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Declining Stroke Incidence and Improving Survival
in US Communities
Evidence for Success and Future Challenges
Ralph L. Sacco, MD; Chuanhui Dong, MD, PhD

Stroke affects an estimated 795000 Americans each year, re-
mains the fourth leading cause of death, and is the main cause
of adult disability in the United States.1 Worldwide, stroke ranks

as the second leading cause of
death, responsible for 9.5% of
total deaths each year, with a
greater burden in develop-
ing countries.2 Over the past

decade, overall stroke mortality has declined, primarily in west-
ern countries. Moreover, several studies have documented a
decrease in stroke incidence rates.3-6 These favorable trends
are likely due to better vascular risk factor control and im-
provements in acute stroke treatment at many institutions, in-
cluding specialized stroke centers.7 In the United States, how-
ever, there are persistent racial, ethnic, sex, and regional
disparities in age-adjusted stroke mortality rates,8-10 and long-
term temporal trend data on validated stroke incidence by race
and ethnicity are scarce.

In this issue of JAMA, Koton and colleagues evaluate tem-
poral trends in stroke incidence and all-cause mortality after
stroke among black and white adults in the well-designed pro-
spective Atherosclerosis Risk in Communities (ARIC) cohort.11

This well-known cohort consisted of residents who were aged
45 to 65 years at baseline and recruited using probability sam-
pling in 4 different communities. From 1987 to 2011, the inves-
tigators followed up 14 357 participants free of stroke at base-
line for all stroke hospitalizations and ascertained stroke deaths
through linkage with the National Death Index. Physicians ad-
judicated all possible strokes and classified them as definite or
probable ischemic or hemorrhagic events. Data on cardiovas-
cular risk factors were collected at baseline and 3 follow-up vis-
its, and annual phone interviews and active surveillance of dis-
charges from local hospitals were conducted using consistent
methods across time and study centers. The richness of this data
set permits examination of several important questions.

During the 24-year study period, 1051 participants (7%) had
an incident stroke, for an overall rate of 3.56 per 1000 person-
years. The ARIC data confirm the greater relative incidence of
stroke among men compared with women and among blacks
compared with whites. The important new results demon-
strate a substantial and similar decrease in stroke incidence per
10 years among men, women, whites, and blacks, with an over-
all absolute decline of 0.93 per 1000 person-years over each 10-
year interval. The decline in stroke incidence among blacks is
encouraging because this population has had some of the great-

est stroke risks in multiple studies, including ARIC. However,
the declines in stroke incidence rates were evident only among
those aged 65 years or older, not among those younger than 65
years. These temporal trends persisted after adjusting for mul-
tiple demographic variables and the time-varying effects of risk
factors such as smoking, hypertension, diabetes, coronary heart
disease, and use of cholesterol-lowering medications. More-
over, among the 1051 patients with incident stroke, there were
614 deaths from all causes. All-cause mortality after stroke de-
creased over time (overall absolute decline of 8.09 per 100
strokes after 10 years), and the decrease was greater in patients
with incident stroke who were younger than 65 years.

Comparisons of the time-varying vascular risk factors can
provide several data-driven insights to the potential reasons
for these temporal trends. First, comparison of participants
aged 55 to 64 years at the first visit (1987-1989) to those aged
55 to 64 years at visit 4 (1996-1998) showed an increase in preva-
lence of use of cholesterol-lowering medications (from 3.8%
to 12.9%) and a 20-mg/dL reduction in median low-density li-
poprotein cholesterol levels. Importantly, multivariable analy-
ses demonstrated the association between use of cholesterol-
lowering medications use and lower risk of incident stroke (risk
ratio, 0.80; 95% CI, 0.68-0.93). Second, the use of hyperten-
sion medication increased from 29.5% at the first visit to 43.4%
at visit 4, and this increase was noted predominantly among
those older than 65 years and not among those aged 55 to 64
years. This may partially account for the differential tempo-
ral trends in stroke incidence between younger and older age
groups. Third, the prevalence of current smoking decreased
in total or same-age group comparisons between the 2 visits.
Successes in the control of cholesterol levels, blood pressure,
and smoking habits over the last decades are likely partially
responsible for the decline in stroke incidence.

