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The long-term decline in stroke mortality in the United 
States is partially attributed to primary prevention, 

through improved control of risk factors such as blood pres-
sure.1 As a result, stroke incidence has been decreasing over 
decades.2 Evidence suggests that most of the decline has 
occurred in older adults, age ≥65 years,3 although trends in 
younger adults are less clear. Characterizing trends in rates 
of midlife ischemic stroke can inform public health efforts to 
prevent stroke in this age group.

Methods
The data that support the findings of this study are available from the 
corresponding author on reasonable request. We examined trends in 
the 10-year incidence of ischemic stroke among participants of the 
Framingham Heart Study divided into age groups of 35 to 54 and 
≥55 years. We followed individuals who attended an exam at the 
Framingham Heart Study clinic during 4 epochs: 1962 to 1967, 1971 

to 1976, 1987 to 1991, and 1998 to 2005. The baseline age cutoff 
of 55 years allowed for a participant in the midlife group, in up to 
10 years of follow-up, to have an incident stroke up to age 64 years. 
Details of sample selection and stroke surveillance are included in 
the online-only Data Supplement. The study was approved by the 
Institutional Review Board of Boston University Medical Center, and 
all participants provided written informed consent.

We used age-adjusted and sex-adjusted Cox proportional-haz-
ards models to determine the 10-year incidence of ischemic stroke 
during each epoch, stratified by age group. Participants with no in-
cident stroke were censored at death or up to 10 years after their 
Framingham Heart Study exam. Follow-up observation periods were 
reported as the number of participants followed per epoch. For each 
epoch, we report 10-year cumulative incidence (per 1000 persons) 
and 10-year hazard ratios, which represent the incidence of ischemic 
stroke during each epoch relative to the incidence during the first 
epoch. We estimated linear trends (the decline per decade in the 
10-year incidence of stroke) using the elapsed mean time, in decades, 
between the first epoch and each consecutive epoch. In sensitivity 
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analyses, we assessed for the effect of competing risk from all-cause 
(nonstroke) mortality using a Fine-Gray analysis. Finally, we deter-
mined the mean 10-year percent risk of stroke for participants in each 
epoch, using the Framingham Stroke Risk Profile. The Framingham 
Stroke Risk Profile is a risk prediction tool that estimates stroke risk 
using variables of age, sex, current smoking status, systolic blood 
pressure, antihypertensive medications, and prevalent diabetes mel-
litus, atrial fibrillation, and cardiovascular disease. The Framingham 
Stroke Risk Profile was recently updated and has been validated in 
external cohorts.4 Because the age distribution of participants varied 
between epochs, we calculated mean stroke risk adjusting for age.

Results
Adults aged 35 to 54 years and 55 to 103 years contributed to 
10 348 and 11 494 follow-up observation periods, respectively 

(Table 1). In both age groups, prevalence of smoking, hyperten-
sion, and cholesterol declined, whereas prevalence of obesity 
increased across epochs. Prevalent atrial fibrillation increased 
in the older age group. We observed 71 (0.6%) and 620 (5.4%) 
cases of ischemic stroke in younger and older adults, respec-
tively. Across epochs, midlife stroke subtypes included 36 
(51%) nonlacunar atherosclerotic brain infarctions, 14 (20%) 
lacunar strokes, 19 (27%) strokes due to cardioembolism, and 
2 (3%) strokes due to other determined causes.

The 10-year age-adjusted and sex-adjusted cumulative 
incidence declined over time in both age groups (Table 2). 
Relative to the incidence during the first epoch, the inci-
dence in adults at midlife declined by 11%, 34%, and 39% 

Table 1. Baseline Characteristics and Incident Stroke Events (Up to 10-Year Follow-Up) in Each Epoch, Stratified by Age Group

Epoch (No. of Observation Periods)

Age, 35–54 y (n=10 348) Age 55–103 y (n=11 494)

1 (1746) 2 (2650) 3 (2228) 4 (3724) 1 (2220) 2 (3129) 3 (2905) 4 (3240)

Baseline characteristics

    Mean age, y±SD 50±3 44±6 46±5 45±6 64±6 66±8 69±9 69±10

    Female 55 50 53 54 58 57 56 57

    High school graduate 69 89 97 99 51 63 78 91

    Current smoking 52 43 27 17 36 26 16 10

    Mean systolic blood pressure, mm Hg±SD 130±19 125±17 122±16 118±14 144±24 139±21 140±21 131±20

    Antihypertensive treatment 2 5 9 13 7 24 38 44

    Stage I hypertension 31 27 24 22 54 53 63 57

    Diabetes mellitus 2 3 4 4 7 9 11 16

    Atrial fibrillation 0.7 0.1 0.3 0.8 1 3 5 7

    Prevalent cardiovascular disease 4 2 3 2 15 18 21 18

    Mean BMI, kg/m2 (IQR) 25 (23–28) 26 (23–28) 27 (23–29) 27 (23–30) 26 (23–28) 26 (24–29) 27 (24–29) 28 (24–31)

    Obese (BMI ≥30) 14 15 21 25 14 17 21 30

    Total cholesterol 242±44 211±39 201±37 194±35 252±45 231±43 214±40 199±37

Incident ischemic stroke, N 21 18 14 18 132 179 162 147

    Atherosclerotic brain infarction (nonlacunar) 12 9 4 11 95 89 85 71

    Lacunar 2 3 7 2 12 17 31 16

    Cardioembolism 7 5 3 4 24 72 46 59

    Other 0 1 0 1 1 1 0 1

Incident hemorrhagic stroke, N 5 5 6 7 20 25 18 24

All values are %, unless otherwise specified. BMI indicates body mass index; and IQR, interquartile range.

