurology at Hayatabad Medical Complex, Peshawar,
Pakistan, over a period of six months from November 1st, 2024 to April 30th, 2025, following institutional review board approval (17).
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The study aimed to assess the frequency and severity of cognitive decline among post-stroke patients and to identify associated risk factors
within this population. The target population consisted of adults aged 18 to 70 years who had experienced either an ischemic or hemorrhagic
stroke, confirmed by neuroimaging, with a minimum post-stroke duration of six months to minimize the confounding effects of acute
neurological recovery. All patients were required to be medically stable at the time of cognitive assessment to ensure reliable results.
Exclusion criteria encompassed individuals with known pre-existing cognitive impairment, previously diagnosed neurodegenerative
diseases such as Alzheimer's, Parkinson's disease, or frontotemporal dementia, space-occupying brain lesions, traumatic intracranial
hemorrhage, recurrent strokes, or significant psychiatric illness that could interfere with cognitive evaluation. Patients with severe aphasia
precluding MMSE administration were also excluded to ensure the validity of cognitive testing.

Eligible patients were recruited consecutively using a non-probability successive sampling technique as they presented to the neurology
outpatient and stroke follow-up clinics during the study period. Informed written consent was obtained from each participant prior to
enrollment, with full disclosure of study objectives, procedures, and potential risks, ensuring compliance with ethical standards and patient
autonomy. Demographic and clinical data were collected using a structured questionnaire administered by trained neurology residents
under the supervision of consultant neurologists. Collected variables included age, gender, residential background (urban or rural), stroke
type (ischemic or hemorrhagic), vascular territory (anterior or posterior circulation as identified by neuroimaging), duration since stroke
onset (in months), and major comorbidities such as hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, and history
of smoking. Comorbidities were confirmed using patient medical records or documented diagnostic criteria to enhance data accuracy and
reduce recall bias.

Cognitive assessment was performed using the Mini-Mental State Examination (MMSE), a widely validated tool for global cognitive
screening in post-stroke populations, administered in either Urdu or Pashto according to participant preference. Linguistically validated
translations of the MMSE were utilized to maintain instrument reliability and cultural appropriateness (18). Examinations were conducted
in a distraction-free environment, with the assessor blinded to the patients’ clinical data to minimize observer bias. Each MMSE session
was scheduled to last approximately 15-20 minutes, allowing for rest periods when necessary to reduce fatigue-related measurement error.
MMSE scores were interpreted as follows: 24-30 denoted no cognitive impairment, 18-23 indicated mild cognitive impairment, 10—17
signified moderate impairment, and scores below 10 represented severe cognitive impairment (19). These operational definitions align
with previous research and facilitate comparison with published data.

Sample size was calculated using the World Health Organization sample size calculator, with a confidence level of 95%, absolute precision
of 7%, and an anticipated prevalence of post-stroke cognitive impairment of 35% based on previously published literature (14). This
yielded a minimum sample requirement of 179 patients. To ensure data completeness and integrity, all entries were double-checked by an
independent data manager, and ambiguous or incomplete responses were cross-verified with patients or family members during clinic
visits. All collected data were anonymized and entered into a secure electronic database for analysis.

Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA) under institutional license. Continuous
variables were evaluated for normality using the Kolmogorov-Smirnov test; normally distributed data were reported as means with standard
deviations, while non-normally distributed data were expressed as medians with interquartile ranges. Categorical variables were presented
as frequencies and percentages. Bivariate comparisons were made using independent t-tests for parametric continuous variables, Mann-
Whitney U tests for non-parametric data, and chi-square or Fisher’s exact tests for categorical variables. Associations between cognitive
decline and potential risk factors were analyzed, and a two-tailed p-value of <0.05 was considered statistically significant. Missing data
were minimized through real-time data verification; where present, cases with incomplete outcome variables were excluded from specific
analyses without imputation. Ethical approval was granted by the Institutional Review Board of Hayatabad Medical Complex, and all
procedures adhered to the Declaration of Helsinki. Rigorous measures for data security, confidentiality, and reproducibility were
implemented throughout the research process, enabling replication by independent investigators.

