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Abstract 

 

Objective: To determine whether there are sex differences in the association between risk 

factors and incident stroke, including stroke subtypes.  

 

Methods: 471,971 (56% women) UK Biobank participants individuals without a history of 

cardiovascular disease were included. During 9 years of follow-up, 4,662 (44% women) cases 

of stroke were recorded. Cox models yielded adjusted hazard ratios (HRs), and women-to-

men ratios of HRs (RHR), for stroke associated with seven risk factors.  

 

Results: The incidence rate per 10,000 person years was 8.66 (8.29; 9.04) in women and 

13.96 (13.44; 14.50) in men for any stroke; 6.06 (5.75; 6.38) in women and 11.35 (10.88; 

11.84) in men for ischaemic stroke, and 1.56 (1.41; 1.73) in women and 2.23 (2.02; 2.45) in 

men for haemorrhagic stroke. The association between increases in blood pressure, body 

anthropometry, and lipids, diabetes, and atrial fibrillation and any stroke was similar 

between men and women. Hypertension, smoking, and a low socioeconomic status, 

respectively, were associated with a greater HR of any stroke in women than men; the RHRs 

were 1.36 (1.26; 1.47), 1.18 (1.02; 1.36), and 1.17 (1.03; 1.33). Diabetes was associated with 

a higher HR of ischaemic stroke in women than men (RHR: 1.25 [1.00; 1.56]). Atrial 

fibrillation was associated with a higher HR of haemorrhagic stroke in women than men 

(RHR: 2.80 [1.07; 7.36]).  

 

Conclusion: Several risk factors are more strongly associated with the risk of any stroke or 

stroke subtypes in women compared with men. Despite this, the incidence of stroke remains 

higher among men than women. ACCEPTED

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.



 

Introduction 

Stroke is the second leading cause of death and disability worldwide, accounting for 11% of 

deaths in women and 10% of deaths in men in 2017.
1
 The INTERSTROKE study showed that 

about 90% of the burden of stroke could be attributed to ten potentially modifiable risk 

factors, with hypertension alone contributing to about 50% of the burden.
1,2

  

There are considerable differences between women and men in the clinical 

presentation, medical care, and prognosis and outcomes of stroke, which in part can be 

explained by women’s longer life expectancy.
3,4

 Moreover, INTERSTROKE demonstrated that 

cardiac disease and waist-to-hip ratio, a measure of body fat distribution, were more 

strongly associated with the risk of stroke in women than men.
2
 While INTERSTROKE had a 

case-control design, findings from large-scale meta-analyses of prospective studies have 

provided additional evidence for clinically meaningful sex differences in the effects of some, 

but not all, major risk factors on the risk of stroke, mostly to the detriment of women.
5-10

 For 

example, the presence of diabetes was associated with a 27% greater excess risk of stroke in 

women than in men.
7
 Similarly, a history of atrial fibrillation was associated with a 99% 

higher excess risk of stroke.
6
 However, meta-analyses of published studies have a substantial 

amount of heterogeneity in study design, analyses, and populations and cannot be used to 

assess whether any potential sex differences are most prominent in certain subpopulations, 

such as among younger individuals or those from disadvantaged socioeconomic 

backgrounds. Moreover, meta-analyses are generally focussed on a single risk factor and did 

not assess the sex-specific comparative effect of risk factor components on the risk of stroke. 

In addition, these meta-analyses could not make comparisons of sex differences in the 

effects of risk factors on the absolute risk of stroke, thus limiting the implications for clinical 

decision making. Finally, previous studies on sex differences in risk factors for stroke typically 

focussed on all stroke only, without separate analyses of biologically distinct stroke 

subtypes.    

The aim of this study was therefore to conduct a detailed assessment of the sex-

specific association of major risk factors and the risk of incident ischaemic and haemorrhagic 

as well as total, stroke, among 470,000 women and men in the UK Biobank.  
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Methods 

Study population 

The UK Biobank is a large prospective, population based cohort study.
11,12

 Between 2006 and 

2010, over 500,000 women and men (5.5% response rate) aged 40-69 at baseline attended 

one of the 22 centres across the UK. UK Biobank participants are not representative of the 

general population, being more healthy and less likely to be relatively more socially 

deprived. The present analyses were restricted to participants without a self-reported 

history of cardiovascular disease at baseline.  

 

Standard Protocol Approvals, Registrations, and Patient Consents 

UK Biobank has obtained Research Tissue Bank approval from its governing Research Ethics 

Committee, as recommended by the National Research Ethics Service. No separate ethics 

approval was required. 

