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Background-—Sex differences have been found in stroke risk factors, incidence, treatment, and outcomes. There are conflicting
data on whether diagnostic evaluation for stroke may differ between men and women.

Methods and Results-—We performed a retrospective cohort study using inpatient and outpatient claims between 2008 and 2016
from a nationally representative 5% sample of Medicare beneficiaries. We included patients ≥65 years old and hospitalized with
ischemic stroke, defined by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and ICD-10-CM
diagnosis codes. Logistic regression was used to determine the association between female sex and the odds of diagnostic testing
and specialist evaluation, adjusted for age, race, and number of Charlson comorbidities. Among 78 822 patients with acute
ischemic stroke, 58.3% (95% CI, 57.9–58.6%) were women. Female sex was associated with decreased odds of intracranial vessel
imaging (odds ratio [OR]: 0.94; 95% CI, 0.91–0.97), extracranial vessel imaging (OR: 0.89; 95% CI, 0.86–0.92), heart-rhythm
monitoring (OR: 0.92; 95% CI, 0.87–0.98), echocardiography (OR: 0.92; 95% CI, 0.89–0.95), evaluation by a neurologist (OR: 0.94;
95% CI, 0.91–0.97), and evaluation by a vascular neurologist (OR: 0.94; 95% CI, 0.90–0.97), after adjustment for age, race, and
comorbidities. These findings were unchanged in separate sensitivity analyses excluding patients who died during the index
hospitalization or were discharged to hospice and excluding patients with atrial fibrillation diagnosed before their index stroke.

Conclusions-—In a nationally representative cohort of Medicare beneficiaries, we found that women with acute ischemic
stroke were less likely to be evaluated by stroke specialists and less likely to undergo standard diagnostic testing compared with
men. ( J Am Heart Assoc. 2020;9:e015625. DOI: 10.1161/JAHA.119.015625.)
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S troke is a major cause of death and disability in both
women and men. Despite a lower incidence rate, women

have a higher lifetime prevalence of stroke than men and
develop an estimated 55 000 more strokes than men in the
United States each year.1 After stroke, women experience
higher rates of disability2–6 and are less likely to be
discharged home after hospitalization.2,5,7–9

Recognition has grown about differences between men and
women in stroke risk factors, presentation, pathophysiology,
and treatment.6,10–19 There has been conflicting evidence

about whether similar disparities exist in diagnostic evaluation
after stroke. Although some studies have found no unexplained
disparities,12,15,20–22 others have found lower rates of diag-
nostic testing among women, including brain imaging,2,3 vessel
imaging,23,24 and echocardiography.3,23 Existing studies from
the United States have been geographically circumscribed and
limited by relatively small sample sizes21,23; few nationally
representative data exist on the topic. We used a nationally
representative sample of Medicare claims to investigate
whether there were differences between men and women in
diagnostic evaluation after acute ischemic stroke.

Methods

Design
We performed a retrospective cohort study using inpatient
and outpatient claims between 2008 and 2016 from a
nationally representative 5% sample of Medicare beneficiaries.
The US federal government’s Centers for Medicare and
Medicaid Services (CMS) provide health insurance to most US
residents once they reach 65 years of age. CMS makes
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available to researchers data on claims submitted by
providers and hospitals in the course of Medicare beneficia-
ries’ clinical care.25 Claims data from hospitals include dates
of hospitalization and International Classification of Diseases
(ICD) diagnosis and procedure codes. Physician claims include
Current Procedural Terminology (CPT) codes, dates of service,
and physician specialty. Multiple claims for a given patient
can be linked by a unique beneficiary identifier code, allowing
for a comprehensive and longitudinal analysis of each
beneficiary’s care over time. The Weill Cornell Medical College
institutional review board approved this study and waived the
requirement for informed consent. The data used for this
analysis cannot be directly shared by the authors under the
terms of their data use agreement, but the data can be
obtained by application to CMS.