RESULTS

A total of 179 post-stroke patients were included in the analysis. The mean age was 58.4 &+ 12.7 years, with a range from 28 to 70 years.
Males accounted for 58.1% (n=104), and 62.6% (n=112) of patients resided in urban areas. The median duration since stroke was 14
months (IQR: 8-24 months). Ischemic stroke was the predominant type (84.9%, n=152). The prevalence of major comorbidities included
hypertension (68.2%, n=122), diabetes mellitus (52.5%, n=94), hyperlipidemia (38.0%, n=68), coronary artery disease (31.8%, n=57), and
smoking history (42.5%, n=76).

Table 1. Demographic and Clinical Characteristics of Study Participants (N=179)

Characteristic n (%) / Mean £ SD / Median (IQR)
Age (years), Mean + SD 584 +12.7
<60 years 83 (46.4)
>60 years 96 (53.6)
Gender:
Male 104 (58.1)
Female 75 (41.9)
Residence:
Urban 112 (62.6)
Rural 67 (37.4)
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Characteristic n (%) / Mean = SD / Median (IQR)
Stroke type:

Ischemic 152 (84.9)

Hemorrhagic 27 (15.1)
Duration post-stroke (months), Median (IQR) 14 (8-24)
<18 months 105 (58.7)
>18 months 74 (41.3)
Hypertension 122 (68.2)
Diabetes mellitus 94 (52.5)
Hyperlipidemia 68 (38.0)
Coronary artery disease 57 (31.8)
Smoking history 76 (42.5)

The mean MMSE score was 20.1 + 6.8 (range: 6—30). Cognitive decline (MMSE <24) was identified in 65.4% (n=117) of patients. Among
those with cognitive impairment, mild impairment (MMSE 18-23) was present in 38.5% (n=69), moderate in 18.4% (n=33), and severe
in 8.4% (n=15).

Table 2. Frequency and Severity of Cognitive Decline in Post-Stroke Patients (N=179)

Severity of Cognitive Impairment n (%)
No cognitive impairment (MMSE 24-30) 62 (34.6)
Mild (MMSE 18-23) 69 (38.5)
Moderate (MMSE 10-17) 33 (18.4)
Severe (MMSE <10) 15 (8.4)

The associations between cognitive decline and clinical or demographic variables are detailed below.

Table 3. Factors Associated with Cognitive Decline in Post-Stroke Patients

Variable No Cognitive Decline n=62 (%)  Cognitive Decline n=117 (%) p-value Odds Ratio (95% CI)
Age <60 yrs 41 (49.4) 42 (50.6) <0.001  0.29 (0.15-0.58)
Age >60 yrs 21 (21.9) 75 (78.1)

Male 34 (32.7) 70 (67.3) 0.542 1.23 (0.66-2.31)
Female 28 (37.3) 47 (62.7)

Ischemic stroke 57 (37.5) 95 (62.5) 0.048 0.35 (0.12-1.00)
Hemorrhagic stroke 5(18.5) 22 (81.5)

<18 months post-stroke 44 (41.9) 61 (58.1) 0.032 0.52 (0.28-0.97)
>18 months 18 (26.8) 56 (73.2)

Diabetes mellitus 24 (25.5) 70 (74.5) 0.008 2.37 (1.26-4.48)
No diabetes 38 (44.7) 47 (55.3)

Hypertension 38 (31.1) 84 (68.9) 0.127 1.66 (0.87-3.17)
No hypertension 24 (42.1) 33 (57.9)

*QOdds ratios and 95% confidence intervals are shown where relevant; p-values are based on chi-square tests unless otherwise specified.

