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Abstract

Background and Purpose: Sex differences in stroke incidence over time were previously 

reported from the Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS). We aimed to 
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determine if these differences continued through 2015 and if they were driven by particular age 

groups.

Methods: Within the GCNKSS population of 1.3 million, incident (first-ever) strokes among 

residents ≥20 years old were ascertained at all local hospitals during five periods: 7/93-6/94 and 

calendar years 1999, 2005, 2010, and 2015. Out-of-hospital cases were sampled. Sex-specific 

incidence rates per 100,000 were adjusted for age and race, and then standardized to the 2010 U.S. 

Census. Trends over time by sex were compared (overall and age-stratified). Sex-specific case 

fatality rates were also reported. Bonferroni corrections were applied for multiple comparisons.

Results: Over the five study periods, there were 9733 incident strokes (56.3% female). For 

women, there were 229 (95%CI 215-242) per 100,000 incident strokes in 1993/4 and 174 (95%CI 

163-185) in 2015 (p <.05), compared with 282 (95% CI 263-301) in 1993/4 to 211 (95%CI 

198-225) in 2015 (p<.05) in men. Incidence rates decreased between first and last study periods in 

both sexes for IS but not for ICH or SAH. Significant decreases in stroke incidence occurred 

between first and last study periods for both sexes in the 65-84 age group and men only in the ≥85 

age group; stroke incidence increased for men only in the 20-44 age group.

Conclusions: Overall stroke incidence decreased from the early 1990s to 2015 for both sexes. 

Future studies should continue close surveillance of sex differences in the 20-44 and ≥85 age 

groups, and future stroke prevention strategies should target strokes in the young and middle age 

groups as well as ICH.
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INTRODUCTION

Stroke remains a leading cause of disability and death for both women and men worldwide.1 

There are, however, more strokes and stroke deaths in women than men,1–3 thought to be 

largely related to a longer life expectancy for women.4 It has been established that the 

female to male stroke risk increases over the course of the lifespan, which may be in part 

due to the protective effects of endogenous female hormones in pre-menopausal women and 

the lack of such protective effects later in life.5,6 In some studies, stroke incidence among 

women surpasses that of men for those over 80 years old.1,4,7,8

There are conflicting data regarding whether stroke incidence over time has been declining 

equally in women and men. Our previous work demonstrated that the incidence of overall 

stroke and ischemic stroke (IS) decreased significantly between 1993 and 2010 in men but 

not women.9 Similar sex differences were noted over the same time period for transient 

ischemic attacks (TIAs).10 In contrast, data from the Atherosclerosis Risk in Communities 

Study (ARIC), a prospective cohort study, demonstrated a decrease in stroke incidence 

through 2011 among both women and men, and a more recent ARIC study through 2017 

showed similar decreases in stroke incidence among adults over 65 years old.11 More data 

on stroke incidence extending past 2010 is needed to help resolve these apparent 

discrepancies.
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Knowledge gaps also exist with regard to how temporal trends in stroke incidence vary with 

age. Multiple previous studies in the United States have demonstrated that stroke incidence 

among young patients is not declining11,12 or is even increasing over time,13,14 conflicting 

with findings from outside the United States15 and illuminating important opportunities for 

additional work in this area.

Overall, we lack both knowledge and updated data regarding the combined effects of age 

and sex on stroke incidence over time. The objectives of this paper were to utilize data from 

the GCNKSS to 1) Investigate whether our previous findings of sex differences in stroke 

incidence over time continued through 2015; and 2) Describe the sex-specific epidemiology 

of stroke by age over time.

METHODS

Data from the GCNKSS can be obtained with permission from the principal investigators of 

the study.

Study population

The GCNKSS is a population-based study that ascertains stroke events occurring in a 

population of 1.3 million people living in a 5-county region of southern Ohio and Northern 

Kentucky. The study population has been shown to be representative of the United States 

with regard to black race, age, education, and income.

