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Primary prevention of stroke by a healthy
lifestyle in a high-risk group

ABSTRACT

Objective: To examine the impact of a healthy lifestyle on stroke risk in men at higher risk of stroke
because of other cardiovascular diseases or conditions.

Methods: Our study population comprised 11,450 men in the Cohort of Swedish Men who had a
history of hypertension, high cholesterol levels, diabetes, heart failure, or atrial fibrillation. Partic-
ipants had completed a questionnaire about diet and lifestyle and were free from stroke and
ischemic heart disease at baseline (January 1, 1998). We defined a healthy lifestyle as a low-
risk diet ($5 servings/d of fruits and vegetables and ,30 g/d of processed meat), not smoking,
$150 min/wk of physical activity, body mass index of 18.5 to 25 kg/m2, and low to moderate
alcohol consumption (.0 to #30 g/d). Ascertainment of stroke cases was accomplished through
linkage with the National Inpatient Register and the Swedish Cause of Death Register.

Results: During a mean follow-up of 9.8 years, we ascertained 1,062 incident stroke cases. The
risk of total stroke and stroke types decreased with increasing number of healthy lifestyle factors.
The multivariable relative risk of total stroke for men who achieved all 5 healthy lifestyle factors
compared with men who achieved 0 or 1 factor was 0.28 (95% confidence interval 0.14–0.55).
The corresponding relative risks (95% confidence interval) were 0.31 (0.15–0.66) for ischemic
stroke and 0.32 (0.04–2.51) for hemorrhagic stroke.

Conclusions: A healthy lifestyle is associated with a substantially reduced risk of stroke in men at
higher risk of stroke. Neurology® 2015;84:2224–2228

GLOSSARY
BMI 5 body mass index; CI 5 confidence interval; FFQ 5 food-frequency questionnaire; ICD-10 5 International Classifica-
tion of Diseases, Tenth Revision.

Primary prevention of stroke is of outmost importance because the consequences of the disease
are often devastating and irreversible, and stroke is the second leading cause of death in individ-
uals older than 60 years.1 Smoking, being overweight, physical inactivity, alcohol consumption,
and poor diet are well-established lifestyle-related risk factors for stroke.2,3 The combined effect
of multiple modifiable lifestyle factors on stroke risk have shown impressive 44% to 79%
reduced risk.4–9 However, little is known about the impact of a healthy lifestyle on stroke risk
in individuals at higher risk of stroke due to other cardiovascular diseases or conditions.

We investigated the joint effect of 5 indicators of a healthy lifestyle (no smoking, healthy
body mass index [BMI], physical activity, moderate alcohol consumption, and diet) on total
and type-specific stroke incidence in men at higher risk of stroke due to a history of hyperten-
sion, high cholesterol levels, diabetes, heart failure, or atrial fibrillation.

METHODS Study population. We used data from the Cohort of Swedish Men, which was established in the autumn of 1997

when all men who were born between 1918 and 1952 and resided in Västmanland and Örebro counties in central Sweden received

a 350-item questionnaire. A total of 48,850 men (49% response rate) returned a completed questionnaire. Participants are

representative of the Swedish male population in age distribution, educational level, and prevalence of overweight.10

Standard protocol approvals, registrations, and patient consents. The Regional Ethical Review Board at Karolinska Institutet

in Stockholm, Sweden, approved this study. Return of the completed questionnaire was considered to imply informed consent.
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Assessment of lifestyle and other factors. At baseline in

1997, all participants completed a self-administered questionnaire

that sought information on education, civil status, smoking,

physical activity, body weight, height at age 20 years, aspirin

use, history of diabetes, family history of myocardial infarction

before 60 years of age, alcohol consumption, and diet. History

of diabetes was defined as a diagnosis of diabetes in the

Swedish National Diabetes Register or the Swedish National

Inpatient Register and complemented with self-reported

diabetes. The National Inpatient Register also provided data on

heart failure. Information on history of hypertension and high

cholesterol levels was obtained by self-report. Participants were

asked to report their time spent on walking/bicycling (almost

never, ,20 min/d, 20–40 min/d, 40–60 min/d, 1–1.5 h/d,

or $1.5 h/d) and exercise (,1, 1, 2–3, 4–5, or $5 h/wk).