 

Measurement of risk factors 

At study baseline, participants provided informed consent electronically and completed 

questionnaires on their lifestyle and medical history and had physical and functional 

measurements performed. Seated systolic blood pressure (SBP) and diastolic blood pressure 

(DBP) were measured twice using the Omron HEM-7015IT digital blood pressure monitor. 

Pulse pressure was calculated as systolic blood pressure minus diastolic blood pressure. 

Mean arterial pressure was defined as diastolic blood pressure plus pulse pressure divided 

by three. Hypertension was categorised in four groups according to the 2017 ACC/AHA 

Guidelines; normal (SBP <120 mmHg and DBP <80 mmHg); elevated (SBP 120-129 mmHg 

and DBP <80 mmHg); stage 1 hypertension (SBP 130-139 mmHg or DBP 80-89 mmHg); and 

stage 2 hypertension (SBP ≥140 mmHg or DBP ≥90 mmHg).
13

 Smoking status and the number 

of cigarettes smoked per day were self-reported, as were a medical history of diabetes 

mellitus, age at first diagnosis of diabetes, the use of medications for diabetes regulation, 

and a medical history of atrial fibrillation. Type I diabetes was defined as the combination of 

a history of diabetes, age at first diagnosis before 30 years, and the use of an insulin product. 

All other participants with a self-reported medical history of diabetes were considered to 
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have type II diabetes. Body weight was measured using the Tanita BC-418 MA body 

composition analyser. Waist and hip circumference were measured using a Wessex non-

stretchable sprung tape measure. Standing height was measured with a Seca 202 measure. 

Body mass index (BMI) was calculated by dividing weight (kg) over height (m) squared. 

Overweight and obesity, respectively, were defined as a BMI ≥25 to <30kg/m² and ≥30kg/m². 

Waist-to-hip ratio was the waist circumference divided by hip circumference and waist-to-

height ratio was the waist circumference divided by standing height. Blood lipid levels were 

determined using the Beckman Coulter AU5800. Elevated total cholesterol was defined as a 

total cholesterol level ≥6.2 mmol/L. Socioeconomic status was determined using the 

Townsend deprivation index, a measure of area deprivation.  

 

Study outcomes  

The primary study endpoints were the incidence of fatal or non-fatal ischaemic stroke (I63 or 

I64), haemorrhagic stroke (I61), and all stroke as defined by codes I60, I61, I63, or I64 in the 

tenth edition of the International Classification of Diseases (ICD-10). Outcome adjudication 

for incident stroke was conducted by the UK Biobank Outcome Adjudication Group and 

involved linkage with hospital admissions data from England, Scotland, and Wales and the 

national death register to identify the date of the first known stroke after the date of 

baseline assessment. Follow-up started at inclusion in the UK Biobank and ended on 

February 1, 2018, date of death, or upon the first non-fatal stroke, for all participants. 

 

Statistical analyses 

Baseline characteristics are presented as means (standard deviations) for continuous 

variables and as percentages for categorical variables. Cox regression models were used to 

obtain hazard ratios (HRs) and 95% confidence intervals (CIs) of stroke and stroke subtypes 

associated with each risk factor, separately for women and men. An interaction term was 

added to the model to obtain the women-to-men ratio of HRs, and 95% CIs, which were 

used to evaluate whether the HRs differed between the sexes. For comparisons involving 

more than 2 groups, CIs were estimated using floating absolute risks, enabling valid 

comparisons between any two groups, even if neither is the baseline group. 

All models were adjusted for age, with different sets of additional covariables, 

selected a priori, across risk factors in the multivariable analyses. For blood pressure-related 
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variables, models were additionally adjusted for smoking status, use of lipid-level regulating 

medication, use of antihypertensive medication, total cholesterol, BMI, diabetes, and 

socioeconomic status. Smoking-related variables were additionally adjusted for 

socioeconomic status. Diabetes-related variables were additionally adjusted for systolic 

blood pressure, use of antihypertensive medications, use of lipid-level regulating 

medication, smoking status, total cholesterol, BMI, and socioeconomic status. Measures of 

body anthropometry were additionally adjusted for smoking status and socioeconomic 

status. Lipid-related variables were adjusted for systolic blood pressure, use of lipid-level 

regulating medication, use of antihypertensive medication, smoking status, BMI, and 

diabetes. Atrial fibrillation was additionally adjusted for systolic blood pressure, use of 

antihypertensive medications, use of lipid-level regulating medication, smoking status, total 

cholesterol, BMI, diabetes, and socioeconomic status. Socioeconomic status was also 

adjusted for systolic blood pressure, use of lipid-level regulating medication, use of 

antihypertensive medication, smoking status, total cholesterol, BMI, and diabetes.  

