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Stroke is the second-leading cause of death worldwide, including in Syria, and the third-leading 
cause of death and disability combined. With approximately 90% of strokes worldwide linked to 
modifiable risk factors, identifying and quantifying these factors within a specific population is 
essential for effective prevention. This is the first study to investigate primary risk factors for stroke 
in Syria. This study included the six primary stroke centres across four major cities in Syria. Data 
was collected through case files and a questionnaire answered by the cases or their proxies through 
personal interviews, as well as selected controls. A total of 411 cases were recruited, comprising 
363 ischemic strokes (IS) and 48 haemorrhagic strokes, and with a matched ratio of 1:1 for age and 
sex. IS was significantly associated with multiple chronic conditions including atrial fibrillation AF 
[AOR 5.04 (2.64–9.62)], high body mass index (overweight [AOR 2.09 (1.28–3.40)], obesity [AOR 
4.17 (2.32–7.50)]), hypercholesterolemia [AOR 2.10 (1.34–3.28], hypertension HTN [AOR 1.83 
(1.23–2.73)], and diabetes mellitus DM [AOR 1.79 (1.18–2.71)]. Moreover, several lifestyle risk factors 
contributed to IS: Alcohol consumption [AOR 4.80 (1.72–13.41)], a diet lacking fruits and vegetables 
[AOR 2.04 (1.28–3.23)], and low physical activity PA [AOR 1.75 (1.01–2.86)]. Notably, over 40% of the 
population exhibited medication nonadherence. IS showed no significant association with cigarette 
smoking, heart failure (HF), ischemic heart disease (IHD), or a family history of stroke (p > 0.05). 
In contrast, haemorrhagic stroke was linked to higher BMI, HTN, DM, and AF (p < 0.05), but not to 
hypercholesterolemia, cigarette smoking, IHD, or HF (p > 0.05). This first nationwide multicentre case-
controlled study in Syria identified critical modifiable risk factors for stroke, including hypertension, 
diabetes, atrial fibrillation, and obesity, with high rates of medication non-adherence, especially 
among hypertensive patients, complicating stroke risk. These findings underscore the urgent need for 
targeted health interventions promoting lifestyle modifications, medication adherence, and public 
health policies tailored to Syria’s current resource-limited context to reduce the stroke burden and 
improve population health.
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As of 2019, stroke has been identified as the second leading cause of death, and the third leading cause of death 
and disability combined1. Moreover, the Global Burden of Disease (GBD) 2016 study states that almost 25% of 
people around the world will have a stroke during their lifetime2. Furthermore, 25% of stroke survivors will have 
a recurrent stroke within five years3. The age-standardized incidence rate for all strokes per 100,000 is 136.5 to 
167.5. In Syria, it is estimated to have an incidence rate of 175.8 to 196.2 per 100,0001. Females have been found 
to have a higher risk of developing a stroke during their lifetime1,3, whereas strokes in men tend to be more 
severe1.

Stroke remains a challenging and growing problem facing health systems worldwide1, predominantly in low-
income countries such as Syria, where age-standardized disability-adjusted life years (DALYs) are 3.7 fold higher 
than in high-income countries1,4–6. This is of particular concern, considering that almost 90% of strokes can be 
attributed to modifiable risk factors1,5,7. Furthermore, Bertram et al. (2018) reported that the countries most 
burdened with stroke and cardiovascular disease could, with additional funding, prevent millions of strokes and 
so multiply their initial investment by almost 11-fold8.
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Globally, the main risk factors for ischemic stroke (IS) are hypertension (HTN), diabetes mellitus (DM), 
high cholesterol, ambient particulate matter pollution, and high body mass index (BMI)1. According to the 
INTERSTROKE study, the magnitude of the association between these risk factors and stroke varies regionally 
and between different populations5. As for haemorrhagic strokes, hypertension remains the main risk factor1.

Stroke research is scarce in the Middle East compared to advanced economies; this is primarily notable in 
Syria, where there is scant research9, albeit; stroke is the second leading non-commincable cause of death in 
Syria according to the Institute for Health Metrics and Evaluation which derives their data from the WHO 
Global Burden of Disease 201910. Furthermore, in low income countries such as Syria, patient care is usually the 
responsibility of the patient’s families due to a lack of structured rehabilitation post-stroke, which magnifies the 
burden7.

