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Acute ischemic stroke (AIS) is one of the leading causes of mortality and morbidity. This study aimed
to identify risk factors, subtypes, and associated outcomes of AlS in the West Bank based on sex.

We retrospectively analyzed medical records from 2018 to 2022 of stroke patients from four main
hospitals in the West Bank (N=711). The Modified Rankin Scale (mRS) assessed post-stroke disability
on presentation day and thirty days later based on patient history and physical examination findings.
An adjusted multinomial logistic regression model was implemented to calculate the adjusted odds
ratios (OR) and the 95% confidence interval (Cl). The significance level was set at P<0.05. Out of 711
records, 118 were excluded. The final analysis included 593 AIS patients, with a median age of 63

and an interquartile range of 15. The majority of the patients (60.37%) were males and most of them
(62.1%) were smokers. Males were less likely to have diabetes mellitus (DM) (P=0.037, OR=0.691) and
atrial fibrillation (P=0.039, OR=0.627) compared to females. Small-volume strokes accounted for the
majority of cases (60.7%). AlS had a thrombotic cause in (81.9%) of patients. On presentation, (40.4%)
and (37.2%) of patients had more severe symptoms with mRS scores of 4 and 3, respectively. Males
were more likely than females (P=0.018, OR=2.03) to present with more severe symptoms (mRS
3-4-5) on day one. An increase of one year in age resulted in a 9.8% higher risk of death (mRS 6) on day
one (P=0.016, OR=1.098). Smoking history was associated with a seven-fold increase in mortality on
day one (P=0.049, OR=7.396). Males developed AlS at a younger age while DM and atrial fibrillation
were significantly more common in females. The majority of patients reported more severe symptoms
on presentation, with notable differences observed between sexes. Male patients exhibited a higher
prevalence of severe symptoms compared to female patients. Additionally, key risk factors such as
smoking was significantly associated with the severity of symptoms at presentation, with variations
observed across sexes. Prevention of risk factors (e.g., HTN, DM, atrial fibrillation, and smoking) is
crucial, and further research is required.
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Background
Many risk factors contribute to the development of AIS; some are non-modifiable like age, sex, ethnicity,
hereditary factors, and geographic location. Other factors are modifiable and include cardiac disease (atrial
fibrillation), hypertension (HTN), diabetes mellitus (DM), hyperlipidemia, cigarette smoking, obesity, unhealthy
diet, and low physical activity. Notably, the modifiable factors are widely spread among young adults aged 20 to
64 years in low and middle-income countries!~.

Stroke is the second leading cause of mortality, and the leading cause of disability with 50% of survivors
being chronically disabled worldwide**. Recent studies indicate that the overall incidence of strokes (especially
ischemic stroke) is increasing, with an estimate that one in four people will experience a stroke in their lifetime! .
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The prevalence of stroke is sharply rising worldwide. According to recent epidemiological data, there are
16.9 million stroke victims worldwide each year, with a global incidence of 258/100,000 per year, which indicates
that the incidence of ischemic stroke in young adults is on the rise’. Globally, women experience more stroke
events than men due to their longer life expectancy and the higher incidence of stroke at older ages®. However,
a systematic review in the Middle East showed high male-to-female ratio in 75% of research that examined sex
differences in Qatar, Saudi Arabia, and Iraq, which might be attributed to the demographic makeup of these
nations’.

Sex disparities in AIS are significant, with regional variations observed. Globally, women generally
experience higher lifetime risk, greater post-stroke disability, and higher mortality rates compared to men®®.
These differences are partly attributed to unique risk factors such as hormonal changes, pregnancy, and a higher
prevalence of hypertension and atrial fibrillation in women!®!!. Additionally, women often present with more
severe strokes and atypical symptoms, which can delay diagnosis and treatment®°. Men, on the other hand, tend
to have a higher incidence of stroke at younger ages and are more likely to have risk factors such as smoking and
alcohol use'®!!. Understanding these sex-specific risk factors and disparities is crucial for developing targeted
prevention and treatment strategies to improve outcomes for both men and women.

