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BACKGROUND: Greater physical activity (PA) is associated with lower heart failure (HF) risk. However, it is unclear whether this 
inverse association exists across all subgroups at high risk for HF, particularly among those with preexisting atherosclerotic 
cardiovascular disease.

METHODS AND RESULTS: We followed 13 810 ARIC (Atherosclerosis Risk in Communities) study participants (mean age 55 years, 
54% women, 26% black) without HF at baseline (visit 1; 1987–1989). PA was assessed using a modified Baecke questionnaire 
and categorized according to American Heart Association guidelines: recommended, intermediate, or poor. We constructed 
Cox models to estimate associations between PA categories and incident HF within each high-risk subgroup at baseline, with 
tests for interaction. We performed additional analyses modeling incident coronary heart disease as a time-varying covariate. 
Over a median of 26 years of follow-up, there were 2994 HF events. Compared with poor PA, recommended PA was associ-
ated with lower HF risk among participants with hypertension, obesity, diabetes mellitus, and metabolic syndrome (all P<0.01), 
but not among those with prevalent atherosclerotic cardiovascular disease (coronary heart disease, stroke, or peripheral 
arterial disease) (hazard ratio, 0.91; 95% CI, 0.74–1.13 [P interaction=0.02]). Recommended PA was associated with lower 
risk of incident coronary heart disease (hazard ratio, 0.79; 95% CI, 0.72–0.86), but not with lower HF risk in those with interim 
coronary heart disease events (hazard ratio, 0.90; 95% CI, 0.78–1.04 [P interaction=0.04]).

CONCLUSIONS: PA was associated with decreased HF risk in patients with hypertension, obesity, diabetes mellitus, and meta-
bolic syndrome. Despite a myriad of benefits in patients with atherosclerotic cardiovascular disease, PA may have weaker 
associations with HF prevention after ischemic disease is established.
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Improved survival of patients with coronary heart dis-
ease (CHD) and aging of the population have con-
tributed to the rising prevalence of heart failure (HF).1 

According to the American Heart Association (AHA), 
≈1 000 000 new cases of HF occur yearly, resulting 
in more than 6.5 million Americans being affected by 
this syndrome.2 In addition to its high prevalence, HF 
is associated with significant morbidity and mortality.3 
Despite advances in treatment, studies have shown 

that 50% to 75% of patients with HF will die within 
5  years of diagnosis.4 Development of strategies to 
prevent HF is of utmost importance, with potential for 
a large public health impact.5 Specifically, refining and 
implementing targeted interventions focused on high-
risk individuals could have important clinical implica-
tions for HF prevention.

To emphasize the need for HF prevention, current 
guidelines from the American College of Cardiology 
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Foundation (ACCF) and the AHA utilize a staging sys-
tem, ranging from stage A (asymptomatic and without 
structural heart disease, but at high risk) to stage D 
(end-stage) HF.6 The category of stage A HF includes 
patients with hypertension, obesity, diabetes mellitus, 

metabolic syndrome, and atherosclerotic cardiovascu-
lar disease (ASCVD), each of which is a potent inde-
pendent risk factor for HF.7 Current guidelines broadly 
recommend adherence to a heart-healthy lifestyle, 
including engaging in recommended levels of physi-
cal activity (PA), as part of strategies to ideally prevent 
these HF risk factors from developing in the first place 
(primordial prevention), but, if already present, to pre-
vent development of HF in these high-risk subgroups.6 
However, complex and distinct mechanisms underlie 
the HF risk associations for each of these subgroups. 
Therefore, it is unclear whether the same preventive 
strategies will be uniformly protective across these 
high-risk groups.

Observational studies have consistently shown a 
dose-dependent inverse association between PA and 
incident HF.8 In addition to favorable effects on tradi-
tional risk factors, PA may improve insulin resistance, 
inflammation, subclinical myocardial damage, and the 
adverse ventricular remodeling that underlie the asso-
ciations between HF and cardiometabolic conditions 
such as obesity, diabetes mellitus, and metabolic syn-
drome.9,10 While PA is known to protect against the 
development of ASCVD and likely improves survival 
after ischemic events, PA may be less effective in 
preventing HF as a result of myocyte death and re-
placement fibrosis as a consequence of established 
ischemic heart disease. The relative impact of adher-
ing to guideline-recommended levels of PA among the 
various subgroups at high risk for HF has not been 
determined.

In this analysis of the ARIC (Atherosclerosis Risk 
in Communities) study, we sought to evaluate the as-
sociations of PA with incident HF among subgroups 
considered at high risk for incident HF in the current 
ACCF/AHA guidelines. A priori, we hypothesized that 
PA would be less strongly associated with reduced 
HF risk among individuals with prevalent self-reported 
ASCVD than in other high-risk subgroups.

METHODS
Anonymized data from the ARIC study are available 
through the National Heart, Lung, and Blood Institute 
Biologic Specimen and Data Repository Information 
Coordinating Center. Interested researchers may ad-
ditionally contact the ARIC study Coordinating Center 
to access the study data.

Study Design and Population
The ARIC study is an ongoing prospective observatio
nal cohort of mostly black and white adults from 4 US  
communities (Forsyth Country, North Carolina; Jackson, 
Mississippi; suburban Minneapolis, Minnesota; and 
Washington County, Maryland). Between 1987 and 

CLINICAL PERSPECTIVE

What Is New?
•	 This study demonstrates that higher levels of 

physical activity are associated with lower risk of 
heart failure (HF) in various high-risk subgroups, 
including patients with hypertension, obesity, 
diabetes mellitus, and metabolic syndrome.