For comparability across measures and between sexes, results are expressed as the 

HR per sexes-combined 1-SD increase in blood pressure, body anthropometry, or lipid levels. 

The SDs are 18.6mmHg for systolic blood pressure, 10.1mmHg for diastolic blood pressure, 

12.0mmHg for mean arterial pressure, 13.6mmHg for pulse pressure, 4.8 for BMI, 13.3 for 

waist circumference, 0.09 for waist-to-hip ratio, 0.09 for waist-to-height ratio, 1.12 for total 

cholesterol, 0.38 for HDL cholesterol, 0.85 for LDL cholesterol. 

Subgroup analyses were conducted by age group (<60 years vs. ≥60 years) and 

socioeconomic status (Townsend deprivation index > -0.56 [‘lower’] vs. Townsend 

deprivation index ≤ -0.56 [‘higher’]). For hypertension, diabetes type 2, and lipid-related 

variables, we stratified the analyses by the use of antihypertensive, glucose-level lowering, 

and lipid-level regulating medication. For AF, the results were stratified by the self-reported 

use of warfarin.  

We also assessed sex differences in stroke risk associated with risk factors on the 

absolute scale, which are less likely to be generalisable to other populations than relative 

risks, but can inform clinical decisions. We used Poisson regression to obtain unadjusted and 

adjusted rates of stroke and stroke subtypes per 10,000 person years by sex and their 

women-to-men difference of differences.
14

 Adjustments were the same as those used in the 

Cox models. Analyses were performed using Stata version 12.0 and R version 3.3.0.   
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Data Availability 

Researchers can apply to use the UK Biobank resource and access the data used. No 

additional data are available. 

 

Results 

Overall, 471,971 (56% women) individuals were included (Table 1). The mean age at study 

baseline was 56 years. On average, blood pressure levels were higher in men than women 

and men were more likely to have ever smoked. The prevalence of diabetes was 6% in men 

and 3% in women. Seventy-four percent of men and 59% of women were overweight or 

obese at study baseline. During a median follow-up of 9.0 years, 4,662 (44% women) 

incident cases of stroke were documented, including 3,563 (40% women) cases of ischaemic 

stroke and 790 (47% women) cases of haemorrhagic stroke. 

   

Blood pressure 

The relationship between systolic blood pressure, diastolic blood pressure, pulse pressure, 

and mean arterial pressure and the risk of any stroke and stroke subtypes was similar 

between women and men (Figure 1-3 and eFigure 1-2 data available online at  

https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). Hypertension was 

more strongly associated with the risk of any stroke and stroke subtypes in women than 

men; the multiple-adjusted women-to-men ratios of HRs associated with stage 2 

hypertension were 1.36 (1.26; 1.47) for any stroke, 1.32 (1.20; 1.44) for ischaemic heart 

disease, and 1.27 (1.05; 1.53) for haemorrhagic stroke.  

 

Smoking 

Compared to never smokers, current smokers had a considerably higher risk of any stroke 

and stroke subtypes, with evidence to suggest that the excess risk of any stroke, but not of 

stroke subtypes, was greater for women than men. The multiple-adjusted women-to-men 

ratio of HRs for any stroke associated with current smoking was 1.18 (1.02; 1.36) (eFigure 2 

data available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-

40615161fa32). Although the excess risk of stroke and stroke subtypes associated with 

current smoking increased with an increasing number of cigarettes per day in both sexes, 
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there was no evidence of a sex difference in the HRs at a given smoking intensity (Figure 3 

and eFigure 2 data available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-

9bf9-40615161fa32).  

 

Diabetes 

The presence of type I diabetes was associated with a substantially higher risk of stroke, 

especially of ischaemic stroke, in both women and men. The multiple-adjusted HR of 

ischaemic stroke associated with type I diabetes was 6.54 (3.79; 11.27) in women and 3.31 

(1.96; 5.60) in men (Figure 1). The corresponding women-to-men ratios of HRs was 1.97 

(0.93; 4.20) (Figure 3). Type II diabetes was associated with an increased the risk of any 

ischaemic in both sexes; the multiple-adjusted HR was 1.88 (1.56; 2.27) in women and 1.51 

(1.32; 1.71) in men (Figure 1). The women-to-men ratio of HRs was 1.25 (1.00; 1.56) (Figure 

3).    