Palestine has significant rates of stroke discharge disability and death!?. The necessity for research in this
area is highlighted by the fact that stroke, particularly ischemic stroke, has the highest rates of morbidity and
mortality worldwide. Additionally, its modifiable risk factors are on the rise in low- to middle-income countries,
including the West Bank of Palestine®!3. This rise in cases places a heavy burden on both healthcare providers
and the community, as the costs of stroke care are substantial for patients, caregivers, and society as a whole.
Many survivors are unable to return to their normal lives and require long-term institutional care. Therefore, our
research strives to identify the primary predisposing risk factors, subtypes, complications, and outcomes of acute
ischemic stroke in the West Bank of Palestine based on sex.

Methods

Study design, setting, population, and sampling

A retrospective analysis was conducted, and data were gathered from the medical records of Palestinian patients
diagnosed with AIS who were hospitalized from 2018 to 2022 in three governmental hospitals: Dr. Khalil
Suleiman Governmental Hospital in Jenin, Al-Watani Nablus Hospital, and Hebron Governmental Hospital
(Alia), as well as one private hospital, An-Najah National University Hospital (NNUH).

We included patients of all age groups in our study, ensuring that any individual diagnosed with acute
ischemic stroke (AIS) was considered. Diagnoses of AIS were based on comprehensive medical reports, including
medical history, physical and neurological examinations, and imaging techniques. CT and MRI reports were
essential for confirming the diagnosis and identifying the stroke subtype based on the TOAST classification.
Exclusions were made for patients with hemorrhagic stroke, transient ischemic attack (TTA), cryptogenic stroke
due to incomplete data, or spinal cord ischemia. This approach ensured that all patients included were within the
specified time period of 2018-2022.

Operational definitions
The demographic data evaluated in this study pertains to patients from the West Bank of Palestine.
Hypertension (HTN) is considered when systolic blood pressure was =130 and/or diastolic blood pressure
was 280 mm Hg, or taking any antihypertensive medication of the following classes: calcium channel blockers
(CCBs), angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), or diuretics'*.
Diabetes mellitus (DM) is considered when fasting plasma glucose (FPG) =126 mg/dL, hemoglobin Alc>6.5,
or random plasma glucose>200 mg/dL with classic symptoms of hyperglycemia (excessive thirst, frequent
urination, unexplained weight loss), or with history of diabetes, and taking insulin or any oral hypoglycemic
agent!®. Hyperlipidemia is defined as the presence of one or more of the following lipid abnormalities: Total
Cholesterol: Levels above 200 mg/dL, Low-Density Lipoprotein Cholesterol (LDL-C): Levels above 100 mg/
dL, High-Density Lipoprotein Cholesterol (HDL-C): Levels below 40 mg/dL for men and below 50 mg/dL for
women, and Triglycerides: Levels above 150 mg/dL!®. Atrial fibrillation is considered when there are pathologic
electrocardiogram (ECG) findings (absent p wave, irregularly irregular rhythm)!”. Patients are considered to
have coronary artery disease when they are previously diagnosed and prescribed medications, or they have
any intervention: percutaneous coronary intervention (PCI), or coronary artery bypass surgery (CABG).
Carotid Artery Disease (CAD) is defined as the presence of internal carotid artery stenosis of 70% or greater, as
determined by duplex ultrasound. The diagnostic criteria include a peak systolic velocity in the internal carotid
artery of 2215 cm/s, an end-diastolic velocity in the internal carotid artery of =65 cm/s, a ratio of peak systolic
velocities in the internal and common carotid arteries of >2.7, and a ratio of end-diastolic velocities in the
internal and common carotid arteries of >3.7'%. Smoking is defined as the regular inhalation of tobacco smoke
from cigarettes, cigars, pipes, waterpipes, or e-cigarettes. A smoker is identified as an individual who currently
smokes any form of tobacco or has a history of smoking within the past year, or a person who has smoked at
least one cigarette per day for the preceding three months or more, or used tobacco in any form, including
waterpipes and e-cigarettes!'®. Small Vessel Stroke (Lacunar Stroke): These strokes occur due to the occlusion of
small penetrating arteries, affecting deep brain structures and resulting in small, subcortical infarcts. Diagnosis
is confirmed through MRI or CT scans. Large Vessel Stroke: These strokes are caused by the occlusion of major
cerebral arteries, leading to significant neurological deficits. Diagnosis is typically made using CT angiography
or MR angiography to visualize the blockage in the large arteries'. Thrombotic strokes occur when a blood clot
forms in an artery supplying blood to the brain, often associated with atherosclerosis, and are diagnosed through
MRI or CT scans that reveal the blockage’s location and extent. Embolic strokes happen when a blood clot or
debris forms elsewhere in the body, typically in the heart, and travels to the brain, causing a blockage. These
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strokes are often linked to heart conditions like atrial fibrillation and are diagnosed using CT angiography or MR
angiography to visualize the embolus and the affected artery?>*!. Small volume ischemic strokes involve infarct
sizes under 70 mL, while large volume strokes exceed 70 mL. Stroke volume estimation is typically performed
using MRI, particularly diffusion-weighted imaging (DWTI) and computed tomography perfusion (CTP), which
help assess the extent of brain tissue damage®?. Hemorrhagic transformation is considered when areas of cerebral
infarction appear as cerebral hemorrhage on radiological images (CT or magnetic resonance imaging (MRI)
after >24 h of onset?’. Hemoglobin (Hgb) reading is considered normal when it is 14-18 g/dL for males, and
12-16 g/dL for females®*.