Case ascertainment

Incident (first-ever) strokes occurring in residents ≥ 20 years old living within the GCNKSS 

population were ascertained at all local hospitals during five periods: July 1993 through June 

1994 and calendar years 1999, 2005, 2010, and 2015. Out-of-hospital cases included those 

identified in coroners’ offices, hospital and public health care clinics, and also were 

identified in a random sample of physicians’ offices. For the current analysis, in contrast to 

previously published incidence rates from the GCNKSS, nursing home cases were not 

included in incidence rates for any study period because the 2015 out-of-hospital sampling 

did not include nursing homes. Potential cases were identified by trained study nurses based 

on ICD codes for stroke (ICD9 430-436 and ICD10 160-169). Each case was adjudicated by 

trained study physicians using medical record review and standardized case report forms. To 

be confirmed as a stroke, symptoms must be sudden in onset, localize to a specific area of 

the brain, and persist for ≥ 24 hours. TIAs were excluded. This definition does not require 

performance of MRI,16 and patients with symptoms < 24 hours but with an MRI consistent 

with acute ischemic stroke were also excluded to allow for comparisons across the 22 year 

time period. Strokes were further categorized as ischemic stroke (IS), intracerebral 

hemorrhage (ICH), or subarachnoid hemorrhage (SAH) as previously described.17–19 

Methods used to screen and adjudicate stroke cases were consistent over all study periods.

Statistical Analysis

The raw total number of events was reported overall and in each study period by sex. 

Demographic variables (age, race, modified Rankin Score (mRS)) over the five study 
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periods were reported by sex using a generalized linear model. Baseline mRS was 

determined by trained study nurses using all information available from extensive medical 

record review; further details can be found in the supplement (please see https://

www.ahajournals.org/journal/str). Weighted percentages were reported for categorical 

variables, and the mean and weighted standard error were reported for continuous variables. 

The interaction of sex by study period was also assessed.

Sex-specific weighted incidence rates and 95% confidence intervals (CI) per 100,000 were 

reported along with raw frequencies for each of the 5 study periods. Rates included all 

inpatient events as well as out-of-hospital ascertained events (including the weighted sample 

of events from physicians’ offices) and were adjusted for age and race, then standardized to 

the 2010 U.S. Census population. To compare trends over time period by sex, age and race 

adjusted sex-specific incidence rates were compared between the first (1993/4) and last 

(2015) study periods. Comparisons were made for all strokes and for individual stroke 

subtypes. A Bonferroni correction was applied for multiple comparisons.

Next, sex-specific incidence rates for all strokes were reported as stratified by age (20-44, 

45-64, 65-84, and ≥ 85 years old), adjusted for age and race. Female/male rate ratios were 

also presented. For each of the four age categories, sex-specific comparisons of incidence of 

all strokes between first and last study periods was compared. Again, a Bonferroni 

correction was applied for multiple comparisons.

Case Fatality

The definition of case-fatality was death from any cause occurring in a 30-day window 

following incident stroke. Deaths were confirmed for all study periods using The National 

Death Index that provides dates of death, cause of death codes, state location at time of 

death, and corresponding death certificate numbers. Age- and race-adjusted weighted 30-day 

case fatality rates by sex and study period were reported for all strokes and individual stroke 

subtypes (IS, ICH, SAH) as frequencies and weighted proportions with 95% CI. Sex-

specific differences in change in case fatality over time were tested with the inclusion of sex 

by study period product terms in the general linear model.

This study was approved by institutional review boards at all participating hospitals, and 

informed consent was waived. Statistical analyses were performed using SAS, Version 9.4 

(SAS Institute, Cary, NC).

RESULTS

Across all study periods, there were 9733 incident strokes: 5483 (56.4%) female, mean age 

71.8 for women and 67.5 for men. Baseline characteristics are displayed in Table 1. The 

proportion of black patients increased between the first and last study periods in both women 

and men (18.7% and 17.0% in 1993/4 to 23.0% and 23.0% in 2015, respectively). The 

proportion of patients who were independent at baseline (defined as mRS 0 or 1) was 66.8% 

vs. 79.1% for women vs. men in 1993/4 and 46.8% vs. 67.2% in 2015, (p<0.0001 for sex by 

study period product term).
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Sex-specific stroke incidence rates in each of the five study periods are presented in Table 2. 

Including all strokes, for women, there were 229 (95%CI 215-242) per 100,000 incident 

strokes in 1993/4 and 174 (95%CI 163-185) in 2015 (p < 0.05), compared with 282 (95% CI 

263-301) in 1993/4 to 211 (95%CI 198-225) in 2015 (p<0.05) for men. For IS, incidence 

rates decreased between first and last study periods in both women and men (Table 2). For 

ICH and SAH, there were no statistically significant differences in either sex between the 

first and last study periods.