 

Body anthropometry  

Each of the body anthropometry indices was associated with the risk of all stroke and 

ischaemic in both sexes, but only with haemorrhagic stroke in men. Obesity was associated 

with an increased risk of any stroke of about 30% in both sexes (eFigure 1 data available 

online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). For 

ischaemic stroke, the multiple-adjusted HRs associated with obesity were 1.75 (1.60; 1.92) in 

women and 1.29 (1.19; 1.39) in men (Figure 1). The corresponding ratio of HRs was 1.36 

(1.21; 1.54) (Figure 3). 

 

Lipids  

There was no evidence of a sex difference in the associations between different lipid 

fractions and any stroke or stroke subtypes. There was an inverse association between 

higher levels of total cholesterol and the risk of haemorrhagic stroke in both sexes (Figure 2). 

A higher LDL was associated with a lower risk of haemorrhagic stroke in both sexes and with 

a higher risk of ischaemic stroke in men only. There was an inverse association between 

higher levels of HDL cholesterol and the risk of any and ischaemic stroke in both sexes 

(Figure 1 and eFigure 1). 
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Atrial fibrillation 

A history of atrial fibrillation was associated with an increased risk of any stroke in both 

sexes; the HR was 3.27 (2.34; 4.58) in women and 2.43 (1.92; 3.07) in men (eFigure 1). The 

corresponding women-to-men ratio of HRs was 1.35 (0.90; 2.02) (eFigure 2). The risk of 

haemorrhagic stroke associated with atrial fibrillation was 4.38 (2.24; 8.53) in women and 

1.56 (0.77; 3.16) in men; the corresponding women-to-men ratio of HRs was 2.80 (1.07; 

7.36) (Figure 2 and 3). 

 

Socioeconomic status 

There was a graded relationship between socioeconomic status and the risk of any and 

ischaemic stroke in both women and men. Compared to those with a higher socioeconomic 

status, the HRs of any stroke for those with a lower socioeconomic status were 1.45 (1.32; 

1.59) in women and 1.24 (1.14; 1.35) in men, with a women-to-men ratio of HRs of 1.17 

(1.03; 1.33) (eFigure 1 and 2 data available online at  

https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). For ischaemic stroke, 

the HRs were 1.55 (1.38; 1.73) for women and 1.27 (1.15; 1.39) for men and the ratio of HRs 

was 1.22 (1.06; 1.41) (Figure 1 and 3).   

 

Sensitivity and subgroup analyses 

Results were broadly similar in the analyses adjusted for age only (eTables 1-3 data available 

online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). Subgroup 

analyses by age group demonstrated that the strength of the association between systolic 

BP and pulse pressure and any and ischaemic stroke was stronger in men than women 

among those <60 years, but not among those aged 60 years or above (eTables 4-6 data 

available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). 

There was no evidence for interaction in the women-to-men ratios of HRs by socioeconomic 

status (eTables 7-9 data available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-

4b3c-9bf9-40615161fa32). There was some evidence to suggest that the ratio of HRs for 

different stages of hypertension differed by the use of antihypertensive medication for any 

and ischaemic stroke, with the sex differences being most profound among those using 

antihypertensive medication (eTables 10 data available online at  

https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32). The ratios of HRs did 
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not differ by glucose-level lowering medication (diabetes type 2 only), lipid-level regulating 

medication (lipid-related variables only), or use of warfarin (AF only) (eTables 11-13 data 

available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-4b3c-9bf9-40615161fa32).  

 

Sex comparisons of stroke rates 

The incidence rate of any stroke per 10,000 person years was 8.66 (8.29; 9.04) in women and 

13.96 (13.44; 14.50) in men. For ischaemic stroke, the incidence rate was 6.06 (5.75; 6.38) in 

women and 11.35 (10.88; 11.84) in men. The incidence rate of haemorrhagic stroke was 1.56 

(1.41; 1.73) in women and 2.23 (2.02; 2.45) in men. Atrial fibrillation was the only risk factor 

where the unadjusted rate of stroke, particularly haemorrhagic stroke, was higher in women 

than men (eTable 14-16 data available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-

951d-4b3c-9bf9-40615161fa32). Type 1 diabetes was the only risk factor where the multiple-

adjusted rates of any stroke and both stroke subtypes was higher among women than men. 