The Modified Rankin Scale (mRS) assesses post-stroke disability on day one and day thirty, with scores
ranging from 0 (no disability) to 6 (death), based on patient presentation, history, and physical exam findings?°.
We classified the mRS to three categories: 2 or less, 3 or more and 6. These categories represent the functional
outcomes as good, poor, and death, respectively26.

Statistical analysis

The data analysis was conducted using IBM SPSS Statistics for Mac, version 27 (IBM Corp., Armonk, NY,
USA). Percentages were used for categorical variables, while means and standard deviations described normally
distributed data, and median and interquartile range (IQR) for non-normally distributed data. Univariate
analyses were performed to assess sex-based differences in AIS, in-hospital evaluation and management of AIS
patients, and in-hospital complications of diagnosed AIS patients. An adjusted multinomial logistic regression
model was utilized to calculate the odds ratios (OR) and 95% confidence intervals (CI) for risk factors with mRS
at day 1 to evaluate the functional outcome status in AIS patients. Finally, significant differences between groups
were compared, and a significance level of P value <0.05 was used.

Results

Sociodemographic characteristics of AIS patients

Out of 711 reviewed records, 118 reports were excluded, and 593 medical records for patients who have
experienced AIS in the years 2018-2022 fulfilled the inclusion criteria. Out of the included 539 358 (60.37%) of
patients were males with a median age and (IQR) 63 (15) and 235 females with mean age and SD was 69.2 (13.1)
(Table 1). Most of the patients (61.7%) were in the age group category 55-74 years old. Most of the males were
smokers (62.1%) while 9.8% of females were smokers.

Sex-based differences in AlS patients

Among AIS patients, there were 376 individuals with diabetes (215 men and 161 women) and 93 individuals
with atrial fibrillation (47 men and 46 women). Males were less likely to have DM (P=0.037, OR=0.691), and
atrial fibrillation (P=0.039, OR=0.627) than females. Smoking was more prevalent among males (62.1%)
than females (9.8%), (P=<0.001, OR=15.062). Most of the males and females were with HTN (85%) and DM
(63.4%) (Table 2).