Sex-specific stroke incidence rates, stratified by study period within each of the four age 

categories, are presented in Table 3, Figure 1, and Figure 2. In women 20 to 44 years old, 

incidence remained relatively stable from 1993/4 to 2015 (20 to 26 per 100,000, p>0.05), 

while incidence in men increased from 15 to 31 per 100,000 (p<0.05). For the 45-64 age 

group, rates were stable between 1993/4 and 2015 in both women and men. Among 

individuals 65-84 years old, incidence decreased between first and last study periods in both 

male (810 (95%CI 737-883) to 546 (95%CI 493-600)) and female (713 (95%CI 658-769) to 

482 (95%CI 437-527)) participants and appeared to drive the majority of the decrease in 

strokes overall. Finally, among individuals at least 85 years of age, incidence per 100,000 

decreased significantly in men ((1858 (95%CI 1458-2258) to 1146 (95%CI 920-1372)), 

p<0.05). In women at least 85 years old, though, the decrease was not statistically significant 

((1619 (95%CI 1406-1831) to 1406 (95%CI 1230-1583)), p>0.05).

Age, race, and sex adjusted case-fatality rates (for the overall study population), and age and 

race adjusted (stratified by sex) rates are reported in Table 4 for all five study periods. Case 

fatality rates for all strokes were similar by sex in the first four study periods (p>0.05); in 

2015, case fatality for women was 12.8% (95% CI 10.5, 15.6) compared with 9.2% (95%CI 

7.3, 11.6) for men (p<0.05). A change in case fatality by sex over time was corroborated by 

a sex by year product term (p<0.05). Sex differences in case fatality rates for ICH did not 

reach statistical significance. Case fatality rates for SAH appear to be decreasing for both 

sexes between 1993/4 and 2015 (39.6% to 15.4% for women, 32.3% to 16.0% for men, 

respectively).

DISCUSSION

In summary, the incidence of both all strokes and IS among women and men decreased 

between 1993/4 and 2015 in the GCNKSS, a nationally representative population-based 

study. This contrasts with previously published GCNKSS data through 2010 that 

demonstrated a significant decrease over time among men but not women.9 Similar to our 

previous findings, incidence rates of ICH and SAH did not show evidence of change over 

the study period, though these data may be limited by power. In the current study, we also 

report statistically significant sex differences in stroke incidence over time within specific 

age categories, particularly in the youngest and oldest age groups, a contribution to the 

current knowledge gap in stroke epidemiology.

Our finding that, in the total study population, both all strokes and IS decreased over time in 

both sexes is consistent with recent data from other epidemiologic studies such as ARIC.11 

In contrast to the ARIC data that only included adults > 65 years old,11 though, our study 
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included adults 20 years of age and older, adding important data to the current literature 

regarding recent changes in stroke incidence across the lifespan. Data from other 

epidemiologic studies, including Framingham, REGARDS, and Oxford Vascular data, have 

not reported stroke incidence trends over time past 2004.20,21

The lack of a statistically significant change in ICH or SAH over time is notable but must be 

interpreted with caution in the setting of small sample sizes. Possible explanations for stable 

ICH over time despite better control of risk factors like hypertension include higher rates of 

ICH related to anticoagulation for atrial fibrillation22 or increasing statin use. Further 

population-based investigations of temporal trends in risk factor prevalence and severity 

(including hypertension) by stroke subtype are needed to better understand these differences 

by stroke subtype.

Our findings of a decrease in stroke incidence among women between 1993/4 and 2015, but 

not between 1993/4 and 2010,9 demonstrate a potential lag in the decrease of stroke 

incidence in women. The earlier decline in men vs. women could be due to unexplained 

variability but could also be related to an increased awareness of stroke risk in women1 on 

the part of both patients and physicians, sex differences in the way stroke risk factors are 

changing over time, or even competing risks. For example, some data indicate that deaths 

from ischemic heart disease are increasing in women but decreasing in men,23 which has the 

potential to affect stroke incidence by sex over time. These findings emphasize the need for 

ongoing surveillance of temporal changes in stroke incidence by sex to continue to 

characterize these epidemiologic data.