Despite a number of strengths of this report, several ques-
tions remain. Although adjustments were made for time-
varying effects of a variety of vascular risk factors, the au-
thors were unable to adjust for the intensity of risk factor
control. Body mass index and diabetes prevalence increased
in the cohort, and there was no adjustment for control of dia-
betes. Moreover, there was no adjustment for other modifi-
able behaviors such as physical activity, diet, and alcohol con-
sumption. The increase in rates of obesity, diabetes, and lack
of physical activity reported in other studies could be a po-
tential explanation for the lack of a decline in stroke inci-
dence in middle-aged and younger populations.12 These in-
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creases in behavioral risk factors could limit the future decline
in stroke incidence.

The results for black participants in ARIC are based on a
small sample size restricted to Forsyth County, North Caro-
lina, and a larger sample from Jackson, Mississippi, and may
not be generalizable to other US regions.12 Like many studies,
the study by Koton et al did not include Hispanics, the largest
minority group in the United States. The higher incidence of
diabetes, obesity, physical inactivity, and stroke in Hispanics
in the United States raises significant concerns for increased
stroke burden,13,14 but community-based studies on Hispanic-
white disparities in stroke incidence trends remain scarce.

In another article in this issue of JAMA, Jørgensen and
colleagues15 examined the risk of major adverse cardiovascu-
lar outcomes (ischemic stroke, acute myocardial infarction, and
cardiovascular mortality) and all-cause mortality up to 30 days
after elective noncardiac surgery among a Danish nationwide
cohort of patients with (n = 7137) and without (n = 474 046) prior
stroke. The crude incidence of major adverse cardiac events was
significantly greater among patients with prior stroke than those
without a history of stroke (54.4 vs 4.1 per 1000 patients), as was
30-day mortality (35.6 vs 6.1 per 1000 patients). The adverse risk
attenuated 9 months after stroke but still remained 2 to 3 times
higher than those who never had a stroke. Although mortality
after stroke may be declining, patients who experienced prior
stroke remain at substantially elevated risk of a stroke recur-
rence or an adverse outcome after surgery.

Despite the decline in stroke incidence and all-cause mor-
tality after stroke reported in the ARIC cohort, future chal-

lenges remain regarding the public health burden of stroke. The
aging and changing demographics of the population will lead
to a substantial increase in the prevalence of stroke. By 2030,
it is estimated that 4% of the US population will have had a
stroke, leading to a projected additional 3.4 million people with
stroke in 2030 and an estimated total annual cost of $240.67
billion by 2030.16 These stroke survivors will be at increased
risk of adverse outcomes after surgical procedures, and an in-
creased number of patients will require greater efforts to treat,
rehabilitate, and prevent stroke. Moreover, stroke is only one
part of the overall danger to brain health. Vascular risk fac-
tors and unhealthy lifestyles also have a major influence on
the risk of cognitive decline and dementia.17

Whether the decline in stroke incidence and mortality will
continue in older age groups is still speculative, and the ab-
sence of a decline in younger age groups could be an early warn-
ing sign. Although there has been significant progress in re-
ducing smoking and lowering blood pressure and cholesterol,
formidable challenges to address stroke disparities and suc-
cessfully control risk factors and lifestyle behaviors across race,
ethnicity, and regions persist. Unless health disparities are ad-
dressed and innovative strategies to change behavior are de-
veloped and adopted, the cerebrovascular health of the popu-
lation will be unlikely to improve. Greater improvements in
brain health, especially with controllable risk factors such as
diet, exercise, smoking, and obesity, among younger seg-
ments of the population are required to reduce the risk of stroke
and enhance the chance of successful cognitive aging for all
adults.

ARTICLE INFORMATION

Author Affiliations: Department of Neurology,
Miller School of Medicine, University of Miami,
Miami, Florida.

Corresponding Author: Ralph L. Sacco, MD,
Department of Neurology, Miller School of
Medicine, University of Miami, 1120 NW 14th St, Ste
1352, Miami, FL 33136 (rsacco@med.miami.edu).

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

REFERENCES

1. Go AS, Mozaffarian D, Roger VL, et al. Executive
summary: heart disease and stroke statistics—2014
update: a report from the American Heart
Association. Circulation. 2014;129(3):399-410.