•	 However, the majority of individuals with these 
high-risk conditions are not achieving recom-
mended physical activity levels.

•	 The study also found that despite the numerous 
health-related benefits of physical activity, it may 
be less effective for HF prevention once athero-
sclerotic cardiovascular disease is established.

What Are the Clinical Implications?
•	 Physical activity should be strongly promoted 

as part of strategies for HF prevention among 
all high-risk subgroups.

•	 However, given the potentially weaker asso-
ciations with HF prevention in patients with 
established atherosclerotic cardiovascular dis-
ease, additional evidence-based strategies for 
HF prevention should be emphasized for this 
population.

Nonstandard Abbreviations and Acronyms

ACCF	� American College of Cardiology 
Foundation

AHA	 American Heart Association
ARIC	 Atherosclerosis Risk in Communities
ASCVD	 atherosclerotic cardiovascular disease
BMI	 body mass index
BP	 blood pressure
CHD	 coronary heart disease
eGFR	 estimated glomerular filtration rate
HDL-C	 high-density lipoprotein cholesterol
HF	 heart failure
HR	 hazard ratio
ICD	 International Classification of Diseases
IQR	 interquartile range
LDL	 low-density lipoprotein cholesterol
MET	 metabolic equivalent of task
PA	 physical activity
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1989, 15 792 participants aged 45 to 64 years were en-
rolled in the study. After the baseline visit, 3 more study 
visits occurred triennially (visit 2 in 1990–1992, visit 3 in 
1993–1995, and visit 4 in 1996–1999), and a fifth and 
a sixth study visit were completed in 2011–2013 and 
2016–2017, respectively. Participants were also fol-
lowed by annual or semiannual telephone interviews 
and active surveillance of ARIC community hospitals. 
Further details on study design have been previously 
published.11 The institutional review boards for each 
study site reviewed and approved the study protocol 
and all participants provided informed consent. After 
excluding participants who were not of black or white 
race (n=48), those with prevalent HF or no HF infor-
mation at visit 1 (n=1035), those missing data on PA 
(n=14), and those missing data on high-risk subgroups 
at baseline (n=885), 13 810 individuals were included in 
the current analysis.

Physical Activity
The primary exposure variable was exercise PA 
assessed at visit 1, which was evaluated by the 
interviewer-administered Baecke questionnaire 
that has been previously described.12 Participants 
answered questions about participation in up to 4 
sports or exercise activities, as well as the frequency 
in which they engaged in such activities. Commuting 
and other leisure time activities were not considered 
in this study. Each activity was assigned a metabolic 
equivalent of task (MET), corresponding to those 
found in the compendium of PAs, and the total vol-
ume of PA was converted into MET×minutes per 
week.13

We then categorized PA according to AHA and the 
Physical Activity Guidelines for Americans recommen-
dations14,15 as poor (0 min/wk of moderate or vigorous 
PA), intermediate (>0 min/wk of moderate or vigorous 
PA but less than recommended), and recommended 
(≥75  min/wk of vigorous or ≥150  min/wk of moder-
ate and/or vigorous PA). Moderate PA was defined 
as a workload of 3 to 6 METs and vigorous PA as >6 
METs. We also modeled PA as a continuous variable 
in MET×minutes per week, with scaling per 1 SD. PA 
was additionally assessed at visit 3 (n=11 387; 6 years 
after baseline).

High-Risk Subgroups and Additional 
Covariates
We defined the subgroups at high risk for HF ac-
cording to the most recent ACCF/AHA guidelines.6 
Individuals with hypertension, obesity, diabetes mel-
litus, metabolic syndrome, and prevalent ASCVD at 
baseline (visit 1) were considered at high risk for HF. 
Blood pressure (BP) was measured 3 times after 
5 minutes of rest and recorded as the average of the 

last 2 measurements. Hypertension was defined as a 
systolic BP ≥130 mm Hg, a diastolic BP ≥80 mm Hg, or 
the use of antihypertensive medications.16 Height and 
weight were measured by trained personnel and used 
to calculate body mass index. Obesity was defined as 
a body mass index ≥30 kg/m2.

Diabetes mellitus was diagnosed by the presence 
of fasting blood glucose ≥126  mg/dL, random blood 
glucose ≥200  mg/dL, use of hypoglycemic agents, 
and/or a self-reported prior diagnosis of diabetes melli-
tus. Metabolic syndrome was defined according AHA/
National Heart, Lung, and Blood Institute guidelines 
as the presence of 3 of the following 5 components: 
(1) abdominal obesity (waist circumference ≥102 cm in 
men or ≥88 cm in women); (2) elevated BP (systolic BP 
≥130 mm Hg, diastolic BP ≥85 mm Hg, or use of anti-
hypertensive medications; (3) impaired fasting glucose 
(fasting glucose ≥100  mg/dL), without a diagnosis of 
diabetes mellitus; (4) low high-density lipoprotein cho-
lesterol (≤40  mg/dL in men or 50  mg/dL in women); 
and (5) elevated triglycerides (≥150  mg/dL). Prevalent 
ASCVD was defined as a self-reported prior physician 
diagnosis of CHD or stroke, or peripheral arterial dis-
ease diagnosed by a measured arterial-brachial index 
≤0.9.

