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Abstract

Background and Purpose——Recent national and state-level trends show a stalling or
reversal of previously declining stroke death rates. These national trends may mask local
geographic variation and changes in stroke mortality. We assessed county-level trends in stroke
mortality among adults aged 35 to 64 and =65 years.

Methods——We used data from National Vital Statistics Systems and a Bayesian multivariate
space-time conditional autoregressive model to estimate age-standardized annual stroke death rates
for 2010 through 2016 among middle-aged adults (35-64 years) and older adults (=65 years) in
US counties. We used log-linear regression models to estimate average annual and total percent
change in stroke mortality during the period.

Results Nationally, the annual percent change in stroke mortality from 2010 to 2016 was
-0.7% (95% ClI, —4.2% to 3.0%) among middle-aged adults and —3.5% (95% ClI, —10.7% to
4.3%) among older adults, resulting in 2016 rates of 15.0 per 100 000 and 259.8 per 100 000,
respectively. Increasing county-level stroke mortality was more prevalent among middle-aged
adults (56.6% of counties) compared with among older adults (26.1% of counties). About half
(48.3%) of middle-aged adults, representing 60.2 million individuals, lived in counties in which
stroke mortality increased.

Conclusions——County-level increases in stroke mortality clarify previously reported national
and state-level trends, particularly among middle-aged adults. Roughly 3xas many counties
experienced increases in stroke death rates for middle-aged adults compared with older adults.
This highlights a need to address stroke prevention and treatment for middle-aged adults while
continuing efforts to reduce stroke mortality among the more highly burdened older adults. Efforts
to reverse these troubling local trends will likely require joint public health and clinical efforts to
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develop innovative and integrated approaches for stroke prevention and care, with a focus on
community-level characteristics that support stroke-free living for all.
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Methods

Data Source

Despite long-term declines in stroke mortality, stroke still accounts for over 140 000 deaths
each year and remains the fifth leading cause of death in the United States.! Recently, the
declining trend in national stroke death rates has reversed, particularly among adults 35 to 64
years old.2 From 2013 to 2015, 75% of US states experienced a slowing, stalling or reversal
of previously declining stroke death rates among adults =35 years. The biggest increases
were observed among states in the South Census Region, in which stroke death rates
experienced a statistically significant increase of 4.2% per year from 2013 to 2015 (after
declining 3.3% per year from 2006-2013).2

While national and state-level trends in stroke mortality have been documented for several
decades, local trends in smaller geographic areas are less thoroughly characterized. As seen
with heart disease mortality,3# describing only national or state-level changes in mortality
may mask important changes in trends occurring at the local level. From a surveillance
perspective, understanding geographic disparities in local trends are important for better
targeting of limited health resources. Therefore, to better understand these local changes, we
assessed county-level trends in stroke death rates between 2010 and 2016 for ages 35 to 64
years and =65 years.

Data used in this study can be obtained by submitting a research request to the National
Association for Public Health Statistics and Information Systems.® Because this research
used only publicly available county-level data, institutional review board approval was not
required. Using data collected within the National Vital Statistics System,® we identified the
annual number of deaths attributed to stroke (underlying cause of death /nternational
Classification of Diseases, Tenth Revision, codes 160-169) that occurred among adults aged
>35 years nationally and in each US county during 2010 to 2016. We used National Center
for Health Statistics bridged-race annual county-level population estimates for death rate
calculations.’

Estimating Death Rates and Percent Change

We used a Bayesian multivariate space-time conditional autoregressive model that has been
previously described® to estimate annual county-level death rates for stroke. The model,
which includes correlations across space, time and demographic groups of interest,
iteratively estimates parameters and borrows strength from adjacent groups to estimate rates
with improved precision.? Each model was fit using a Markov chain Monte Carlo (MCMC)
algorithm developed in R programming language. Using these models, we estimated county-
level stroke death rates for middle-aged adults (ages 35-64 years) and older adults (ages =65
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years) for the years 2010 through 2016 as the medians of the posterior distributions. The
2.5th and 97.5th percentile values from the posterior distributions of the MCMC iterations
were used to calculate 95% credible intervals (95% CI). All rate estimates were standardized
to the age distribution (by 10-year age bands) of the 2010 US population.10

For each MCMC iteration, we calculated average annual and total percent change from 2010
to 2016 for each age group with separate log-linear regression models in each county using
the age standardized county-specific rates for all 7 years. Percent change was estimated as
the median of all MCMC iterations with a 95% CI determined by the 2.5th and 97.5th
percentile values of the MCMC iterations.