At the national level. This multi-centre case–control study aims to bridge the knowledge gap and to identify 
the main risk factors of stroke in Syria;  to guide health policies in the country which will help reduce the burden 
of stroke mortality, morbidity, and productivity loss.

Methods
Study design and setting
This is a multicentre, age and sex-matched, and hospital-based case–control study. Cases were recruited from six 
public hospitals dispersed in four Syrian cities (Al Mouwasat University Hospital, Al Assad University Hospital, 
Al Mujtahid Hospital (Damascus Hospital) in Damascus, Aleppo University Hospital in Aleppo, Tishreen 
University Hospital in Lattakia, and Al Basil Specialized Hospital in Karam Al Looz in Homs) from 23/11/2021 
to 13/9/2022. This study was approved by the Syrian Ministry of Higher Education and Scientific Research under 
reference number (5/011,026/4072) and by the Syrian Ministry of Health under reference number (1/18/145). 
Thus, all concerned hospitals were noted. Verbal consent was obtained from all participants or their proxies.

We included first-onset and recurrent strokes in patients 40 years or older. Our stroke diagnosis algorithm 
aligns with the diagnosis criteria by Yew and Cheng (2015)11. Patients with subarachnoid haemorrhages (SAH) 
and transient ischemic attacks (TIAs) were excluded.

Controls were individuals who visited or accompanied patients in surgical departments (mainly general and 
genitourinary surgery) and reported no active signs or history of TIA or stroke.

This study is in line with the STROBE checklist criteria12.

Data collection
Data was collected through case file reviews and questionnaires answered by cases (or their proxies) and by 
identified control participants through face-to-face interviews conducted by doctors at respective hospitals. All 
other relevant investigations, such as brain imaging (non-contrast CT or MRI), electrocardiogram ECG, and 
echocardiography were accessed from case files. No investigations were performed for the control participants.

Statistical approach
Sample size and matching
The required sample size for this matched case–control study was calculated with α and β values of 0.05 and 0.1, 
respectively, using the prevalence of hypertension HTN and cigarette smoking in an earlier study in Syria13 and 
the expected ORs according to the INTERSTROKE study in Eastern Europe, Central Europe, and the Middle 
East5. These parameters were entered at the University of Melbourne epidemiology calculator14. This resulted in 
a sample size of 217 cases vs. 217 controls when calculations were made according to cigarette smoking and 191 
cases vs. 191 controls when calculations were made according to HTN. Hence, it was decided to gather a larger 
sample of 411 cases vs. 411 controls to compensate for any errors in our estimations of the correlation coefficient 
of 0.2. Of 411 cases, 48 had haemorrhagic stroke and 363 had an ischemic stroke.

Each case was matched with control for sex and age (± 5 years) with a ratio of 1:1; matching was extended 
(± 10 years) for cases older than 75 years. To check the efficiency of the matching process, Standardized Mean 
Difference (SMD) was calculated using the following formula: SMD = (mean1—mean2)/pooled SD, where 
mean1 and mean2 are the means of variables on which matching was based (sex and age) for the cases and 
controls, respectively, and pooled SD is the pooled standard deviation. In the outcomes, the SMD value for 
age was more than for sex. However, both SMD values were less than 0.2, indicating an acceptable matching 
approach. Thus, no further adjustment was needed for the matching process15,16.

We categorized physical activity PA as low (Walking < 1.5 KM daily), moderate (Walking 20–30 min at least 
three times a week), and high (Walking > 30 min more than 3 times a week). Consanguinity was defined as 
when parents are first or second cousins. Walking less than 1.5 km Daily was considered poor physical activity. 
Hypercholesterolemia was defined as having total cholesterol level > 240  mg/dl in cases, and a history of 
hypercholesterolemia in controls. Fruit and vegetable consumption were self-reported and serving was defined 
as 100 g. A diet of less than 300 g/day of fruits and vegetables was considered lacking. Heart disease was self-
reported by cases and controls, or diagnosed upon admission using ECG (arterial fibrillation AF) in cases. Heart 
disease HDs included atrial fibrillation AF, heart failure HF, heart valvular diseases HVDs, and ischemic heart 
disease IHD. BMI was self-reported, and its ranges were categorized into normal weight (BMI (18.5–24,9)), 
Overweight (BMI [25–29.9]), and Obesity (BMI (> 30)). BMI can be calculated with BMI = kg/m217.

