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Sex Differences in Stroke Hospitalization
Incidence, 30-DayMortality, and Readmission in
a Regional Medical Center in the Southwestern
United States
Jeff A. Dennis, PhD, Yan Zhang, PhD, Fangyuan Zhang, PhD, Noah De La Cruz, MPH,
Greg Hannabas, MD, MPH, MPA, and Nan Mi, MA
Objectives: This study explores sex differences in ischemic stroke hos-
pitalization incidence, 30-day mortality, and 30-day readmission in a
southwestern US medical center.

Methods: Ischemic stroke admissions in a regional medical center in
the southwestern United States were obtained for a 6.5-year time frame
(N = 1968). Logistic regression models examine the adjusted effects of
sex on 30-day mortality and 30-day readmission outcomes among indi-
viduals hospitalized for ischemic stroke.

Results: Findings confirm that although women experience higher
mortality than men (9.1% vs 6.7%), the sex disparity in mortality is ex-
plained by the age distribution of strokes. Women experience far more
strokes and deaths because of stroke at older ages. No differences in
principal procedure or 30-day readmission emerged.

Conclusions:Men experienced higher stroke hospitalization incidence,
although women exhibited higher 30-day mortality. Age composition
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explained sex differences in mortality, but higher male stroke hospitali-
zation incidence represents a larger public health issue that suggests the
need for behavioral change at the population level. No meaningful sex
differences emerged in treatment, mortality, or readmission.
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ischemic stroke

Ongoing health research identifies that health disparities per-
sist by sex in the United States, some driven by biological

and others by social or behavioral explanations.1 In the study
of specific health conditions, it is important to identify gender
gaps and understand explanatory factors relating to treatment.

Stroke is one of the leading causes of death and disability
among American adults in the United States. Based on National
Health and Nutrition Examination Survey 2013–2016 data, an
estimated 7.0 million American adults (20 years and older)
self-reported having had a stroke.2 Data from the 2016 Centers
for Disease Control and Prevention Behavioral Risk Factor Sur-
veillance System showed that the sex prevalence of prior stroke
is similar among American adults (2.9% of men and 2.8% of
women 18 years of age and older).2 The patterns of stroke inci-
dence and mortality are complex relating to sex and age. It is
well known that the severity of stroke increases with age. Since
women live longer than men, their risk of having a stroke is
higher, which in turn will have a more negative impact on their
lives.3 Census estimates by sex indicate that the population of
women at ages 85 years and older is >2 times the population size
of men at those ages.4 Age-specific stroke incidence in the
United States tends to be higher for men, except among older
Key Points
• Female mortality for ischemic stroke is higher than male mortality.
• The age composition of stroke incidence explains sex differences
in stroke mortality.

• Analysis of principal procedure reveals no meaningful sex differ-
ences in stroke treatment.
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Table 1. Sample characteristics of individuals hospitalized
for ischemic stroke, by sex

Male, Mean
(SD)

Female, Mean
(SD) t P

N (%) 1064 (54.0) 904 (46.0)

Age, y (hospitalized) 64.0 (13.7) 68.1 (16.2) 6.06 <0.001

Age, y (deceased) 69.7 (13.2) 74.6 (15.9) 2.03 0.044

LOS 6.4 (5.9) 6.1 (5.7) −1.14 0.26

Median Median z P

Median age
(hospitalized)

64 70 −6.87 <0.001

Median age, y
(deceased)

72 78 −2.65 0.008

N (%) N (%) χ2 P

30-d mortality

Living 992 (93.3) 822 (90.9) 3.90 0.048

Deceased 71 (6.7) 82 (9.1)

30-d readmission

No 982 (92.4) 834 (92.3) 0.01 0.918

Yes 81 (7.6) 70 (7.7)

Race/ethnicity

White 729 (74.4) 791 (80.6) 14.06 0.003

Black 69 (9.4) 100 (7.6)

Hispanic 52 (9.7) 103 (5.8)

Other/unknown 54 (6.5) 69 (6.0)

Insurance

Private 153 (14.4) 115 (12.7) 48.65 <0.001

Medicare 579 (54.5) 605 (66.9)

Medicaid 88 (8.3) 79 (8.7)

Uninsured/self-
pay

123 (11.6) 54 (6.0)

Other 120 (11.3) 51 (5.6)

LOS, length of stay; SD, standard diviation.
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age groups.5–7 Males typically have higher age-specific stroke
prevalence, although given that stroke risk increases substan-
tially with age and women make up a larger proportion of indi-
viduals aged 80 and older, the absolute number of strokes in the
United States is higher for women compared with men.8