We also demonstrated critical sex differences in case fatality. Specifically, 2015 was the first 

study period in which overall stroke case fatality rates in women surpassed men, despite 

adjustment for age. This is a novel finding which requires further investigation to determine 

contributing factors. Potential factors include the sex difference in stroke risk in the ≥85 

group, as this age category that may drive the overall case fatality. Though our case fatality 

rates are age-adjusted, it is possible that sex differences in survival to age 85 may be 

contributing to differences in case fatality as well. Another possible contributor is a changing 

population of stroke cases over time (i.e., women with greater functional impairment at 

baseline), which is supported by our results showing a decreasing proportion of participants 

who are functionally independent at baseline. Though only speculative, possible 

explanations for more patients with functional impairment at baseline across study periods 

include more patients (especially women) surviving to older ages with greater disability. In 

addition, it is possible that advances in stroke care have resulted in more elderly patients 

with baseline functional impairments and stroke symptoms being evaluated in acute settings 

like the emergency department. A changing epidemiology of stroke in men over time (more 

strokes in the young, fewer in the old), as demonstrated by our findings in this study, could 

also be contributing to our findings of sex differences in case fatality over time. We also 

report a change in case fatality rates for SAH over time for both sexes, which may be related 

to improved stroke care and/or improved identification methods for SAH,24 though these 

data are limited by small numbers.
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Regarding sex-specific differences in stroke incidence over time stratified by age categories, 

trends for stroke in the youngest age group are especially concerning. In this group, stroke 

incidence rates increased over time in men over time but remained stable in women. The 

lack of decreased stroke incidence in this age group overall is consistent with prior 

GCNKSS data through 2005, though the current analysis adds to our knowledge by 

identifying important sex-specific trends.13 Other data on stroke in this age group are 

significantly limited as they come from administrative databases such as the National 

Inpatient Sample25,26 or from cohort studies.27,28 One national cohort study from the 

Netherlands evaluated stroke in the young over time by sex and found an overall increase in 

incidence over time with higher rates among women than men in the 18 to 44 age group.14 

Other data report increased stroke prevalence among women compared with men in the 

midlife age range, suggesting that more young women than men have had strokes, but our 

incidence data do not reflect this.29

Though there are relatively fewer strokes in the 20 to 44 age group compared to the older 

age categories, stroke-related death and disability in this group have the potential to make a 

disproportionate impact on young adults in terms of disability-adjusted life years and health 

care costs over the lifetime. Thus, identification of strategies to reduce strokes in this young 

age group needs to be a priority, and future work should include an increased emphasis on 

the prevention of and management of both traditional (i.e., hypertension, diabetes) and non-

traditional (i.e. substance use, trauma) risk factors in this age group with sex-specific 

approaches. For example, GCNKSS data through 2005 demonstrated increasing use of illicit 

substances prior to stroke between 1993 and 2005, with higher rates of use in men, a 

possible contributing factor to the sex-specific trends in the current study.30

Our finding that stroke rates in the 45-64 age group were stable from 1993/4 to 2015 is 

consistent data from other epidemiologic studies though 2010.12,31 Efforts should continue 

to better identify high risk patients (i.e., those with hypertension, diabetes, etc.), which may 

be feasible given the high prevalence of stroke risk factors in this age group.32

In the oldest age group, the decrease in stroke incidence over time was significant in men but 

not women. Though contributors to the more accentuated decline in stroke incidence among 

men in this age group are not clear, our findings emphasize the importance of future research 

on this topic, especially considering that women comprise the majority of strokes in this 

oldest age group and are at risk for worse functional outcomes.33 It should be noted that our 

findings of sex differences in the ≥ 85 age group are potentially limited by a lower life 

expectancy in men and thus fewer strokes, though adjustment for age may help mitigate this 

limitation. Regardless, improved prevention strategies (including sex-specific approaches) 

for women and men in this oldest age group should be considered.