For any stroke, the rates among those with type 1 diabetes were 37.77/10,000 person years 

(17.73; 57.82) in women and 33.98/10,000 person years (15.98; 51.97) in men (Table 2 and 

eTables 17 and 18 data available online at  https://ora.ox.ac.uk/objects/uuid:0866f6db-951d-

4b3c-9bf9-40615161fa32). The higher rate among women than men with atrial fibrillation 

remained present for haemorrhagic stroke following adjustments (7.69/10,000 person years 

(2.57; 12.81) in women and 2.90/10,000 person years (0.86; 4.93) in men. 

 

Discussion 

This study among 470,000 middle-aged women and men in the UK Biobank provides a 

comprehensive overview of the sex-specific association between major risk factors and the 

risk of stroke and stroke subtypes in later life. Stage 2 hypertension was associated with an 

approximately 30% excess risk of both ischaemic and haemorrhagic stroke in women than 

men. Obesity was associated with about a 30% greater excess risk of ischaemic stroke in 

women than men. Smoking conferred a 20% greater excess risk of any stroke in women than 

men. Type II diabetes was associated with a 25% greater excess risk of ischaemic stroke in 

women than men. Women of lower socioeconomic status were approximately 20% more 

likely to experience any stroke, mainly ischaemic stroke. Atrial fibrillation was associated 

with an almost three-fold greater excess risk of haemorrhagic stroke in women than men. 
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 The present findings add to previous studies on the sex-specific association of major 

risk factors and the risk of stroke, including a series of systematic reviews with meta-

analyses of the available literature.
5-10

 Pooled analyses of 1 million individuals and over 

20,000 strokes demonstrated that every 10mmHg increment in SBP was associated with an 

increased risk of stroke of about 25% in both women and men.
9
 A more recent study of 1.25 

million individuals in the UK demonstrated that the association between SBP and DBP and 

the risk of several stroke subtypes was similar between the sexes.
15

 The current study shows 

that these findings can be expanded to pulse pressure and mean arterial pressure and 

suggest that SBP and mean arterial pressure have the strongest association with the risk of 

stroke in both sexes. In addition, this study demonstrates that women with hypertension 

have a greater excess risk of first stroke than their men counterparts, which is consistent 

with the INTERSTROKE study.
2
 The sex difference was most profound among those using 

antihypertensive medication, suggesting that women face a greater residual risk of stroke 

than men once treatment has been initiated. The REGARDS study among over 26,000 

participants also demonstrated that the association between the severity of hypertension 

and ischaemic stroke was stronger in women than men; the HRs were 1.25 in women (95% 

CI, 1.16; 1.34) versus 1.14 (1.05; 1.23) in men.
16

 The mechanisms underpinning the potential 

sex-specific effects of hypertension on the risk of stroke warrant further research, but, if 

confirmed, may be biological or related to sex differences in the management of blood 

pressure. Recent data from the US and China showed that the control of hypertension 

should be improved in both sexes, but is better in women than men.
17,18

 Clinical trials show 

no evidence of sex differences in the effectiveness of blood pressure lowering medication on 

cardiovascular events.
19,20

 Yet, women remain underrepresented in stroke trials, so studies 

have not been designed to conclusively assess sex-specific effects, or side effects, of blood 

pressure treatments.
21

 Additional research is required to elucidate why there is evidence for 

a sex difference in the relationship between hypertension and the risk of stroke whereas the 

association between systolic blood pressure and other blood pressure indices and stroke risk 

is similar between the sexes. Previous analyses in the UK Biobank cohort showed a similar 

discrepancy, indicating that the explanations may not be specific to stroke.
22

 

A meta-analysis involving nearly four million individuals and more than 42,000 

strokes found that the excess risk of stroke was at least as great among women who smoke 

compared with men who smoke.
8
 Although there was no overall evidence of a sex difference 
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in smoking-related risk of stroke, there was a significant 10% greater excess risk of stroke 

among women who smoke compared to men who smoke in Western populations, where the 

smoking epidemic among women is more mature than in non-Western populations. Hence, 

the potential sex difference in the effect of smoking on the risk of stroke might not have 

been visible in older studies due to substantial sex differences in smoking behaviour and the 

relative immaturity of the smoking epidemic in women in most parts of the world.
23

 In 

previous analyses in the UK Biobank, we demonstrated that differences in smoking 

behaviour between women and men have decreased over time.
24

 This analysis showed that 

the excess risk of stroke may indeed be greater in women who smoke compared with men 

who smoke in populations where the full hazards of smoking are discernible in both sexes. 

However, the observation that the sex difference seemed to decrease with an increasing 

number of cigarettes smoked suggests that other mechanisms than the harmful effects of 

tobacco alone might underpin women’s excess risk.  