Sex-based differences in the hospital evaluation and management of AIS

The majority of cases (60.7%) were small-volume strokes. Small vessels were most frequently affected (60.8%),
followed by the middle cerebral artery (MCA) at 23.9%. Thrombotic events were identified as the underlying
cause of acute ischemic stroke (AIS) in 81.9% of cases. The majority of patients had normal Hgb levels on
admission (59.4%) and only (2.3%) had high Hgb levels on admission. Out of the total number of patients, only
10 received treatment with Alteplase; 6 of these patients received treatment within 3 h of the onset of symptoms,
and 3 patients started treatment within 3 to 4.5 h. No significant differences were observed between males and
females (P> 0.05) (Table 3).

Sex-based differences in-hospital complications of patients diagnosed with AIS

A total of 12 (2%) patients experienced hemorrhagic transformations after an AIS, with the majority of them
being males. Moreover, 7 patients passed away while in hospital after an AIS admission. No significant differences
were observed between males and females (P> 0.05) (Table 4).

Sex 1 (%) Males 358 (60.37%)
Females 235 (39.63%)

Age categories in years n (%) | 20-44 21 (3.5%)
45-54 89 (15%)
55-64 173 (29.2%)
65-74 167 (28.2%)
75-84 97 (16.4%)
>85 46 (7.8%)

Age Median age (IQR) males 63 (15)
Mean age (SD) for females | 69.2 (13.1)

Table 1. Sociodemographic characteristics of AIS in Nablus, Jenin, and Hebron (7 =593). N: number, IQR:
Interquartile range, SD: Standard deviation.
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Sex Total CI95%

Male n(%) | Female n(%) | n (%) OR Lower | Upper | Pvalue
Hypertension
Yes 301 (84.1) | 208 (88.5) 509 (85.8) | 0.685 | 0.420 1.120 | 0.130
No 57 (15.9) 27 (11.5) 84 (14.2)
Diabetes mellitus
Yes 215(60.1) | 161 (68.5) 376 (63.4) | 0.691 | 0.488 0.978 | 0.037
No 143 (39.9) | 74 (31.5) 217 (36.6)
Dyslipidemia
Yes 146 (41) 99 (42.7) 245 (41.7)
No 210 (59) 133 (57.3) 343 (58.3) | 0.934 | 0.668 1.306 | 0.690
Missing 2 3 5
Atrial fibrillation
Yes 47 (13.5) | 46 (20) 93 (16.1)
No 300 (86.5) | 184 (80) 484 (83.9) | 0.627 | 0.401 0.979 | 0.039
Missing 11 5 16
Coronary artery disease
Yes 144 (43.2) | 97 (44.1) 241 (43.6)
No 189 (56.8) | 123 (55.9) 312(56.4) | 0.966 | 0.685 1.362 | 0.844
Missing 25 15 40
Carotid artery disease
Yes 133 (40.3) |92 (43) 225 (41.4)
No 197 (59.7) | 122(57) 319(58.6) | 0.895 | 0.632 1.269 | 0.534
Missing 28 21 49
Smoking
Yes 220 (62.1) |23(9.8) 243 (41.3)
No 134 (37.9) | 211(90.2) 345 (58.7) | 15.062 | 9.311 | 24.365 | <0.001
Missing 4 1 5

Table 2. Univariate analysis for the sex-based differences in AIS. N: number, CI: Confidence interval.

Evaluation of outcomes of patients diagnosed with AIS using the modified Rankin scale (mRS)

On day one of presentation, (12.8%) of patients presented with mild symptoms with mRS score of 2, while the
majority presented with more severe symptoms, (40.4%) with mRS score of 4, and (37.2%) with mRS score of 3.
At day 30, we had data only for NNUH hospital. At day 30, the majority of patients in NNUH improved, with
males showing more improvement than females, as (29%) of males had an mRS score of 2, while (31.8%) of
females had an mRS score of 3 (Table 5). No significant differences were observed between males and females on
day 1 and day 30 (P=0.23, 0.824 respectively).

