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Abstract

Introduction. Stroke is a leading cause of disability and mortality globally, with a significant impact on
healthcare systems. Various factors, including age, gender, comorbidities, and the type of stroke, influence
the burden of stroke and its outcomes.

The study was conducted with an objective to determine the impact of baseline characteristics on the long-
term functional outcome of stroke patients.

Methods. This prospective observational study was conducted between April 6, 2022 - December 31,
2023, at a tertiary hospital. The study included patients with radiologically confirmed stroke, selected
through convenience sampling. Stroke patients of any gender and all age groups, with any comorbidity,
were included. The Modified Rankin Scale (mRS) assessed disability on admission and three months
post-stroke.

Results. Of the 213 patients, 122 (57.3%) were males and the majority, 199 (93.4%) individuals, had
acute ischemic stroke. The median age of the participants was 60 years (range: 13-97 years; IQR=18
years). The mRS score on admission was poor (5.0; IQR=1.0) for patients > 60 years. In 74 (34.74%)
participants, the left middle cerebral artery was a frequently involved site. Age of > 60 years (mRS=4.0;
IQR=4.0; p=0.001) and the presence of > 3 comorbidities (MRS=5.0; IQR=1.0; p=0.001) were significantly
associated with poor outcomes three months post-stroke. Ordinal logistic regression revealed that a mRS
score of 4 (OR=14.20; 95% CI=1.70-145.25; p=0.02) and a mRS score of 5 (OR=78.84; 95% CI|=9.35-
820.25; p < 0.001) on admission were associated with poor outcomes. In addition, the presence of > 3
comorbidities (OR=4.59; 95% Cl=14.65; p=0.01) and increasing age (OR=1.04; 95% Cl=1.01-1.07; p=0.02)
were predictors of poor outcomes three months post-stroke.

Conclusions. The study underscores the importance of early intervention and effective management of
comorbidities to improve functional outcomes in stroke patients. It highlights the need for targeted stroke
care and rehabilitation strategies.
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The Modified Rankin Scale (mRS) score is instrumen-
tal for healthcare providers in assessing disability levels,
formulating rehabilitation plans, and evaluating interven-
tion efficacy [3]. The long-term outcomes of stroke, as
evaluated by the mRS score three months post-event, are
influenced by many factors. These include stroke sever-
ity and type, comorbid conditions such as diabetes and
hypertension, the patient’s age and pre-stroke functional
status, the timeliness and quality of medical interventions,
and access to rehabilitation services [4—6]. Socioeconomic
factors such as education level, social support, and health-
care resource availability also play a crucial role in shaping
functional outcomes three months post-stroke [7-9]. Fur-
thermore, complications during the acute phase, like recur-
rent strokes or other medical issues, significantly impact
long-term outcomes as measured by the mRS score three
months post-stroke [10].

In Pakistan and other developing countries in Asia,
stroke outcomes are particularly concerning due to resource
limitations and underdeveloped healthcare systems [11].
These challenges lead to delayed diagnoses, limited treat-
ment options, and scarce specialised stroke units, poten-
tially resulting in poorer outcomes compared to developed
countries [12]. The study suggests a 4-20% fatality rate for
stroke patients in Pakistan and recommends further investi-
gation into patient outcomes. An effort is being made to de-
termine the potential factors determining the outcome [13].
As a further attempt, this study aims to elucidate the impact
of various factors on stroke outcomes using the mRS score
three months post-stroke as the primary measure. It exam-
ines the relationship between the mRS score on admission,
patient demographics (age and gender), comorbidities, and
stroke type (ischemic or haemorrhagic), to understand their
association with stroke functional outcomes.

Materials and Methods

Study Design

This is a prospective observational study employing non-
randomized convenience sampling, conducted at Shifa Hos-
pital, Pakistan, between April 6, 2022 - December 31, 2023.
This approach was chosen due to resource constraints and
the need for timely data collection.

