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Abstract: Heart failure (HF) is a 
complex clinical syndrome that is 
increasingly prevalent among US adults 
and accounts for substantial burden 
of healthcare costs and morbidity. HF 
is commonly associated with prior 
myocardial infarction as well as 
prolonged exposure to hypertension, 
diabetes, and coronary atherosclerosis. 
Exercise training is becoming 
established in the management of 
HF because of its beneficial effect on 
both central (cardiac) and peripheral 
(skeletal muscle) HF mechanisms. The 
role of habitual physical activity in 
the primary prevention of HF is less 
clear. Recent prospective observational 
studies suggest there is lower risk of 
developing HF in adults who are more 
physically activity and have higher 
cardiorespiratory fitness compared 
with their less active and fit peers. This 
article reviews the published evidence 
on physical activity and HF prevention, 
discusses potential mechanisms for 
this benefit, and suggests areas where 
further research is needed to establish 
recommendations on the type, amount, 
and intensity of physical activity 
required to prevent occurrence of HF.

Keywords: exercise; heart failure; 
prevention; epidemiology; physical 
fitness

Cardiovascular disease continues 
to impose a substantial burden 
on population health in the 

United States as the leading cause of 
morbidity and mortality in middle-aged 
and older adults.1 Much of this burden is 
attributed to coronary heart disease and 
ischemic stroke. Recent advances in the 
treatment of acute coronary events,2,3 
and in device-based4 and 
pharmacologic-based5 control of clinical 
sequelae in those with impaired left 
ventricular function has greatly improved 
survival among coronary patients. Better 
primary prevention guidelines6,7 and 
development of new drug therapies8,9 

have led to reductions in the occurrence 
of myocardial infarction. A consequence 
of enhanced primary prevention of 
coronary disease and treatment of acute 
coronary events is increasing frequency 
of chronic heart failure (HF).

HF imposes a large and growing public 
health burden in the United States.10 

Based on population surveillance data in 
2012, it is estimated that about 6.5 
million adults 20 years and older (≈2% of 
the 2012 US population) are living with 
diagnosed HF. Prevalence of HF is 
projected to increase at least 45% to 
about 9 million by 2030.1 HF 
disproportionately affects older adults 
with 80% of cases occurring in 
individuals 65 years and older, for whom 
HF is the leading cause of hospitalization 
with 5-year mortality of about 50%.1,10 In 
2012, the total cost for HF was $30 
billion, and by 2030 this is expected to 
increase 127% to nearly $70 billion. The 
US adult population aged 65 years and 

older is expected to double between 
2000 and 2030, older women 
outnumbering men, and the population 
burden of HF will be substantial, 
especially among women at advanced 
ages.

HF is a progressive clinical syndrome 
involving cardiac structural and 
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functional alterations that give rise to 
impaired ventricular contractility and/or 
relaxation.11 Neurohormonal activation 
secondary to cardiac insult exerts 
vasoactive responses and promotes fluid 
retention contributing to HF progression. 
HF subtypes based on left ventricular 
ejection fraction (EF) have been defined 
as HF with reduced EF (HFrEF; EF 
≤40%), HF with preserved EF (HFpEF; EF 
≥50%), and borderline HF (EF 41%-
49%).12 About 50% of patients 
hospitalized with HF have HFpEF, which 
is more common at older age and in 
women.1 Whereas antecedent myocardial 
infarction is frequent in HFrEF, this tends 
not to be the case in HFpEF, for which 
prolonged exposure to hypertension, 
diabetes and obesity are common 
underpinnings.11 Conventionally, HFrEF 
is associated with systolic cardiac 
dysfunction (poor contractility) whereas 
HFpEF is associated with diastolic 
cardiac dysfunction (impaired myocardial 
relaxation). The cardiac muscle 
dysfunction that characterizes HF 
involves alteration of myocardial 
excitation-contraction coupling and 
sarcomeric cross-bridge cycling (reduced 
myocardial force production), myocardial 
interstitial fibrosis, ventricular remodeling 
involving either, or both, ventricular 
dilation and hypertrophy, venous 
congestion and an imbalance between 
myocardial oxygen supply and demand. 
As such, prominent among the clinical 
signs and symptoms of HF are dyspnea 
at rest or on exertion and reduced 
physical functioning capacity. In HFrEF 
and HFpEF peripheral skeletal muscle 
dysfunction is increasingly recognized as 
a mechanism for exercise intolerance in 
addition to the more established central 
cardiac limitations.13 Because many of 
the central and peripheral mechanisms 
of HF respond favorably to exercise 
training, its role in HF management is 
becoming established.13-15

