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ABSTRACT

BACKGROUND The impact of a healthy lifestyle on risk of heart failure (HF) is not well known.

OBJECTIVES The objectives of this study were to evaluate the effect of a combination of lifestyle factors on incident

HF and to further investigate whether weighting each lifestyle factor has additional impact.

METHODS Participants were 84,537 post-menopausal women from the WHI (Women’s Health Initiative) observational

study, free of self-reported HF at baseline. A healthy lifestyle score (HL score) was created wherein women received 1

point for each healthy criterion met: high-scoring Alternative Healthy Eating Index, physically active, healthy body mass

index, and currently not smoking. A weighted score (wHL score) was also created in which each lifestyle factor was

weighted according to its independent magnitude of effect on HF. The incidence of hospitalized HF was determined by

trained adjudicators using standardized methodology.

RESULTS There were 1,826 HF cases over a mean follow-up of 11 years. HL score was strongly associated with

risk of HF (multivariable-adjusted hazard ratio [HR] [95% confidence interval (CI)] 0.49 [95% CI: 0.38 to 0.62],

0.36 [95% CI: 0.28 to 0.46], 0.24 [95% CI: 0.19 to 0.31], and 0.23 [95% CI: 0.17 to 0.30] for HL score of 1, 2,

3, and 4 vs. 0, respectively). The HL score and wHL score were similarly associated with HF risk (HR: 0.46 [95%

CI: 0.41 to 0.52] for HL score; HR: 0.48 [95% CI: 0.42 to 0.55] for wHL score, comparing the highest tertile to

the lowest). The HL score was also strongly associated with HF risk among women without antecedent coronary

heart disease, diabetes, or hypertension.

CONCLUSIONS An increasingly healthy lifestyle was associated with decreasing HF risk among post-menopausal

women, even in the absence of antecedent coronary heart disease, hypertension, and diabetes. Weighting the

lifestyle factors had minimal impact. (J Am Coll Cardiol 2014;64:1777–85) © 2014 by the American College of Cardiology

Foundation.
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H eart failure (HF) is a major public
health concern, characterized by a
high prevalence, poor clinical out-

comes, and significant healthcare costs (1).
HF primary prevention through lifestyle
approaches may be more effective and less
costly than secondary or tertiary prevention
efforts. A healthy lifestyle, often character-
ized by a combination of prudent diet, regu-
lar exercise, healthy weight, and not
smoking, is related to a lower risk of athero-
sclerotic cardiovascular diseases, such as cor-
onary heart disease (CHD) (2) and stroke (3).
Few studies, however, have focused on a
healthy lifestyle in relation to HF. Healthy
lifestyle factors were individually and collec-

tively associated with a lower risk of HF among white
males in the Physician’s Health Study I (4) and among
men and women from a large and homogenous
Finnish sample (5).

Post-menopausal women and African Americans
experience a greater burden of HF (6–8), and they are
predicted to make up a greater proportion of future
HF cases in the United States (9,10). Therefore, ex-
amination of the impact of a healthy lifestyle on HF
risk in these groups is of particular interest. In addi-
tion, it has been proposed that the association of
healthy lifestyle factors with HF risk may largely be
accounted for by the development of interim CHD
(4,11), as well as interim hypertension and diabetes
(11–13). However, we were particularly interested in
whether an association between healthy lifestyle and
HF risk would be present among women without
development of any of these conditions before HF
development. For example, HF in women is less
associated with CHD than in men (14); thus, other
mechanisms are of interest. Lastly, most prior studies
investigating a combination of lifestyle factors
weighted each lifestyle factor equally (2–5,15). This
approach assumes that each lifestyle factor has the
same magnitude of effect on the outcome, and this
may lead to misclassification when lifestyle factors
are combined.

Accordingly, we examined whether a healthy life-
style, as captured by a combination of high dietary
quality, physical activity, healthy body mass index
(BMI), and not currently smoking, is associated with
risk of HF in a diverse prospective cohort of post-
menopausal women from the WHI (Women’s Health
Initiative) observational study, and we further
assessed the additional impact of weighting each life-
style factor according to its independent magnitude of

effect on HF. We further examined the association of
healthy lifestyle with HF in women with versus
without antecedent CHD, in African American versus
non-Hispanic white women, and among women
without antecedent CHD, hypertension, or diabetes.

METHODS

STUDY SAMPLE. The WHI observational study
recruited women from 40 U.S. clinical centers from
1993 to 1998. TheWHI observational study comprised a
sample of post-menopausalwomen (ages 50 to 79 years
at baseline) who were in overall good health and were
either unwilling or ineligible to be WHI clinical trial
participants (16–18). This study was approved by each
center’s institutional review board, and the subjects
provided informed consent. Women were excluded
from the current analyses if they reported a history of
HF at baseline (n ¼ 897); were missing information on
lifestyle factors (n ¼ 3,110); had energy intake <600 or
>5,000 kcal/day (n ¼ 3,571); or were underweight
(BMI# 18.5 kg/m2) at baseline (because of the potential
for preclinical disease; n¼ 1,050). Those excludedwere
more likely (p < 0.05) to be nonwhite, from the South,
and divorced, separated, or widowed; to have a history
of hypertension or CHD at baseline; and to have lower
levels of education.

MEASURES. We considered 4 lifestyle variables: Diet
quality as measured by the Alternative Healthy Eating
Index (AHEI), physical activity, BMI, and smoking.
Data used to generate the AHEI were derived from the
semiquantitative WHI food frequency questionnaire
(19). The AHEI is a composite numerical measure of
dietary quality, based on foods and nutrients pre-
dictive of chronic disease risk (20,21) and consisting
of 11 dietary components, with each scored based on a
10-point scale (0 points, least healthy; 10 points, most
healthy) (12). Women also reported on their physical
activity. For analyses, physical activity was catego-
rized as inactive (e.g., no report of moderate or
vigorous physical activity); somewhat active (i.e., less
active than recommendations [22]: <150 min/week
of moderate physical activity, or <75 min/week
of vigorous physical activity, or equivalent combina-
tion); and active (e.g., meeting physical activity rec-
ommendations [22]: $150 min of moderate physical
activity per week or $75 min of vigorous physical
activity or an equivalent combination). Smoking sta-
tus was categorized as a current, former, or never
smoker. BMI was calculated from weight and height
measures obtained at clinical examinations with a
calibrated stadiometer and categorized as normal
weight (18.5 # BMI <25 kg/m2), overweight (25 # BMI
#30 kg/m2), and obese (BMI >30 kg/m2).
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ABBR EV I A T I ON S

AND ACRONYMS

AHEI = Alternative Healthy

Eating Index

BMI = body mass index

CHD = coronary heart disease

CI = confidence interval

HF = heart failure

HL score = healthy lifestyle

score

HR = hazard ratio

PAR = population attributable

risk

wHL score = weighted healthy

lifestyle score
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