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Heart failure (HF) is one of the leading causes of hospi-
talization, morbidity, and mortality worldwide and is 

associated with high healthcare costs.1 In individuals >40 
years of age, the overall lifetime risk of HF is 1 in 5, and 
this condition contributes to 1 in 9 deaths.1 Thus, identifica-
tion of modifiable factors for primary prevention of HF is of 
outmost importance for decreasing disease burden. The pur-
pose of this study was to investigate the separate and joint 
associations of 4 modifiable healthy lifestyle factors (non-
smoking, physical activity, body mass index [BMI] within 
the healthy range, and healthy diet [defined as adherence to 
a modified Mediterranean diet]) with HF incidence in 2 pop-
ulation-based prospective cohort studies of Swedish adults.
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Methods

Study Population
The study population in the current analyses were partici-
pants of the Cohort of Swedish Men (COSM) and the Swedish 

Mammography Cohort (SMC). The COSM was initiated in the late 
autumn of 1997 when 48 850 men who were 45 to 79 years of age 
and resided in Västmanland or Örebro County completed a ques-
tionnaire about diet and other risk factors for noncommunicable 
diseases. The SMC began in 1987 to 1990 when all women who 
were born between 1914 and 1948 and resided in Västmanland or 
Uppsala County received a questionnaire about diet and reproduc-
tive factors. SMC participants received an expanded questionnaire 
(similar to the questionnaire used in the COSM) in the autumn of 
1997; 39 227 women (49−83 years of age in 1997) completed the 
questionnaire. Because information on smoking, physical activity, 
and other major risk factors for cardiovascular disease was ob-
tained first in 1997, the 1997 questionnaire served as baseline for 
the present analyses. Men and women were excluded if they had an 
incorrect or a missing personal identification number (n=297 men 
and n=243 women), had a previous diagnosis of HF or ischemic 
heart disease (n=4823 men and n=1891 women) or cancer other 
than nonmelanoma skin cancer (n=2592 men and n=1811 women), 
or died between the administration of 1997 questionnaire and start 
of follow-up (January 1, 1998; n=55 men and n=26 women). Those 
with extreme energy intakes (ie, 3 SDs from the log

e
-transformed 

mean energy intake in men and women separately; n=468 men 
and n=432 women) or with missing data on any of the lifestyle 
factors (including missing information on any component of the 
Mediterranean diet; n=6649 men and n=4111 women) were also 
excluded, leaving 33 966 men and 30 713 women for analysis. The 
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Background—The joint impact of multiple healthy lifestyle factors on heart failure (HF) risk is unclear. We investigated 
the separate and collective associations of healthy lifestyle factors with HF incidence in 2 population-based prospective 
cohort studies.

Methods and Results—This study consisted of 33 966 men (Cohort of Swedish Men) and 30 713 women (Swedish Mammography 
Cohort) who were 45 to 83 years of age and free of HF and ischemic heart disease at baseline. A healthy lifestyle was defined 
as being a nonsmoker and physically active (≥150 min/wk), and having body mass index between 18.5 and 25 kg/m2 and a 
healthy diet (defined as adherence to a modified Mediterranean diet). Incident HF cases were ascertained by linkage with the 
Swedish National Patient Register and the Swedish Cause of Death Register. Cox proportional hazards regression was used to 
analyze the data. During13 years of follow-up, HF was diagnosed in 1488 men and 1096 women. Each healthy lifestyle factor 
was associated with a statistically significant lower risk of HF in both men and women, and the risk decreased with increasing 
number of healthy behaviors. The greatest reduction in HF risk was observed for combinations that included nonsmoking. 
Compared with men and women with none of the healthy lifestyle factors, the multivariable relative risks (95% confidence 
interval) of HF for those with all 4 healthy behaviors were 0.38 (0.28–0.53) in men and 0.28 (0.19–0.41) in women.

Conclusions—Adhering to a healthy lifestyle is associated with a substantially lower HF risk.
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study was approved by the Ethical Review Board at Karolinska 
Institutet in Stockholm, Sweden, with receipt of each questionnaire 
accepted as participant’s consent.