Factors associated with mRS at day1 to evaluate the functional outcome status in AIS
patients

The adjusted multinominal logistic regression revealed that males with AIS have a 2-fold higher risk than
females to present with more severe symptoms (mRS 3-4-5) on day 1 (P=0.018, OR=2.03). A one-year increase
in age will increase the risk of mortality (mRS 6) on day 1 by 9.8% (P=0.016, OR=1.098, 95% CI 1.017-1.185).
Smoking increased mortality at day 1 by 7-fold compared to the reference category (P=0.049, OR=7.396, 95%
CI)1.017-1.185) (Table 6).

Discussion

In this retrospective study, a total of 593 Palestinian patients with acute ischemic stroke (AIS) were included.
Globally, males account for 47% of all strokes yearly, while females account for 53%°. This study found that
most of the patients were male (60.37%), which is consistent with findings from another study conducted in
Palestine?’. This male predominance has also been observed in a retrospective study conducted in Jordan?.
Additionally, research in the Middle East, including studies conducted in Qatar, Saudi Arabia, and Iraq, has
reported a high male-to-female ratio, possibly attributed to the demographic composition of these nations’.
In populations with greater ethnic diversity, stroke incidence by gender can vary significantly. For example, in
the United States of America., Black men and women have a higher stroke risk compared to White or Hispanic
populations, with studies showing black individuals experienced a 2.4-fold increase in stroke incidence,
while Hispanic individuals had a twofold increase compared to white individuals?®. In contrast, East Asian
populations often exhibit a more balanced gender ratio in stroke incidence, with studies in China reporting male
predominance at approximately 54%, which is closer to the global trend*’. These differences emphasize how local
demographic, genetic, and socioeconomic factors shape stroke epidemiology. Our study highlights the unique
male predominance in the West Bank, while global comparisons underscore the value of investigating diverse
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Variable Sex Total CI95%
Male n (%) | Female n (%) | n (%) OR | Lower | Upper | Pvalue
Volume of stroke
Large volume 139 (39.4) | 90 (39.1) 229 (39.3)
Small volume 214 (60.6) 140 (60.9) 354 (60.7) | 1.010 | 0.719 1.420 | 0.953
Missing 5 5 10
Affected vessel
ACA 8(2.3) 11 (4.8) 19 (3.3)
MCA 85(24.1) 54 (23.5) 139 (23.9)
PCA 45(12.8) | 25(10.9) 70 (12) 0.371
Lacunar 214 (60.8) | 140 (60.9) 354 (60.8)
Missing 6 5 11
Underlying cause
Thrombotic 277 (82.4) | 179 (81) 456 (81.9)
Cardioembolic 59 (17.6) 42 (19) 101 (18.1) | 1.102 | 0.711 1.707 | 0.665
Missing 22 14 36
Hgb level on admission
High 8 (2.3) 5(22) 13 (2.3)
Normal 218 (63.0) 123 (53.9) 341 (59.4) 0.081
Low 120 (34.7) | 100 (43.9) 220 (38.3)
Missing 12 7 19
Treatment with Alteplase
Yes 9(2.5) 1(0.4) 10 (1.7)
No 348 (97.5) | 233(99.6) 581(98.3) | 6.026 | 0.758 | 47.880 | 0.098
Missing 1 1 2
Time to start Alteplase
upto3h 5(62.5) 1(100) 6 (66.7)
3-45h 3(37.5) 0(0.0) 3(33.3) 0.833 | 0.583 1.192 | 1.00
Missing 350 234 584

Table 3. Univariate analysis for in-hospital evaluation and management of AIS patients. N: Number, ACA:
Anterior cerebral artery, MCA: Middle cerebral artery, PCA: Posterior cerebral artery, Hgb: hemoglobin.