Patient Population
We included patients aged ≥65 years with continuous cover-
age in traditional fee-for-service Medicare (both Parts A and B)
for at least 1 year (or until death, if applicable) between 2008
and 2016. From this sample, we selected patients hospital-
ized between 2009 and 2016 for acute ischemic stroke.
Between January 1, 2009, and September 30, 2015, this
condition was defined by an ICD-9 diagnosis code algorithm
previously validated to have sensitivity of 86%, specificity of
95%, and a positive predictive value of 90% compared with
medical record review26; after September 30, 2015, we used
ICD-10 code I.63, which has also been validated as highly
reliable.27 The start date of January 1, 2009, was chosen
because 2008 was used as a run-in period to ascertain
comorbidities and to exclude patients without at least 1 year
of Medicare coverage before their first stroke. Although
patients may have had multiple ischemic stroke hospitaliza-
tions during the study period, we started follow-up time on the
admission date of the first documented stroke hospitalization

(index hospitalization) and assessed outcomes through
90 days after discharge from the index hospitalization.

Measurements
We determined whether patients were evaluated by a
neurologist during the index stroke hospitalization or within
90 days of discharge. Neurologist evaluation was defined as a
physician claim with an evaluation-and-management CPT code
and a provider specialty code representing neurology. These
provider specialty codes have been validated previously to
correspond closely to physicians’ specialties, as determined
by National Provider Identifier (NPI) files and online physician
profiles.28

We also determined whether patients were evaluated by a
board-certified vascular neurologist during the index stroke
hospitalization or within 90 days of discharge. Using a Python
software script and Medicare providers’ NPI numbers, we
searched a publicly available list of US physicians certified in
vascular neurology by the American Board of Psychiatry and
Neurology29 and determined which of the physicians who had
submitted claims for the care of patients in our sample were
board-certified vascular neurologists. We used the same
approach to identify which patients were evaluated by board-
certified neurointensivists, who also receive training in stroke
management.30

We used CPT codes to establish whether heart-rhythm
monitoring, echocardiography, extracranial vessel imaging,
and intracranial vessel imaging were performed during the
index stroke hospitalization or within 90 days of discharge.
Heart-rhythm monitoring included the use of Holter monitors,
external loop recorders, or implantable loop recorders.
Echocardiography included both transthoracic and trans-
esophageal studies. Vessel imaging, both intracranial and
extracranial, included ultrasound, computed tomographic
angiography, and magnetic resonance angiography.

We used previously validated ICD-9 and ICD-10 codes to
ascertain Charlson comorbidities31 and the following vascular
risk factors and comorbidities that appear in Table 1: atrial
fibrillation, hypertension, diabetes mellitus, coronary heart
disease, heart failure, peripheral vascular disease, chronic
kidney disease, valvular heart disease, chronic obstructive
pulmonary disease, tobacco use, and alcohol abuse. These
covariates were cumulatively carried forward from the start of
Medicare coverage through the discharge date of the index
stroke hospitalization.

Statistical Analysis
Descriptive statistics are reported as mean�SD and percent-
ages with 95% CIs, if appropriate. Multiple logistic regression
models were used to determine associations of female sex

Clinical Perspective

What Is New?

• In a nationally representative cohort of Medicare beneficia-
ries, women with acute ischemic stroke were less likely than
men to undergo standard diagnostic testing and to be
evaluated by stroke specialists.

What Are the Clinical Implications?

• These results suggest that disparities exist between men
and women in diagnostic evaluation after acute stroke and
highlight the importance of recognizing potential hidden
biases when formulating diagnostic plans.

DOI: 10.1161/JAHA.119.015625 Journal of the American Heart Association 2

Sex Differences in Diagnostic Evaluation of Stroke Bruce et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



with intracranial vessel imaging, extracranial vessel imaging,
echocardiography, heart rhythm monitoring, neurologist eval-
uation, or vascular neurologist evaluation, after adjusting for
age, race, and number of Charlson comorbidities. All models
included both a linear term for age and a quadratic term, age2,
to account for potentially nonlinear associations between age
and the odds of diagnostic testing and specialist evaluation. A
sensitivity analysis was performed excluding patients who
died during the index hospitalization or were discharged to
hospice. We also performed a sensitivity analysis excluding
patients with atrial fibrillation diagnosed before their index

stroke. Statistical analyses were performed using Stata v14
(StataCorp) and R Environment for Statistical Computing v3.2
(R Core Team). Figures 1 and 2 were created using the R
package ggplot2.32

Results
During the study period, 78 822 patients hospitalized with
acute ischemic stroke were identified. The 45 942 women in
our sample were slightly older (81.0�8.1 years) than the men
(78.1�7.6 years) and had a lower baseline prevalence of
coronary heart disease and active smoking but were other-
wise broadly similar in terms of baseline characteristics
(Table 1).