Exposure Assessment
Information on smoking, weight, height, alcohol consumption, edu-
cation, aspirin use, family history of myocardial infarction before 
60 years of age, and history of diabetes mellitus, hypertension, and 
hypercholesterolemia was obtained by a self-administered question-
naire. Through linkage with the Swedish National Patient Register, 
we obtained information on diagnoses of atrial fibrillation and 

myocardial infarction. Participants were considered to have diabetes 
mellitus if they had a diagnosis of diabetes mellitus in the Swedish 
National Patient or Diabetes Registers or a self-report of diabetes 
mellitus in the questionnaire. BMI was calculated from self-reported 
weight and height (kg/m2). Physical activity was assessed with a prior 
validated questionnaire2,3 on time spent on various activities during 
the previous year. In this study, we added up time per week spent 
engaged in walking/bicycling and exercise.

Diet was assessed with a validated food frequency questionnaire4 
that inquired about average intake of 96 foods/food items during the 
previous year. A modified Mediterranean diet (healthy diet) score 
was created based on intake of 7 food groups (fruits and vegetables, 

Table 1. Baseline Characteristics of 33 966 Men in the Cohort of Swedish Men and 30 713 
Women in the Swedish Mammography Cohort by Number of Healthy Lifestyle Factors

Characteristics* All Participants

No. of Healthy Lifestyle Factors

0 1 2 3 4

Men, n 33 966 821 4365 10 285 12 342 6153

Age, y, mean 59.3 57.1 58.1 59.0 59.7 60.0

Postsecondary education, % 18 11 11 15 20 26

Family history of MI, % 14 16 15 15 14 12

Regular aspirin use, % 5.8 8.1 6.7 6.4 5.5 4.3

History of hypertension, % 22 29 27 25 21 14

History of hypercholesterolemia, % 14 18 16 15 13 11

History of diabetes mellitus, % 7.4 13 10 8.7 6.7 4.8

Atrial fibrillation, % 2.0 2.5 1.9 2.0 2.1 1.9

Nonsmoker, % 76 0 44 68 87 100

BMI, kg/m2, mean 26 28 28 27 26 23

BMI 18.5 to <25 kg/m2, % 45 0 13 25 47 100

Physical activity, min/wk, mean 390 65 180 340 460 520

Physical activity ≥150 min/wk, % 73 0 26 63 89 100

Mediterranean diet score, mean 3.9 2.3 2.7 3.4 4.4 5.1

Mediterranean diet score ≥4, % 61 0 17 43 76 100

Women, n 30 713 516 3386 8649 11 385 6777

Age, y, mean 60.9 59.2 60.7 61.2 60.9 60.6

Postsecondary education, % 20 11 12 16 21 30

Family history of MI, % 17 19 18 17 17 15

Regular aspirin use, % 8.8 13 11 9.1 9.0 7.1

History of hypertension, % 20 27 25 23 19 15

History of hypercholesterolemia, % 7.8 8.8 8.3 7.8 7.8 7.6

History of diabetes mellitus, % 3.6 5.1 5.9 4.3 3.2 2.2

Atrial fibrillation, % 1.0 1.1 1.5 0.9 1.0 8.7

Nonsmoker, % 77 0 45 67 83 100

BMI, kg/m2, mean 25 29 28 26 25 23

BMI 18.5 to <25 kg/m2, % 56 0 18 35 60 100

Physical activity, min/wk, mean 390 67 170 340 440 510

Physical activity ≥150 min/wk, % 77 0 26 67 90 100

Mediterranean diet score, mean 3.8 2.2 2.5 3.1 4.1 5.1

Mediterranean diet score ≥4, % 57 0 11 31 67 100

BMI indicates body mass index; and MI, myocardial infarction.
*Age standardized to the age distribution of study participants (men and women separately).
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legumes and nuts, whole grain/fiber-rich foods, fermented dairy 
foods, fish, red and processed meat [as a negative component], and 
olive/rapeseed oil) and alcohol in moderation (10–30 g/d for men 
and 5–15 g/d for women), as described in detail previously.5 The 
Mediterranean diet score ranged from 0 (lowest adherence) to 8 
(highest adherence).