Variable Sex Total CI95%

Male n (%) | Female n (%) | n (%) OR | Lower | Upper | Pvalue
Hemorrhagic transformation
Yes 9(2.5) 3(1.3) 12(2)
No 348 (97.5) | 231(98.7) 579(98) 1.991 | 0.533 | 7.434 |0.380
Missing 1 1 2
Death in hospital
Yes 2(0.56) 5(2.21) 7 (1.18) 1.650 | 0.317 |8.576 |0.709
No 356 (99.4) |230(97.87) | 586(98.82)

Table 4. Univariate analysis for in-hospital complications of patients diagnosed with AIS. N: Number, CI:
Confidence interval.

ethnic backgrounds to fully understand stroke patterns across different populations. The higher incidence of AIS
among males in our results could be attributed to sex hormones®!*2. Physiologically, estrogen has strong dilatory
effect on the vascular endothelium, while testosterone has opposite effect’*2. Males have high testosterone
levels, and negligible estrogen levels compared to females, they are more susceptible to vasoconstriction, the
first step of hemostasis®**. Moreover, smoking was linked to HTN, DM, and higher resting heart rates, all
of which are stroke risk factors that increase the risk for developing AIS*. In this study, males were more
likely to be smokers than females, and the smoking percentage among AIS patients (41.3%) is nearly similar
to a previous study in Palestine (45%)'2. In an Insulin Resistance Intervention after Stroke (IRIS) trial cohort,
quitting smoking after an AIS was linked to substantial health benefits over a period of 4.8 years®. Therefore,
assisting individuals to quit smoking should be a top concern for healthcare practitioners. Further studies are
needed to investigate the difference in male predominance in AIS among Palestinians.
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mRS Sex Total
Male n (%) | Female n (%) | n (%) P value
mRS at day 1
1 9(2.5) 7 (3.0) 16 (2.7)
2 40 (11.2) 36 (15.3) 76 (12.8)
3 137 (38.4) | 83(35.3) 220 (37.2)
4 151 (42.3) |88 (37.4) 239 (40.4) | 0.230
5 18 (5.0) 16 (6.8) 34 (5.7)
6 2(0.6) 5(2.1) 7(1.2)
Missing 1 0 1
mRS at day 30*
0 8(8.0) 2(4.5) 10 (6.9)
1 21(21.0) | 7(15.9) 28 (19.4)
2 29(29.0) | 11(25.0) 40 (27.8)
3 22 (22.0) 14 (31.8) 36 (25.0) | 0.824
4 14 (14.0) 7 (15.9) 21 (14.6)
5 5 (5.0) 2(4.5) 7 (4.9)
6 1(1.0) 1(23) 2(1.4)
Missing 258 191 449

Table 5. Evaluation of outcomes of patients diagnosed with AIS using the modified Rankin scale (mRS). *Data
mRS at day 30 collected from NNUH. N: Number

In agreement with a previous local study, the majority of patients were elderly (<65 years old)'. This
finding also agrees with other studies in Jordan and Egypt*®3°. Elderly people are more susceptible to certain
medical conditions that enhance the risk of AIS, like metabolic syndrome, heart diseases e.g. atrial fibrillation
and myocardial infarction, past medical and drug history®”*%. Aging is indeed a major risk factor for AIS and
Complex Aortic Plaque which is one of the potential causes of this disease®.

DM causes blood vessel damage and diabetic vasculopathy, which raises the risk of AIS due to persistently
elevated blood glucose levels*. In addition, diabetic patients who have AIS, typically have worse outcomes®*!.
Moreover, DM and hyperglycemia can exacerbate the risk of stroke by increasing the permeability of the blood-
brain barrier and the volume of the infarct following a stroke’. In agreement with previous studies, most of
the AIS patients were diabetics*!*2. Males were less likely to be diabetic than females in this study which agrees
with a pervious study®’. This implies the importance of screening and proper management of DM. Females
were also at higher risk than males to have atrial fibrillation. These results agree with the results of a previous
study!”. Females with atrial fibrillation at increased risk to have AIS with more disabling outcomes compared to
males*!. Given the common association between atrial fibrillation and cardioembolic stroke, it becomes crucial
to accurately identify and manage this condition with precision?®. Hence, evaluating the likelihood of acute
ischemic stroke (AIS) in atrial fibrillation and promptly starting treatment to decrease the risk of stroke related
with atrial fibrillation is an essential aspect of managing this cardiac arrhythmia®.