Diabetes is a strong risk factor for stroke, with evidence from previous meta-analyses 

to suggest that the excess risk of stroke associated with diabetes is 27% greater in women 

than men, independent of other stroke risk factors.
7
 Since 90% of individuals with diabetes 

have type 2 diabetes, most individuals with diabetes who were included in these meta-

analyses had type 2 diabetes. Nevertheless, a meta-analysis that specifically focused on type 

1 diabetes has shown that women with type 1 diabetes had almost a 37% higher relative risk 

of stroke all-cause compared with men with type 1 diabetes.
10

 Subsequent studies have 

reported mixed findings on the presence of sex difference in the risk of stroke associated 

with diabetes.
25-27

 A study among 150,000 Mexican adults demonstrated that the risk of all-

cause mortality associated with diabetes was similar between the sexes, and although not 

reported, the authors also indicated that there were no sex differences in the risk of 

cerebrovascular disease associated with diabetes.
25

 Similarly, a UK study including nearly 

two million individuals found no evidence to suggest that the association between diabetes 

and stroke subtypes differed between women and men.
26

 The China Kadoorie Biobank 

study, of 500,000 individuals, provided some support for sex differences in the diabetes-

associated risk of vascular diseases, but the difference for stroke did not reach statistical 

significance.
27

 Moreover, the sex differences were seen mainly in individuals with previously 

diagnosed diabetes rather than among those whose diabetes was first detected at study 

baseline. Albeit not statistically significant, the current study provides some evidence to 
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suggest that the sex differences in the excess risk of stroke associated with diabetes were 

primarily seen among those without antidiabetic medications, indicating that sex differences 

in the treatment of diabetes may be an important contributor to the sex-specific effects. 

Taken together, the present and past findings heighten the need for further studies into the 

sex-specific effects of diabetes on the risk of stroke, as any sex differences can have 

meaningful implications for the prevention of stroke and other major diabetes 

complications. 

In agreement with previous analyses, we found that overweight and obesity 

increased the risk of any stroke to a similar extent in women and men.
28

 However, a higher 

risk of ischaemic stroke was associated with obesity in women. Unlike INTERSTROKE, we did 

not find evidence of a sex difference in the association between waist-to-hip ratio, or other 

indices of body anthropometry and the risk of stroke.
2
 A lower socioeconomic status is 

related to a higher risk of stroke in the present study with the magnitude of the excess risk 

higher in women than men. This finding does not concur with the results from a meta-

analysis which reported that a lower socioeconomic status increased the risk of coronary 

heart disease and all cardiovascular disease, but not stroke, to a significantly greater extent 

in women than men.
5
 Consistent with previous studies, we found no sex difference in the 

effects of raised cholesterol and the risk of stroke. Also, while the effect of elevated 

cholesterol on stroke risk was small and varied across stroke subtypes, additional analyses 

showed that raised total and LDL cholesterol were strongly associated with a higher risk of 

myocardial infarction (MI) (eTable 19). 

A pooled analysis of 11 studies with 83,000 stroke events demonstrated that the 

excess risk of stroke associated with a history of atrial fibrillation was twice as large in 

women as in men.
6
 In the present study, we also found that atrial fibrillation was associated 

with a considerably greater excess risk of stroke in women than men, mainly haemorrhagic 

stroke. Several factors may contribute to women’s greater excess risk of stroke in the 

presence atrial fibrillation. First, women with atrial fibrillation may be undertreated relative 

to men. In 2001, a Canadian study found that the use of anticoagulants among patients with 

newly-diagnosed atrial fibrillation was lower in women than men, despite comparable risk 

profiles.
29

 A more recent UK report also demonstrated relative underutilization of 

anticoagulant therapy in women, which decreased as initiation of anticoagulant therapy rose 

from 48% in men and 40% in women in 2000 to 58% in men and 52% in women in 2012.
30
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Alternatively, physiological differences might also explain the sex-specific effects of atrial 

fibrillation on the risk of stroke. For example, the response to oral anticoagulants might 

differ between women and men, with a 20% higher risk of bleeding observed among 

women.
31

 This increased bleeding risk may explain the higher risk for haemorrhagic stroke in 

women. Furthermore, the BiomarCaRE consortium reported that excess body mass index 

and lower total cholesterol were more strongly associated with the risk of atrial fibrillation in 

men than women.
32

 In the present study, adjustment for these risk factors attenuated, but 

did not completely remove, women’s excess risk. Further studies are needed to further 

elucidate the potentially sex-specific pathophysiology of atrial fibrillation and its relevance to 

clinical practice.  