Summarizing Trends in Stroke Death Rates

To assess spatiotemporal trends for each age group (35-64 years, =65 years), we mapped the
estimated 2016 stroke death rates and total percent change (2010-2016) for each county.

To summarize trends, we calculated the proportion of each age group specific population
living in counties where stroke death rates increased (ie, the estimated percent change was
>0) from 2010 to 2016. Additionally, we calculated the proportion of counties that had an
increase in stroke death rates.

Data Suppression

Results

County-level rates were considered unreliable if the CI width was larger than the point
estimate, or there were less than 100 people in the age group within a county for any single
year.11 If a county had one or more unreliable estimated stroke death rates between 2010 and
2016 for either age group, estimated death rates, and trends for both age groups in that
county were suppressed. This suppression criteria resulted in a common set of counties
across age groups. Among the 3115 counties in the United States, 98.9% (n=3081) had
reliable stroke death rates for both age groups and all study years (2010-2016) and were
included in this study (Table I in the online only Data Supplement).

National Stroke Death Rates and Trends

In 2016, the national age-adjusted stroke death rate was 15.0 per 100 000 (95% Cl, 14.8—
15.2) among middle-aged adults (aged 35-64 years) and 259.8 per 100 000 (95% ClI, 258.4—
261.3) among older adults (aged =65 years; Table). Nationally, from 2010 through 2016, the
total percent change in stroke death rates among middle-aged adults was —0.7% (95% ClI,
-4.2% to 3.0%), and among older adults was —3.5% (95% CI, —10.7% to 4.3%).

County-Level Stroke Death Rates and Trends

In 2016, the median county-level stroke death rate per 100 000 was 15.4 (inter-decile range,
10.0-25.9) for middle-aged adults and 271.4 (inter-decile range, 215.6-347.0) per 100 000
for older adults (Table). The distribution of total percent change in stroke death rates among
counties varied substantially between age groups. Among the middle-aged group, median
total percent change was an increase of 3.1% (inter-decile range, —10.4% to 18.9%), while
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for the older age group the median total percent change was a decrease of 9.1% (inter-decile
range, —20.5% to 4.9%).

Increasing stroke death rates were more widespread among the middle-aged adult group,
with 56.6% (95% ClI, 53.3%-59.4%) of counties experiencing an increase in stroke death
rates, compared with 26.1% (95% CI, 23.9%-28.1%) of counties among older adults
(Table). About half (48.3% [95% ClI, 46.6%-51.0%]) of adults aged 35 to 64 years lived in a
county in which stroke death rates for their age group increased between 2010 and 2016
compared with 37.7% (95% ClI, 35.5%-39.2%) of adults aged =65 years. Over one in 4
counties (27.7%) experienced a relative 10% or higher increase in stroke mortality among
adults aged 35 to 64 years. In contrast, among adults aged =65 years, almost half of counties
(45.3%) experienced a 10% or greater decrease in stroke mortality.

The spatial patterns of county-level stroke death rates in 2016 were similar across age
groups, with higher rates occurring primarily in the southeast (Figure). However, the spatial
patterns of temporal trends (total percent change) in county-level stroke death rates varied by
age group. For middle-aged adults, counties with increasing stroke death rates were
widespread across the country. For older adults, increasing stroke death rates were located
primarily in parts of the southeast, southern Florida, and the border of Colorado and New
Mexico (Figure).

Discussion

Our county-level analysis of recent trends in stroke death rates refines our understanding of
previously reported national trends and state-level increases.212 The national stagnation in
stroke death rates between 2010 and 2016 concealed pervasive county-level increases. Like
recent trends in heart disease death rates,313-15 these increases in county-level stroke death
rates were more prevalent among working-aged individuals aged 35 to 64 years than in
individuals aged =65 years. These results highlight the importance of considering, and
accounting for, geographic variation in future stroke mortality research. Additionally, within
the context of recent national increases in midlife all-cause mortality,1 these local increases
in stroke death rates help to inform both the geographic focus and the strategies required to
improve on these troubling trends.

