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Abstract

Background and Purpose—Our objective was to identify factors that contribute to and/or 

modify the sex difference in post-stroke functional outcome.

Methods—Ischemic strokes (n=439) were identified from the BASIC Project (2008–2011). Data 

were ascertained from interviews (baseline and 90 days post-stroke) and medical records. 

Functional outcome was measured as an average of 22 ADL/IADL items (range 1–4, higher scores 

worse function). Tobit regression was used to estimate sex differences and to identify confounding 

and modifying factors.

Results—Fifty-one percent were women. Median age was 71 (IQR:59–80) in women and 64 

(IQR:56–77) in men. Median ADL/IADL score at 90 days was 2.7 (IQR:1.8–3.6) in women and 

2.0 (IQR:1∙3–3∙1) in men (P<0.01); this difference remained after age-adjustment (P<0.001). 

Factors contributing to higher ADL/IADL scores in women included pre-stroke function, marital 

status, pre-stroke cognition, nursing home residence, stroke severity, history of stroke/TIA, and 

BMI; pre-stroke function was the largest contributor. Stroke severity modified the sex difference 

in outcome such that differences were apparent for mild to moderate but not severe strokes. After 

adjustment, women still had significantly worse functional outcome than men.

Conclusions—These findings yield insight into possible strategies and subgroups to target to 

reduce the sex disparity in stroke outcome; demographics and pre-stroke and clinical factors 

explained only 41% of the sex difference in stroke outcome highlighting the need for future 

research to identify modifiable factors that contribute to sex differences.

Keywords

stroke; sex; outcomes

Corresponding Author: Lynda Lisabeth, PhD, University of Michigan, Department of Epidemiology, 1415 Washington Heights, Ann 
Arbor, MI 48109, Phone: (734) 936-9649; Fax: (734) 764-3192, llisabet@umich.edu. 

Disclosures:
Drs. Reeves, Skolarus, Brown, Smith, Zahuranec and Mr. Baek report no disclosures.

NIH Public Access
Author Manuscript
Stroke. Author manuscript; available in PMC 2016 March 01.

Published in final edited form as:
Stroke. 2015 March ; 46(3): 860–863. doi:10.1161/STROKEAHA.114.007985.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Introduction

Causes of poorer functional outcomes following stroke in women compared with men are 

unknown.1 Prior studies have simultaneously included all potential explanatory variables in 

multivariable models to measure “adjusted” sex differences in stroke outcome, precluding 

an understanding of which specific factors contribute to worse outcomes in women. This is 

crucially important as it is the identification of specific factors that could lead to 

interventions to reduce sex disparities in stroke outcomes. Further, studies have not 

considered whether certain factors modify sex differences in functional outcome which 

could identify subgroups that might be targeted to reduce sex disparities. Our objective was 

to identify specific factors that contribute to and/or modify sex differences in post-stroke 90-

day functional outcome.

Methods

Data were from the BASIC Project (2008–2011), a population-based stroke surveillance 

study.2 Stroke cases participated in baseline (~47% conducted during hospitalization) and 

outcome interviews (~90 days following stroke). Patients unable to answer orientation 

questions had a proxy interview. Data were collected from baseline interviews 

(demographics, pre-stroke modified Rankin scale (mRS), pre-stroke cognitive status 

(Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE)) and medical 

records (insurance, pre-stroke nursing home residence, BMI, risk factors, comorbidities, 

stroke severity, quality of care). First documented National Institutes of Health Stroke Scale 

(NIHSS) was abstracted or calculated using previously validated methods.3 A pre-stroke 

comorbidity index was created by summing risk factors and comorbidities (range: 0–15). To 

measure quality of care, we created a binary defect-free score which indicated a patient 

received all stroke performance measures (n=6) he/she was eligible to receive. Functional 

outcome was assessed as the average of seven activities of daily living (ADL) and 15 

instrumental activities of daily living (IADL); ADL/IADL score ranged from 1 (no 

difficulty) to 4 (can only do with help).

Statistical analysis

Tobit regression was used to assess the association between sex and ADL/IADL. We first 

generated a model that included sex and age. Each potential confounder was then added to 

this model and the estimated sex effects before and after inclusion of the variable were 

compared. If the sex coefficient changed by ≥5% the variable was considered a confounder. 

The final model included sex, age, race-ethnicity and confounders. Age and BMI were 

modeled linearly; initial NIHSS required a quadratic term. We investigated interactions 

between sex and all other variables and included them in the final model if significant 

(P<0.10). We conducted three sensitivity analyses: 1) we included a variable for proxy use 

in our final model; 2) we reran the final model considering ADL and IADL sub-scales as 

separate outcomes; 3) we considered the impact of loss to follow-up by modeling the 

probability of missing outcome as dependent on the outcome itself.
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All patients or their surrogate provided written informed consent and the study was 

approved by the Institutional Review Boards at the University of Michigan and local 

hospitals.