Healthy Lifestyle Score
A healthy lifestyle score was created by dichotomizing each lifestyle 
factor as an optimal and a less optimal alternative as follows: a current 
nonsmoker versus current smoker, physically active (≥150 min/wk of 
physical activity) versus inactive (<150 min/wk), healthy BMI (18.5 
to <25 kg/m2) versus overweight/obese (≥25 kg/m2), and healthy diet 
(defined as moderate-to-high adherence to a modified Mediterranean 
diet [score 4–8]) versus a less healthy diet (low adherence to a modi-
fied Mediterranean diet [score 0–3]). The cut points for physical activ-
ity and BMI were chosen based on public health recommendations 
and that for Mediterranean diet on prior associations with HF in this 
study population.5 Participants received 1 point for each healthy life-
style criterion met. The points were summed to obtain a healthy life-
style score that ranged from 0 (least healthy) to 4 (most healthy).

Case Ascertainment and Follow-Up
Incident cases of HF were ascertained by linkage of participants 
with the Swedish National Patient Register and the Swedish Cause 
of Death Register. The International Classification of Diseases 10th 
Revision codes I50 and I11.0 were used to identify HF cases in the 
registers, and only primary (first position in the register) diagnoses 
were defined as cases. A validation study of the Swedish Patient 
Register found that 95% of primary HF diagnoses were definite HF.6 
We computed person-time of follow-up for each participant from 
January 1, 1998 until the date of diagnosis of HF, date of death (in-
formation obtained from the Swedish Cause of Death Register) or 
December 31, 2010, whichever occurred first.

Statistical Analysis
Cox proportional hazards regression models, with age (in months) 
as the time scale, were used to compute hazard ratios (hereafter re-
ferred to as relative risk [RR]) with their 95% confidence intervals 
(CIs). All multivariable models included dummy variables for educa-
tion (less than high school, high school, or university), family history 
of myocardial infarction before 60 years of age (yes or no), aspirin 
use (never, 1–6 tablets/wk, or ≥7 tablets/wk), and history and diag-
nosis of hypertension (yes or no), hypercholesterolemia (yes or no), 
diabetes mellitus, and atrial fibrillation (yes or no) before baseline. 
As hypertension, hypercholesterolemia, diabetes mellitus, and atrial 
fibrillation may not only be confounders but are also potential inter-
mediates of the association between a healthy lifestyle and HF risk, 

we examined the effect of omitting these variables from the model. 
We tested the proportional hazards assumption using Schoenfeld re-
siduals and found that the assumption was met.

Tests for linear trend were performed by assigning the median 
value for each category of the healthy lifestyle score and modeling 
this variable as a continuous variable. A sensitivity analysis exclud-
ing HF cases diagnosed during the first 2 years of follow-up was 
performed. We also conducted sensitivity analyses that censored in-
dividuals with antecedent myocardial infarction or atrial fibrillation 
(and excluding those with a diagnosis of atrial fibrillation at baseline) 
during follow-up to assess whether the association between a healthy 
lifestyle and HF risk might be mediated through these diseases.

The statistical analyses were performed using SAS (version 9.4; 
SAS Institute Inc, Cary, NC). All P values were 2 sided (α=0.05).

Results
Baseline characteristics of study participants by number of 
healthy lifestyle factors are shown in Table 1. Compared with 
men and women with no healthy lifestyle factors, those with 
all 4 health behaviors were, on average, older and were more 
likely to have a postsecondary education but were less likely 
to use aspirin regularly, to have a family history of myocardial 
infarction, and a history of atrial fibrillation, diabetes mellitus, 
hypertension, and hypercholesterolemia.

