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Women and Stroke: Different, yet Similar
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Abstract
Background: The impact of gender on acute ischemic stroke, 
in terms of presentation, severity, etiology, and outcome, is 
increasingly getting recognized. Here, we analyzed the gen-
der-related differences in etiology and outcome of ischemic 
stroke in South India. Methods: Patients with first ever isch-
emic stroke within 1 week of onset presenting to the Com-
prehensive Stroke Care Centre, Sree Chitra Tirunal Institute 
for Medical Sciences and Technology, Trivandrum, India, 
were included in our study. Clinical and risk factor profile was 
documented. The stroke severity was assessed using the Na-
tional Institutes of Health Stroke Scale (NIHSS) at onset, and 
stroke subtype classification was done using Trial of Org 
10172 in Acute Ischemic Stroke criteria. The 3-month func-
tional outcome was assessed using the modified Rankin 
Scale (mRS) with excellent outcome defined as an mRS ≤2. 
Results: Of the 742 patients, 250 (33.7%) were females. The 
age, clinical profile, and rate of reperfusion therapies did not 
differ between the genders. Women suffered more severe 
strokes (mean NIHSS 9.5 vs. 8.4, p = 0.03). While large artery 

atherosclerosis was more common in men (21.3% vs. 14.8%, 
p = 0.03), cardioembolic strokes secondary to rheumatic 
heart disease were more common in women (27.2% vs. 
19.7%, p = 0.02). Men had a better 3-month functional out-
come compared to women (68.6% vs. 61.2%, p = 0.04), but 
was not statistically significant after adjusting for confound-
ers. Conclusion: Our data, from a single comprehensive 
stroke unit from South India, suggest that stroke in women 
are different, yet similar in many ways to men. Guideline-
based treatment can result in comparable short-term out-
comes, irrespective of admission stroke severity.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Gender differences in ischemic stroke are increasingly 
getting reported. Although men are more prone to vascu-
lar diseases, the risk is not uniform across all ages. Studies 
on animal stroke models have shown a protective role of 
female sex hormones on ischemic injury [1, 2]. These bi-
ological differences in stroke risk are seen in epidemio-
logical studies also, with a steep rise in stroke incidence 
after 60s in women and surpassing men in the 70s [3]. 
Among stroke survivors, women tend to be older and 
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have more severe strokes and less favorable outcome [4]. 
In addition to biological factors, the differences could also 
be augmented by disparity in access to acute and preven-
tive stroke therapies and rehabilitation services, which 
may be relevant in low- and middle-income countries [5].

There is paucity of data on the impact of gender on 
ischemic stroke from low- and middle-income countries, 
including India which accounts for four-fifths of all new 
incident strokes across the world [6]. With increasing 
lifespan and high prevalence of lifestyle diseases, low- and 
middle-income countries like India are likely to have 
more women with stroke and its sequelae in the coming 
years. There are hardly any data focusing on gender dif-
ferences in ischemic stroke from India [7]. We believe 
identification of these differences will aid in planning 
treatment and prevention strategies. Hence, we under-
took this study to understand the gender differences in 
risk factor profile, clinical presentation, stroke subtype, 
and outcome in our population.

Materials and Methods

All first ever ischemic stroke patients aged 18 years or above 
admitted in the Comprehensive Stroke Care unit, Department of 
Neurology, Sree Chitra Tirunal Institute for Medical Sciences and 
Technology, Trivandrum, South India, within 1 week of symptom 
onset were included in the study. The study period was from Janu-
ary 2014 to December 2017 (4 years). Patients with transient isch-
emic attack, pre-stroke modified Rankin score 3 or above, hemor-
rhagic strokes, and cerebral venous thrombosis were excluded. 
Their demographic and clinical details and risk factor status were 
extracted from medical records. Hypertension was defined as BP 
>130/80 mm Hg persisting >48 h of acute stroke or prior use of 
antihypertensives. Diabetes mellitus was defined as fasting plasma 
glucose >126 mg/dL and postprandial or random blood sugar over 
200 mg/dL and/or glycosylated hemoglobin >6.5% or patient be-
ing on blood sugar-lowering medications. Hyperlipidemia was de-
fined as fasting cholesterol >200 mg/dL and/or LDL-C >100 mg/
dL, detected before or during ischemic stroke. Those with a his-
tory of current/recent usage of tobacco within 3 months of stroke 
were classified as smokers. History of regular alcohol intake (at 
least 3 days a week) was also taken. The stroke severity was assessed 
using the National Institutes of Health stroke scale (NIHSS) at on-
set [8]. The stroke subtype classification was done using TOAST 
(Trial of Org 10172 in Acute Ischemic Stroke) Criteria [9]. Details 
of acute reperfusion therapies, its complications, and discharge 
outcome were also collected. Three-month functional outcome 
was assessed using the modified Rankin scale (mRS), and excellent 
outcome was defined as an mRS ≤2. In those patients where a 
stroke clinic follow-up was missing, a telephonic follow-up for as-
sessing functional status and any recurrent events was also done.