We calculated total leisure-time physical activity by

combining minutes per day spent on walking/bicycling and

exercise in the last year. BMI was calculated as weight (kg) at

baseline divided by height (m) squared. Average consumption of

alcohol (ethanol), in the last year, was computed by multiplying

the frequency of consumption of beer, wine, and liquor by the

amount consumed at each occasion.

Diet was assessed by using a 96-item food-frequency ques-

tionnaire (FFQ), designed to assess the Swedish diet, on which

participants reported how often, on average, they had consumed

various foods/food items during the last year. There were 8 pre-

defined frequency categories, ranging from never to $3 times/d.

The FFQ had 4 items about consumption of fruits and berries

(apples/pears, bananas, citrus fruits, and berries), 11 items on

vegetables (lettuce/green salad, spinach, cabbage, cauliflower,

broccoli/Brussels sprouts, carrots, beetroots, tomatoes/tomato

juice, sweet pepper, green peas, and mixed vegetables), and 4

items on processed meat (sausage/hot dogs, ham/salami/processed

meat cuts, liver paté, and blood sausage). The FFQ has been

validated for nutrient intake in 248 Swedish men, aged 40 to

74 years, from the study area. The mean Spearman correlation

coefficients between estimates from the FFQ and the mean of

fourteen 24-hour recall interviews were 0.65 for macronutrients

and 0.62 for micronutrients.11

Population for analysis. Among the 48,850 men in the Cohort

of Swedish Men, we excluded those with an erroneous or a missing

National Registration Number (n5 297), those with a prior diag-

nosis of cancer (n5 2,592), stroke (n5 1,373), or ischemic heart

Table 1 Age-standardized baseline characteristics of 11,450 men at higher risk of strokea in the Cohort of Swedish Men by number of
healthy lifestyle factors

Characteristicsb
All men
(n 5 11,450)

No. of healthy lifestyle factors

0–1 (n 5 1,273
[11.1%])c

2 (n 5 3,376
[29.5%])

3 (n 5 4,506
[39.3%])

4 (n 5 2,071
[18.1%])

5 (n 5 224
[2.0%])

Age, y 61 60 61 62 63 63

Postsecondary education, % 14 12 11 14 18 31

Married/cohabiting, % 83 78 83 84 87 86

Any aspirin use, % 36 40 36 35 34 36

Family history of myocardial
infarction, %

16 19 17 16 16 14

Heart failure, % 2.0 3.1 2.4 1.8 1.6 1.5

Atrial fibrillation, % 6.6 7.0 6.0 6.8 7.1 6.6

Diabetes, % 24 30 26 24 22 19

History of hypertension, % 66 69 70 66 60 52

History of high cholesterol
levels, %

41 42 42 40 44 47

Not smoking, % 77 30 65 88 98 100

BMI, kg/m2 27 29 28 27 24 23

BMI 18.5–25 kg/m2, % 33 5.6 14 29 85 100

Physical activity, min/wk 380 150 300 450 490 530

Physical activity ‡150 min/wk, % 77 18 53 88 98 100

Alcohol consumption, g/d 14 26 16 11 11 10

Alcohol consumption >0 to
£30 g/d, %

78 32 66 90 97 100

Fruit and vegetables, servings/d 3.9 3.3 3.5 3.9 4.6 7.1

Processed meat, g/d 42 47 44 43 37 17

Low-risk diet, %d 8.8 1.0 1.9 5.5 22 100

Abbreviation: BMI 5 body mass index.
a Including men with a history of hypertension, high cholesterol levels, diabetes, heart failure, or atrial fibrillation.
bValues are means if not otherwise indicated.
c The proportion of men with 0 and 1 lifestyle factor was 1.5% and 9.6%, respectively.
dConsumption of $5 servings/d of fruits and vegetables and ,30 g/d of processed meat.
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disease (n 5 4,123), and those who died (n 5 55) before start of