AIS patients were primarily thrombotic (81.9%), while 18.1% were cardioembolic similar to previous
studies?*?!. Regarding stroke volume, small-volume strokes were more common than large-volume ones, with
lacunar vessels involvement in the majority of cases (60.8%). This is higher than what was reported in previous
studies*”*%, Internationally, lacunar vessel strokes account for 30% of ischemic strokes*. Epidemiological
research in the Middle East estimated that the frequency of lacunar ischemic strokes varied from 8.9 to
59.7%*. The underlying pathology of lacunar strokes is thought to be primarily caused by lipohyalinosis and
microatheroma that obstructs small penetrating arteries®. Risk factors of lipohyalinosis and microatheroma
include HTN and DM. Since HTN and DM have high prevalence among AIS patients in this study, this may
explain the higher incidence of lacunar strokes. Therefore, we recommend proper control and management to
decrease the burden of HTN and DM among Palestinians.

Low and high levels of Hgb have a significant effect on clinical outcomes of AIS patients®~>. A previous
study demonstrated that 40% of AIS patients had low Hgb level, which is consistent with our study (38.3%)>*.
Low Hgb levels were more predominant among Palestinian AIS females (43.9%) than males (34.7%). Insufficient
levels of Hgb result in tissue hypoxia, which induces vasodilation. This reduction in blood pressure triggers the
activation of the sympathetic nervous system, leading to peripheral vasoconstriction. Consequently, the risk
of thrombus formation is heightened®"**. High Hgb levels increase blood viscosity and promote thrombosis
explaining the association between high Hgb levels and ischemic stroke™. Further research is needed to establish
the relationship between Hgb level on admission and the severity of functional outcomes of acute ischemic
stroke in Palestine®>>%,

A total of 10 participants (1.7%) in the current study received Alteplase. This percentage aligns with prior
research findings, which indicate that the administration of Alteplase in low-middle income nations, such as
West Bank-Palestine, is low, ranging from 1 to 3%. The expensive cost of Alteplase serves as a significant obstacle
in these cases'>*. The absence of well-structured stroke facilities in Palestine necessitates the admission of

Scientific Reports |

(2025) 15:16135 | https://doi.org/10.1038/s41598-025-01268-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Pvalue | OR | CI95%
Lower | Upper

mRS 3-4-5

Volume of stroke 0.403 0.809 | 0.493 | 1.329
Age 0.341 1.010 | 0.990 | 1.030
Sex

Male 0.018 2.031 | 1.130 | 3.649
Female

Carotid artery disease

Yes 0.715 0.912 | 0.556 | 1.497
No

Smoking

Yes 0.188 0.675 | 0.376 | 1.212
No

Coronary artery disease
Yes 0.803 0.941 | 0.581 | 1.522
No

Underlying cause

Thrombotic 0.719 0.891 | 0.474 | 1.674

Cardioembolic

Pvalue | OR | CI95%
Lower | Upper

mRS 6

Volume of stroke 0.556 0.606 | 0.114 |3.222
Age 0.016 1.098 | 1.017 | 1.185
Sex

Male 0.157 0.227 | 0.029 | 1.768
Female

Carotid artery disease
Yes 0.215 3.275 1 0.502 | 21.375
No

Smoking
Yes 0.049 7.396 | 1.007 | 54.326
No

Coronary artery disease
Yes 0.470 0.533 | 0.097 |2.938
No

Underlying cause

Thrombotic 0.273 0.338 | 0.049 |2.348

Cardioembolic

Table 6. Multinomial logistic regression analysis for factors associated with mRS at day1 to evaluate
the functional outcome status in AIS patients. The reference category is: mRS 1-2; OR: Odds ratios, CI:
Confidence interval

stroke patients to medical or other hospital units. Undoubtedly, this phenomenon results in the division of
healthcare delivery and worse clinical results®’. Future research conducted in low and middle-income countries
should include the limited number of patients receiving alteplase treatment. To address this, researchers should
consider expanding the sample size of their study by including more hospitals or extending the study duration,
reflecting the significance of this therapy.