Results

644 of 913 ischemic strokes patients (71%) agreed to an interview. There was no sex 

difference in age-adjusted 90-day mortality (P=0.50). After excluding deaths, 439 of 552 

eligible patients (80%) completed the 90-day interview, with no sex difference in loss to 

follow-up (P=0.80). 399 (91%) had complete data. Women were more likely than men to 

have a proxy at baseline (P=0.001) and outcome (P=0.029). Table 1 includes sex differences 

in select baseline characteristics. Median ADL/IADL score at 90 days was 2.7 (IQR: 1.8–

3.6) in women and 2.0 (IQR: 1.3–3.1) in men (Supplemental Table I, please see http://

stroke.ahajournals.org). After age-adjustment women scored 0.40 points higher than men on 

the ADL/IADL score (95% CI: 0.19,0.61). Pre-stroke mRS, pre-stroke nursing home 

residence, history of stroke/TIA, stroke severity, marital status, BMI, and pre-stroke 

IQCODE contributed to poorer functional outcome in women (Figure 1). Demographics and 

confounders explained ~41% of the sex effect (Supplemental Table II, please see http://

stroke.ahajournals.org). An interaction between sex and initial NIHSS was found (P=0.061; 

Supplemental Figure I, please see http://stroke.ahajournals.org); women scored 0.40 points 

higher on the ADL/IADL score than men (95% CI: 0.18,0.63) at the mean NIHSS (6). No 

other interactions were noted. Sensitivity analyses suggested minimal impact of proxy use 

and loss to follow-up (Supplemental Figure II, please see http://stroke.ahajournals.org) and 

that sex differences were more pronounced for IADLs than ADLs (data not shown).

Discussion

Women had significantly worse functional outcomes than men even after adjustment; but 

the most important factor attenuating the difference was pre-stroke function. Prevention 

efforts aimed at maintaining functional status in aging women could improve their stroke 

outcomes. Preexisting functional limitations may also impact effectiveness of post-stroke 

rehabilitation,4 further substantiating the importance of maintaining physical well-being in 

elderly women.

Other factors that contributed to worse functional outcome in women included marital 

status, nursing home residence, pre-stroke IQCODE, history of stroke/TIA, BMI, and stroke 

severity, most of which are not amenable to intervention at stroke onset. Women were more 

likely to be widowed which was associated with poorer outcome; the negative effect of 

being widowed could be due to increased social isolation, a risk factor for poor post-stroke 

functional outcome.5 The detrimental effects of social isolation could be amenable to 

intervention; however, interventions focused on increasing social support in stroke patients 

have largely been unsuccessful.6, 7 Newer technologies, including social media, may provide 

a means of reaching socially isolated women with stroke but this requires additional 

research.8
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Stroke severity modified the sex difference in functional outcome. The finding of no sex 

difference among those with severe strokes is intuitive as presumably severe stroke will 

result in poor outcome regardless of other factors. Causes of the sex difference in outcome 

in mild to moderately severe stroke population are unclear but given adjustment for 

demographics, pre-stroke and clinical factors explained only 41% of the sex difference in 

outcome, post-stroke factors, such as rehabilitation and depression, may be relevant and 

prove to be important intervention targets for reducing stroke disability in women.

There are limitations to this work. Differential reporting by sex may exist for some ADL/

IADLs, although we used a composite measure which should minimize this effect. Pre-

stroke factors were ascertained after stroke which could lead to measurement error. We did 

not have data on stroke subtype although we accounted for severity such that differences in 

severity by subtype were captured. Our results are model dependent. The study is focused on 

one predominantly Mexican American community in south Texas. Thus, results may not be 

generalizable.

These findings yield insight into possible strategies and subgroups to target to reduce the sex 

disparity in stroke outcome; because demographics and pre-stroke and clinical factors 

explained less than half of the sex disparity it highlights the need for future research to 

identify modifiable factors that contribute to sex differences in stroke outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Impact of Variables on Age-Adjusted Sex-Functional Outcome Association.

mRS=modified Rankin scale, IQCODE=Informant Questionnaire for Cognitive Decline in 

the Elderly, CAD=coronary artery disease, MI=myocardial infarction, COPD=chronic 

obstructive pulmonary disease, TIA=transient ischemic attack, BMI=body mass index, 

NIHSS=National Institute for Health Stroke Scale, tPA=tissue plasminogen activator.
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