Stroke may have a greater impact on women than men be-
cause women have a greater number of stroke events at older
ages from which they are less likely to recover.3,5,9,10 Although
several reports have found that women are less likely to receive
some in-hospital interventions, most differences disappear after
accounting for age and comorbidities.6 Women who experience
a strokemay receive different treatments and havemore unfavor-
able functional outcomes compared with men.3 Sex disparities
also were found in the use of thrombolytic treatment and lipid
testing.3 Sex differences in outcomes for stroke treatment remain
controversial.5,11,12 Whereas some argue there is no sex differ-
ence in stroke rehabilitation functional outcomes, other studies
have found poorer functional outcomes and quality of life after
stroke in women.3,6,13 Sohrabji and colleagues’ analysis sug-
gested that the Food and Drug Administration–approved stroke
therapy (tissue plasminogen activator for acute ischemic stroke)
produced more robust favorable stroke outcomes among women
compared with men.14 A recent study on patients treated with
endovascular stroke thrombectomy also showed that women ex-
perienced comparable functional outcomes and greater years of
optimal life after intervention compared with men.15 This incon-
sistency warrants the need for the further assessment of sex dif-
ferences in stroke outcomes. Understanding these disparities
is essential to help improve the quality of care for women
with stroke.

Hospitals typically track two common stroke outcome met-
rics: 30-day mortality and 30-day readmission. Previous studies
have estimated that overall, 30-day stroke mortality is approxi-
mately 7% and 30-day stroke readmission is approximately
21%.16 Patient characteristics identified as significant risk fac-
tors of readmission include older age (75 years and older), living
in a facility, or living at homewithout a spouse, aswell as comor-
bidities.17,18 Whether sex is a risk factor remains understudied.

The present study explores sex differences in stroke hospi-
talization incidence, 30-day mortality, and readmission to under-
stand whether disparities exist that would necessitate the
meaningful examination of differences in stroke awareness by
sex or treatment of stroke. The study describes sex and age dif-
ferences in the incidence of hospitalization for stroke and 30-day
mortality and readmission for stroke in a large hospital sample.

Methods
This study uses data from all hospital admissions for ischemic
stroke at a large county-owned regional medical center in the
southwestern United States that serves both an urban area and
surrounding rural communities. Six and one-half years of data,
from January 2013 to June 2019, were analyzed to maximize
the study population size. Ischemic stroke diagnoses represented
approximately 61.5% of all stroke hospitalizations during this
Southern Medical Journal • Volume 114, Number 3, March 2021
period (N = 1968). This time span included a shift from Interna-
tional Classification of Diseases, Ninth Revision to Interna-
tional Classification of Diseases, Tenth Revision classification
in October 2015, and as such, diagnosis and procedure codes
are matched accordingly. The study was approved for exempt re-
view by the Texas Tech University Health Sciences Center insti-
tutional review board. Following approval, the hospital provided
deidentified patient data for all hospital admissions for ischemic
stroke during the approved time period. Confidential patient in-
formation such as patient identification, medical record number,
date of birth, and ZIP code were not included.

Independent variables included sociodemographics (age,
sex, race/ethnicity, and insurance status) and clinical factors
related to outcome (admission date, discharge date, principal diag-
nosis, discharge status, standard payer, principal procedure, and
length of stay). Principal diagnosis was not used for analysis, as
>63% of all ischemic strokes were coded as “cerebral infarction,
unspecified,” with a similar proportion of men and women
175
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receiving this code. Principal procedure was grouped into eight
categories based on frequencies and matched across Interna-
tional Classification of Diseases, Ninth Revision and Interna-
tional Classification of Diseases, Tenth Revision, including
none specified, ultrasound or other imaging, thrombolytic agent,
extirpation of blood vessel, feeding tube, respiratory assistance,
arterial dilation, and other. The most common principal proce-
dure listed was none specified, suggesting that medications may
have been given but no billable procedure was performed.

Outcome variables included 30-day mortality for patients
hospitalized for stroke as well as readmission rates, in alignment
with the Hospital Readmission Reduction Program require-
ments federally mandated by Centers for Medicare & Medicaid
Services. The 30-day mortality and readmission were dichoto-
mized as living versus deceased and readmitted versus not
readmitted, respectively.