Statistical analysis was performed using SPSS version 17 soft-
ware (SPSS Inc., Chicago, IL, USA). For univariate analysis, con-
tinuous variables were studied using Student t tests and for cate-
gorical variables, Pearson χ2 tests as well as Fisher’s exact tests were 

used. A multivariate logistic regression analysis of all variables 
with statistical significance on univariate analysis was performed, 
and those parameters with a p value of <0.05 were considered sta-
tistically significant.

Results

Of the 1,851 patients admitted with stroke during the 
study period, 742 who satisfied the inclusion criteria were 
included in the study. Majority were men (492 M:250 F) 
with mean age 59 ± 12.9 years. Baseline demographic and 
clinical characteristics are given in Table 1. Comparing 
the genders, hyperlipidemia and valvular heart disease 
were more frequently seen in females while tobacco and 
alcohol use were exclusively seen in male patients. Wom-
en tended to have more severe strokes at admission.

Of the study cohort, 3-month follow-up was available 
in 729 patients (98.24%). Men had a more favorable out-
come at 3 months on univariate analysis (p value = 0.046). 
However, on multivariate analysis, age, admission NI-
HSS, diabetic status, and thrombolysis remained inde-
pendent predictors of short-term outcome (Table 2) and 
gender failed to show an independent association. When 
outcome predictors for both genders were looked into, we 
found that admission NIHSS and thrombolytic therapy 
continued to show independent association in both, while 
DM was significant in only women (Tables 3, 4).

Discussion

In our hospital-based cohort, women were slightly 
older than men. This is in line with the literature [10–12] 
and can be explained by the impact of age and menopause 
on vascular risk. Mean age of stroke in our cohort was 
comparable to other epidemiological and hospital-based 
studies on stroke from India, where it was reported as be-
low 60 years of age [13, 14]. This is significantly lower 
than what is reported from Chinese and Western popula-
tion and can be explained by the higher reported preva-
lence of vascular risk factors in young Indians contribut-
ing to vascular disease burden [15, 16]. Among the vas-
cular risk factors, we found that elevated lipid levels were 
more found in women, an observation previously report-
ed from India [7]. This is contradictory to reports from 
the Western world, where higher prevalence of diabetes, 
dyslipidemia, and peripheral vascular disease was report-
ed in male stroke survivors [10, 11]. No statistically sig-
nificant gender differences were noted for clinical fea-
tures at presentation. However, looking at the risk factor 
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Variable Odds ratio 95% confidence interval p value

upper limit lower limit

Age 1.022 1.004 1.039 0.014
Sex 1.152 0.745 1.779 0.525
Admission NIHSS 1.293 1.240 1.348 0.000
Hypertension 0.990 0.628 1.559 0.964
Diabetes mellitus 1.661 1.099 2.513 0.016
Hyperlipidemia 0.922 0.613 1.385 0.694
CAD 0.642 0.384 1.073 0.091
Valvular heart disease 0.840 0.344 2.050 0.702
Large vessel atherosclerosis 0.992 0.537 1.831 0.979
Cardioembolic 1.337 0.673 2.658 0.407
Rate of thrombolysis 5.472 3.001 9.975 0.000

