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Abstract

Background:

Cognitive impairment is a frequent sequela of stroke, with type 2 diabetes mellitus (T2DM) acting as
an independent risk factor for exacerbated cognitive decline. Early detection and characterization of
cognitive deficits in post-stroke patients are essential for rehabilitation planning. The Montreal
Cognitive Assessment (MoCA) offers a sensitive screening tool for cognitive dysfunction, while
magnetic resonance imaging (MRI) helps localize structural brain changes. This study aims to
compare cognitive performance between T2DM and non-diabetic stroke survivors and assess MR
correlates of cognitive deficits.

Materials and Methods:

A cross-sectional observational study was conducted involving 60 ischemic stroke survivors aged 45—
75 years, divided into two groups: Group A (n=30) with T2DM and Group B (n=30) without T2DM. All
participants underwent cognitive evaluation using the MoCA within three months post-stroke. MRI
brain scans were analyzed for lesion location, white matter hyperintensities (WMHs), and
hippocampal atrophy. Statistical analysis was performed using SPSS version 25. Independent t-tests
and Pearson correlation were applied to compare cognitive scores and MRI findings between the
groups.

Results:

The mean MoCA score was significantly lower in the diabetic stroke group (21.4 + 3.1) compared to
the non-diabetic group (24.8 + 2.6), p<0.01. MRI analysis showed a higher prevalence of bilateral
WNMHs and medial temporal lobe atrophy in diabetic participants. A significant inverse correlation
was noted between WMH burden and MoCA scores (r = -0.62, p<0.01). Additionally, hippocampal
atrophy was more severe in the T2DM group, aligning with lower memory domain scores on MoCA.
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Conclusion:

Stroke survivors with type 2 diabetes exhibit more pronounced cognitive impairment compared to
non-diabetic counterparts. The combination of MoCA assessment and MRI findings provides a
valuable approach for early detection and monitoring of post-stroke cognitive decline, particularly in
diabetic patients who are at higher risk. Targeted cognitive rehabilitation strategies should consider
the additional burden imposed by diabetes on brain structure and function.
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Introduction

Stroke remains a leading cause of long-term disability and cognitive impairment worldwide,
significantly affecting survivors' quality of life and functional independence (1). Among the various
post-stroke complications, cognitive deficits are particularly concerning, as they hinder rehabilitation
outcomes and increase the burden on caregivers and healthcare systems (2). Cognitive impairment
after stroke may range from mild deficits in attention and executive function to severe dementia,
depending on lesion location, size, and associated risk factors (3).

Type 2 diabetes mellitus (T2DM) has been identified as a prominent comorbidity that exacerbates
post-stroke cognitive dysfunction. The chronic hyperglycemic state in T2DM leads to microvascular
damage, neuroinflammation, and brain atrophy, contributing to cognitive decline even in non-stroke
populations (4,5). When combined with the neurological damage caused by stroke, T2DM may
synergistically accelerate neurodegenerative changes and worsen cognitive outcomes (6).

Neuroimaging, particularly magnetic resonance imaging (MRI), has provided valuable insights into
the structural brain changes associated with both stroke and diabetes. White matter hyperintensities
(WMHSs), hippocampal atrophy, and cortical thinning have all been implicated in cognitive
deterioration in these patients (7). Identifying such radiological markers early can assist in tailoring
individualized cognitive rehabilitation strategies.

The Montreal Cognitive Assessment (MoCA) is a widely used cognitive screening tool that offers
higher sensitivity than the Mini-Mental State Examination (MMSE) in detecting mild cognitive
impairment, especially in post-stroke populations (8). When combined with MRI findings, MoCA
enables clinicians to obtain a more comprehensive understanding of the cognitive status of stroke
survivors and the potential impact of coexisting diabetes.

Despite growing evidence of the cognitive burden imposed by diabetes, limited studies have directly
compared cognitive function and neuroimaging profiles between diabetic and non-diabetic stroke
survivors. Therefore, the present study aims to assess and compare cognitive impairment using
MoCA and correlate it with MRI findings in stroke patients with and without T2DM, contributing to
improved diagnostic and therapeutic approaches.