The clinical implications of sex differences in the association risk factors and the risk of 

stroke depends on their effect on the overall risk of stroke. In previous analyses of the UK 

Biobank cohort, we showed that several risk factors were more strongly associated with the 

risk of MI in women than men.
22

 However, we also showed that these greater relative risks 

among women did not result in a higher overall risk of MI. In this study, we found that type 1 

diabetes and, for haemorrhagic stroke, atrial fibrillation were the only risk factors where the 

rates of stroke were higher among women than men. Given the relatively low prevalence of 

these conditions, any excess relative risk among women is unlikely to have a major effect on 

the overall rate of stroke. For all other risk factors, women were at a lower overall risk of 

stroke, despite a stronger relative effect of some risk factors on the onset of stroke. Women 

and men may require additional support and individualised care to control risk factors in 

stroke. 

The strengths of this study include its prospective design, large sample size, and the 

extensive phenotypic detail available on all participants. Compared with previous meta-

analyses, the present study benefitted from the availability of participant-level data on 

multiple risk factors and stroke subtypes, thereby allowing for more detailed, standardised, 

and flexible examination of the sex-specific association between major risk factors and the 

risk of any, ischaemic, and haemorrhagic stroke. Some limitations also need to be 

mentioned. First, the UK Biobank is a relatively healthy population and the number of events 

for stroke subtypes was too limited to produce reliable sex-specific estimates. Information 

on smoking status, diabetes, atrial fibrillation, and medication use was self-reported, which 

will have introduced measurement error which could conceivably be differential by sex. Also, 
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although we adjusted our analyses for several a priori selected confounders, we also cannot 

exclude the possibility of residual confounding, as in any observational study. Finally, over 

90% of participants had a Caucasian ancestry, so the results may not be generalizable to 

other ethnicities. 

In conclusion, several risk factors are more strongly associated with the risk of any 

stroke or stroke subtypes in women compared with men. Despite this, the incidence of 

stroke in the presence of risk factors generally remains higher among men than women. 
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Figure legend 

Figure 1 Adjusted hazard ratios for incident ischaemic stroke associated with risk factors, 

by sex.  

Horizontal lines indicate the corresponding 95% confidence intervals (CIs) around the hazard 

ratios (HRs).  
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Figure 2 Adjusted hazard ratios for incident haemorrhagic stroke associated with risk 

factors, by sex.  

Horizontal lines indicate the corresponding 95% confidence intervals (CIs) around the hazard 

ratios (HRs).  
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Figure 3 Adjusted women-to-men ratios of hazards ratios for ischaemic and haemorrhagic 

stroke associated with risk factors 

Horizontal lines indicate the corresponding 95% confidence intervals (CIs) around the ratio of 

hazard ratios (RHRs).  
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Table 1: Baseline characteristics of the study participants 

 

 

Values are mean 

(SD) for continuous 

variables and 

percentages for 

categorical 

variables. *Values 

are percentage 

and, between 

brackets, the 

group-specific 

mean [standard 

deviation] number 

of cigarettes per 

day. †Among those 

with diabetes type 

II ‡Among those 

with a history of 

atrial fibrillation 

 

 Women Men 

N, % 263,295 (55.8) 208,676 (44.2) 

Incident stroke during follow-up   

   Any stroke 2050 (44.0) 2612 (56.0) 

   Ischaemic stroke 1436 (40.3) 2127 (59.7) 

   Haemorrhagic stroke 371 (47.0) 419 (53.0) 

Age 56.2 (8.0) 56.3 (8.2) 

Blood pressure, mmHg   

   Systolic BP 135.2 (19.2) 141.1 (17.4) 

   Diastolic BP 80.8 (10.0) 84.5 (9.9) 

   Pulse pressure 54.4 (14.2) 56.6 (12.6) 

   Mean arterial pressure 98.9 (12.0) 103.3 (11.4) 

Hypertension    

   Elevated BP 13.0 11.1 

   Stage 1 hypertension 26.4 27.6 

   Stage 2 hypertension 39.9 52.7 

Use of anti-hypertensive medication 12.3 15.6 

Smoking status   

   Ex 31.0 36.9 

   Current 8.8 12.4 
Smoking intensity, cigarettes per day*   

   1-9  24.4 (5.4 [1.9]) 16.3 (5.5 [2.0]) 

   10-19  45.7 (12.8 [2.5]) 39.7 (13.0 [2.5]) 

