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Abstract
Background and Purpose—We assessed the association of prestroke comorbidities with long-
term stroke outcomes among women with ischemic stroke.

Methods—Prestroke comorbid conditions in 133 women admitted with acute ischemic stroke were
scored with the Charlson Index (CI). We assessed whether the CI and other specific conditions were
associated with modified Rankin Score (mRS) at 90 days or more poststroke.

Results—After adjustment for initial NIHSS and age, higher CI was the sole factor independently
associated with poorer 90 day mRS scores. When CI was excluded, coronary disease and diabetes
were independently associated with poorer outcome.

Conclusion—The extent of comorbidities as assessed by the CI is independently associated with
90-day mRS among women with ischemic stroke, but the individual comorbidities of CHD and DM
were each associated with functional outcome.
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Women who have ischemic strokes are on average older than men, and their older age may
contribute to their poorer outcomes.1 Several studies, however, show that stroke outcomes are
worse in women even after adjusting for age.2–4 The additional specific conditions that predict
functional outcome in women are not known.

The Charlson Index is a widely used comorbidity index that weights conditions based on their
association with 1-year mortality. The score, which can be based on ICD-9 codes or data
collected from medical records, is defined by the presence of 16 distinct illnesses, including
stroke and hemiplegia.5 A score >2 was associated with poor outcomes among male ischemic
stroke patients when the Charlson Index was modified to exclude stroke and hemiplegia.6

We previously found that the presence of prestroke coronary heart disease (CHD) was
independently associated with more severe strokes.7 The objective of the present study was to
determine whether general comorbidity status as measured by the Charlson Index or specific
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prestroke conditions such as CHD are associated with 90-day disability as reflected by the
modified Rankin Index (mRS) in a cohort of women with ischemic stroke.

Patients and Methods
Consecutive women over age 18 who had an acute ischemic stroke within 24 hours before
admission to Duke University Medical Center were invited to participate. Written informed
consent was obtained before enrollment. The protocol was approved by the Duke University
Medical Center Institutional Review Board.

The diagnosis of ischemic stroke was determined according to the World Health Organization
criteria8 and confirmed with routine neuroimaging (CT or MRI scan). Women with TIA,
intracerebral or subarachnoid hemorrhage, other intracranial abnormalities (subdural
hematoma, brain tumor, etc.), severe dementia, or life expectancy less than 6 months were
excluded.

Baseline data were collected from subjects with in-person interviews or from medical records
and NIH Stroke Scale score (NIHSS) was obtained by certified study personnel at enrollment.
Medical comorbidities were assessed using the modified Charlson Index, which excluded
stroke and hemiplegia. Scores were assigned by the study principal investigator (C.D.B.) from
medical records.5,6 The modified Rankin Score (mRS)9 was obtained from subjects 90 days
or more after stroke by personal or telephone interview.

Statistical Analysis
Nonparametric tests were performed to assess associations between factors and the ordinal 90-
day mRS (Table 1). Univariately significant factors (P<0.05) were entered into linear
regression models applied to the ranked mRS adjusted for initial NIHSS and age. CHD is
included in the Charlson Index and in the case of low Charlson scores (1, 2, or 3), CHD and
Charlson Index were colinear. Therefore, a separate Charlson score was assigned that excluded
CHD (Charlson without CHD). The effect of colinearity was also assessed by modeling
outcomes with and without Charlson scores. The analyses were performed using SAS version
9.1.

Results
Of 142 eligible women, 9 refused and 133 (94%) were enrolled. The demographics and risk
factor distributions of the cohort are shown in Table 1. The modified Charlson Index ranged
from 0 to 5, and 66% of subjects scored 0 or 1. The median initial NIHSS was 4.0 (range 0 to
22). Three women (2%) died during hospitalization, 6 (4.5%) died before follow-up, 5 (3.8%)
withdrew, and 17 (12.8%) were lost to follow-up, leaving 105 (78.9%) with 90-day mRS scores
(median score = 1, range 0 to 4). The median time from enrollment to follow-up was 105 days
(interquartile range 91 to 151 days).