follow-up (January 1, 1998). After further exclusion of 4,955 men

(12%) with missing information on any of the indicators of a

healthy lifestyle or who were underweight (i.e., BMI ,18.5

kg/m2), 35,455 men (45–79 years of age) remained. Among

those, 11,450 men had a history of hypertension, high

cholesterol levels, diabetes, heart failure, or atrial fibrillation at

baseline. This high-risk group constituted our study population

for the present analysis.

Definition of healthy lifestyle. We considered 5 lifestyle fac-

tors, including diet, smoking, physical activity, BMI, and alcohol

consumption. We created a healthy lifestyle score by dichotomiz-

ing each lifestyle factor into a predefined healthy lifestyle alterna-

tive vs a less healthy/unhealthy alternative: low-risk diet ($5

servings/d of fruits and vegetables12 and ,30 g/d [about

0.5–1 serving] of processed meat13 vs ,5 servings/d of fruits

and vegetables and/or $30 g/d of processed meat), smoking5

(not smoking [never and past] vs current smoking), physical

activity14 ($150 min/wk of walking/bicycling or exercise vs

,150 min/wk of walking/bicycling and exercise), BMI15

(18.5–25 kg/m2 [normal weight] vs $25 kg/m2 [overweight]),

and alcohol consumption16 (low to moderate [.0 to#30 g/d] vs

abstainers or heavy drinkers [.30 g/d]). The total allocated

points of lifestyle factors were used to calculate the healthy

lifestyle score, which ranged from 0 to 5. Because of small

number of stroke cases (n 5 11) in the group without any

healthy lifestyle factors, we combined men with 0 and

1 lifestyle factor (reference group).

Ascertainment of stroke cases. Dates of stroke diagnoses were

obtained from the Swedish National Inpatient Register and the

Swedish Cause of Death Register. A validation study of stroke

diagnoses in these registries found that 92% of the stroke patients

were correctly classified.17 We classified stroke types according to

the ICD-10: ischemic stroke (code I63) and hemorrhagic stroke

(I60 and I61). Unspecified strokes (I64) were included in the

analyses of total stroke only.

Statistical analysis. Participants accumulated follow-up time

from January 1, 1998, until the date of diagnosis of stroke,

date of death (data from the Swedish Cause of Death Register),

or the end of follow-up (December 31, 2008), whichever came

first. Relative risks and 95% confidence intervals (CIs) were

estimated by using Cox proportional hazards regression models.

All analyses were adjusted for age (in months) through

stratification in the Cox model. In addition, all models were

controlled for education (less than high school, high school, or

university), civil status (single, married/cohabiting, divorced,

widowed), aspirin use (never, 1–6 tablets/wk, or $7 tablets/

wk), and family history of myocardial infarction before 60 years

of age (yes or no). The proportional hazards assumption was

tested using Schoenfeld residuals and was found to be satisfied.

All statistical analyses were performed using SAS (version 9.3;

SAS Institute, Cary, NC) or Stata (version 12; StataCorp,

College Station, TX). Two-sided p values ,0.05 were

considered statistically significant.

RESULTS Among the 11,450 men with a history of
hypertension, high cholesterol levels, diabetes, heart
failure, or atrial fibrillation, we ascertained 1,062
stroke cases, including 800 ischemic strokes, 141
hemorrhagic strokes (119 intracerebral hemorrhages
and 22 subarachnoid hemorrhages), and 121 unspec-
ified strokes during a mean follow-up of 9.8 years
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(111,719 person-years). Baseline characteristics of
participants according to number of healthy lifestyle
factors are shown in table 1. Men who achieved all 5
indicators of a healthy lifestyle tended to be older and
were more likely to have a postsecondary education
and to be married/cohabiting but were less likely to
have a family history of myocardial infarction and any
cardiovascular diseases and conditions compared with
men with 0 or 1 lifestyle factor. We compared men
with complete information on the lifestyle factors with
those with missing values to evaluate the qualitative
differences between groups. Those who were
excluded because of missing values on any of the
lifestyle factors were slightly older (mean age 63
years) and were more likely to have diabetes (35%)
but less likely to have a postsecondary education
(10%) compared with men with complete data.