Limitations

A major limitation in our study is the small number of events in some of the combined sex 

and age subgroups, most notably for those subjects 20-44 years old and for those in the ≥85 

age group. Ability to interpret trends in the ICH and SAH rates over time is also limited due 

to small frequencies. Our findings are also limited by the exclusion of patients with strokes 

in area nursing homes who do not present to a hospital. Though not the primary objective of 
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this study, another limitation of our analysis is the lack of ability to further stratify by race 

due to very small numbers in age, race, and sex subgroups. Our findings of an increasing 

proportion of black individuals over the five study periods, though, emphasizes the need to 

investigate trends over time by race in a future paper.

Conclusions

Our analysis using updated data from GCNKSS through 2015 demonstrated a decrease in 

incidence of all stroke and of IS over time in both women and men. Our age- and sex-

stratified analyses demonstrate differences in how stroke risk by age differs by stroke 

subtype, sex, and over time and points to several future research priorities. Specifically, 

future research is needed to better understand data on trends in stroke incidence in the 

youngest and oldest age groups, with particular attention to sex-specific factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Incidence Rates of All Strokes per 100,000 by Sex and Age Group over Time

Incidence rates are per 100,000 with 95% CI and have been adjusted for age and race, 

standardized to 2010 U.S. Census population

*p<0.05 for change in incidence between 1993/4 and 2015
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Figure 2: 
Incidence Rates of All Strokes per 100,000 by Sex in 20-44 and 45-64 Years Categories

Incidence rates are per 100,000 with 95% CI and have been adjusted for age and race, 

standardized to 2010 U.S. Census population

*p<0.05 for change in incidence between 1993/4 and 2015.
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Table 1:

Baseline Characteristics of Incident Stroke Cases by Sex and Time Period in the Greater Cincinnati Northern 

Kentucky Stroke Study

Year Overall 1993/94 1999 2005 2010 2015

Sex Females Males Females Males Females Males Females Males Females Males Females Males

N 5477 4256 1105 813 1171 834 1055 826 1099 838 1047 945

Age 
(Weighted 

Mean 
(SEM) in 

years

71.8 
(0.40)

67.5 
(0.74)

72.9 
(0.16)

68.8 
(0.56)

73.3 
(0.39)

70.3 
(0.66)

71.1 
(1.05)

66.5 
(0.82)

70.3 
(0.07)

65.8 
(0.29)

71.1 
(0.48)

65.9 
(0.31)

Black 
Race
N (%)

1122 
(20.5)

819 
(19.2)

207 
(18.7)

138 
(17.0)

210 
(17.9)

134 
(16.1)

229 
(21.7)

158 
(19.1)

235 
(21.4)

172 
(20.5)

241 
(23.0)

217 
(23.0)

Baseline 
mRS 0 or 

1
N (%)

2925 
(54.6)

2951 
(70.7)

697 
(66.8)

603 
(79.1)

703 
(61.9)

608 
(74.7)

554 
(52.6)

567 
(69.2)

487 
(44.4)

540 
(64.6)

484 
(46.8)

633 
(67.2)

Age: Study period by sex product term, p=0.37. P<0.0001 for year.

Race: Study period by sex product term, p=0.49. P<0.0001 for year.

Baseline mRS: Study period by sex product term, p<.0001, P<0.0001 for year
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Table 2:

Stroke Incidence Rates per 100,000 over Time by Sex in the Greater Cincinnati Northern Kentucky Stroke 

Study

1993/94 1999 2005 2010 2015

Type of 
stroke

Females Males Females Males Females Males Females Males Females Males

All 229* 
(215, 
242) 

[n=1105]

282* 
(263, 
301) 

[n=813]

265 (251, 
279) 

[n=1171]

303 
(283, 
323) 

[n=834]

220 (207, 
232) 

[n=1055]

245 
(229, 
261) 

[n=826]

210 (198, 
222) 

[n=1099]

205 
(191, 
219) 

[n=838]

174 (163, 
185) 

[n=1047]

211 
(198, 
225) 

[n=945]

Female/male 
rate ratio

0.81 (0.74, 0.88) 0.87 (0.80, 0.95) 0.89 (0.82, 0.97) 1.03 (0.93, 1.12) 0.84 (0.93, 1.12)

Ischemic 
Stroke

202* 
(189, 
214) 

[n=972]

254* 
(236, 
272) 

[n=719]

218 (206, 
231) 

[n=1003]

270 
(251, 
288) 

[n=746]

178 (167, 
189) 

[n=924]

220 
(205, 
235) 