Participants and Eligibility Criteria

The study included 213 patients, aged 13 to 97 years and
of any gender, who were admitted with radiologically con-
firmed stroke. The initial identification was based on neu-
rological deficits suggestive of stroke, followed by radi-
ological confirmation through computerized tomography
(CT), which showed hypodensity for cerebral infarction or
hyperdensity for intracerebral bleeding, or through mag-
netic resonance imaging (MRI), which indicated diffusion
restriction. The study inclusion criteria were both genders,
all ages, and radiologically confirmed stroke with any co-
morbidity (hypertension, diabetes mellitus, ischemic heart
disease, atrial fibrillation, previous stroke, or a combination
of different comorbidities). Subjects were excluded if they
experienced spontaneous recovery within 24 hours, had
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evidence of a space-occupying lesion, or were unwilling to
participate in the study.

Outcome Measure Selection

The mRS [14] was employed to measure the degree of
disability or dependence in daily activities post-stroke.
The mRS scores range from 0 (no symptoms) to 6 (death).
Disability was assessed both on admission and three months
later during follow-up visits.

Assessment Measures

The data were collected by analysing patients’ medical
records. Information about the patient’s age, diagnosis,
and mRS scores at baseline and three months post-stroke
was recorded on a standardised form. The change in mRS
score over this period was used to evaluate the degree of
improvement or deterioration in disability.

Statistical Analysis

To analyse the impact of different baseline characteristics
on patient outcomes, SPSS version 21 Windows (SPSS,
Inc., Chicago, IL, USA) was used. Categorical variables
were presented as percentages and frequencies, while con-
tinuous variables were represented as median and interquar-
tile range (IQR). The Chi-square and Mann-Whitney U
tests were applied to assess the variation between baseline
characteristics. Ordinal logistic regression was carried out
to assess the association between baseline characteristics
and mRS three months post-stroke. The Kruskal-Wallis
H tests with post hoc (Bonferroni adjustment) were used
to assess the impact of comorbidities on stroke outcome.
A p-value of < 0.05 was considered significant.

Results

Baseline Characteristics of Study Population

The median age of the study population was 60 years
[range: 13-97 years; IQR=18 years]. Of the total par-
ticipants, 122 (57.3%) were males and the majority, 128
(60.1%) individuals, were > 60 years. Acute ischemic
stroke was diagnosed in 199 (93.4%) patients, with in-
volvement of the left middle cerebral artery in 74 (34.74%)
patients. The median mRS score on admission was 5.0
(IQR=1.0) for patients > 60 years, indicating moderate to
severe disability (Table 1).

Baseline Characteristics on Stroke Outcome
Among the various baseline characteristics, older age ( > 60
years) and the presence of > 3 comorbidities were signif-
icantly associated with a poor mRS score three months
post-stroke (Table 2, 3). Additionally, a poor mRS score
on admission in patients > 60 years old (Table 1) was
associated with a poor outcome three months post-stroke
(Table 2).

Higher age [OR=1.04 (1.01-1.07); p = 0.02], poor mRS
score on admission, specifically a score of 4 [OR=14.20
(1.70-145.25); p = 0.01] and a score of 5 [OR=78.84 (9.35-
820.25); p < 0.001], as well as having three or more comor-
bidities at presentation [OR=4.59 (1.45-14.65 p = 0.01),
were strong predictors of higher disability three months
after stroke (Table 4).
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Table 1. Baseline characteristics of study participants
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Table 2. Relationship between clinical variables and