Sex and race were self-identified. Smoking status 
was self-reported and participants were categorized 
as current, former, or never smokers. Average alcohol 
consumption was also self-reported and subsequently 
converted to grams per week. High-sensitivity cardiac 
troponin T and N-terminal pro–brain natriuretic pep-
tide were measured from plasma samples collected at 
visit 2 using the sandwich immunoassay method on 
the Roche Elecsys 2010 Analyzer (Roche Diagnostics 
Corporation). Elevated high-sensitivity cardiac troponin 
T was defined as ≥14  ng/L and elevated N-terminal 
pro–brain natriuretic peptide was defined as ≥100 pg/
mL, as in prior ARIC studies.

Outcome Assessment
The primary outcome of interest was incident HF, 
defined as a HF-associated hospitalization or death 
occurring after the baseline examination (visit 1) until 
December 31, 2016. Incident HF was diagnosed 
from hospitalizations or deaths with an International 
Classification of Diseases, Ninth Revision (ICD-9) 
discharge code, in any position, beginning with 428 
in early follow-up, or International Classification of 
Diseases, Tenth Revision (ICD-10) I50 in later follow-
up, and from deaths with either of these codes as the 
underlying cause of death.

Statistical Analysis
We performed univariate comparisons of baseline 
characteristics of study participants according to PA 
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category (poor, intermediate, or recommended) at visit 
1. ANOVA was used for continuous variables and chi-
square test for categorical variables.

We constructed Cox proportional hazards models 
to evaluate the association of each high-risk subgroup 
(hypertension, obesity, diabetes mellitus, metabolic 
syndrome, and prevalent ASCVD) with incident HF. Our 
regression models were adjusted for the confounders 
of age, sex, race, smoking status (never, former, or cur-
rent smoker), and alcohol intake.

We subsequently assessed the associations be-
tween PA and HF in the overall sample and with strati-
fication by each high-risk subgroup. We used Poisson 
regression to calculate HF incidence rates within each 
PA category at mean levels of age, sex, race, smok-
ing status, and alcohol intake, and calculated the P for 
trend across PA categories. Using patients with poor 
PA as the reference group, we also constructed multi-
variate Cox regression models to estimate the hazard 
ratios (HRs) for HF associated with intermediate and 
recommended levels of PA for the overall study sample 
and among participants with and without each high-
risk characteristic. We additionally evaluated the con-
tinuous association of PA (per 1-SD, 874.8 MET×min/
wk) with incident HF among patients with and without 
each high-risk characteristic. We used multiplicative 
interaction terms to test for interactions between each 
high-risk subgroup and PA category (recommended 
versus poor) on the outcome of incident HF.

To further evaluate the association between PA 
and incident HF among patients with ASCVD, we 
performed several sensitivity analyses. First, we re-
peated the analyses above excluding any HF events 
in the first 2 years of follow-up to address possible 
reverse causation. We conducted analyses using 
restricted cubic spline models to explore possible 
nonlinear associations of continuous PA (MET×min/
wk) with incident HF among participants with and 
without ASCVD. We compared the baseline charac-
teristics of participants in the 3 PA categories strati-
fied by the presence of ASCVD. We also performed 
analyses defining patients with CHD (rather than the 
broader population with ASCVD) at visit 1 as a high-
risk subgroup.

We performed additional regression analyses to eval-
uate the relationship between PA, incident CHD, and HF 
subsequent to ischemic events. We constructed Cox 
regression models to assess the association between 
higher categories of PA and the risk of incident CHD. 
Then, modeling incident CHD as a time-varying covari-
ate, to account for incident ischemic events preceding 
the development of HF, we performed Cox regression 
analyses assessing the association of PA with HF risk 
with time-varying CHD included in the model. We used 
this model to estimate the association of PA with HF 
among patients who did and did not experience interim 

CHD events. We additionally tested for an interaction 
between PA category (recommended versus poor) and 
incident CHD on the outcome of HF.

In further sensitivity analyses, we used visit 3 as a 
new baseline and evaluated the associations of cross-
categories of PA at visits 1 and 3 (poor at both time 
points, recommended at both time points, or another 
combination) with incident HF among patients with and 
without CHD at visit 3. The definition of prevalent CHD 
at visit 3 included the presence of prevalent CHD at 
visit 1 and adjudicated CHD cases (fatal and nonfatal 
MI, silent MI, or coronary revascularization procedure) 
from visit 1 through visit 3.

All P values presented are 2-sided. The analyses 
were performed using STATA version 13.1 (StataCorp 
LLC).

RESULTS
Of the 13 810 participants included in this study, 37% 
reported poor, 25% intermediate, and 39% recom-
mended levels of PA at baseline (visit 1). The mean 
age of participants was 55 years, 54% were women, 
and 26% were black. Individuals in the highest ver-
sus the lowest category of PA were less likely to be 
women, of black race, current smokers, to have hy-
pertension or diabetes mellitus, and had lower body 
mass index and higher high-density lipoprotein cho-
lesterol (Table 1).