The associations between number of healthy life-
style factors and risk of stroke are shown in table 2.
Men who adhered to all 5 lifestyle factors had a statis-
tically significant 72% lower risk of total stroke com-
pared with men with 0 or 1 factor, after adjustment for
other risk factors. Further adjustment for a history of
hypertension, high cholesterol levels, diabetes, heart
failure, and atrial fibrillation did not alter the results
materially (relative risk for all 5 factors vs 0–1 factor5
0.30; 95% CI, 0.15–0.61). The association between a
healthy lifestyle and stroke risk was similar for ischemic
stroke and hemorrhagic stroke (table 2).

Results for the whole Cohort of Swedish Men
(n 5 35,455) are presented in supplemental data
(tables e-1 and e-2, and figure e-1 on the Neurology®

Web site at Neurology.org).

DISCUSSION In this prospective study of middle-
aged and elderly men at higher risk of stroke because
of other cardiovascular conditions, a healthy lifestyle
pattern was associated with a substantially reduced
risk of stroke. Men who achieved all 5 healthy
lifestyle factors had a 72% lower risk of stroke
compared with those who achieved 0 or 1 factor.

In previous studies in the general population,4–9

the relative risk (95% CI) of total stroke for those
with the most healthy lifestyle factors, compared with
those with the least, has ranged from 0.21 (0.12–
0.36) in the Nurses’ Health Study5 to 0.56 (0.30–
1.05) in the Women’s Health Study.4 One of those
prior studies investigated whether the relation
between a healthy lifestyle and stroke was modified
by cardiovascular risk factors, including history of
diabetes, hypertension, and total cholesterol levels.7

For total stroke, the inverse associations between
number of healthy lifestyle factors and risk of stroke
were present both in those with and without a history
of diabetes, hypertension, and high cholesterol levels.7

That finding is consistent with our results showing

that a reduction in stroke risk by a healthy lifestyle
pattern can be achieved also in men with prior cardi-
ovascular conditions. Another study examined the
effect of a healthy lifestyle on mortality after stroke
and observed that combinations of 5 indicators of
healthy lifestyle were associated with lower all-cause
and cardiovascular disease mortality in a dose-
response manner.18

Major strengths of this study are the large number
of incident stroke cases and the almost complete
follow-up of participants through linkage to
population-based Swedish registries. Because of the
observational nature of this study, we cannot rule
out the possibility that our results were affected by
residual confounding due to unmeasured or imprecise
measurement of other risk factors. Our study is also
limited by the reliance on self-reported information
of diet and lifestyle, which will inevitably lead to some
degree of measurement error and misclassification of
participants into wrong exposure category. However,
because of the prospective design, any misclassifica-
tion would most likely be nondifferential and lead
to attenuation of the risk estimates. Because the life-
style factors were assessed only at one time (baseline),
we do not know whether the individuals adhered to
the healthy lifestyle practices during the whole
follow-up. Another limitation is that there may be
some misclassification of the stroke patients. Finally,
because our study population mainly consisted of
Caucasians, our results may not be applicable to other
more heterogeneous populations.

Findings from this prospective study showed that
men at higher risk of stroke may lower their stroke
risk by adopting a healthy lifestyle. Even though the
criteria used to define the healthy lifestyle behaviors
were relatively lenient and potentially achievable,
the combined healthy lifestyle pattern had a profound
impact on stroke risk.
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