We confirm that this research has been conducted in accordance with the relevant guidelines and regulations 
set by our ethic committee which is in accordance with the global standard of research and with the Declaration 
of Helsinki.

Scientific Reports |          (2025) 15:115 2| https://doi.org/10.1038/s41598-024-83569-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Statistical analysis
Data were analysed using the Statistical Package for Social Sciences version 26.0 (SPSS Inc., Chicago, IL, 
United States) and reported as frequencies and percentages (for categorical variables) and means and standard 
deviations (SD) (for continuous variables). Chi-square analyses were applied to compare cases and controls. A 
two-sided P < 0.05 was considered statistically significant. Univariate odds ratios (ORs) were calculated for each 
dichotomized risk factor that were statistically significant. Binary multivariable Enter logistic regression model 
was used to determine the adjusted ORs (AORs) with 95% confidence intervals. The population-attributable risk 
percentage (PAR%) is the proportion of disease incidence in exposed and non-exposed populations that can be 
attributed to exposure18. It was calculated from the adjusted OR and 95% confidence interval values using the 
following formula:

Prevalence of exposed cases × [(AOR–1)/AOR] × 100.19.

Results
Overall, 573 cases and 744 controls comprised the study sample after case exclusions. All cases and controls had 
complete data, except for serum cholesterol levels, which were available for 293/573 cases. Cases were matched 
with stroke-free controls to determine potential stroke risk factors. This resulted in a sample of 411 matched 
cases for age and sex with a 1:1 ratio.

Ischemic stroke
This study analyzed 363 IS cases, with 164 (45.2%) being females and a mean age of 65.5 (± 9.6) years. The 
distribution of cases included 61 (16.8%) cases from Al Mouwasat University Hospital, 19 (5.2%) from Al Assad 
University Hospital, and 28 (7.7%) from Al Mujtahid Hospital (Damascus Hospital) in Damascus, 139 (38.3%) 
from Aleppo University Hospital in Aleppo, 80 (22%) from Tishreen University Hospital in Lattakia, and 36 
(9.9%) from Al Basil Specialized Hospital in Karam Al Looz in Homs.

Tables 1 and 2 demonstrate different variables and risk factors, comparing cases to controls using univariate 
analysis with Chi-square tests. Key findings indicated that higher BMI, lower physical activity, heavier cigarette 
smoking among smokers, alcohol consumption, a diet of fewer than three servings of vegetables and fruits, 
having a family history of stroke (particularly first degree), HTN, DM, hypercholesterolemia, AF, IHD, HF, 
HVD, and non-adherence to antihypertensive medications were all significantly associated with ischemic stroke 
(p < 0.05).

Table 3 provides odds ratios (ORs), adjusted odds ratios (AORs), and population-attributable risk (PAR%) 
for IS risk factors. Walking less than 1.5 km Daily was considered low physical activity. Significant findings from 
Tables 1 and 2 were included in the regression analysis, excluding heart valve disease (HVD) as a variable.

Variables Cases n (%) Controls n (%) X2 P-value

Lifestyle and family history

 BMI

18.5–24.9 78 (21.5) 136 (37.5)

40.09  < 0.001*25–29.9 175 (48.2) 179 (49.3)

Above 30 110 (30.3) 48 (13.2)

 Physical activity†

Walk less than 1.5 km Daily 105 (28.9) 61 (16.8)

15.53  < 0.001*Walk for 20–30 min. Three times a week at least 140 (38.6) 172 (47.4)

Walk more than 30 min more than three times a week 118 (32.5) 130 (35.8)

 Cigarette smoking
Yes 164 (45.2) 171 (47.1)

0.27 0.602
No 199 (54.8) 192 (52.9)

 Pack-year scale
Less than 40 115 (70.1) 143 (83.6)

8.62  < 0.01*
More than 40 49 (29.9) 28 (16.4)

 Alcohol consumption
Yes 22 (6.1) 8 (2.2)

6.82  < 0.01*
No 341 (93.9) 355 (97.8)

 Daily servings of vegetables and fruits
More than three times 230 (63.4) 289 (79.6)

23.52  < 0.001*
Less than three times 133 (36.6) 74 (20.4)

History of parental consanguinity
Yes 116 (32.0) 126 (34.7)