Within the study population, there were 6896 
(49.9%) participants with hypertension, 3662 (26.5%) 
with obesity, 1537 (11.1%) with diabetes mellitus, 3110 
(22.5%) with metabolic syndrome, and 1251 (9.1%) 
with prevalent ASCVD. Within each of the high-risk 
groups, the number and proportion of individuals re-
porting recommended PA was 2397 (34.8%) in those 
with hypertension, 1075 (29.4%) in those with obe-
sity, 472 (30.7%) in those with diabetes mellitus, 1207 
(38.8%) in those with metabolic syndrome, and 495 
(39.6%) in those with prevalent ASCVD. Over a me-
dian 26.0 years of follow-up, there were 2994 incident 
HF events. As expected, each high-risk characteristic 
was strongly associated with incident HF when com-
pared with those without the high-risk characteristic, 
with HRs for HF ranging from 2.04 to 3.14 (Table 2).

Adjusted incidence rates for HF (per thousand 
person-years) in the overall study sample were 10.2 
for patients with poor PA, 8.8 for patients with inter-
mediate PA, and 8.1 for patients with recommended 
PA. As shown in the Figure, higher levels of PA were 
associated with lower rates of incident HF among 
participants with hypertension, obesity, diabetes mel-
litus, and metabolic syndrome (all P for trend <0.01). 
However, among patients with prevalent ASCVD, inci-
dent HF rates were not significantly lower at higher PA 
(P for trend=0.82).
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In multivariate Cox regression analyses, in the 
overall study sample, we found that patients with rec-
ommended levels of PA had a HR of 0.78 (95% CI, 
0.72–0.85) for incident HF compared with those with 
poor PA (Table  3). Compared with poor PA, recom-
mended PA was associated with lower HF risk among 
those with hypertension (HR, 0.82; 95% CI, 0.73–0.91), 
obesity (HR, 0.82; 95% CI, 0.71–0.95), diabetes mel-
litus (HR, 0.72; 95% CI, 0.60–0.87), and metabolic 
syndrome (HR, 0.79; 95% CI, 0.69–0.92), as well as 
among those without these conditions. A significant 
interaction was present between diabetes mellitus and 
PA, although recommended PA was associated with 
significantly lower HF risk among those with and with-
out diabetes mellitus.

In contrast, among patients with prevalent ASCVD, 
there was no significant association between higher 

PA categories and incident HF (HR for recommended 
versus poor PA, 0.91; 95% CI, 0.74–1.13) (Table  3). 
Additionally, a significant statistical interaction was 
found between prevalent ASCVD and PA on the out-
come of incident HF (P=0.02). Results were similar 
after exclusion of HF events in the first 2  years of 
follow-up (Table S1). Similar findings were also seen 
when PA was modeled continuously, with a signifi-
cant inverse association present among all high-risk 
subgroups (P≤0.01), except for those with ASCVD 
(HR per 1-SD, 0.94; 95% CI, 0.86–1.04). We found no 
significant interactions of continuously modeled PA 
with age, sex, or race on the outcome of HF among 
patients with or without ASCVD. Given the appear-
ance of a possible U-shaped association between 
PA and HF among patients with ASCVD in our cat-
egorical analysis, we constructed restricted cubic 
spline models to assess for deviations from linearity 
in the PA and HF association. We found a near-linear 
inverse association between increasing PA and inci-
dent HF among patients without ASCVD, and a lin-
ear nonsignificant association between PA and HF 
among patients with ASCVD (Figure S1).

We performed additional analyses to further eval-
uate the relationship of PA with incident HF among 
patients with ASCVD. We examined the baseline 
characteristics of the study population according to 
ASCVD status and PA category, as displayed in Table 
S2. Among patients with prevalent ASCVD at visit 1, 
patients performing recommended versus poor levels 

Table 1.  Characteristics of the Study Sample at Visit 1 (1987–1989) by PA

PA Category

P ValuePoor Intermediate Recommended

No. (%) 5084 (36.8) 3411 (24.7) 5315 (38.5)

Age, y 54.4 (5.7) 54.4 (5.7) 54.8 (5.8) <0.001

Black, No. (%) 2015 (39.6) 750 (22.0) 806 (15.2) <0.001

Women, No. (%) 2931 (57.7) 2001 (58.7) 2559 (48.1) <0.001

BMI, kg/m2 28.5 (5.7) 27.4 (5.1) 26.8 (4.4) <0.001

Smoking status <0.001

Never smoker, No. (%) 2075 (40.9) 1510 (44.3) 2232 (42.0)

Former smoker, No. (%) 1391 (27.4) 1074 (31.5) 2028 (38.2)

Current smoker, No. (%) 1613 (31.8) 826 (24.2) 1053 (19.8)

Alcohol intake, g/wk 41.5 (107.5) 39.6 (87.4) 45.1 (85.3) 0.022

Diabetes mellitus, No. (%) 716 (14.1) 349 (10.2) 472 (8.9) <0.001

Antihypertensive, No. (%) 1588 (31.2) 893 (26.2) 1290 (24.3) <0.001

Systolic BP, mm Hg 123.4 (19.9) 120.0 (18.0) 119.2 (17.5) <0.001

HDL-C, mg/dL 51.2 (17.1) 51.8 (16.5) 52.0 (17.3) 0.033

LDL-C, mg/dL 138.4 (40.1) 137.8 (38.8) 137.0 (38.3) 0.204

Triglycerides, median (IQR), mg/dL 111 (79–157) 109 (78–154) 107 (76–154) 0.018

eGFR, median (IQR), mL/min per 1.732 105 (96–115) 103 (95–111) 101 (94–109) <0.001

Values are means and SDs or number and proportion unless otherwise indicated. BMI indicates body mass index; eGFR, estimated glomerular filtration rate; 
HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; and PA, physical activity.