[n=725]

183 (175, 
197) 

[n=943]

178 
(165, 
191) 

[n=719]

151 141, 
161) 

[n=910]

182 
(170, 
195) 

[n=822]

Female/Male 
rate ratio

0.79 (0.72, 0.87) 0.81 (0.74, 0.88) 0.81 (0.73, 0.89) 1.03 (0.93, 1.13) 0.83 (0.75, 0.91))

Intracranial 
hemorrhage

27 (23, 
32) 

[n=140]

33 (27, 
40) 

[n=110]

35 (30, 
40) 

[n=167]

37 (30, 
43) 

[n=131]

31 (26, 
36) 

[n=171]

38 (32, 
44) 

[n=145]

28 (23, 
32) 

[n=158]

34 (28, 
39) 

[n=143]

30 (25, 
34) 

[n=183]

32 (27, 
38) 

[n=149]

Female/Male 
risk ratio

0.82 (0.61, 1.03) 0.96 (0.74, 1.18) 0.81 (0.63, 0.99) 0.81 (0.63, 1.00) 0.91 (0.71, 1.12)

Subarachnoid 
hemorrhage

12 (9, 15) 
[n=58]

8 (5, 12) 
[n=27]

14 (11, 
18) 

[n=71]

6 (4, 8) 
[n=24]

13 (10, 
16) 

[n=67]

6 (3, 8) 
[n=24]

11 (8, 14) 
[n=59]

5 (3, 8) 
[n=25]

8 (6, 11) 
[n=48]

11 (8, 
14) 

[n=40]

Female/Male 
risk ratio

1.44 (0.74, 2.13 ) 2.39 (1.26, 3.52) 2.15 (1.13, 3.17) 2.00 (1.05, 2.95) 0.79 (0.47. 1.10)

Incidence rates (95% CI) are per 100,000 and adjusted by age and race using standardization to the 2010 United States population. The unweighted 
number of strokes are shown in square brackets as [n=].

*
Adjusted p-value< 0.05 for comparison between 1993/94 and 2015 using Bonferroni correction

Note: Incidence rates and the unweighted numbers shown are type specific, and “All” includes any type of stroke; Ischemic, ICH, SAH or 
Unknown. The rate for “All Strokes” was estimated using only those stroke patients with no prior stroke of any type, whereas rates by stroke 
subtype are estimated using only individuals who have not had a previous stroke of that specific stroke subtype.
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Table 3:

Incidence Rates for All Strokes, per 100,000, by Sex and Age Group and by Time Period

N Overall Incidence (95% 
CI)

N Incidence in Females 
(95% CI)

N Incidence in Males 
(95% CI)

Rate ratio Females/
Males (95% CI)

20-44 years old

1993/4 87 17* (14, 21) 52 20 (14, 25) 35 15* (10, 20) 1.32 (0.75, 1.89)

1999 111 22 (18, 27) 61 24 (18, 30) 50 21 (15, 27) 1.12 (0.70, 1.54)

2005 140 31 (26, 36) 81 35 (27, 42) 59 27 (20, 33) 1.30 (0.87, 1.74)

2010 119 26 (21, 31) 65 27 (21, 34) 54 25 (18, 31) 1.11 (0.71, 1.51)

2015 132 28 (23, 33) 62 26 (19, 32) 70 31 (24, 38) 0.82 0.54, 1.10)

45-64 years old

1993/4 412 165 (149, 181) 192 144 (123, 164) 220 187 (162, 211) 0.77 (0.62, 0.92)

1999 456 161 (146, 175) 218 144 (125, 164) 238 177 (154, 199) 0.82 (0.67, 0.97)

2005 570 169 (155, 182) 256 144 (126, 161) 314 195 (173, 217) 0.74 (0.61, 0.86)

2010 657 175 (161, 188) 316 161 (143, 179) 341 189 (1769, 209) 0.85 (0.72, 0.98)

2015 652 171 (158, 184) 284 142 (125, 158) 368 201 (181, 222) 0.70 (0.66, 0.81)

65-84 years old

1993/4 1111 757* (712, 802) 637 713* (658, 769) 474 810* (737, 883) 0.88 (0.78, 0.99)

1999 1082 751 (706, 796) 622 723 (666, 780) 460 784 (713, 856) 0.92 (0.81, 1.03)