Compared with men, women less often underwent
intracranial vessel imaging (38.7% versus 43.1%), extracranial
vessel imaging (71.2% versus 75.4%), echocardiography
(71.2% versus 74.7%), and heart rhythm monitoring (6.2%
versus 7.4%). Women were also less likely than men to be
evaluated by a neurologist (73.4% versus 76.3%) or a vascular
neurologist (17.8% versus 19.5%; Figure 1). There was no
interaction between female sex and calendar year in relation
to any of these diagnostic evaluations.

After adjustment for age, race, and comorbidities, female
sex was associated with lower odds of intracranial vessel
imaging (odds ratio [OR]: 0.94; 95% CI, 0.91–0.97), extracra-
nial vessel imaging (OR: 0.89; 95% CI, 0.86–0.92), echocar-
diography (OR: 0.92; 95% CI, 0.89–0.95), heart-rhythm
monitoring (OR: 0.92; 95% CI, 0.87–0.98), evaluation by a
neurologist (OR: 0.94; 95% CI, 0.91–0.97), and evaluation by a
vascular neurologist (OR: 0.94; 95% CI, 0.90–0.97; Figure 2).
These findings were unchanged in a sensitivity analysis
excluding patients who died during the index hospitalization

Table 1. Characteristics of a National 5% Sample of Medicare
Beneficiaries With Acute Ischemic Stroke, Stratified by Sex

Characteristic Female (n=45 942) Male (n=32 880)

Age, y, mean�SD 81.0�8.1 78.1�7.6

Race

White 38 546 (83.9) 27 809 (84.6)

Black 5221 (11.4) 3317 (10.1)

Other 2175 (4.7) 1754 (5.3)

Atrial fibrillation 15 430 (33.6) 10 504 (31.9)

Coronary artery disease 20 180 (43.9) 17 557 (53.4)

Hypertension 41 137 (89.5) 28 034 (85.3)

Diabetes mellitus 20 787 (45.2) 16 009 (48.7)

Heart failure 14 981 (32.6) 9765 (29.7)

Peripheral vascular disease 12 920 (28.1) 10 427 (31.7)

Chronic kidney disease 11 210 (24.4) 8963 (27.3)

Valvular heart disease 13 371 (29.1) 8247 (25.1)

Tobacco use 4695 (10.2) 5286 (16.1)

Data are presented as number (%) unless otherwise specified.

Figure 1. Percentages and 95% CIs of diagnostic testing and specialist evaluation by sex.
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or were discharged to hospice (Table 2). Our findings were
also similar in a sensitivity analysis excluding patients with
atrial fibrillation diagnosed before their index stroke.

Discussion
In this nationally representative sample of Medicare benefi-
ciaries, women were less likely than men to undergo standard
diagnostic evaluations for acute ischemic stroke. These
differences persisted after adjustment for demographics and
comorbidities and were unchanged after excluding patients
who died or went to hospice.

Previous studies have reported conflicting findings about
comparative rates of diagnostic testing in men versus women
with stroke.2,3,20–24 It has recently been suggested that
observed differences in diagnostic testing between women
and men can be attributed to the older average age of women
at time of stroke onset,11 as controlling for age attenuated the
results of several studies.11,20,24 Our findings suggest that
differences in diagnostic evaluations between men and
women do not simply reflect residual confounding by age;
we adjusted for both linear and nonlinear age effects and
found no attenuation in results. In addition, our study provides
the additional novel finding that women are less likely to have
specialist evaluation after ischemic stroke.