0.62 0.43
No 247 (68.0) 237 (65.3)

 Family history of stroke
Yes 144 (39.7) 122 (33.6)

2.87 0.09
No 219 (60.3) 241 (66.4)

First-degree family history of stroke
Yes 82 (22.6) 57 (15.7)

5.56  < 0.05*
No 281 (77.4) 306 (84.3)

 First-degree family history of coronary heart diseases
Yes 98 (27.0) 57 (15.7)

13.79  < 0.001*
No 265 (73.0) 306 (84.3)

Table 1. Prevalence of variables among cases and controls of ischemic stroke patients. Significant values are 
given in bold. †Walking less than 1.5 km Daily is considered poor physical activity.
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Risk factor ORs (95% CI) AORs (95% CI) PARs% (95% CI) according to AORs

BMI

 Normal – – –

 Overweight 1.70 (1.20–2.41) 2.09 (1.28–3.40) 25.14 (10.54–34.02)

 Obese 4.00 (2.58–6.20) 4.17 (2.32–7.50) 23.03 (17.24–26.26)

 Low physical activity 2.02 (1.41–2.88) 1.75 (1.01- 2.86) 12.39 (0.29–18.80)

 Alcohol 2.86 (1.26–6.52) 4.80 (1.72–13.41) 4.83 (2.55–5.65)

 Not having three daily servings of vegetables and fruits or more 2.26 (1.62–3.15) 2.04 (1.28–3.23) 18.66 (8.01–25.27)

 First degree family history of stroke 1.57 (1.08–2.28) 1.17 (0.70–1.97) 3.28 (− 9.69–11.13)

 First-degree family history of coronary heart diseases 1.99 (1.38–2.86) 1.29 (0.78–2.15) 6.07 (− 7.62–14.44)

 IHD 2.22 (1.37–3.61) 1.93 (1.00–3.72) 7.32 (0–11.14)

 HF 3.52 (1.76–7.04) 2.15 (0.87–5.27) 5.30 (− 1.48–8.02)

 AF 5.41 (3.17–9.25) 5.04 (2.64–9.62) 17.63 (13.67–19.71)

 HTN 2.29 (1.70 – 3.08) 1.83 (1.23—2.73) 26.35 (10.86–36.82)

DM 1.84 (1.35–2.51) 1.79 (1.18–2.71) 18.58 (6.42–26.56)

 Hypercholesterolemia 2.37 (1.59–3.52) 2.10 (1.34–3.28) 17.81 (8.63–23.63)

Table 3. Odds ratios (ORs), adjusted odds ratios (AORs), and population attributable risk (PARs%) for risk 
factors of IS patients. Significant values are given in bold.

 

Variables Cases n (%) Controls n (%) X2 P-value

Hypertension (HTN)
Yes 211 (58.1) 137 (37.7)

30.22  < 0.001*
No 152 (41.9) 226 (62.3)

Hypertensive medication adherence
Yes 102 (48.3) 87 (63.5)

7.70  < 0.01*
No 109 (51.7) 50 (36.5)

Diabetes mellitus (DM)
Yes 153 (42.1) 103 (28.4)

15.09  < 0.001*
No 210 (57.9) 260 (71.6)

Diabatic medication adherence
Yes 83 (53.5) 60 (57.7)

0.43 0.511
No 72 (46.5) 44 (42.3)

Hypercholesterolemia
Yes 70 (34.0) 63 (17.8)

18.68  < 0.001*
No 136 (66.0) 290 (82.2)

Heart diseases (HDs)
Yes 180 (49.6) 64 (17.6)

83.07  < 0.001*
No 183 (50.4) 299 (82.4)

Heart diseases medication adherence
Yes 113 (62.8) 45 (70.3)

1.71 0.278
No 67 (37.2) 19 (29.7)

Atrial fibrillation (AF)
Yes 80 (22.0) 18 (5.0)

45.35  < 0.001*
No 283 (78.0) 345 (95.0)

Ischemic heart disease (IHD)
Yes 55 (15.2) 27 (7.4)

10.78  < 0.01*
No 308 (84.8) 363 (92.6)

Heart Failure (HF)
Yes 36 (9.9) 11 (3.0)

14.22  < 0.001*
No 327 (90.1) 352 (97.0)

Heart valve diseases (HVDs)
Yes 28 (7.7) 8 (2.2)