Table 2.  HRs and 95% CI for Incident HF Associated With 
Each High-Risk Subgroup*†

ASCVD (n=1251) 2.54 (2.30–2.80)

Hypertension (n=6896) 2.04 (1.89–2.21)

Obesity (n=3662) 2.04 (1.89–2.20)

Diabetes mellitus (n=1537) 3.14 (2.88–3.43)

Metabolic syndrome (n=3110) 2.08 (1.91–2.26)

ASCVD indicates atherosclerotic cardiovascular disease; HF, heart failure; 
and HRs, hazard ratios.

*Adjusted for age, sex, race, smoking status, and alcohol intake.
†Each high-risk subgroup was modeled separately and compared with 

pastients without that respective high-risk feature.
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of PA were older, less likely to be of black race, and 
had an overall healthier cardiovascular risk profile with 
lower body mass index, less current smoking and al-
cohol use, and a lower prevalence of diabetes melli-
tus. However, a higher prevalence of antihypertensive 
medication use and lower high-density lipoprotein 

cholesterol were seen among participants with recom-
mended versus poor activity. Recommended PA was 
associated with a lower prevalence of elevated high-
sensitivity cardiac troponin T among patients without 
ASCVD (P<0.01) but not among patients with ASCVD 
(P=0.44). Recommended PA was also associated with 

Figure.  Adjusted incidence rates of heart failure according to physical activity category, overall 
and within high-risk subgroups.
*At mean age, sex, race, smoking status, and alcohol intake. ASCVD indicates atherosclerotic 
cardiovascular disease.

Table 3.  Adjusted HRs and 95% CI for Incident HF Associated With Higher Category of PA, Overall and Among Participants 
With or Without a High-Risk Characteristic*

PA Category
P for 

InteractionPoor Intermediate Recommended

Overall (N=13 810) Reference (1) 0.86 (0.78–0.94) 0.78 (0.72–0.85)

No ASCVD (n=12 559) Reference (1) 0.87 (0.79–0.96) 0.74 (0.68–0.82) 0.02

ASCVD (n=1251) Reference (1) 0.78 (0.61–1.01) 0.91 (0.74–1.13)

No hypertension (n=6914) Reference (1) 0.83 (0.70–0.97) 0.79 (0.69–0.92) 0.45

Hypertension (n=6896) Reference (1) 0.91 (0.81–1.02) 0.82 (0.73–0.91)

No obesity (n=10 148) Reference (1) 0.88 (0.78–0.99) 0.84 (0.75–0.94) 0.81

Obesity (n=3662) Reference (1) 0.93 (0.80–1.08) 0.82 (0.71–0.95)

No diabetes mellitus (n=12 273) Reference (1) 0.90 (0.81–1.00) 0.83 (0.75–0.91) 0.02

Diabetes mellitus (n=1537) Reference (1) 0.82 (0.68–1.01) 0.72 (0.60–0.87)

No metabolic syndrome (n=10 700) Reference (1) 0.87 (0.77–0.97) 0.81 (0.73–0.90) 0.70

Metabolic syndrome (n=3110) Reference (1) 0.89 (0.76–1.04) 0.79 (0.69–0.92)

ASCVD indicates atherosclerotic cardiovascular disease; HF, heart failure; HRs, hazard ratios; and PA, physical activity.
*Adjusted for age, sex, race, smoking status, and alcohol intake.
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a lower prevalence of elevated N-terminal pro–brain 
natriuretic peptide among patients without ASCVD 
(P=0.01), but with a trend towards a higher proportion 
with elevated N-terminal pro–brain natriuretic peptide 
among patients with ASCVD (P=0.07).

In Cox regression analyses focused on the sub-
group with prevalent CHD at visit 1 (instead of all par-
ticipants with ASCVD), we found similar results as in 
the primary analysis, with no significant inverse associ-
ation between higher levels of PA and incident HF (HR 
for recommended versus poor activity, 0.91; 95% CI, 
0.69–1.20) (Table S3).

We also explored the associations of PA with inci-
dent CHD and HF following ischemic events. Compared 
with participants who reported poor PA, those with 
recommended PA had a significantly lower risk of in-
cident CHD (HR, 0.79; 95% CI, 0.72–0.86). In analy-
ses evaluating the association of higher categories of 
PA with incident HF with consideration of CHD as a 
time-varying covariate (Table 4), we found that recom-
mended PA at baseline was associated with lower HF 
risk among patients without incident CHD events (HR, 
0.75; 95% CI, 0.67–0.83) but not among patients who 
did have CHD events (HR, 0.90; 95% CI, 0.78–1.04), 
with a significant interaction between PA category and 
time-varying CHD (P for interaction=0.04).