A total of 179 post-stroke patients were assessed, with a mean age of 58.4 years (SD 12.7); just over half of the cohort (53.6%, n=96) was
aged 60 or older. Males comprised 58.1% (n=104) of the study population, and most patients (62.6%, n=112) resided in urban areas.
Ischemic stroke was the predominant type, observed in 84.9% (n=152) of cases, while hemorrhagic stroke accounted for 15.1% (n=27).
The median duration since stroke was 14 months (IQR: 8-24), with 41.3% (n=74) of patients having survived more than 18 months post-
stroke. Hypertension was the most frequent comorbidity (68.2%, n=122), followed by diabetes mellitus (52.5%, n=94), hyperlipidemia
(38.0%, n=68), coronary artery disease (31.8%, n=57), and a history of smoking (42.5%, n=76).

The mean MMSE score was 20.1 (SD 6.8), with a wide range from 6 to 30. Cognitive decline, defined as an MMSE score below 24, was
identified in 65.4% (n=117) of participants. Among those with cognitive impairment, mild cognitive decline (MMSE 18-23) was the most
common, affecting 38.5% (n=69) of all patients, while moderate impairment (MMSE 10-17) and severe impairment (MMSE <10) were
found in 18.4% (n=33) and 8.4% (n=15), respectively.

Age was a significant determinant: 78.1% (n=75/96) of patients aged 60 years or above experienced cognitive decline, compared to only
50.6% (n=42/83) in those under 60 (p<0.001, OR 0.29, 95% CI 0.15-0.58). Although men had a slightly higher frequency of cognitive
decline than women (67.3% vs 62.7%), the difference was not statistically significant (p=0.542). Hemorrhagic stroke was associated with
a markedly higher prevalence of cognitive impairment (81.5%, n=22/27) compared to ischemic stroke (62.5%, n=95/152; p=0.048, OR
0.35, 95% CI 0.12-1.00). Cognitive decline was more common among those with a longer interval since stroke: 73.2% (n=56/74) of those
more than 18 months post-stroke were affected, compared to 58.1% (n=61/105) of those with a shorter duration (p=0.032, OR 0.52, 95%
CI 0.28-0.97). Diabetes mellitus showed a strong association, with 74.5% (n=70/94) of diabetic patients experiencing cognitive decline
versus 55.3% (n=47/85) of non-diabetics (p=0.008, OR 2.37, 95% CI 1.26—4.48). Hypertension, hyperlipidemia, coronary artery disease,
and smoking history did not demonstrate statistically significant associations with cognitive decline, although the prevalence remained
high among these groups.
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Cognitive decline rates demonstrated a marked increase both with advancing age and longer post-stroke duration among the study
population. Patients aged 60 years or above exhibited a substantially higher prevalence of cognitive impairment (78.1%) compared to those
under 60 years (50.6%), while individuals with a post-stroke duration exceeding 18 months showed a higher rate of cognitive decline
(73.2%) than those assessed within 18 months of stroke (58.1%).
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Figure 1 Rates of Cognitive Decline by Age and Post-Stroke Duration

This integrated visualization highlights a clear upward trend across both risk strata, reinforcing that both older age and prolonged post-
stroke interval independently elevate the likelihood of cognitive deterioration after stroke. The non-overlapping confidence intervals,
reflected by error bars, further underscore the clinical significance and robustness of these group-wise differences. These findings
emphasize the need for intensified cognitive monitoring and rehabilitation in elderly and long-term stroke survivors.

DISCUSSION

The present study highlights that cognitive decline is a prevalent and clinically significant outcome in post-stroke patients, with 65.4%
exhibiting impairment six months or more after their index event. This frequency aligns with certain hospital-based and international
reports, such as those by Salvadori et al. and Barbay et al., which found cognitive deficits in 60—70% of similar cohorts (20,21). However,
these results surpass the prevalence documented in several large-scale and population-based investigations, where rates of MMSE-defined
cognitive impairment were as low as 35% and 46.7%, respectively (14,15). These inter-study differences are likely attributable to variations
in educational attainment, timing of cognitive assessment, access to acute stroke care, and healthcare system resources across different
regions (22). In particular, the current study’s population exhibited relatively low educational levels, which may contribute to reduced
cognitive reserve and a higher observed risk of impairment—a pattern previously supported in cross-national cognitive aging research
(23).