Materials and Methods

Study Design and Participants
A total of 60 ischemic stroke survivors were enrolled and divided into two groups: Group A (n = 30)
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included patients with a confirmed diagnosis of type 2 diabetes mellitus (T2DM), while Group B (n =
30) comprised age- and gender-matched non-diabetic stroke survivors. All participants were between
45 and 75 years of age and had experienced a first-ever ischemic stroke within the past 3 months,
confirmed by clinical and radiological findings.

Inclusion and Exclusion Criteria

Inclusion criteria were: (1) patients with a confirmed ischemic stroke, (2) stroke onset between 2
weeks and 3 months prior to recruitment, (3) minimum education level sufficient to complete
cognitive assessments, and (4) stable clinical condition with the ability to undergo MRI and MoCA
testing. Exclusion criteria included: (1) history of previous stroke, traumatic brain injury, or
neurodegenerative disorders, (2) severe aphasia or impaired consciousness affecting test
performance, (3) psychiatric illness, or (4) contraindications for MRI.

Cognitive Assessment

Cognitive function was evaluated using the Montreal Cognitive Assessment (MoCA), a 30-point tool
designed to screen for mild cognitive impairment. The test was administered in the participant’s
primary language by a trained neuropsychologist in a quiet clinical setting. A MoCA score below 26
was considered indicative of cognitive impairment.

Neuroimaging Evaluation

All participants underwent MRI brain imaging using a 1.5 Tesla scanner. Imaging sequences included
T1-weighted, T2-weighted, FLAIR, and diffusion-weighted imaging. Radiological assessments focused
on identifying:

e Lesion location and size

e Presence and severity of white matter hyperintensities (WMHs), graded using the Fazekas
scale

e Hippocampal atrophy, assessed using the Scheltens visual rating scale

Data Collection and Statistical Analysis

Demographic and clinical data (age, gender, education, duration of diabetes, stroke characteristics)
were collected from medical records and structured interviews. The MoCA scores and MRI findings
were compared between the two groups using independent t-tests and chi-square tests, where
appropriate. Pearson’s correlation was used to examine the relationship between MRI parameters
and cognitive performance. A p-value <0.05 was considered statistically significant. All analyses were
performed using SPSS software version 25.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 60 stroke survivors were analyzed, with 30 participants in each group (Group A: diabetic
stroke survivors; Group B: non-diabetic stroke survivors). The mean age of participants was 62.5 + 7.2
years in Group A and 61.1 + 6.8 years in Group B. Both groups were matched for gender, with 18
males and 12 females in each group. The duration of diabetes in Group A ranged from 6 to 18 years
(mean: 10.8 £ 3.4 years).

Cognitive Function Comparison
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The mean Montreal Cognitive Assessment (MoCA) score in Group A was significantly lower (21.4 +
3.1) compared to Group B (24.8 + 2.6), indicating more pronounced cognitive impairment in diabetic
stroke survivors (p = 0.002). Specific domain-wise analysis showed significant deficits in memory
recall, visuospatial skills, and executive function among diabetic participants (Table 1).

Table 1: Comparison of MoCA Scores Between Diabetic and Non-Diabetic Stroke Survivors

MoCA Domain Group A (Diabetic) | Group B (Non-Diabetic) | p-value
Total MoCA Score 214+3.1 24.8+2.6 0.002
Visuospatial/Executive | 3.4+ 1.1 41+0.9 0.014
Naming 26x0.6 2804 0.128
Attention 4510.8 48+0.7 0.098
Language 24+0.5 26+04 0.094
Abstraction 1.3+0.6 1.6+05 0.045
Delayed Recall 22+10 3.6+09 <0.001
Orientation 50+04 5.1+03 0.311

As seen in Table 1, diabetic stroke survivors exhibited significant impairments particularly in delayed
recall and executive functioning.

MRI Findings

Radiological analysis revealed a higher frequency of white matter hyperintensities (WMHs) and
hippocampal atrophy in Group A. Moderate-to-severe WMHs (Fazekas grade 2 or 3) were observed
in 76.6% of Group A and 43.3% of Group B. Additionally, hippocampal atrophy was more prominent
in diabetics, with 63.3% of Group A demonstrating grade 2 or higher atrophy, compared to only 30%
in Group B (Table 2).