When using visit 3 as the baseline for incident HF 
events and considering cross-categories of PA at visits 
1 and 3, we found that among patients without preva-
lent ASCVD, compared with patients with persistently 
poor PA, those with recommended PA at both visits 
had a significantly lower risk of HF (HR, 0.69; 95% CI, 
0.60–0.79). There was a nonsignificant association of 
persistently recommended levels of PA with incident 
HF among patients with prevalent ASCVD (HR, 0.75; 
95% CI, 0.53–1.06) (Table S4).

DISCUSSION
In the current analysis of the ARIC study we found that 
higher levels of PA were associated with less incident 
HF in the overall study sample and among the high-
risk subgroups of hypertension, obesity, diabetes mel-
litus, and metabolic syndrome. However, the majority 
of individuals within each of these high-risk subgroups 

did not meet recommended levels of PA. We did not 
find an association between recommended PA and 
lower HF risk among patients with existing ASCVD. 
Additionally, there was a significant interaction be-
tween PA and ASCVD on incident HF, suggesting PA 
may have a weaker association with HF risk among 
patients with versus patients without prevalent ASCVD.

While recommended PA was associated with a 
lower risk of incident CHD, it was not associated with 
a reduced risk of future HF among patients who ex-
perienced incident CHD events. Overall, our study 
demonstrates that PA is broadly associated with a 
lower likelihood of incident HF in most high-risk sub-
groups, although most high-risk individuals do not en-
gage in recommended PA. While PA is associated with 
reduced risk of incident CHD, it may be less protective 
against HF once ASCVD is already established.

Current ACCF/AHA guidelines identify subgroups 
at high risk for developing HF and generally recom-
mend adherence to a heart-healthy lifestyle, includ-
ing engaging in regular PA, for reducing HF risk.6 
While several studies have demonstrated an asso-
ciation between higher PA and lower HF risk in the 
general population,8 there are limited data regard-
ing this association in high-risk subgroups and par-
ticularly among patients with ASCVD. An analysis 
of postmenopausal women in the WHI (Women’s 
Health Initiative) similarly indicated that higher levels 
of PA may be associated with less HF risk reduc-
tion among patients with prevalent CHD, compared 
with those without CHD.17 Although several clinical 
trials have demonstrated a benefit of exercise-based 
cardiac rehabilitation in reducing the risk of cardio-
vascular death and rehospitalization among patients 
with CHD, to date no study has assessed whether 
exercise-based cardiac rehabilitation postmyocardial 
infarction is effective in reducing the risk of develop-
ing HF.18,19 This analysis extends prior research by 
demonstrating within a diverse population of men 
and women, inverse associations of PA with long-
term HF in most high-risk subgroups, with, however, 
little associations among patients with existing isch-
emic heart disease.

Different mechanisms underlie the associations 
of ASCVD, hypertension, obesity, diabetes mellitus, 

Table 4.  Adjusted HRs and 95% CI for Incident HF Associated With Higher Category of PA Among Participants With a 
High-Risk Characteristic, Stratified According to Time-Varying CHD*

PA Category

P for InteractionPoor Intermediate Recommended

No CHD (n=11 317) Reference (1) 0.86 (0.77–0.96) 0.75 (0.67–0.83) 0.04

Incident CHD after visit 1 
(n=2493)

Reference (1) 0.88 (0.74–1.05) 0.90 (0.78–1.04)

CHD indicates coronary heart disease; HF, heart failure; HR, hazard ratios; and PA, physical activity.
*Adjusted for age, sex, race, smoking status, and alcohol intake.
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and metabolic syndrome with HF. PA may help to re-
verse several of the processes leading to HF among 
patients with hypertension, obesity, diabetes melli-
tus, and the metabolic syndrome. Among patients 
with hypertension, in addition to lowering BP, PA is 
associated with favorable cardiac remodeling, with 
prevention or regression of left ventricular hypertro-
phy.20,21 PA also has beneficial effects on metabolic 
profiles though improvements in insulin resistance, 
glucose homeostasis, and reductions in weight,22 
all of which contribute to the development of HF 
among patients with obesity, diabetes mellitus, and 
metabolic syndrome. Obesity, diabetes mellitus, and 
hypertension are strongly associated with subclin-
ical myocardial damage as assessed by elevated 
levels of high-sensitivity cardiac troponin T, a potent 
predictor of future HF, and prior data suggest that 
regular PA is independently associated with lower 
high-sensitivity troponin T levels.9,10 Additional po-
tential mechanisms by which PA may reduce HF risk 
include reductions in ectopic fat deposition and sys-
temic inflammation.23

While cardiometabolic diseases and hyperten-
sion are frequently associated with HF with pre-
served ejection fraction,24–26 several studies have 
demonstrated stronger associations of CHD with 
HF with reduced ejection fraction than HF with pre-
served ejection fraction. ASCVD principally leads 
to HF through ischemic injury and myocyte death, 
resulting in a lower number of functional myocytes, 
more replacement fibrosis, and related systolic 
dysfunction, which may in part be irreversible.27–29 
Although in the current study we did not have the 
data available to investigate the associations of PA 
with HF with preserved ejection fraction and HF 
with reduced ejection fraction, our results are con-
sistent with data of recent studies that demonstrate 
a stronger inverse association of PA with HF with 
preserved ejection fraction, and modest or no as-
sociation between PA and HF with reduced ejection 
fraction.30,31

While we did not find a statistically significant in-
verse association between PA and HF risk among 
patients with ASCVD, there is a large body of liter-
ature demonstrating its beneficial associations with 
several health outcomes among patients with es-
tablished vascular disease, including improvements 
in traditional CVD risk factors and reduced risk of 
recurrent ASCVD events.32,33 Additionally, regular 
PA among patients with ASCVD is associated with 
improved survival.18,34 Therefore, there are a myriad 
of reasons to recommend and promote PA among 
patients with existing ASCVD, even if it is less ef-
fective for HF risk reduction. In our study, analyses 
incorporating PA levels over a 6-year period demon-
strated a slight tendency towards lower HF risk with 

persistently high PA among those with ASCVD, po-
tentially indicating that high levels of activity over pro-
longed periods could lead to some HF risk reduction 
in this subgroup.