First, the difference in trends across age groups is remarkable. National trends in stroke
death rates are driven primarily by death rates among adults aged =65 years, since this age
group has the majority of prevalent and incident stroke cases.? By stratifying by age group,
we were able to reveal the local differences in trends by age group. Roughly 3x as many
counties experienced increases in stroke death rates from 2010 to 2016 for ages 35 to 64
compared with ages =65 years. This finding illustrates a critical need to improve stroke
prevention and treatment among working-age individuals while continuing efforts to reduce
stroke mortality among more highly burdened older adults. The documented prevalence of
inadequately diagnosed!” and managed risk factors particularly concerns among adults aged
35 to 64 years.18 Nationally, this age group, of whom about half live in counties with
increasing stroke death rates, represents, annually, an estimated 100 million missed
opportunities to address key stroke risk factors, including managing uncontrolled
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hypertension and cholesterol, diabetes mellitus, reducing physically inactivity, and
combustible tobacco product use.18:19

This county-level analysis also revealed important geographic patterns in recent stroke death
rates and how those rates have changed over time. The highest rates continued to be
observed in the long-established Stroke Belt20:21 in the southern United States, but a
majority of the largest increases in stroke death rates occurred outside this area. Therefore,
since the southern United States also has the highest prevalence of key traditional stroke risk
factors,22 factors influencing temporal trends in stroke death rates may differ from those
influencing cross-sectional rates. County-level increases in stroke death rates may instead
reflect county-level variation in increases in stroke risk factors,23 including hypertension,
high cholesterol, diabetes mellitus, obesity, and tobacco use. Additionally, geographic
disparities in increasing stroke death rates may stem from local differences in access to care.
24,25 The availability and access to quality stroke care varies across the country, and
addressing access to care may be especially important for middle-aged adults. Additionally,
socio-economic conditions should be considered in subsequent efforts to understand and
address the observed increases in stroke death rates.26:27

From a global perspective, our county-level results from the United States suggest the
importance of sub-national analyses of stroke mortality trends in gaining greater
understanding of the epidemiology of stroke. Historically, declines in stroke death rates in
many high-income countries mirrored those in the United States.?8 Recently, as many
European countries experienced continued declines,?? stroke death rates in some countries
plateaued, especially in younger adults.3% As this pattern mirrors recent stagnation in the
United States, sub-national estimates of trends in stroke death rates could reveal places with
local trends that oppose what was observed nationally. Additionally, the developing world
experiences most of the global burden of stroke, leading to the concept of a global stroke
belt across Eastern Europe, East and Southeast Asia, Central Africa, and Oceania.3!
Although these countries have also experienced declining stroke death rates since the 1990s,
28 their epidemiological transition to a greater burden of chronic disease has resulted in
increases in the numbers of stroke deaths.32 Given this high burden and the younger age
distribution of many developing countries, our results from the United States reinforce the
need for continued stroke surveillance in younger populations and potential for geographic
variation in stroke death rates in these high burden countries.

Improving the prevention and control of risk factors may then be key to interventions
coordinated by both the public health and clinical communities. A combination of evidence-
based strategies tailored to younger adults (ages 35-64),1° coordinated systems of stroke
care, and macro-level interventions in the economic, political and social environments24
should be considered to reverse these troubling trends. For example, the US Centers for
Disease Control and Prevention and Centers for Medicare and Medicaid Services have
established the Million Hearts 2022 initiative,33 which aims to prevent one million
myocardial infarctions, strokes and other acute cardiovascular events during 2017 to 2021
through the implementation of evidence-based strategies to address the leading causes of
heart disease and stroke.1® Adults 35 to 64 years of age comprises one of the primary
priority populations in the Million Hearts 2022 initiative. Additionally, Centers for Disease

Stroke. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al. Page 6

Control and Prevention’s Paul Coverdell National Acute Stroke Program34 works with
healthcare partners to improve the quality of stroke care and to develop coordinated systems
of care to reduce stroke-related death and disability.

The primary limitation of this study is the potential misclassification of deaths based on the
use of death certificate data. However, the use of death certificates at the aggregate level for
surveillance has been validated and is widely accepted.3® The use of broad /nternational
Classification of Diseases categories for stroke further reduces the potential for
misclassification.36 Unlike cohort studies, vital statistics data includes all recorded deaths,
minimizing concerns about selection bias and the generalizability. Additionally, by applying
our Bayesian model to these data, we were able to generate estimates that were more robust
and precise than other methods, and also enabling the reporting of estimates for most
counties.® Finally, these county-level trends may also vary by sex, race/ethnicity, or other
demographic groups. Future research will explore disparities in these spatiotemporal trends.

Widespread increases in stroke death rates at the county level, especially among ages 35 to
64, are alarming, especially since up to 80% are preventable.3” Efforts to reverse these
troubling local trends will require joint efforts from public health and clinical communities
to develop innovative and integrated approaches for stroke prevention, with an eye to
community-level characteristics that support stroke-free living for all.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

Sources of Funding

This work was supported by the US Centers for Disease Control and Prevention.