Diabetes (P=0.01), CHD (P=0.001), atrial fibrillation (P=0.03), and Charlson Index (P=0.006;
Figure) were associated with higher mRS scores. Because the Charlson Index was colinear
with both CHD and diabetes, separate models were generated (Table 2). The first model
evaluated the modified Charlson Index (excluding stroke and hemiplegia but including CHD
and DM). DM and CHD were not included as separate variables. The modified Charlson Index
was the sole factor independently associated with mRS in this model (Table 2; P<0.0001). The
second model excluding the Charlson Index found CHD (P=0.004) and diabetes (P<0.0001)
were each independently associated with mRS (Table 2).
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Because DM and CHD were major contributors to the overall Charlson Index score, both
conditions were eliminated from the overall Charlson Index to determine whether remaining
comorbidities affected 90 day outcome. A third model included the Charlson with CHD and
DM removed, and CHD and DM as separate variables. In this model, all 3 variables were
independently associated with mRS scores (Table 2).

The analyses were repeated with the women who died before 90-day assigned score of 6 on
the mRS. The results were similar except there was a trend reflecting a relationship between
increasing age and poorer mRS scores (partial R2=0.017, P=0.06).

Discussion
In this cohort of women with ischemic stroke, overall comorbidities as reflected in the Charlson
Index were associated with poor outcomes with a significant effect attributable to specific
comorbidities (ie, CHD and diabetes). Age also tended to affect outcome when mortality was
included.

The results are consistent with prior work in a cohort of men with stroke and provides further
validation of the Charlson Index as a measure of comorbidity in stroke outcome studies.6
Similarly, a larger number of comorbidities correlated with poorer mRS scores 1 year
poststroke in patients at the Mayo Clinic.10 These data suggest that functional outcome
measures in stroke studies may need to be adjusted for prestroke comorbidities.

We assessed for colinearity among the Charlson Index and specific comorbidities, as well as
the independent contribution of CHD and DM after removing them from the Charlson Index
score. The variance in mRS (reflected in the partial R2) explained by the CHD and DM without
the Charlson were similar to the Charlson alone (Table 2), suggesting that the majority of the
impact of the Charlson is attributable to the presence of these 2 conditions. However, based
on the trend toward an independent association of the Charlson score with outcome even after
CHD and DM were removed, other comorbidities reflected in the score also contribute to
outcome.

This study has several limitations. We were unable to obtain prestroke disability scores as
measured by the mRS in our cohort, and 13% were lost to follow-up. Also, we studied only
women presenting within 24 hours; therefore, the results may not apply to women who were
unable or unwilling to seek medical attention until much later after symptom onset.

The major strength of this study is that it is one of the first longitudinal studies of detailed
outcomes after stroke in women, which has been generally lacking from the major trials11,
12 and cohort studies focused on women and cardiovascular disease.13

Women with prestroke comorbidities are more likely to have poor stroke outcomes. This study
suggests that measurement of stroke outcomes in women may need to account for the presence
of comorbid conditions, (Charlson Index), or at a minimum, CHD and diabetes because of their
significant impact on stroke outcome.
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Figure.
Bar graph distribution of modified Rankin scores associated with specific comorbidities and
the Charlson Index. Modified Rankin score categories (0 through 4) at 90 days for each
condition among women with ischemic stroke. mRS indicates modified Rankin scale; DM,
diabetes mellitus; CHD, coronary heart disease; Afib, atrial fibrillation.
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Table 1
Demographics and Distributions of Candidate Variables for Outcomes Among Women With Ischemic Stroke
(n=133)

Variable Frequency

Age, median (IQR) 64 (27 to 88)

Race-ethnicity, n (%)

Caucasian 67 (50)

African American 65 (49)

Hispanic 1 (1)

BMI, kg/m2, median (range) 27 (16 to 58.6)

Hypertension, n (%) 97 (73)

Diabetes, n (%) 46 (35)

Hyperlipidemia, n (%) 68 (51)

Prior stroke, n (%) 33 (25)

Hypertension, n (%) 97 (73)

Prior TIA, n (%) 23 (17)

Tobacco smoker, n (%) 39 (30)

Atrial fibrillation, n (%) 16 (12)

Coronary heart disease, n (%) 28 (21)

Congestive heart failure, n (%) 11 (8)
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