11.69  < 0.01*
No 335 (92.3) 355 (97.8)

Smoking + HTN
Yes 106 (29.2) 62 (17.4) 14.26  < 0.001*

No 257 (70.8) 300 (82.6)

Smoking + DM
Yes 73 (20.1) 39 (10.7)

12.20  < 0.001*
No 290 (79.9) 324 (89.3)

HTN + DM
Yes 92 (25.3) 40 (11.0)

25.04  < 0.001*
No 271 (74.7) 323 (89.0)

HDs + HTN + DM
Yes 57 (15.7) 12 (3.3)

32.43  < 0.001*
No 306 (84.3) 351 (96.7)

Low physical activity + DM
Yes 54 (14.9) 19 (5.2)

18.66  < 0.001*
No 309 (85.1) 344 (94.8)

Table 2. Demonstrating chronic diseases and medication adherence of IS patients. Significant values are given 
in bold.
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Patients with AF exhibited a markedly elevated risk of developing stroke with an AOR of 5.04 (2.64–9.62). 
Obesity was associated with a four-fold increase in developing ischemic strokes. Furthermore, ischemic patients 
were found to be 55% more likely to have HTN compared to controls (prevalence: 58.1% vs. 37.7%, PAR: 26.35%). 
As for DM, the prevalence was nearly 50% higher in IS cases than controls (153 (42.1%) vs. 103 (28.4%), PAR: 
18.58%), with all comparisons yielding a p value of < 0.001.

Haemorrhagic stroke
This study included 48 haemorrhagic stroke cases, with 22 (45.8%) female and a mean age of 65.5 years (± 8.0). 
HTN was observed in cases twice as frequently as controls (66.7% vs. 31.2%), while DM prevalence doubled 
(47.9% vs. 22.9%). Key risk factors significantly associated with hemorrhagic strokes included higher BMI, 
HTN, DM, and AF (p < 0.05). (Table 4).

Discussion
To the best of our knowledge, this is the first nationwide case–control study that addresses stroke risk factors in 
the Syrian population inside Syria.

Ischemic stroke
Based on population-attributable risks (PAR), several IS risk factors were identified in the Syrian population: 
HTN, high BMI, a diet with fewer than three servings of fruits and vegetables daily, DM, hypercholesterolemia, 
AF, low PA, and alcohol consumption. This is consistent with GBD estimations for the Middle East and North 
Africa (MENA) region1.

In our study, a significant proportion of participants reported nonadherence to their medications:46.6% 
for hypertension, 46.1%   for diabetes, and 34.7%   for heart-related medication. This can be due to the low 
socioeconomic status of the Syrian population, as more than 80% of the population lives under the poverty 
line20. Moreover, this potentially reflects low health literacy among the population. This is a major public health 
issue as these three medical conditions were significantly statistically associated with stroke.

Of heart diseases, AF exhibited the strongest association with IS (AOR 5.04). Furthermore, the prevalence 
of AF among ischemic cases was 22%, notably higher than rates reported in other Middle Eastern countries 

Variables Cases n (%) Controls n (%) X2 P-value

BMI

18.5–24.9 4 (8.3) 19 (39.6)

12.87  < 0.01*25–29.9 27 (56.3) 18 (37.5)

Above 30 17 (35.4) 11 (22.9)

Physical activity

Walk less than 1.5 km daily 7 (14.6) 8 (16.7)

2.16 0.339Walk for 20–30 min. Three times a week at least 24 (50.0) 17 (35.4)

Walk more than 30 min more than three times a week 17 (35.4) 23 (47.9)

Alcohol consumption
Yes 2 (4.2) 0 (0.0)

2.04 0.153
No 46 (95.8) 48 (100)

Cigarette smoking
Yes 22 (45.8) 19 (39.6)

0.38 0.536
No 26 (54.2) 29 (60.4)

History of parental consanguinity
Yes 17 (35.4) 14 (19.2)

0.43 0.413
No 31 (64.6) 34 (70.8)

First-degree family history of stroke
Yes 12 (25.0) 12 (25.0)

0.00 1
No 36 (75.0) 36 (75.0)

First-degree family history of coronary heart diseases
Yes 15 (31.2) 7 (14.6)

3.77 0.052
No 33 (68.8) 41 (85.4)

Hypertension (HTN)
Yes 32 (66.7) 15 (31.2)