References

1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al.; American Heart
Association Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke
statistics-2017 update: a report from the American Heart Association. Circulation. 2017;135:e146—
€603. doi: 10.1161/CIR.0000000000000485 [PubMed: 28122885]

2. Yang Q, Tong X, Schieb L, Vaughan A, Gillespie C, Wiltz JL, et al. Vital signs: recent trends in
stroke death rates - United States, 2000-2015. MMWR Morb Mortal WKkly Rep. 2017;66:933-939.
doi: 10.15585/mmwr.mm6635el [PubMed: 28880858]

3. Vaughan AS, Ritchey MD, Hannan J, Kramer MR, Casper M. Widespread recent increases in
county-level heart disease mortality across age groups. Ann Epidemiol. 2017;27:796-800. doi:
10.1016/j.annepidem.2017.10.012 [PubMed: 29122432]

4. Casper M, Kramer MR, Quick H, Schieb LJ, Vaughan AS, Greer S. Changes in the geographic
patterns of heart disease mortality in the United States: 1973 to 2010. Circulation. 2016;133:1171—
1180. doi: 10.1161/CIRCULATIONAHA.115.018663 [PubMed: 27002081]

Stroke. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 7

. National Association for Public Health Statistics and Information Systems. Research requests. 2016

Available at http://www.naphsis.org/programs/vital-statistics-data-research-request-process.
Accessed August 24, 2019.

. Centers for Disease Control and Prevention NCfHS. National vital statistics system. 2018 Available

at https://www.cdc.gov/nchs/nvss/deaths.htm. Accessed August 24 2019.

. National Center for Health Statistics. Us census populations with bridged race categories. 2017

Available at https://www.cdc.gov/nchs/nvss/bridged_race.htm. Accessed August 24, 2019

. Quick H, Waller LA, Casper M. A multivariate space—time model for analysing county level heart

disease death rates by race and sex. J R Stat Soc Series C (Applied Statistics). 2018;67:291-304.

. Vaughan AS, Kramer MR, Waller LA, Schieb LJ, Greer S, Casper M. Comparing methods of

measuring geographic patterns in temporal trends: an application to county-level heart disease
mortality in the united states, 1973 to 2010. Ann Epidemiol. 2015;25:329-335.e323. doi: 10.1016/
j.annepidem.2015.02.007 [PubMed: 25776848]

. US Census Bureau. 2010 census demographic profile summary - file dpsfl. 2011.

Centers for Disease Control and Prevention. United states cancer statistics (uscs): Suppression of
rates and counts. 2018.

Sidney S, Quesenberry CP Jr, Jaffe MG, Sorel M, Nguyen-Huynh MN, Kushi LH, et al. Recent
trends in cardiovascular mortality in the United States and public health goals. JAMA Cardiol.
2016;1:594-599. doi: 10.1001/jamacardio.2016.1326 [PubMed: 27438477]

Vaughan AS, Quick H, Schieb L, Kramer MR, Taylor HA, Casper M. Changing rate orders of race-
gender heart disease death rates: an exploration of county-level race-gender disparities. SSM Popul
Health. 2019;7:100334. doi: 10.1016/j.ssmph.2018.100334 [PubMed: 30581967]

Ma J, Ward EM, Siegel RL, Jemal A. Temporal trends in mortality in the United States, 1969-
2013. JAMA. 2015;314:1731-1739. doi: 10.1001/jama.2015.12319 [PubMed: 26505597]

Wilmot KA, O’Flaherty M, Capewell S, Ford ES, Vaccarino V. Coronary heart disease mortality
declines in the United States From 1979 through 2011: evidence for stagnation in young adults,
especially women. Circulation. 2015;132:997-1002. doi: 10.1161/CIRCULATIONAHA.
115.015293 [PubMed: 26302759]

Woolf SH, Chapman DA, Buchanich JM, Bobby KJ, Zimmerman EB, Blackburn SM. Changes in
midlife death rates across racial and ethnic groups in the United States: systematic analysis of vital
statistics. BMJ. 2018;362:k3096. doi: 10.1136/bmj.k3096 [PubMed: 30111554]

Wall HK, Hannan JA, Wright JS. Patients with undiagnosed hypertension: hiding in plain sight.
JAMA. 2014;312:1973-1974. doi: 10.1001/jama.2014.15388 [PubMed: 25399269]