2. Feigin VL, Forouzanfar MH, Krishnamurthi R,
et al. Global and regional burden of stroke during
1990-2010: findings from the Global Burden of
Disease Study 2010. Lancet. 2014;383(9913):245-
254.

3. Wang Y, Rudd AG, Wolfe CD. Age and ethnic
disparities in incidence of stroke over time: the
South London Stroke Register. Stroke. 2013;44(12):
3298-3304.

4. Wieberdink RG, Ikram MA, Hofman A, Koudstaal
PJ, Breteler MM. Trends in stroke incidence rates
and stroke risk factors in Rotterdam, the

Netherlands from 1990 to 2008. Eur J Epidemiol.
2012;27(4):287-295.

5. Harmsen P, Wilhelmsen L, Jacobsson A. Stroke
incidence and mortality rates 1987 to 2006 related
to secular trends of cardiovascular risk factors in
Gothenburg, Sweden. Stroke. 2009;40(8):2691-
2697.

6. Islam MS, Anderson CS, Hankey GJ, et al. Trends
in incidence and outcome of stroke in Perth,
Western Australia during 1989 to 2001: the Perth
Community Stroke Study. Stroke. 2008;39(3):776-
782.

7. Xian Y, Holloway RG, Chan PS, et al. Association
between stroke center hospitalization for acute
ischemic stroke and mortality. JAMA. 2011;305(4):
373-380.

8. Howard VJ, Kleindorfer DO, Judd SE, et al.
Disparities in stroke incidence contributing to
disparities in stroke mortality. Ann Neurol. 2011;69
(4):619-627.

9. Towfighi A, Ovbiagele B, Saver JL. Therapeutic
milestone: stroke declines from the second to the
third leading organ- and disease-specific cause of
death in the United States. Stroke. 2010;41(3):499-
503.

10. Cruz-Flores S, Rabinstein A, Biller J, et al.
Racial-ethnic disparities in stroke care: the
American experience: a statement for healthcare
professionals from the American Heart
Association/American Stroke Association. Stroke.
2011;42(7):2091-2116.

11. Koton S. Schneider ALC, Rosamond WD, Shahar
E, Gottesman RF, Coresh J. Stroke incidence and
mortality trends in US communities, 1987 to 2011.
JAMA. doi:10.1001/jama.2014.7692.

12. Kissela BM, Khoury JC, Alwell K, et al. Age at
stroke: temporal trends in stroke incidence in a
large, biracial population. Neurology. 2012;79(17):
1781-1787.

13. Dong C, Rundek T, Wright CB, Anwar Z, Elkind
MS, Sacco RL. Ideal cardiovascular health predicts
lower risks of myocardial infarction, stroke, and
vascular death across whites, blacks, and Hispanics:
the northern Manhattan study. Circulation. 2012;
125(24):2975-2984.

14. Morgenstern LB, Smith MA, Sánchez BN, et al.
Persistent ischemic stroke disparities despite
declining incidence in Mexican Americans. Ann
Neurol. 2013;74(6):778-785.

15. Jørgensen ME, Torp-Pedersen C, Gislason GH,
et al. Time elapsed after ischemic stroke and risk of
adverse cardiovascular events and mortality
following elective noncardiac surgery. JAMA.
doi:10.1001/jama.2014.8165.

16. Ovbiagele B, Goldstein LB, Higashida RT, et al.
Forecasting the future of stroke in the United
States: a policy statement from the American Heart
Association and American Stroke Association. Stroke.
2013;44(8):2361-2375.

17. Bennett DA. Secular trends in stroke incidence
and survival, and the occurrence of dementia. Stroke.
2006;37(5):1144-1145.

Opinion Editorial

238 JAMA July 16, 2014 Volume 312, Number 3 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Christopher Buttery on 07/16/2014

Christopher
Highlight
The crude incidence of major adverse cardiac events was
significantly greater among patients with prior stroke than those
without a history of stroke (

Christopher
Highlight
future chal-

Christopher
Highlight
lenges remain regarding the public health burden of stroke. The
aging and changing demographics of the population will lead
to a substantial increase in the prevalence of stroke.

Christopher
Highlight
Unless health disparities are ad-dressed
and innovative strategies to change behavior are de-veloped
and adopted, the cerebrovascular health of the popu-lation
will be unlikely to improve. G