Table 2. Multivariate analysis of factors 
predicting 3-month functional outcome

Variable Men Women p value

Age (mean [SD]), years 59.8 (12.7) 60.1 (13.3) 0.775
Hypertension, n (%) 322 (65.4) 165 (66) 0.881
Diabetes, n (%) 252 (51.2) 133 (53.2) 0.610
Hyperlipidemia, n (%) 192 (39) 146 (58.6) 0.000
Valvular heart disease, n (%) 20 (4.1) 32 (12.8) 0.000
Nonvalvular atrial fibrillation, n (%) 23 (4.7) 9 (3.6) 0.496
Coronary artery disease, n (%) 136 (27.6) 29 (11.6) 0.000
Tobacco smoking, n (%) 146 (29.6) 0 (0.0) 0.000
Alcohol usage, n (%) 149 (30.2) 0 (0.0) 0.000
Clinical presentation

Weakness, n (%) 372 (75.6) 197 (78.8) 0.331
Aphasia, n (%) 121 (24.6) 70 (28) 0.316
Numbness, n (%) 35 (7.1) 18 (7.2) 0.966
Blood sugar at admission, mean (±SD) 161 (75.8) 168 (73.5) 0.180
HbA1C, mean (±SD) 7.02 (1.68) 7.27 (1.88) 0.078
S. total cholesterol, mean (±SD) 181 (52.2) 196 (50.8) 0.000

Stroke subtype
Large artery atherosclerosis, n (%) 105 (21.3) 37 (14.8) 0.032
Cardioembolic, n (%) 97 (19.7) 68 (27.2) 0.020
Valvular heart disease, n (%) 12 (12.4) 32 (47) 0.0013
Nonvalvular atrial fibrillation, n (%) 50 (51.5) 23 (33.8) 0.024
Others 35 (36.08) 23 (33.8) 0.92

Lacunar, n (%) 102 (20.7) 47 (18.8) 0.535
Admission NIHSS, mean (SD) 8.46 (6.62) 9.54 (6.91) 0.039
Time from onset to thrombolysis, mean (±SD), min 194 (76.2) 190 (85.0) 0.755
Rate of thrombolysis, n (%) 88 (17.8) 42 (16.8) 0.817
1. Intravenous 64 (72.7) 27 (64.3) 0.326
2. Mechanical thrombectomy 15 (17.0) 9 (21.4) 0.547
3. Bridging 9 (10.3) 6 (14.3) 0.561
Symptomatic ICH after thrombolysis 13 (14.7) 0 (0.0) 0.005
In-hospital mortality, n (%) 16 (3.3) 12 (4.8) 0.296
mRS at 3 months, 1–2, n (%) 326 (68.6) 148 (61.2) 0.046
Stroke recurrence at 3 months, n (%) 14 (2.8) 2 (0.8) 0.070
3-month mortality, n (%) 31 (6.5) 21 (8.7) 0.294

Table 1. Comparison of gender differences 
in risk factor profile, clinical presentation, 
stroke subtype, and outcome
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control in our cohort, women had less glycemic control 
compared to men at admission.

Cardioembolism was the single major etiological sub-
group of stroke in women in our study (27.2% vs. 19.7%, 
p value 0.02) while large artery atherosclerosis was the 
major causation in men (21.3% vs. 14.1%, p value 0.032). 
Among the cardioembolic strokes, valvular heart disease 
was significantly associated with women. Studies from 
countries with low prevalence of rheumatic valvular heart 
disease (RHD) have shown that older women with stroke 
have higher frequency of nonvalvular atrial fibrillation 
[12]. The prevalence rate of rheumatic heart disease in 
our study group was 4.6% of the entire study population 
which is similar to that observed in the Indo-US Collab-
orative Stroke Project [13]. Higher female predilection 
for RHD and stroke has been reported previously also, 
which can range from 33.5 to 83% in many hospital-based 
series [17]. In our series, RHD contributed to 32.4% of 
total cardioembolic strokes in females. Contrary to prior 
reports, we found nonvalvular atrial fibrillation more in 
men [12, 18]. Other causes of cardioembolic stroke (re-

cent extensive anterior wall myocardial infarction, left 
ventricular or atrial thrombus, and severe left ventricular 
dysfunction/congestive heart failure) were comparable 
between men and women.

Men suffered more atherothrombotic strokes, proba-
bly secondary to higher frequency of smoking and coex-
istent coronary disease in our population and has been 
reported previously [12]. We could not come across any 
similar studies on gender differences in stroke subtypes 
from India. Women suffered more severe strokes which 
has been reported earlier [17, 19] while a few studies 
found little or no significant sex difference in stroke se-
verity [20]. This increased stroke severity may be partly 
explained by higher prevalence of cardioembolic strokes 
in our study cohort.