12.05  < 0.01*
No 16 (33.3) 33 (68.8)

Diabetes mellitus (DM)
Yes 23 (47.9) 11 (22.9)

6.56  < 0.05*
No 25 (52.1) 37 (77.1)

Hypercholesterolemia
Yes 3 (17.6) 6 (14.0)

0.13 0.718
No 14 (82.4) 37 (86)

Atrial fibrillation (AF)
Yes 9 (18.8) 0 (0.0)

9.93  < 0.01*
No 39 (81.2) 48 (100)

Ischemic heart disease (IHD)
Yes 7 (14.6) 6 (12.5)

0.09 0.765
No 41 (85.4) 42 (87.5)

Heart Failure (HF)
Yes 4 (8.3) 2 (4.2)

0.71 0.399
No 44 (91.7) 46 (95.8)

Table 4. showing haemorrhagic stroke risk factors using chi-squares. Significant values are given in bold.
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(9–13%), although that reference study did not differentiate between stroke subtypes21. Notably these rates are 
lower than rates of other ischemic stroke reported in Lebanon (27%)22 (30.1%)23.

The previous controversies about heart failure (HF) as an independent risk factor for stroke are now reducing 
as evidence builds that identifies it as a risk factor for all stroke subtypes24. Our study found an increased risk of 
IS in patients with HF and IHD using bivariate analysis. However, when adjusting for the multiple comorbidities 
with regression including AF, this association ceased to be statistically significant, with AOR rates at 2.15 (0.87–
5.27) and 1.93 (1.00–3.72), respectively.

Hypertension (HTN) is the most prominent risk factor for cardiovascular diseases25. The AOR of developing 
IS in hypertensive patients was estimated to be 1.83 (1.23–2.73) in our study. This number aligns with 
INTERSTROKE’s estimations for Eastern Europe, Central Europe, and the Middle East 2.11 (1.52–2.95) and 
with another case–control study from Saudi Arabia AOR 2.12 (1.74–2.57) while lower than estimations from 
Lebanon AOR of 2.74 (1.05–7.18). Even though the Saudi Arabian study did not differentiate between stroke 
subtypes, IS constituted 90% of their cases5,23,26.

The prevalence of HTN in all controls (37%) was slightly higher than estimations made by the PURE study 
in low-income countries and the Middle East, which were 32.14% and 33%, respectively25,27. The prevalence of 
HTN in the Syrian population needs to be studied and more formalized diagnosis is needed to evaluate the actual 
burden of HTN, as no new data is available after the conflict in Syria. Medication availability and awareness 
about the importance of adherence may also have been influenced by the conflict. Our results highlight this, 
as non-adherent hypertensive patients were more likely to develop ischemic strokes, which is also reported in 
South Korea. Uncontrolled HTN not only increases stroke risk but also contributes to the development of heart 
diseases 28,29. Therefore, this issue must be tackled with absolute urgency and should not be underestimated by 
patients, as even modest control of hypertension can decrease stroke risk by 40%30.

DM is a global health threat strongly associated with stroke1. This is particularly seen in Saudi Arabia and 
other countries in the Middle East, as it is the second-most reported risk factor26,31. The data obtained in our 
study (AOR 1.79 (1.34–3.28)) broadly aligns with regional trends. According to Hamzeh et al. (2019), 41.2% 
of Syrian diabetic patients do not know that DM is a risk factor for Stroke, and 10.8% think it is not32. This 
low awareness contributes to our high DM medication non-adherence in both cases and controls. Therefore, 
unless an effective program is adopted, the health burden associated with diabetes in Syria, including stroke, is 
anticipated to increase.

The link between high blood cholesterol and a higher risk of stroke is still debatable, as several studies showed 
no or a weak relationship33. Our study found an increased stroke risk with hypercholesterolemia, which was also 
reported in Saudi Arabia26, and the Asia Pacific region34. These findings call for more thorough investigations to 
determine the correlation between detailed lipid profile components and stroke in Syria and possibly the Middle 
East.

Our study suggests a decline in the prevalence of obesity in Syria over the past 12 years, dropping from 43.2% 
in 201113. This decline could be linked to the country’s conflict and economic conditions, obesity remains a 
significant stroke risk factor.