During 13 years of follow-up (January 1998 to December 
2010), HF was diagnosed in 1488 men during 406 358 person-
years and in 1096 women during 376 269 person-years. The 
risk of HF decreased with increasing number of any healthy 
lifestyle factors. Compared with those with no healthy lifestyle 
factors, the multivariable RRs (95% CI) of HF for those with 
all 4 healthy factors were 0.38 (0.28–0.53) in men and 0.28 
(0.19–0.41) in women (Table 2). Omitting potential intermedi-
ates (history of atrial fibrillation, diabetes mellitus, hyperten-
sion, and hypercholesterolemia) from the multivariable model 
did not alter the results appreciably in men (RR, 0.34; 95% 
CI, 0.25–0.46) or in women (RR, 0.26; 95% CI, 0.17–0.38). 
Excluding cases diagnosed within the first 2 years of follow-up 
did not change the RR estimates but marginally widened the 
CIs; corresponding RRs (95% CI) were 0.38 (0.27–0.54) in 
men and 0.28 (0.19–0.42) in women. In a sensitivity analysis 
that censored individuals with antecedent myocardial infarc-
tion during follow-up, the corresponding RRs (95% CI) were 
0.39 (0.27–0.57) in men and 0.27 (0.18–0.42) in women. 
Likewise, the results persisted after exclusion of patients with 

Table 2. Relative Risk of Heart Failure According to Number of Healthy Lifestyle Factors in 33 966 Men From the Cohort of Swedish 
Men and 30 713 Women From the Swedish Mammography Cohort, 1998 to 2010

No. of Healthy 
Lifestyle Factors

Men Women

No. of 
Cases Person-Years

Age-Adjusted RR 
(95% CI)

Multivariable RR 
(95% CI)*

No. of 
Cases

Person-
Years

Age-Adjusted RR 
(95% CI)

Multivariable RR 
(95% CI)*

0 47 9492 1.00 (reference) 1.00 (reference) 31 6144 1.00 (reference) 1.00 (reference)

1 236 51 055 0.76 (0.56–1.04) 0.82 (0.60–1.12) 199 40 441 0.75 (0.52–1.10) 0.75 (0.52–1.10)

2 477 122 539 0.57 (0.42–0.76) 0.61 (0.45–0.83) 367 104 827 0.50 (0.35–0.72) 0.53 (0.37–0.76)

3 526 148 479 0.46 (0.34–0.62) 0.52 (0.39–0.70) 358 140 331 0.37 (0.26–0.53) 0.40 (0.28–0.58)

4 202 74 793 0.32 (0.23–0.34) 0.38 (0.28–0.53) 141 84 526 0.24 (0.16–0.36) 0.28 (0.19–0.41)

P for trend <0.001 <0.001 <0.001 <0.001

CI indicates confidence interval; and RR, relative risk.
*From Cox proportional hazards regression models with age as the time scale and adjusted for education, family history of myocardial infarction before age 60 years, 

aspirin use, and history of hypertension, hypercholesterolemia, diabetes mellitus, and atrial fibrillation.
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atrial fibrillation at baseline and when censoring for antecedent 
atrial fibrillation during follow-up (RR, 0.35; 95% CI, 0.24–
0.59 in men and RR, 0.26; 95% CI, 0.17–0.40 in women).

Each healthy lifestyle factor was associated with a statis-
tically significant lower risk of HF in both men and women 
(Figure). Smoking was the lifestyle factor that was most strongly 
associated with HF risk, and the greatest reduction in HF risk was 
observed for combinations that included nonsmoking (Figure).

Discussion
In these 2 prospective cohorts of middle-aged and older Swed-
ish adults, healthy lifestyle factors, including nonsmoking, 
physical activity, healthy BMI, and healthy diet, were each 

associated with a lower risk of incident HF in both men and 
women. Individuals with all 4 desirable lifestyle factors, com-
pared with those with none, had a 62% (men) to 72% (women) 
lower risk of developing HF.

Because certain lifestyle factors may be more strongly 
related to risk of HF, we assessed different combinations of 
lifestyle factors in relation to HF. The strongest inverse asso-
ciations were observed for combinations that included non-
smoking. However, these findings should be interpreted with 
caution as the strength of the inverse association with each 
one and with combinations of lifestyle factors may depend on 
the categorization of the lifestyle factor and on how accurate 
the lifestyle factor is measured. Nevertheless, smoking has 