Our findings have important implications for clinical 
practice. Prevention of risk factors through a healthy 
lifestyle, including regular PA, is the ideal approach. 
Among most of the high-risk subgroups, we found 
consistent inverse associations between PA and lower 
HF risk; however, the majority of individuals in each of 
these subgroups were not achieving recommended 
PA levels. This highlights the need for multilevel and 
multidisciplinary interventions to assess and promote 
regular PA, particularly in high-risk populations.35,36 
PA should be strongly promoted among patients with 
ASCVD for a myriad of reasons. However, given the 
potentially weaker associations with incident HF in this 
subgroup, additional evidence-based strategies, such 
as initiation of β-blockers and angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers, 
particularly in the setting of structural heart disease, 
should also be considered.37

Study Limitations
It is important to highlight some of our study limi-
tations. Given its observational nature there is the 
potential for residual and unmeasured confounding. 
PA was assessed via a questionnaire with possible 
reporting error, and only measured at 2 time points. 
It is possible that the presence of ASCVD before the 
assessment of PA may have influenced reporting of 
PA. Additionally, the directionality of the associations 
between PA and prevalent ASCVD are unknown; 
however, analyses using incident CHD events did not 
have this limitation and demonstrated similar find-
ings. While prevalent ASCVD at baseline was defined 
in part on the basis of self-reported data, our findings 
were similar in time-varying analyses where PA was 
assessed before incident CHD events. The group 
with ASCVD at visit 1 was the smallest high-risk 
subgroup, but analyses incorporating incident ad-
judicated CHD events provided a significantly larger 
sample and showed similar results.

It is also possible that among individuals with 
ASCVD certain high-risk characteristics influenced 
PA and thereby affected our results, although we 
did not consistently find more adverse risk profiles 
among individuals with ASCVD who engaged in 
higher PA levels. We also cannot exclude the pos-
sibility that premature mortality among patients with 
ASCVD affected the relationship between PA and 
HF. Additionally, the use of HF discharge codes for 
ascertainment of HF events could have led to case 
misclassification, although this would be consistent 
across all of the subgroups studied. Furthermore, 
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this analysis did not account for the use of medical 
therapies or later PA patterns that could have influ-
enced the risk of HF.

Study Strengths
Our study has several strengths including the use of 
a large, prospective, predominantly biracial, commu-
nity cohort of middle-aged adults that has been well 
characterized with direct measurement of several car-
diovascular risk factors, allowing reliable categoriza-
tion of patients with high-risk conditions. Additionally, 
this analysis utilizes extended follow-up with a large 
number of HF events that allowed for stratification by 
key characteristics and multiple sensitivity analyses. 
Regardless, clinical trials would ultimately be needed 
to prove that PA reduces HF risk in most high-risk 
subgroups.

CONCLUSIONS
In the current analyses of the ARIC study we found 
that higher PA is associated with lower HF risk among 
several subgroups known to be at high risk for HF, 
including patients with hypertension, obesity, dia-
betes mellitus, and metabolic syndrome. However, 
while PA is associated with reduced ASCVD risk and 
has multiple established cardioprotective benefits for 
patients with ischemic heart disease, it may be less 
effective in preventing HF once ASCVD is already 
established.
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Table S1. Adjusted Hazard Ratios and 95% CI for Incident Heart Failure Associated with Higher Category of Physical Activity, Overall, 
Among Participants with or Without ASCVD, Excluding Heart Failure Events in The First 2 Years of Follow Up† 

 

 
Physical activity category 

p for interaction 
Poor Intermediate Recommended 

Overall 
(n=13,736) 

Reference 
(1) 

0.87 
(0.79-0.95) 

0.78 
(0.71-0.85) 

 

No ASCVD* 
(n=12,513) 

Reference 
(1) 

0.87 
(0.79-0.97) 

0.74 
(0.67-0.82) 

0.01 
ASCVD* 
(n=1,223) 

Reference 
(1) 

0.82 
(0.63-1.06) 

0.94 
(0.76-1.17) 

 

* ASCVD = atherosclerotic cardiovascular disease 

† Adjusted for age, sex, race, smoking status, and alcohol intake



Table S2.  Characteristics of the Study Population at Visit 1 (1987-1989) by ASCVD Status and Physical Activity Category. 
 