Wall HK, Ritchey MD, Gillespie C, Omura JD, Jamal A, George MG. Vital signs: prevalence of
key cardiovascular disease risk factors for million hearts 2022 - United States, 2011-2016.
MMWR Morb Mortal WKly Rep. 2018;67:983-991. doi: 10.15585/mmwr.mm6735a4 [PubMed:
30188885]

Wright JS, Wall HK, Ritchey MD. Million hearts 2022: small steps are needed for cardiovascular
disease prevention. JAMA. 2018;320:1857-1858. doi: 10.1001/jama.2018.13326 [PubMed:
30193304]

Lanska DJ, Kuller LH. The geography of stroke mortality in the United States and the concept of a
stroke belt. Stroke. 1995;26:1145-1149. doi: 10.1161/01.5tr.26.7.1145 [PubMed: 7604404]
Casper ML, Wing S, Anda RF, Knowles M, Pollard RA. The shifting stroke belt. Changes in the
geographic pattern of stroke mortality in the United States, 1962 to 1988. Stroke. 1995;26:755—
760. doi: 10.1161/01.5tr.26.5.755 [PubMed: 7740562]

Fang J, Gillespie C, Ayala C, Loustalot F. Prevalence of self-reported hypertension and
antihypertensive medication use among adults aged =18 years - United States, 2011-2015.
MMWR Morb Mortal WKly Rep. 2018;67:219-224. doi: 10.15585/mmwr.mm6707a4 [PubMed:
29470459]

George MG, Tong X, Bowman BA. Prevalence of cardiovascular risk factors and strokes in
younger adults. JAMA Neurol. 2017;74:695-703. doi: 10.1001/jamaneurol.2017.0020 [PubMed:
28395017]

Zajacova A, Montez JK. Macro-level perspective to reverse recent mortality increases. Lancet.
2017;389:991-992. doi: 10.1016/S0140-6736(17)30186-1 [PubMed: 28131492]

Stroke. Author manuscript; available in PMC 2020 December 01.


http://www.naphsis.org/programs/vital-statistics-data-research-request-process
https://www.cdc.gov/nchs/nvss/deaths.htm
https://www.cdc.gov/nchs/nvss/bridged_race.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

Page 8

Rodgers A, Woodward A, Swinburn B, Dietz WH. Prevalence trends tell us what did not
precipitate the US obesity epidemic. Lancet Public Health. 2018;3:162-e163. doi: 10.1016/
S2468-2667(18)30021-5 [PubMed: 29501260]

Mullen MT, Wiebe DJ, Bowman A, Wolff CS, Albright KC, Roy J, et al. Disparities in
accessibility of certified primary stroke centers. Stroke. 2014;45:3381-3388. doi: 10.1161/
STROKEAHA.114.006021 [PubMed: 25300972]

Syed ST, Gerber BS, Sharp LK. Traveling towards disease: transportation barriers to health care
access. J Community Health. 2013;38:976-993. doi: 10.1007/s10900-013-9681-1 [PubMed:
23543372]

Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al.; Global
Burden of Diseases, Injuries, and Risk Factors Study 2010 (GBD 2010) and the GBD Stroke
Experts Group. Global and regional burden of stroke during 1990-2010: findings from the Global
Burden of Disease Study 2010. Lancet. 2014;383:245-254. doi: 10.1016/s0140-6736(13)61953-4
[PubMed: 24449944]

Wang H, Sun W, Ji Y, Shi J, Xuan Q, Wang X, et al. Trends in age specific cerebrovascular disease
in the European Union. Int J Clin Exp Med. 2014;7:4165-4173. [PubMed: 25550927]

Shah R, Wilkins E, Nichols M, Kelly P, EI-Sadi F, Wright FL, et al. Epidemiology report: trends in
sex-specific cerebrovascular disease mortality in Europe based on WHO mortality data. Eur Heart
J. 2019;40:755-764. doi: 10.1093/eurheartj/ehy378 [PubMed: 30124820]

Kim AS, Cahill E, Cheng NT. Global stroke belt: geographic variation in stroke burden worldwide.
Stroke. 2015;46:3564-3570. doi: 10.1161/STROKEAHA.115.008226 [PubMed: 26486867]
Krishnamurthi RV, Moran AE, Feigin VL, Barker-Collo S, Norrving B, Mensah GA, et al.; GBD
2013 Stroke Panel Experts Group. Stroke prevalence, mortality and disability-adjusted life years in
adults aged 20-64 years in 1990-2013: data from the Global Burden of Disease 2013 Study.
Neuroepidemiology. 2015;45:190-202. doi: 10.1159/000441098 [PubMed: 26505983]

Centers for Disease Control and Prevention. Million hearts 2022—preventing 1 million heart
attacks and strokes by 2022. 2018 Available at https://millionhearts.hhs.gov/files/MH-2022-Fact-
Sheet.pdf. Accessed August 24, 2019.