2005 878 618 (577, 659) 499 592 (540, 645) 379 647 (582, 712) 0.92 (0.79, 1.04)

2010 813 553 (515, 591) 462 553 (502, 604) 351 554 (496, 612) 1.00 (0.86, 1.14)

2015 861 510 (476, 545) 453 482 (437, 527) 408 546 (493, 600) 0.88 (0.76, 1.00)

≥ 85 years old

1993/4 308 1696* (1502, 1890) 224 1619 (1406, 1831) 84 1858* (1458, 2258) 0.87 (0.65, 1.09)

1999 356 1751 (1566, 1937) 270 1785 (1571, 1999) 86 1677 (1321, 2033) 1.06 (0.80, 1.32)

2005 293 1258 (1112, 1403) 219 1317 (1141, 1492) 74 1134 (874, 1394) 1.16 (0.85, 1.47)

2010 348 1446 (1293, 1599) 256 1519 (1332, 1706) 92 1287 (1024, 1551) 1.18 (0.90, 1.46)

2015 347 1322 (1182, 1462) 248 1406 (1230, 1583) 99 1146 (920, 1372) 1.23 (0.94, 1.51)

Rates include inpatient and out-of-hospital ascertained and are standardized to the 2010 United States population, adjusted by sex, race and age (for 
overall incidence rates), or race and age (for sex-specific rates). Columns with the heading N represent unweighted frequency of stroke events.

*
P<0.05 for comparison between first and last study periods.
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Table 4:

GCNKSS Thirty-Day Case-Fatality Rates, adjusted for age and race (95% CI) after Incident Stroke, by Sex 

and Stroke Subtype

Year 1993/94 1999 2005 2010 2015

Sex Females
N (%)

[95% CI]

Males
N (%)

[95% CI]

Females
N (%)

[95% CI]

Males
N (%)

[95% CI]

Females
N (%)

[95% CI]

Males
N (%)

[95% CI]

Females
N (%)

[95% CI]

Males
N (%)

[95% CI]

Females
N (%)

[95% CI]

Males
N (%)

[95% CI]

All 

strokes*
181 (13.1) 
[10.8,15.8]

119 (12.7) 
[10.2,15.7]

202 (12.5) 
[10.4,15.0]

136 (14.7) 
[12.0,18.0]

179 (13.0) 
[10.8,15.6]

124 (13.0) 
[10.6,16.0]

193 (13.3) 
[11.1,16.0]

108 (12.3) 
[10.0,15.2]

181 

(12.8)** 
[10.5,15.6]

95 (9.2) 
[7.3, 11.6]

Ischemic 128 (8.3) 
[6.4, 10.8]

85 (9.0) 
[6.8, 10.8]

132 (9.0) 
[7.1, 11.5]

88 (9.0) 
[6.9, 11.8]

117 (8.7) 
[6.8, 11.2]

73 (8.1) 
[6.2, 10.7]

123 (8.6) 
[6.7, 11.0]

66 (7.9) 
[6.0, 10.6]

115 (8.6) 
[6.6, 11.2]

53 (5.6) 
[4.1, 7.6]

ICH 51 (34.3) 
[24.8,47.5]

38 (35.1) 
[24.8,49.6]

70 (34.4) 
[26.0,45.6]

53 (42.1) 
[31.1,56.9]

76 (38.8) 
[29.1,51.6]

62 (40.7) 
[30.0,55.3]

69 (37.1) 
[27.7,49.7]

53 (36.7) 
[27.7,49.6)

88 (37.1) 
[28.5,48.2]

47 (29.1) 
[21.1,40.0]

SAH 25 (39.6) 
[24.4,64.2]

9 (32.3) 
[15.4,67.6]

24 (32.4) 
[20.0,52.5]

7 (29.3) 
[13.0,64.5]

20 (26.2) 
[15.8,43.7]

5 (18.1) 
[7.1,46.4]

17 (23.7) 
(13.1,42.7]

4 (15.6) 
[5.5,44.6]

8 (15.4) 
[7.2,33.0]

9 (16.0) 
[6.9, 39.7]

*
All strokes: sex by year product term p=0.04, adjusting for race and age

**
P-values for sex difference < 0.05
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