Statistical Analysis

Bivariate tests compared mean differences using t tests,
median differences using Mann-Whitney-Wilcoxon tests, and
group proportions using χ2 tests.19 Multivariate logistic regres-
sion was used to analyze the two binary outcomes of 30-day
mortality and 30-day readmission. Analysis for the study was
performed using STATA 15.1. (StataCorp, College Station,
TX), and statistical significance was set at α < 0.05.
Results
Table 1 provides a description of the study population. Men hos-
pitalized for ischemic stroke were, on average, approximately
4 years younger than women. Among those who died in the hos-
pital, men were approximately 5 years younger than women.
Fig. 1. Ischemic stroke hospitalization incidence by age and sex, Janu
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Men were more often uninsured or used self-pay, whereas
women were more often covered under Medicare. Thirty-day
mortality for women (9.1%) was significantly higher than for
men (6.7%, P = 0.048), but no differences were observed by
sex for 30-day readmission rates or length of stay following hos-
pitalization for stroke. Further analyses focus primarily on the
incidence of hospitalization for stroke and 30-day mortality be-
cause of the lack of sex differences in readmission and length
of stay. Age patterns in hospitalization for stroke and strokemor-
tality provide important insights into understanding sex differ-
ences for this condition.

Figure 1 shows the incidence of hospitalization for ischemic
stroke by sex and age during the 6.5-year period. Stroke inci-
dence is higher for men at younger ages, with the largest gender
gap from ages 55 to 69. Incidence roughly evens out by sex at
approximately age 75, followed by a substantially higher female
stroke incidence after age 85.

Figure 2 highlights the primary driver in stroke mortality
between men and women, which is that the greatest gender
gap in 30-day mortality falls in the 85 and older age group. In
this oldest age group, approximately 15.3% of female stroke pa-
tients died (23/150) compared with approximately 11.8% of
male stroke patients (8/68). Although the relative risk of death
is approximately 1.3 times higher for women compared with
men, it is not statistically significant (P = 0.48). Nonetheless,
the fact that more than twice as many females aged 85 and older
were hospitalized for ischemic stroke is a meaningful contribu-
tor to the observed sex disparity in mortality.

Figure 3 provides some insight into another potential mor-
tality gap. Between ages 55 and 74, men have substantially more
stroke hospitalizations than women, yet more women die of
stroke in those age groups. Approximately 8.7% of female stroke
ary 2013–June 2019.
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Fig. 2. Frequency of 30-d mortality among individuals hospital-
ized for ischemic stroke, by age and sex, January 2013–June 2019.

Table 2. Principal procedures among individuals
hospitalized and for ischemic stroke, by sex and mortality

Principal procedure Male Female Total

None 404 (38.0) 357 (39.5) 761 (38.7)

Ultrasound 282 (26.5) 227 (25.1) 509 (25.9)

Thrombolytic agent 91 (8.6) 98 (10.8) 189 (9.6)

Extirpation of vessel 70 (6.6) 61 (6.7) 131 (6.7)

Feeding tube 38 (3.6) 33 (3.7) 71 (3.6)

Respiratory assistance 52 (4.9) 42 (4.6) 94 (4.8)

Arterial dilation 19 (1.8) 8 (0.9) 27 (1.4)

Other 107 (10.1) 78 (8.6) 185 (9.4)

χ2 7.36

P 0.392

Principal procedure Not deceased Deceased Total

None 720 (39.7) 41 (26.8) 761 (38.7)

Ultrasound 501 (27.6) 8 (5.2) 509 (25.9)

Thrombolytic agent 175 (9.6) 14 (9.2) 189 (9.6)

Extirpation of vessel 110 (6.1) 21 (13.7) 131 (6.7)

Feeding tube 71 (3.9) 0 (0.0) 71 (3.6)

Respiratory assistance 46 (2.5) 48 (31.4) 94 (4.8)

Arterial dilation 26 (1.4) 1 (0.7) 27 (1.4)

Other 165 (9.1) 20 (13.1) 185 (9.4)

χ2 300.38

P <0.001
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patients between the ages of 55 and 74 died compared with 5.6%
of males, but this comparison does not meet statistical signifi-
cance for a 2-tailed t test (P = 0.08).

Table 2 shows no meaningful difference in procedures by
sex, but highly different mortality rates by procedure. More than
50% of individuals requiring a ventilator or other respiratory
assistance died, compared with approximately 5% of those receiv-
ing no principal procedure. Procedure in many cases appears to
stand as a proxy for severity of stroke, and does not appear to be bi-
ased by sex. For example, although a seemingly larger percentage of
females receiving thrombolytic agents died (10.2% female, 4.4%
male), this difference is not statistically significant (data not shown).