Centers for Disease Control and Prevention. Paul coverdell national acute stroke program. 2019.
Coady SA, Sorlie PD, Cooper LS, Folsom AR, Rosamond WD, Conwill DE. Validation of death
certificate diagnosis for coronary heart disease: the Atherosclerosis Risk in Communities (ARIC)
Study. J Clin Epidemiol. 2001;54:40-50. doi: 10.1016/s0895-4356(00)00272-9 [PubMed:
11165467]

Ives DG, Samuel P, Psaty BM, Kuller LH. Agreement between nosologist and cardiovascular
health study review of deaths: implications of coding differences. J Am Geriatr Soc. 2009;57:133—
139. doi: 10.1111/j.1532-5415.2008.02056.x [PubMed: 19016930]

Vital signs: avoidable deaths from heart disease, stroke, and hypertensive disease united states,
2001-2010. MMWR Morb Mortal Wkly Rep. 2013;62:721-727. [PubMed: 24005227]

Stroke. Author manuscript; available in PMC 2020 December 01.


https://millionhearts.hhs.gov/files/MH-2022-Fact-Sheet.pdf
https://millionhearts.hhs.gov/files/MH-2022-Fact-Sheet.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hall et al.

Page 9

Age-Standardized Rate
(per 100,000)
610 <12 (27.1%)
1210 <14 (15.0%)
W 14 t0<17 (19.9%)
W 1710 <22 (19.5%)
W 22054 (17.5%)

Unreliable Estimate (1.1%)

Total Percent Change
10-201

W -100rtess (10.7%)
-10 to <-2 (21.4%)
210 <0 (6.0%)
0to <2 (7.7%)

1 210 <10 (25.4%)

W 10 0r more (27.7%)

Unreliable Estimate (1.1%)

Stroke Death Rates
Ages 35-64 Years, 2016

Percent Change in Stroke Death Rates
Ages 35-64 Years, 2010-2016

Stroke Death Rates
Ages 65+ Years, 2016

Percent Change in Stroke Deaths

Ages 65+ Years, 2010-2016

Age-Standardized Rate
(per 100,000)
50 to <234 (20.0%)
234 to <260 (19.9%)
I 260 to <284 (19.6%)
Il 284 t0 <318 (19.8%)
Il 31810823 (19.6%)

Unreliable Estimate (1.1%)

Total Percent Change
2010-2016
[l -100rtess (45.3%)
| -10t0 <2 (30.5%)
210 <0 (4.8%)
0t0 <2 (3.8%)
1 2to <10 (05%)
W 100r more (5.0%)

Unreliable Estimate (1.1%)

Figure.

County-level estimated stroke death rates in 2016 and total percent change during 2010—

2016, by age group, United States, 2010-2016.
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Estimated National and County-Level Stroke Death Rates and Percent Change Among Adults Aged =35

Table.

Years, by Age Group, United States, 2010-2016

National 35-64y >65y
2010 rate per 100 000 (95% Cl) 15.1 (14.9t0 15.3) | 273.1 (271.5t0 274.8)
2016 rate per 100 000 (95% Cl) 15.0 (14.8t0 15.2) | 259.8 (258.4 to 261.3)

Total relative percent change (95% CI)

-0.7 (-4.210 3.0)

-3.5(-10.7 10 4.3)

County-level (n=3081)

2010 rate per 100 000 (median, IDR) 14.7 (9.8 10 25.8) | 299.3 (239.4 to 380.8)
2016 rate per 100 000 (median, IDR) 15.4 (10.0t0 25.9) | 271.4 (215.6 to 347.0)
Total relative percent change (median, IDR) 3.1(-10.4t0 18.9) -9.1(-20.5t04.9)
% of counties with increasing rates 56.6 (53.3 to 59.4) 26.1 (24.0to 28.1)
% of population living in counties with increasing rates 48.3 (46.6 t0 51.0) 37.7 (35.5t0 39.2)
Population in counties with increasing rates (in millions) | 60.2 (58.1 to 63.6) 18.5 (17.5t0 19.3)

IDR indicates the inter-decile range (10th and 90th percentiles).
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