 
No ASCVD ASCVD 

Poor Intermediate Recommended Poor Intermediate Recommended 

Number 4618 (36.8%) 3121 (24.8%) 4820 (38.4%) 466 (37.2%) 290 (23.2%) 495 (39.6%) 

Age, years 54.2 (5.6) 54.2 (5.7) 54.6 (5.8) 56.6 (5.8) 56.0 (5.5) 57.2 (5.6) 

Black 1824 (39.5%) 684 (21.9%) 725 (15.0%) 191 (41.0%) 66 (22.8%) 81 (16.4%) 

Female 2697 (58.4%) 1858 (59.5%) 2385 (49.5%) 234 (50.2%) 143 (49.3%) 174 (35.2%) 

BMI, kg/m2 28.5 (5.6) 27.4 (5.1) 26.7 (4.3) 28.6 (6.0) 28.0 (5.0) 27.5 (4.8) 

Smoking Status 

Never Smoker 1934 (41.9%) 1431 (45.9%) 2092 (43.4%) 141 (30.3%) 79 (27.2%) 140 (28.3%) 

Former Smoker 1265 (27.4%) 955 (30.6%) 1790 (37.2%) 126 (27.1%) 119 (41.0%) 238 (48.1%) 

Current Smoker 1415 (30.7%) 734 (23.5%) 936 (19.4%) 198 (42.6%) 92 (31.7%) 117 (23.6%) 

Alcohol Intake, 
g/week 

40.9 (106.1) 38.8 (85.5) 45.8 (86.1) 47.8 (119.8) 47.9 (106.0) 37.4 (76.7) 

Diabetes 596 (12.9%) 307 (9.8%) 390 (8.1%) 120 (25.8%) 42 (14.5%) 82 (16.6%) 

Anti-
Hypertensive 

1347 (29.2%) 752 (24.1%) 1015 (21.1%) 241 (51.7%) 141 (48.6%) 275 (55.6%) 

SBP, mmHg 123.0 (19.4) 119.8 (17.8) 118.9 (17.3) 127.7 (23.2) 122.0 (20.0) 122.3 (19.4) 

HDL-c, mg/dl 51.6 (17.1) 52.1 (16.4) 52.7 (17.3) 47.5 (16.5) 48.8 (16.9) 45.5 (15.7) 

LDL-c, mg/dl 137.3 (39.7) 136.9 (38.6) 136.0 (37.9) 149.3 (41.8) 147.2 (39.7) 147.4 (40.3) 



Triglycerides, 
mg/dl (IQR) 

110 [79-155] 108 [78-152] 105 [75-151] 128 [87-184] 125 [91-184] 129 [92-182] 

eGFR, 
ml/min/1.732(me
dian, IQR) 

106 [97-115] 103 [95-111] 102 [94-109] 102 [90-113] 99 [92-108] 99 [89-107] 

Elevated hs-

cTnT ( 14 ng/L) 
201 (5.2%) 93 (3.4%) 139 (3.3%) 49 (13.7%) 27 (11.2%) 61 (14.7%) 

Elevated NT-

proBNP ( 100 
pg/ml) 

841 (21.6%) 604 (22.0%) 818 (19.4%) 144 (40.0%) 110 (45.6%) 200 (48.0%) 

 

* ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; SBP = systolic blood pressure; HDL-c = HDL cholesterol; LDL-c = 

LDL cholesterol; eGFR = estimated glomerular filtration rate; IQR = interquartile range; hs-cTnT = high sensitivity cardiac Troponin T; NT-

proBNP = N-Terminal pro Brain Natriuretic Peptide 

† Values are means and standard deviations, or number and proportion, except where indicated



 

Table S3. Adjusted Hazard Ratios and 95% CI for Incident Heart Failure Associated with Higher Category of Physical Activity Among 

Participants with and Without CHD at Visit 1. 

 
Physical activity category 

p for 
interaction 

Poor Intermediate Recommended 

No CHD* 
(n=13,220) 

Reference 
(1) 

0.85  
(0.77-0.94) 

0.75  
(0.68-0.82) 

0.24 
CHD* 
(n=590) 

Reference 
(1) 

0.86 
(0.62-1.20) 

0.91  
(0.69-1.20) 

 

* CHD = coronary heart disease 

† Adjusted for age, sex, race, smoking status, and alcohol intake 

  



 

Table S4. Adjusted Hazard Ratios and 95% CI for Incident Heart Failure Associated with Cross-Categories of Physical Activity at Visit 

1 and Visit 3† 

 

Cross-category of physical activity 
p for 

interaction 
Poor-Poor Other‡ 

Recommended-
Recommended 

No CHD* 
(n=10,572) 

Reference 
(1) 

0.81  
(0.72-0.91) 

0.69  
(0.60-0.79) 

0.95 

CHD* 
(n=673) 

Reference 
(1) 

0.86 
(0.64-1.17) 

0.75  
(0.53-1.06) 

 

* CHD = coronary heart disease 

† Adjusted for age, sex, race, smoking status, and alcohol intake at Visit 1 and Visit 3 

‡ Other longitudinal physical activity patterns from Visit 1 to Visit 3: poor-intermediate, poor-recommended, intermediate-poor, intermediate-

intermediate, intermediate-recommended, recommended-poor, and recommended-intermediate. 

 

 

 

 



Figure S1. A. Continuous Association of Increasing Levels of PA with Incident HF, Among Participants Without ASCVD at Visit 1. 

 
 
  



Figure S1B.  Continuous Association of Increasing Levels of PA with Incident HF, Among Participants with ASCVD at Visit 1. 
 

 
 
* Adjusted for age, sex, race, smoking status, and alcohol intake  
  