(n=213). Modified Rankin Scale score three months post-stroke
(n=213).
Characteristics Number (%) P
Median (IQR) mRS (three months
A R
ge (years) 60.0 (18.0) Variable N;;nut;rtf f post-stroke)  p*
Sex Male 122 (57.3) 0.03* Median (IQR)
Female 91 (42.7) ’ Sex
Age group <60 85 (39.9) 0.001* Male 122 3.0(5.0) 079
(years) > 60 128 (60.1) Female 91 3(4.0) ’
Acute ischemic stroke 199 (93.4) " Age group
Type of stroke e morrhagic 1466 0001 <60 years 85 20300 (001
Nil 17 (7.98) >60 years 128 4.0 (4.0) ’
Number of 1 92 (43.19) 0.001* Type of stroke
comorbidities 2 69 (32.39) ’ Acute ischemic 199 5.0 (1.0) 030
3 35 (16.43) Haemorrhagic 14 4.5(1.0) ’
Left MCA 74 (34.74) MRS <60 years >60 years
Right MCA 62 (29.11) (three months  (Median (IQR))  (Median (IQR)) 0.001
POCI 16 (7.51) post-stroke) 2.0 (3.0) 4.0 (4.0)
; ; Left ACA 13 (6.10) * Notes: * — Mann-Whitney U —i i
; y U test. IQR — interquartile range.
Diagnosis Right ACA 16(7.51) 0001
Multiple territory . . .
infarct 18 (8.45) Table 3. Comparison of Modified Rankin Scale scores
Left ICB 6 (2.82) (three months post-stroke) based on the number of
Right ICB 8 (3.76) comorbidities (n=213).
Comparison of diagnoses between age groups RS
Diagnosis <60 years > 60 years Comor- Number (three months " p**
(number)  (number) bidities of patients _strok
Left MCA 24 50 P post-stroke) _
Right MCA 25 37 Median (IQR) 0 1 2
b (;gCI p 10 0 17 40 (2.0) -
1 92 4.0 (1.0) 1 -
II%T;L?:(A?A 3 3 0.06* 2 69 5.0 (1.0) 0.001 045 093 -
> .0 (1. .0010.0010.04
Multiple territory infarct 5 13 23 33 _ >0 (1.0) 0.0010 90 0.0
Left ICB 3 3 Notes: * — Kruskal-Wallis H test; ** — post hoc analysis. IQR —
Right ICB 7 1 interquartile range.
Median Median
mRS (on admission) (IQR) (IQR)
40(1.0)  50(1.0) 0.03% countries, suggesting a higher incidence of stroke among

Notes: * — Chi-square test; $_ Mann-Whitney U test. IQR —
interquartile range.

MCA - middle cerebral artery; POCI — posterior circulation
infarction; ACA - anterior cerebral artery; ICB — intracerebral
bleeding.

Discussion

Stroke remains a critical health challenge in developing
countries, significantly impacting morbidity and mortality
rates [11]. This condition places a substantial burden on
healthcare systems and profoundly affects the quality of
life in both patients and their families [2]. Our study re-
flects these broader trends, highlighting the urgent need
for improved stroke care and prevention strategies in these
regions.

Consistent with global observations, our study in Pak-
istan has found that stroke is more prevalent in men than
women [13]. However, women often face barriers to ac-
cessing appropriate medical care due to social and cultural
factors [15, 16]. Notably, the mean age of stroke patients in
our study was lower than that typically observed in Western

younger populations in Pakistan [13]. This could be at-
tributed to a combination of factors, including prevalent
traditional risk factors such as diabetes and hypertension,
limited healthcare access, and inadequate stroke awareness
and prevention measures [15]. Our findings corroborate
previous research indicating that higher age is a signifi-
cant determinant of poor stroke outcomes in developing
countries [17]. Our study strengthens the assumption high-
lighted in similar research that a higher mRS score on
admission independently predicts poorer outcomes three
months post-stroke [5]. This underscores the importance
of early detection and intervention to improve stroke out-
comes [18].

The presence of multiple comorbidities emerged as
a key predictor of worse stroke outcomes in our study. This
finding is consistent with previous studies, which have
shown that comorbidities such as hyperlipidemia and large
vessel occlusion are associated with worse functional out-
comes [19]. Similarly, Downer et al. reported that multiple
comorbidities were associated with higher stroke mortal-
ity [20]. Patients with multiple comorbidities had less
improvement in mRS scores than those without comorbidi-
ties [21]. This finding aligns with other studies, such as
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Table 4. Ordinal logistic regression of baseline predictors of Modified Rankin Scale scores
three months post-stroke (n=213).