Figure.  Multivariable relative risks (RRs) and 95% 
confidence intervals (CIs) of heart failure according 
to different combinations of 4 healthy lifestyle factors 
in 33 966 men from the Cohort of Swedish Men and 
in 30 713 women from the Swedish Mammography 
Cohort, 1998 to 2010. The RRs were estimated using 
Cox proportional hazards regression models with age 
as the time scale and adjusted for education, family 
history of myocardial infarction before age 60 years, 
aspirin use, and history of hypertension, hypercholes-
terolemia, diabetes mellitus, and atrial fibrillation. All 
healthy lifestyle factors were included simultaneously 
in the same model. The 4 indicators of a healthy life-
style were noncurrent smoker (SMK), physical activity 
≥150 min/wk (PA), body mass index (BMI) 18.5 to 
<25 kg/m2 (BMI), and healthy diet (moderate-to-high 
adherence to a modified Mediterranean diet [score 
4–8]; DIET). % indicates the proportion of participants 
with the specified healthy lifestyle factor(s); cases are 
the number of heart failure cases in that group.
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consistently been shown to be a risk factor for HF in previous 
studies.7–10 Thus, abstinence from smoking may have an impor-
tant role in reducing the public health burden of HF worldwide.

Our findings confirm and extend results of previous stud-
ies that have assessed the impact of a healthy lifestyle on HF 
risk (Table 3).7–10 The definition of a healthy lifestyle has dif-
fered between studies, but all studies included smoking, physi-
cal activity, and BMI in the lifestyle score. Three studies also 
included a healthy diet defined by a healthy dietary pattern9 
or high fruit or vegetable consumption.7,8 In the 3 studies that 

reported RRs of HF associated with a healthy lifestyle, the 
reduction in risk of HF in individuals with 4 or 5 healthy life-
style factors, compared with those with 0 to 1 or 0, ranged from 
45% to 81%.8–10 In the Physicians’ Health Study I, the lifetime 
risk of HF was 21.2% in men with no healthy lifestyle factors 
and halved to 10.1% in those with ≥4 desirable factors.7

The reduction in risk of HF associated with a healthy life-
style may be mediated through prevention of hypertension, 
which is a major risk factor for HF.1 The association may 
also be mediated through myocardial infarction and atrial 

Table 3. Prospective Studies of the Association Between a Healthy Lifestyle and Heart Failure Risk

Study
Country; Study 

Name
Sex and 
Age, y

No. of Cases 
(Participants)

Mean 
Follow-Up, y

No. of Healthy Lifestyle Factors and 
Definition of a Healthy Lifestyle

RR (95% CI) by No. of 
Healthy Lifestyle Factors Adjustments

Djoussé 
et al7

United States; 
Physicians’ 
Health Study I

Men, 
40–84

1200 (20 900) 22.4 Six lifestyle factors: never smoking, 
exercise ≥5 times/wk, BMI <25 
kg/m2, fruits and vegetables ≥4 
servings/d; breakfast cereals ≥1 
serving/wk, and alcohol ≥5 drinks/wk

Lifetime risk of HF was 
21.2% (16.8%–25.6%) 
in men with 0 factor and 
10.1% (7.9%–12.3%) in 
men with ≥4 factors

None

Wang  
et al8

Finland; 
FINRISK

Men and 
women, 
25–74

638 (18 346) 
men and 445 
(19 729) women

14.1 Four lifestyle factors: no current 
smoking, moderate or high physical 
activity, BMI <25 kg/m2, and 
vegetable intake ≥3 times/wk

Men Age, study year, 
education, history 
of myocardial 
infarction, valvular 
heart disease, 
or diabetes 
mellitus, use of 
antihypertensive 
drugs, systolic 
blood pressure, 
total cholesterol

Note: fruit and alcohol consumption 
were dropped out because of lack of 
association with risk of HF

0: Referent

1: 0.68 (0.54–0.86)

2: 0.44 (0.35–0.57)

3: 0.33 (0.24–0.45)

4: 0.30 (0.16–0.54)

Women

0: Referent

1: 0.53 (0.33–0.85)

2: 0.42 (0.27–0.67)

3: 0.24 (0.14–0.40)

4: 0.19 (0.09–0.40)

Agha  
et al9

United States; 
Women’s 
Health Initiative

Women, 
50–79

1826 (84 537) 11 Four lifestyle factors: no current 
smoking, moderate physical activity 
≥150 min/wk or vigorous physical 
activity ≥75 min/wk, BMI 18.5 to 
<25 kg/m2, and high-scoring AHEI 
(quintiles 4 and 5)