Though the importance of a healthy diet has been linked with stroke prevention, most clinicians tend to 
underestimate its effect23. According to our study, a diet containing three or fewer servings of fruit and vegetables 
daily doubles the risk of developing IS AOR 2.04 (1.28–3.23). This preventative effect has been established in 
multiple cohort studies and might be explained by their high content of micronutrients especially Potassium, 
which was shown to reduce blood pressure, decreasing the risk of stroke35.

Although cigarette smoking is considered a significant risk factor for IS globally and regionally1,31, our results 
showed no statistical significance in this area. The similarly high prevalence of smoking among IS cases (45.2%) 
and controls (47.1%) may indicate a public health epidemic of elevated smoking behaviours. This epidemic of 
smoking behaviours spans the borders of three East Mediterranean countries, as the prevalence rate for current 
cigarette smoking was 35.1% in Lebanon, 32.0% in Jordan, and 28.2% in Palestine36. However, we did not include 
shisha smoking in our study.

Haemorrhagic stroke
Our study demonstrates that a higher BMI is associated with an increased risk of haemorrhagic stroke. However, 
some studies suggest a protective effect of higher BMI in women37 and an increased risk in men38. Due to our 
sample size limitations, we were unable to analyse these gender differences in depth.

HTN is the most common risk factor for haemorrhagic strokes39. Our study showed a significant association 
(p < 0.05) as 66.7% of cases had HTN compared to only 31.2% of controls. Cigarette smoking and alcohol 
consumption are recognized as major risk factors for haemorrhagic strokes, as is diabetes mellitus, which has 
been linked to microbleeds39. Our study only found an association with DM from the factors mentioned above. 
Interestingly, some studies have suggested that lower total cholesterol levels could be linked to an increased 
risk of haemorrhagic strokes33,39. However, our findings did not support this association, indicating that the 
relationship between cholesterol levels and haemorrhagic stroke may be more complex than previously 
considered. Additionally, we identified an association between atrial fibrillation (AF) and hemorrhagic stroke. 
This relationship may be attributed to the use of anticoagulants in AF patients, which can heighten the risk of 
bleeding events.

Strengths and limitations
Thia study has several limitations. Firstly, the use of a self-report questionnaire to gather information may 
introduce recall bias, especially in severe stroke cases where proxies were interviewed on behalf of the patients. 
BMI was calculated according to patients’, proxies’, and controls’ answers, which might have impacted our 
responses. Additionally, the case–control design employed is susceptible to bias due to differences in how risk 
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factors were measured between cases and controls. This was particularly evident in the assessment of heart 
diseases and hypercholesterolemia, as we were unable to conduct ECG, echocardiography, or serum-cholesterol 
tests in the control group. Moreover, not all cases were able to undergo serum-cholesterol tests due to limited 
funding and resources in Syrian hospitals, which have been greatly affected by the economic situation post-war.

A further limitation is represented in the challenge we faced in matching cases aged 80 and older. This was 
due to the methodology used for control selection, as there were very few older companions available for patients 
in hospitals.

Nonetheless, the multicentre setting portrays a more realistic and generalizable image of the Syrian 
population, especially since the centres were spread over four major cities. The selection of controls as patients’ 
companions from departments other than neurology (mainly general and genitourinary surgery) was to avoid 
associations with vascular risk factors as much as possible. This method appears to have reasonably estimated 
the prevalence of risk factors. For example, the Prevalence of HTN in our controls was 37.7% which corresponds 
with two studies in Syria which found it to be 40.6%40 and 45.6%13, while hypercholesterolemia is prevalent in 
17.8% of our controls compared to 21.9% in a 2011 study13.

Conclusion
Notably, hypertensive medication non-adherence poses a challenge to clinicians and health policymakers and 
increases the burdens of stroke and other cardiac complications that could have been avoided with proper 
management. This issue requires health policy actions to prevent further morbidity and mortality, especially 
when considering the dire economic situation in the country.  Simple recommendations could significantly 
improve stroke outcomes in Syria, including promoting a healthy lifestyle, ensuring strict medication adherence, 
and implementing routine screenings for stroke risk factors.

The scarcity of studies in Syria hinders public efforts aiming to ameliorate the significant health issue. As 
such, more research is required to guide public health efforts to mitigate these modifiable risk factors for this 
severe and life threatening condition.

Data availability
The data used and analyzed during the current study are available from the corresponding author upon reason-
able request.
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