   20+  29.9 (22.7 [5.4]) 44.1 (24.7 [7.4]) 
Diabetes   

   Type I 0.2 0.3 

   Type II 3.3 5.7 

Use of glucose lowering drugs† 59.5 64.9 

Body anthropometry   

   BMI, kg/m² 27.0 (5.2) 27.7 (4.2) 

   Waist circumference, cm 84.5 (12.4) 96.6 (11.2) 

   Waist-to-hip ratio 0.8 (0.1) 0.9 (0.1) 
   Waist-to-height ratio 0.5 (0.1) 0.5 (0.1) 

BMI categories   

   Overweight  36.5 49.3 

   Obese  22.9 24.1 

Lipids, mmol/L   

   Total cholesterol, % elevated 5.9 (3.7), 34.8 5.6 (1.1), 25.6 

   LDL cholesterol 3.7 (0.9) 3.6 (0.8) 

   HDL cholesterol 1.6 (0.4) 1.3 (0.3) 

Use of lipid lowering drugs 8.8 14.2 

Atrial fibrillation 0.4 1.0 

Use of warfarin‡ 90.2 94.6 

Socioeconomic status   

   Middle third 30.0 29.1 

   Upper third 51.1 51.1 
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Table 2: Multiple adjusted rates of stroke (per 10,000 person years) by sex, and women-to-

men difference of rate differences for each risk factor 

 

 

  

  

 

 Women Men 

Difference of rate 

differences 

Hypertension    

   Normal BP 6.01 (5.09; 6.92) 11.64 (9.65; 13.63)  

   Elevated BP 7.19 (6.13; 8.24) 10.54 (8.99; 12.09) -2.28 (-5.12; 0.57) 

   Stage 1 hypertension 8.60 (7.79; 9.41) 10.68 (9.70; 11.65) -3.56 (-6.06; -1.05) 

   Stage 2 hypertension 10.51 (9.84; 11.18) 15.11 (14.35; 15.88) -1.03 (-3.46; 1.40) 

Smoking status    

   Never 8.01 (7.53; 8.49) 12.20 (11.45; 12.94)  

   Ex 8.06 (7.43; 8.68) 13.34 (12.53; 14.15) 1.10 (-0.26; 2.46) 

   Current 17.00 (15.08; 18.92) 22.28 (20.23; 24.33) 1.09 (-1.85; 4.04) 

Smoking intensity    

   Never 7.47 (7.02; 7.92) 11.47 (10.78; 12.17)  

   1-9 cigs/day 12.35 (8.70; 16.01) 17.04 (11.38; 22.69) 0.68 (-6.11; 7.47) 

   10-19 cigs/day 17.26 (14.11; 20.40) 21.51 (17.51; 25.52) 0.25 (-4.92; 5.42) 

   20+ cigs/day 22.16 (17.72; 26.59) 31.29 (26.62; 35.97) 5.13 (-1.38; 11.64) 

Diabetes    

   No diabetes 8.84 (8.39; 9.28) 12.49 (11.94; 13.04)  

   Type I 37.77 (17.73; 57.82) 33.98 (15.98; 51.97) -7.45 (-34.41; 19.50) 

   Type II 13.22 (10.75; 15.68) 19.60 (16.89; 22.32) 2.73 (-1.01; 6.48) 

BMI categories    

   Healthy weight 7.97 (7.36; 8.57) 12.94 (11.93; 13.96)  

   Overweight  8.60 (7.99; 9.22) 12.78 (12.05; 13.50) -0.80 (-2.31; 0.72) 

   Obese  10.61 (9.74; 11.49) 15.73 (14.57; 16.89) 0.14 (-1.73; 2.02) 

Cholesterol    

   Normal TC 9.34 (8.78; 9.90) 13.14 (12.51; 13.76)  

   High TC 9.02 (8.39; 9.65) 12.70 (11.77; 13.64) -0.11 (-1.53; 1.31) 

Atrial fibrillation    

   No AF 9.08 (8.64; 9.51) 12.73 (12.18; 13.27)  

   History of AF 28.76 (19.10; 38.42) 31.36 (24.08; 38.64) -1.05 (-13.16; 11.06) 

Socioeconomic status    

   High SES 8.07 (7.50; 8.64) 12.16 (11.46; 12.87)  

   Middle SES 9.74 (8.94; 10.54) 12.90 (11.91; 13.88) -0.93 (-2.47; 0.60) 

   Low SES 11.44 (10.34; 12.54) 15.27 (13.92; 16.62) -0.26 (-2.21; 1.69) 
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