0: Referent Age, race/ethnicity, 
education, marital 
status, US region, 
hypertension, 
diabetes mellitus, 
and antecedent 
coronary heart 
disease

1: 0.49 (0.38–0.62)

2: 0.36 (0.28–0.46)

3: 0.24 (0.19–0.31)

4: 0.23 (0.17–0.30)

Del 
Gobbo 
et al10

United States; 
Cardiovascular 
Health Study

Men and 
women, 
≥65

1380 (4490) 21.5 Five lifestyle factors: no current 
smoking; walking pace ≥2 mph, 
leisure activity ≥850 kcal/wk; BMI 
<30 kg/m2; and alcohol ≥1 drink/wk

0–1: Referent Age, sex, race, 
enrollment site, 
education, and 
annual income

Note: a healthy diet was dropped out 
because none of four dietary patterns 
was associated with risk of HF

2: 0.78 (0.62–0.97)

3: 0.64 (0.52–0.80)

4: 0.56 (0.44–0.70)

5: 0.55 (0.42–0.74)

AHEI indicates Alternative Healthy Eating Index; BMI, body mass index; CI, confidence interval; HF, heart failure; and RR, relative risk.
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fibrillation that represent other diseases that damage the heart 
muscle. However, our findings persisted when we censored 
for antecedent myocardial infarction and atrial fibrillation.

Strengths of our study include the large sample size with a 
large number of incident HF cases diagnosed in 2 prospective 
cohort studies. Moreover, detailed information on lifestyle and 
diet was available and we were able to adjust for potential con-
founders. Another strength is that information on outcome was 
objective and of high accuracy as data on diagnoses of HF were 
acquired from the Swedish Patient Register rather than from 
self-reports. Information on lifestyle was, however, obtained 
from a self-administered questionnaire and only at baseline. 
Some participants may have changed their lifestyle habits dur-
ing follow-up and moved from one exposure group to another. 
Because information on exposures was obtained before the diag-
nosis of HF, any misclassification of exposure would most likely 
be random with respect to HF incidence and may have led to an 
underestimation of the magnitude of the association. We con-
ducted a sensitivity analysis removing incident cases of HF diag-
nosed within the first 2 years of follow-up to minimize any bias 
because of preclinical disease. This study is limited by the lack of 
information on blood pressure, blood cholesterol concentration, 
and other clinical biomarkers of importance for HF develop-
ment. We, therefore, could not evaluate potential intermediates 
of the associations of the lifestyle factors with HF risk. Another 
limitation is the observational design. Thus, we cannot exclude 
the possibility that residual confounding may have affected our 
findings. Finally, as the study population consisted of middle-
aged and older White men and women, our results might not be 
generalizable to younger people or other ethnic groups. Of note, 
participants were on average physically active and the prevalence 
of overweight in this population was relatively low. Noteworthy, 
even in this relatively healthy population, adherence to increas-
ing numbers of healthy lifestyle factors was inversely associated 
with risk of HF in a dose–response fashion.

In conclusion, men and women who follow a healthy life-
style are substantially less likely to develop HF. These results 
underscore the importance of adopting and maintaining 
healthy lifestyle behaviors in the primary prevention of HF.
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CLINICAL PERSPECTIVE
Because heart failure (HF) is a major cause of morbidity and mortality and is associated with high healthcare costs, primary 
prevention of this condition is highly desirable. Using data from 2 prospective cohorts of 64 679 middle-aged and older 
Swedish adults, we investigated whether adherence to a healthy lifestyle, defined as being a noncurrent smoker and physi-
cally active for at least 150 min/wk, and having a body mass index between 18.5 and 25 kg/m2 and a healthy diet, is associ-
ated with a lower incidence of HF. In this study population, the 4 healthy lifestyle behaviors were individually and jointly 
associated with a reduced risk of HF in both men and women. Compared with individuals with none of the healthy lifestyle 
behaviors, men and women with all 4 healthy habits had a 62% and 72%, respectively, lower risk of developing HF. Hence, 
encouraging adherence to a healthy lifestyle has the potential to reduce the burden of HF. More studies are required to iden-
tify effective strategies to promote individuals to adopt and maintain a healthy lifestyle.
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