Table 3 logistic regression odds ratios suggest that the sig-
nificant sex difference in 30-day mortality found in Table 1 is
Fig. 3. Age-specific mortality percentages among individuals hospital
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statistically accounted for by age. Race/ethnicity and insurance
status did not significantly predict mortality in the adjusted
model, and due to multicollinearity between Medicare and age,
insurance was dropped from the final model. The Supplemental
ized for ischemic stroke, by sex, January 2013–June 2019.
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Table 3. Multivariate logistic regression odds ratios
predicting 30-d ischemic stroke mortality (N = 1967)

Unadjusted Adjusted

OR 95% CI P OR 95% CI P

Female 1.39 1.00–1.94 0.049 1.21 0.86–1.70 0.281

Age 1.03 1.02–1.05 <0.001

Race/ethnicity (ref = non-
Hispanic White)

Non-Hispanic Black 1.02 0.52–2.02 0.953

Hispanic 1.39 0.77–2.51 0.271

Other 1.28 0.65–2.53 0.479

r2 0.004 0.033

CI, confidence interval; OR, odds ratio.
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Digital Content table (http://links.lww.com/SMJ/A215) shows a
similar model predicting 30-day readmission for stroke, although
the overall predictive power of the model is poor. Insurance status
predicted readmission slightly better than age, and as such age
was dropped from the final model because of multicollinearity.
Adjusted models demonstrate no meaningful sex differences in
30-daymortality or 30-day readmission for ischemic stroke. Pro-
cedures were not included in regression models because they did
not have a substantial effect on sex disparities in survival, and
proved highly variable in their association with 30-daymortality.

Discussion
Data from a single county hospital over 6.5 years provide a num-
ber of insights into ischemic stroke incidence and mortality,
some of which may obscure larger issues. For example, bivariate
observation suggests that female mortality is higher for stroke,
male stroke hospitalization incidence is higher before age 70,
and female stroke hospitalization incidence is higher after age
80. Nuanced observation of specific age groups suggests that
although male stroke hospitalization is higher before age 80,
female ischemic stroke mortality between ages 55 and 74 may
be slightly higher.

This study focuses on a single hospital site. As a county
hospital, the site has a patient demographic that may trend
toward lower socioeconomic status relative to a similar private
hospital in the area. Although socioeconomic status is widely
understood to shape health disparities, we have no reason to
believe that sex differences in strokes or stroke outcomes should
be appreciably different in this hospital compared with others.
Identifying principal procedures based on billing data limits
the consistency of reporting somewhat, as risk factors such as
patient obesity, smoking status, hypertension, or other comor-
bidities are not available. That is, the severity of the patient’s
condition can only be inferred based on the type of procedure,
and the complexity of hospital treatments or treatment decisions
cannot be fully captured in such a retrospective study. Institu-
tional review board restrictions did not permit patient ZIP code
178 © 2021 The Author(s). Published Wolt
to be collected, which prevented an analysis of the differences
between urban and rural areas served by the hospital.
Conclusions
National data suggest a larger absolute number of strokes among
women, with similar gender-specific incidence when adjusted
for population size.8 Our study population shows higher overall
stroke hospitalization incidence for men, suggesting that risk
factors such as smoking, hypertension, and obesity in the hospi-
tal service region may put men disproportionately at risk for
stroke relative to the national population. Because they are in-
cluded in a hospital-based study, however, our data are not set
up to explore lifestyle factors in the hospital service region to ex-
amine that phenomenon. Our study found no meaningful sex
disparities among ischemic stroke hospitalizations that would
necessitate policy changes in stroke management by sex.

Principal procedures were evenly distributed by sex, and
higher female stroke mortality was explained almost entirely
by age differences in incidence. Notably, nearly 40% of all ische-
mic stroke hospitalizations included no principal procedure,
suggesting that a large number of included treatment did not
involve a billable procedure. Although not statistically significant,
future work should revisit our findings suggesting that female
stroke mortality rates may be higher at ages 55 to 74 despite lower
female incidence of stroke hospitalization at these ages.

Whereas simple bivariate analysis suggests higher ischemic
stroke mortality rates among women, the difference is explained
almost entirely by the fact that women live longer, and therefore
live more years in high stroke-risk age groups. This study high-
lights the importance of understanding age and sex composition
in understanding populations with common health conditions,
and not only provides insight into hospital treatment practices,
but also useful information relating to sex differences in the pop-
ulation served by the hospital. Public health practitioners can use
data of this nature and partner with clinical providers to better
understand at-risk populations and collaborate to reduce stroke
hospitalizations through prevention.20,21 Understanding the risk
profile of those most likely to be hospitalized for ischemic stroke
can be a valuable tool toward the development of health educa-
tion programs to reduce stroke prevalence in the population.
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