Regarding treatment aspects, there was no significant 
difference in the door to needle time between sexes. Some 
studies have shown that women are less likely to be ad-
mitted to the hospital within the first 3 h of stroke onset 
than men and have more delay in door to needle times [5] 
while some failed to find an association [21]. Although 

Variable Odds ratio 95% confidence interval p value

upper limit lower limit

Age 2.057 0.659 6.419 0.214
Admission NIHSS 1.292 1.226 1.360 0.000
Hypertension 0.962 0.559 1.656 0.889
Diabetes mellitus 1.383 0.824 2.322 0.220
Hyperlipidemia 0.910 0.544 1.524 0.721
CAD 0.599 0.331 1.084 0.090
Large vessel atherosclerosis 1.054 0.497 2.234 0.891
Cardioembolic 1.940 0.827 4.552 0.128
Rate of thrombolysis 4.070 1.963 8.438 0.000

Variable Odds ratio 95% confidence interval p value

upper limit lower limit

Age 6.051 0.878 41.679 0.068
Admission NIHSS 1.309 1.214 1.412 0.000
Hypertension 1.033 0.449 2.376 0.939
Diabetes mellitus 2.257 1.088 4.681 0.029
Hyperlipidemia 0.826 0.410 1.664 0.593
Valvular heart disease 0.807 0.213 3.053 0.752
Large vessel atherosclerosis 1.287 0.424 3.913 0.656
Cardioembolic 1.041 0.302 3.593 0.949
Rate of thrombolysis 10.393 3.455 31.260 0.000

Table 3. Multivariate analysis of 3-month 
outcome predictors for male gender

Table 4. Multivariate analysis of 3-month 
outcome predictors for female stroke 
patients
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there are reports that women are less likely to receive al-
teplase than men [22, 23], our rates of thrombolysis were 
similar which might be due to the higher literacy rate of 
Kerala population with increased stroke awareness and 
early presentation leading to timely access to treatment 
[24].

Although post-stroke outcomes were less favorable for 
women, gender failed to show a statistically significant 
impact on short-term outcome in our cohort. Conflicting 
reports on impact of female gender on outcome can be 
found in the literature [7, 11]. The reasons for this might 
be factors like older age, greater stroke severity, and high-
er rate of in-hospital medical complications reported in 
women in most of the studies across the world. This can 
have an independent impact on outcome, beyond the ef-
fect of gender. Previous authors have reported the sig-
nificant association of age, NIHSS, previous stroke, DM, 
and thrombolytic therapy with short-term outcome [25, 
26], which was comparable to the findings from our co-
hort as well.

The strengths of our study are large sample size, with 
patients from 2 southern states of India included over a 
4-year period, and availability of 3-month follow-up data 
of >90% of the patients. Uniform etiological evaluation 
was done in all patients, including vessel imaging, trans-
thoracic echo, and rhythm monitoring, which adds to the 
strength of the etiological subtype of stroke.

However, the study has certain limitations. Being a ret-
rospective single-center hospital-based study, our results 
cannot be generalized to Indian population. Being a com-
prehensive stroke care center, there is always a referral 
and admission bias with minor strokes often getting eval-
uated on an outpatient basis, so our study cohort cannot 
fully represent stroke population at large. Pre-stroke dis-
ability (modified Rankin scale 3 or above) in itself can 
limit patient’s access to treatment like thrombolysis, sec-
ondary stroke prevention strategies, and post-stroke re-
habilitation regardless of gender. This was the reason pa-
tients with pre-existing disabilities were excluded from 
the current study.

Nonetheless, our data provide valuable insights into 
the gender differences of stroke in South India. With re-
gard to stroke subtype, we found large vessel atheroscle-
rosis to be more common in men and cardioembolic 
strokes, secondary to rheumatic heart disease, more in 
women. Although women were older, suffered more se-
vere strokes, and had higher in-hospital mortality, gender 
failed to be an independent predictor for short-term out-
come. In older stroke survivors, stroke severity at admis-
sion and administration of thrombolytic therapy predict-

ed short-term outcome, for both men and women, indi-
cating that acute stroke care strategies need to address 
both genders equally.
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