A key finding is the strong association between advanced age and cognitive deterioration, with 78.1% of participants aged 60 years or
above experiencing decline compared to 50.6% among those younger than 60. This is consistent with the established relationship between
aging, reduced neuroplasticity, and heightened vulnerability to both vascular and degenerative cerebral injury (24,25). Furthermore, a
longer interval since stroke was correlated with an increased prevalence of cognitive impairment, echoing longitudinal evidence that post-
stroke cognitive trajectories may worsen over time, particularly in the absence of targeted rehabilitation (26). The study also confirms that
hemorrhagic stroke confers a greater risk of cognitive decline than ischemic stroke (81.5% vs. 62.5%), in line with literature suggesting
that the abrupt, often widespread neural injury characteristic of hemorrhagic events results in more severe cognitive sequelae (27).
Neuroimaging and neuropathological studies indicate that the diffuse tissue destruction, mass effect, and inflammatory response typical of
hemorrhagic strokes may disrupt critical white matter pathways and accelerate cognitive decline beyond that observed in ischemic stroke
(28,29).

Diabetes mellitus emerged as a significant, independent risk factor for cognitive impairment, affecting 74.5% of diabetic post-stroke
patients versus 55.3% of non-diabetics. This association is widely corroborated by global studies and reflects the additive effects of chronic
hyperglycemia, microvascular disease, oxidative stress, and reduced neuroregenerative capacity on post-stroke neural recovery (30,31).
Although other comorbidities such as hypertension, hyperlipidemia, coronary artery disease, and smoking were highly prevalent in the
cohort, their relationships with cognitive decline were not statistically significant after adjustment, which is consistent with several recent
analyses that emphasize the multifactorial but not always additive nature of post-stroke cognitive risk (32).

The observed frequency and risk factor profile underline the urgent need for systematic, routine cognitive screening in stroke survivors,
particularly in resource-constrained and educationally disadvantaged settings. Evidence increasingly supports the integration of
multidomain cognitive rehabilitation into post-stroke care, with early, tailored interventions shown to mitigate decline and improve
functional recovery (33,34). The findings also highlight the value of culturally and linguistically adapted assessment tools—such as the

JHWCR, 1II (9), CC BY 4.0, Views are authors’ own. https://doi.org/10.61919/tbprxc65


https://jhwcr.com/index.php/jhwcr/index
https://creativecommons.org/licenses/by/4.0/deed.en

Hussain et al. | Frequency of Cognitive Decline in Post-Stroke Patients J HWC R

MMSE in Urdu and Pashto—in optimizing detection and subsequent management strategies within diverse populations (35). While the
cross-sectional design limits the ability to draw causal inferences or track cognitive changes over time, the results offer robust insight into
the magnitude of the problem and identify clear targets for intervention and future longitudinal research. Addressing modifiable factors
such as diabetes control and timely, individualized rehabilitation may offer promising avenues for reducing the burden of post-stroke
cognitive impairment in similar settings.

CONCLUSION

Cognitive decline was found to affect nearly two-thirds of post-stroke patients in this tertiary care population, with mild impairment being
most frequent. Advanced age, hemorrhagic stroke type, longer post-stroke duration, and diabetes mellitus were all independently associated
with a higher risk of cognitive impairment, while gender and other comorbidities showed no significant relationship. These findings
underscore the necessity for systematic cognitive screening and the early integration of tailored rehabilitation programs in routine post-
stroke care. Proactive identification and management of at-risk groups may improve both functional and cognitive outcomes for stroke
survivors in resource-limited and high-burden settings.
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