Table 2: MRI Findings in Diabetic and Non-Diabetic Stroke Survivors

MRI Feature Group A (Diabetic) | Group B (Non-Diabetic) | p-value
Moderate-Severe WMHs (Fazekas 2/3) | 23 (76.6%) 13 (43.3%) 0.006
Hippocampal Atrophy Grade > 2 19 (63.3%) 9 (30%) 0.008
Cortical Infarcts 10 (33.3%) 8 (26.6%) 0.569
Subcortical Infarcts 20 (66.6%) 18 (60%) 0.598

The MRI findings (Table 2) support the cognitive data, showing that higher WMH burden and
hippocampal degeneration were more prevalent among diabetic participants.
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Correlation Analysis

Pearson correlation revealed a significant inverse relationship between total MoCA scores and WMH
severity (r =-0.62, p < 0.01), and between MoCA memory scores and hippocampal atrophy (r = -0.54,
p < 0.01). These findings highlight the contribution of structural brain changes to cognitive outcomes
in stroke survivors.

Discussion

The findings of this study highlight the considerable impact of type 2 diabetes mellitus (T2DM) on
cognitive function in stroke survivors, with diabetic patients exhibiting significantly lower Montreal
Cognitive Assessment (MoCA) scores compared to non-diabetic counterparts. This reinforces
previous research suggesting that T2DM independently contributes to cognitive decline through
various mechanisms such as chronic hyperglycemia, insulin resistance, and vascular complications
(1-3).

In the present study, cognitive impairment was most evident in memory recall, visuospatial abilities,
and executive function among diabetic stroke survivors, corroborating earlier reports that these
domains are particularly vulnerable in patients with both cerebrovascular pathology and metabolic
dysregulation (4,5). The mean MoCA score in the diabetic group was consistent with thresholds for
mild cognitive impairment, suggesting that T2DM may exacerbate post-stroke cognitive deficits even
in the absence of dementia (6).

Neuroimaging findings supported the cognitive data, with diabetic patients showing more severe
white matter hyperintensities (WMHSs) and hippocampal atrophy. WMHs, indicative of small vessel
disease, have been closely linked to cognitive decline in both diabetic and non-diabetic populations
(7). The significantly higher Fazekas scores observed in diabetic patients align with prior studies
indicating a higher burden of cerebrovascular pathology in diabetes due to chronic endothelial
damage and microangiopathy (8,9).

Hippocampal atrophy, observed more frequently in the diabetic group, is another critical marker of
cognitive deterioration, particularly in memory and learning domains. Previous literature has shown
that T2DM accelerates hippocampal degeneration via mechanisms such as oxidative stress,
inflammation, and impaired neurogenesis (10-12). The inverse correlation between MoCA scores
and hippocampal atrophy in our study echoes the established relationship between medial temporal
lobe damage and cognitive dysfunction (13).

The increased incidence of subcortical infarcts and cortical thinning in diabetic patients, although not
statistically significant in our sample, aligns with the hypothesis that diabetes amplifies the
neuropathological consequences of ischemic injury (14). This may be due to delayed neuronal
recovery, impaired neuroplasticity, and increased susceptibility to recurrent strokes in diabetic
individuals (15).

Limitations of this study include its cross-sectional design, which prevents causal inference. The
relatively small sample size may have limited the statistical power to detect differences in some
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variables such as cortical infarcts. Additionally, we did not assess other relevant factors such as
glycemic control, depression, or sleep disorders, which could influence cognitive outcomes.

Despite these limitations, the results underscore the need for early cognitive screening in stroke
survivors with T2DM. Incorporating cognitive rehabilitation and targeted management of metabolic
risk factors could potentially mitigate the progression of cognitive decline in this high-risk population.

Conclusion

Type 2 diabetes mellitus significantly worsens cognitive impairment in stroke survivors, as evidenced
by lower MoCA scores and more severe MRI abnormalities, including white matter hyperintensities
and hippocampal atrophy. Early cognitive screening combined with neuroimaging can aid in
identifying high-risk individuals and implementing timely, targeted interventions to improve long-
term cognitive outcomes.
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