Table 2. Temporal Trends in the 10-Year Incidence of Ischemic Stroke,* Stratified by Age

No. 
Cases

No. 
Observation 

Periods

10-y Cumulative Incidence (95% CI)† 10-y Hazards Ratio (95% CI)‡
Hazard 

Ratio Trend P TrendEpoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 2 Epoch 3 Epoch 4

Age 35–54 
y

71 10 244 6.9  
(4.2–11.5)

6.1  
(3.8–10.0)

4.6  
(2.6–8.1)

4.2  
(2.5–7.0)

0.89  
(0.46–1.69)

0.66  
(0.34–1.31)

0.61  
(0.32–1.15)

0.87  
(0.74–1.02)

0.09

Age 
55–103 y

620 11 283 86.0  
(72.5–102.1)

65.4  
(56.3–76.0)

50.9  
(43.1–60.2)

40.1  
(33.5–47.9)

0.76  
(0.61–0.96)

0.59  
(0.47–0.75)

0.47  
(0.36–0.60)

0.82  
(0.77–0.88)

<0.001

*Baseline FHS examinations occurred within 4 epochs: Epoch 1, 1962 to 1967; Epoch 2, 1971 to 1976; Epoch 3, 1987 to 1991; and Epoch 4, 1998 to 2005.
†Ten-year cumulative incidence (per 1000 persons), adjusted for age and sex.
‡Ten-year hazards ratios (the incidence of ischemic stroke during each epoch relative to the incidence during the first epoch), adjusted for age and sex.
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in subsequent epochs. The incidence in older adults of age 
≥55 years declined by 24%, 41%, and 53%. P values testing 
for trends across the 4 epochs were 0.09 for younger adults 
and <0.001 for older adults. Similar results were observed in 
sensitivity analyses testing for competing risk due to all-cause 
mortality (data not shown).

The mean 10-year percent risk for stroke, corrected for 
age, declined over time for both the midlife age group (epochs 
1–4: 2.3%, 2.4%, 2.0%, and 1.7%) and the older age group 
(epochs 1–4: 11.7%, 11.2%, 11.5%, and 10.6%; Figure).

Discussion
Long-term rates of ischemic stroke declined in our commu-
nity sample; the decline was greater in older as compared with 
younger adults. In the Framingham Heart Study, midlife stroke 
is a rare event, occurring in <1%. The most common stroke 
subtypes at midlife were atherosclerotic brain infarction or 
cardioembolism; strokes due to other determined causes, such 
as cerebral vasculitis or arterial dissection, were uncommon 
(≈3%). In both age groups, we observed a long-term decline 
in estimated stroke risk due to traditional vascular risk factors.

Previous evidence for stroke trends in younger adults is 
conflicting, with some studies showing a slight decrease in in-
cidence5,6 and others showing an increase in midlife strokes.7,8 
A few studies, using stroke registries or administrative data-
bases, have investigated trends in stroke subtypes and vascular 
risk factors at midlife. One population study observed that 
midlife stroke due to small vessel occlusion and cardioem-
bolism may be declining.6 Other studies have suggested the 
prevalence of vascular risk factors, atrial fibrillation, and in-
fective endocarditis may be increasing among younger adults 
with stroke.7–9

Magnetic resonance imaging and thrombolytic therapy 
for acute stroke came into widespread use during the third 
and fourth epochs of our study. These factors may have led 
to improved diagnosis of mild or atypical stroke symptoms,10 
especially in younger adults where clinical suspicion for 
stroke is lower. Kissela et al8 reported an increase over time 
in the proportion of young adults who have received mag-
netic resonance imaging for first-ever stroke since 1993. The 
technology may have contributed to an attenuation of the 
downward trend in stroke incidence. We observed relatively 

few stroke events in the midlife group across epochs, which 
may have limited the power to detect a significant downward 
trend. Additionally, our sample was primarily of European an-
cestry, affecting the generalizability of the results.

In summary, these results show that a long-term decline 
in stroke incidence was greater in older than younger adults 
and emphasize that modification of vascular risk factors in 
younger adults will be important to see continued declines in 
incidence and mortality.
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Figure. Average 10-y risk of stroke calculated by the Framingham Stroke 
Risk Profile, by epoch and age group.
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