One of the in-hospital complications is hemorrhagic transformation, which has devastating effect on
the brain and increases mortality rate?’. This study showed that 2% of AIS patients developed hemorrhagic
transformations which is consistent with previous local study 3%, and a previous systemic review (2.6-5.6%)%.
Moreover, the mortality rate in-hospitals were 1.18% which is less of what reported in other study conducted in
Germany (7.13%).

A greater death rate was linked to history of atrial fibrillation, prior strokes, and cardiovascular problems
during hospitalization®. The best way to improve the prognosis of ischemic stroke patients is to prevent these
diseases and treat them appropriately™.

On day 1 of the presentation, 40.4% of patients had a modified Rankin Scale (mRS) score of 4 indicating
moderately severe disability; unable to walk or attend to bodily functions without the assistance of another
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individual®®. These results correspond with previous studies in Palestine that explains the burden of this condition
on the families and medical staff'?. Long hours of caring, emotional stress, and financial concerns are all elements
that put stress on families and caregivers. In order to reduce the stress on them and promote patient recovery,
stroke rehabilitation programs should address these challenges. Examples of these include counseling sessions
and training in practical nursing skills. On day 1, males had a 2-fold higher risk than females to present with
more severe symptoms. Moreover, increasing one year age had increased the risk of mortality on day 1 by 9%. On
the other hand, smokers were 7 times more likely to have higher mortality rate than non-smokers. To enhance
the successes of smoking cessation, it is necessary to implement appropriate behavioral and pharmacological
interventions, together with expert counselling and guidance. By day 30, most of NNUH improved, with males
showing more improvement (mRS = 2) than females (mRS =3). It is worth mentioning that one of the limitations
of this study is the fact that results for day 30 were only available for NNUH patients. This limited availability of
data could potentially affect our ability to fully discuss the results for this period of the study. However, despite
this limitation, we can still draw meaningful conclusions from the available data. These data indicate that AIS
patients at NNUH showed better improvement at day 30 compared to day 1 of presentation.

This study has some limitations. Access to the medical records of patients with AIS was difficult because
there was no proper use of the ICD-10 coding system of the Palestinian Ministry of Health. This study was a
retrospective study which depends on review of medical records that were originally not designed to collect data
for research; some information is bound to be missing. Moreover, results for day 30 were only available for the
private hospital patients. Despite these limitations, this study continues to be valuables, as it provides sex-based
comparison for risk factors of AIS in West Bank and contributes to our understanding of AIS management and
outcomes. These findings can be used by researchers in addressing these limitations and developing further
investigations into this important area of medical care.

Conclusion

This retrospective study highlights the sex distribution among acute ischemic stroke (AIS) patients, with males
predominating. Smoking is identified as a significant risk factor for AIS, especially among male patients. Age
and diabetes mellitus (DM) are crucial factors in AIS risk, particularly among elderly individuals and those with
DM, who tend to experience worse outcomes. Female AIS patients face a higher risk of atrial fibrillation and tend
to have more severe AIS outcomes. Thrombotic strokes, particularly small-volume strokes involving lacunar
vessels, were most common. Alteplase administration and complications were investigated, revealing challenges
in low-middle income countries regarding Alteplase availability. Hemorrhagic transformations affected a small
percentage of AIS patients, with an in-hospital mortality rate of 1.18%. Age and smoking were associated with
higher mortality rates, while patients at NNUH showed improved outcomes by day 30 compared to initial
presentation.
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