Characteristics Estimates 93% CI 9% Cl
Lower Upper SE Z p OR  Lower upper

Sex

Reference [male]

Female -0.24 -0.78 029 027 -09 0.36 0.78 0.46 1.33

mRS on admission

Reference [mRS score 1]

2 -0.84 -3.18 1.61 1.19 -0.70 0.48 0.43 0.04 5.00

3 1.27 -0.98 3.69 1.16  1.09 0.27 3.56 0.37 40.21

4 2.65 0.53 4.98 1.1 2.41 0.02%* 14.21 1.70 145.25

5 4.37 2.24 6.71 1.11 393 <0.001* 78.84 9.35 820.25

Number of comorbidities

Reference [nil comorbidities]

1 0.27 -0.76 1.29 052 0.51 0.60 1.31 0.47 3.64

2 0.17 -0.89 122 054 033 0.74 1.19 0.41 3.40

3 1.52 0.38 2.68 0.59 2.60 0.01%* 4.59 1.46 14.65

Diagnosis

Reference [left MCA]

Right MCA -0.2 -0.86 0.45 0.33 -0.61 0.54 0.82 0.42 1.57

POCI -0.12 -1.15 0.89 052 -0.23 0.81 0.89 0.32 2.45

Left ACA -0.15 -1.30 1.00 0.58 -0.26 0.79 0.86 0.27 2.72

Right ACA 0.60 -0.39 1.61 0.51 1.18 0.24 1.82 0.67 5.01

Multiple territory infarct 0.61 -0.39 1.64 051 1.18 0.23 1.83 0.68 5.16

Left ICB -0.94 -2.49 0.57 0.76  -1.23 0.21 0.39 0.08 1.76

Right ICB 0.55 -0.75 1.86 0.66 0.83 0.40 1.73 0.47 6.42

Age 0.04 0.01 0.07 0.02 226 0.02% 1.04 1.01 1.07

Age group

Reference [<60 years]

>60 years 0.35 -0.52 1.22 044 0.80 0.42 1.42 0.60 3.39

Notes: * — p<0.05. MCA — middle cerebral artery; POCI — posterior circulation infarction; ACA — anterior cerebral

artery; ICB — intracerebral bleeding.

the one conducted by Nomani et al., which highlighted
the impact of comorbid conditions, including hypertension,
cardiac disease, and diabetes, on stroke severity and out-
comes [16]. Effective management of these comorbidities
is crucial for improving patient outcomes as reported by
Lugman et al. [22]. Our study found no significant differ-
ences in long-term outcomes based on the type of stroke
(ischemic vs. hemorrhagic) or gender. This suggests that
other factors, such as comorbidities and baseline functional
status, may be more critical in determining outcomes.

Limitations

The insights from our study are constrained by its focus on
a specific population in Pakistan, potentially limiting their
generalizability to other settings. Additionally, the non-
randomized sampling method and the potential underre-
porting of less severe strokes could have influenced the re-
sults. Future research should aim to incorporate a more
diverse and representative sample, considering a broader
range of factors such as socioeconomic status and access
to rehabilitation services, to provide a more comprehensive
understanding of stroke outcomes.

Conclusions

Based on the results of this study on stroke outcomes in
Pakistan, using the mRS, we have revealed that older age
and higher mRS scores on admission predict poorer re-
covery. Furthermore, comorbidities significantly worsen
outcomes, while gender and stroke type (ischemic or hem-
orrhagic) show no substantial impact. These findings high-
light the need for early intervention and comprehensive
management of comorbid conditions to improve stroke
care and rehabilitation, specifically for elderly patients in
developing healthcare settings.

Ethical Statement

The study was performed according to the principles of the
Declaration of Helsinki and in accordance with the local
ethical standards (Institutional Review board and ethical
committee number: IRB #0219-22).

Informed Consent

Informed consent was gained from the participants.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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