Our findings have important implications because they may
suggest hidden bias among practitioners in diagnostic
planning after acute stroke. It may be helpful for providers
and patients to be aware of at least the possibility of such bias
because greater awareness may lead to more appropriate
care; however, a number of caveats should temper this
interpretation. First, our results do not necessarily provide
evidence of differences in quality of care. The evaluations we
examined are not recommended by consensus guidelines in
all cases of acute stroke, but in practice, they are widely used
as part of a standard diagnostic approach, and there is no
clear clinical reason for this diagnostic approach to be
followed less frequently in women than in men. Second, there
may be instances in which certain evaluations may not be
appropriate, and thus the discrepancy between men and
women may represent overinvestigation in men. Third,
because our study was limited to Medicare beneficiaries,
our findings may reflect features of the US healthcare system.
Although previous large-scale studies from Europe, Canada,
and Australia have found differences between men and

Figure 2. Odds ratio associated with female sex in relation to categories of diagnostic evaluation,
adjusted for age, race, and number of Charlson comorbidities.

Table 2. Odds Ratios* and 95% CIs Associated With Female
Sex in Relation to Categories of Diagnostic Evaluation in the
Full Study Sample and Excluding Patients Who Died in
Hospital or Were Discharged to Hospice

Diagnostic Evaluation
All Patients
(N=78 822)

Excluding Death in
Hospital and
Discharge to
Hospice (n=67 893)

Intracranial vessel imaging 0.94 (0.91–0.97) 0.94 (0.92–0.97)

Extracranial vessel imaging 0.89 (0.86–0.92) 0.90 (0.86–0.93)

Echocardiography 0.92 (0.89–0.95) 0.92 (0.90–0.97)

Heart rhythm monitoring 0.92 (0.87–0.98) 0.93 (0.88–0.99)

Evaluation by any
neurologist

0.94 (0.91–0.97) 0.94 (0.91–0.97)

Evaluation by vascular
neurologist

0.94 (0.90–0.97) 0.94 (0.91–0.97)

*Adjusted for age, race, and number of Charlson comorbidities.
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women in rates of various diagnostic tests,2,3,23,24 ours adds
novel findings on such differences across several categories
of diagnostic testing and specialist evaluation. Fourth,
because our sample size was large, we had power to detect
even small differences between men and women. Indeed, the
effect sizes we observed were modest but consistent across
all categories of evaluation that we examined.

Our results should be interpreted in the context of several
limitations. First, diagnostic and procedure codes were used to
define our variables. Although we used previously validated
codes if possible, there was still potential for misclassification;
however, it is not apparent that such misclassification would
occur differentially in men versus women. Second, it is possible
that some patients died before they could receive full diagnostic
evaluation or that increased testing and specialist assessment
may not have been consistent with their goals of care. Our
sensitivity analysis, which excluded patients who died in hospital
or were discharged to hospice, attempted to account for this
possibility and showed no change in results from the main
analysis; however, in-hospital death and discharge to hospice
may not perfectly capture the aforementioned phenomena.
Third, our study was not equipped to fully adjust for stroke
severity and premorbid status, and such variables have previ-
ously been associated with sex-based disparities in diagnostic
testing.2,3,20 Fourth,wewere not able to assesswhether patients
were treated in stroke units, which may potentially affect
diagnostic testing and specialist evaluation. Finally, our data
were limited topatients aged≥65 years. Although themajority of
strokes occur in this demographic group,1,33 our results may not
be generalizable to younger age groups.

The limitations of our study were mitigated by strengths
such as the large sample size and broadly representative
population. The differences we found between men and
women may have implications for outcomes. The lower
probability of appropriate specialist evaluation, for example,
may affect mortality risk for women, as both neurologist
evaluation34–36 and the presence of in-hospital vascular
neurologist consultation37 have been associated previously
with a lower risk of short-term mortality after stroke.

Conclusions
We found that women with ischemic stroke were less likely
than men to undergo standard diagnostic testing and to
receive specialist evaluation. These results, with modest but
consistent effect sizes across modes of diagnostic evaluation,
build on previous studies showing sex-based differences in
diagnostic testing. Large, population-based studies may be
warranted to investigate disparities in stroke evaluation
between men and women while thoroughly adjusting for
potential confounding factors, especially stroke severity and

premorbid status. In the meantime, it may be helpful for
clinicians to keep our results in mind when considering
diagnostic plans for men and women with recent stroke.
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