Less is known about the role physical 
inactivity has in the development of HF. 
Increasing physical activity levels and 
reducing sedentary time are 2 behavioral 
strategies that have promise with regard 
to HF prevention.16 There is clear and 
strong evidence that regular physical 

activity is associated with reduced risks 
of developing hypertension, diabetes, 
and coronary heart disease,17 which are 
major HF antecedents. In fact, human 
evolution has depended on a physically 
active lifestyle; hunting, gathering, 
fighting, fleeing, and surviving long 
enough to reproduce were essential 
elements of our ancestral past.18 A 
sedentary way of life, therefore, is an 
unnatural aberration from our 
evolutionary constitution and should 
logically be unhealthy to our species. 
Reduced physical activity and prolonged 
exposure to sedentarism impose serious 
consequences to cardiovascular 
function.19 Because of the high 
prevalence of sedentary lifestyles and the 
strong association between physical 
inactivity and cardiovascular disease 
(CVD) endpoints,17 it is not surprising 
that a high proportion of CVD mortality 
is attributed to physical inactivity, rivaling 
that of smoking, obesity, and other 
established risk factors as causes of 
decreased longevity.20,21

In this article, the role of physical 
activity in the primary prevention of HF 
is discussed. Available scientific evidence 
is briefly reviewed, and additional 
research needs are recommended. To 
begin, a brief discussion is given on 
terminology, assessment methods, and 
paradigms that pertain to physical 
activity and exercise.

Terminology, 
Assessment, and 
Paradigms

Physical activity refers to a behavior, 
specifically body movement that occurs 
from skeletal muscle contraction 
resulting in increased energy expenditure 
above resting metabolic rate.22 It is now 
accepted that activity-related energy 
expenditure, or the dose of physical 
activity, is more important for health 
benefits than is the specific type of 
activity (eg, walking, running, cycling, 
occupational activities).23 Sedentary 
behavior is a behavioral domain that is 
seen as not just being at the low end of 
the physical activity continuum, but 
instead, as a phenotype with related but 

separate physiologic consequences (and 
disease risks) in addition to those 
ascribed to low levels of physical 
activity.22,24 Exercise, or “exercise 
training,” is a subcategory of physical 
activity that is systematically structured 
toward enhancing one or more 
components of physical fitness.22 
Physical fitness is a set of physiological 
attributes (eg, cardiorespiratory fitness, 
body composition, muscular strength and 
endurance, flexibility, agility, balance) 
that may be enhanced through exercise 
training or through regular participation 
in physical activity.22 Although it is 
plausible that enhancing each aspect of 
physical fitness may in some manner 
confer health benefits, the component of 
physical fitness that most often has been 
related with health outcomes is 
cardiorespiratory fitness (CRF). 
Determinants of CRF include age, sex, 
health status, and genetics; however, the 
principal modifiable determinant is 
habitual physical activity level. CRF 
responses to a standardized dose of 
aerobic exercise vary widely among 
individuals, and the observed 
heterogeneity is not random but 
aggregates in families through both 
genetic and environmental 
components.25 Nevertheless, in most 
individuals, and particularly among those 
who are sedentary, increases in physical 
activity result in increases in CRF, 
whereas, CRF declines soon after 
cessation of physical activity.22 Thus, CRF 
can be used as an objective surrogate 
measure of recent physical activity 
patterns.

Assessment Methods

Physical activity is a complex 
multidimensional behavior that is difficult 
to assess in free-living populations. A 
gold standard measurement does not 
exist at present. Several methods have 
been used to assess physical activity and 
these measurements have a broad range 
of accuracy, reproducibility, and 
feasibility.26 For example, self-
administered questionnaires have 
relatively low cost and administrative 
burden, and can be used to obtain a 
crude categorization of activity status (eg, 
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sedentary vs active) or to obtain more 
detailed descriptions of activities (eg, 
type, duration, frequency) and their 
estimated energy cost (eg, kcal/wk). 
Several issues, including population 
specificity of the questionnaire, 
completeness in capturing relevant 
activity domains of interest, and the 
potential for inaccurate recall must be 
considered when selecting a specific 
questionnaire and when generalizing 
associations between health outcomes 
and activity levels obtained therewith. 
Alternatively, direct monitoring of body 
movement and related energy 
expenditure can be performed using 
electronic motion sensors (eg, 
accelerometers, pedometers), global 
positioning satellite technology, heart 
rate monitors, portable indirect 
calorimeters, doubly labeled water, or 
some combination thereof. Lack of 
information on the type of activity being 
performed, potential changes in habitual 
physical activity behavior as a 
consequence of monitoring (eg, 
reactivity), calibration of device output to 
the targeted population’s physical activity 
habits and intensities, and the associated 
costs and administrative burden have 
precluded using direct monitoring in 
most large-scale studies. Approaches and 
challenges to assessing adult sedentary 
behavior are similar to those described 
for physical activity.27

CRF measurement methods have 
included the duration of exercise or the 
final estimated work rate achieved during 
maximal and submaximal exercise 
testing, performance on the 6-minute 
walk test and 400-m walk tests and, less 
frequently, indirect calorimetry measures 
of maximal oxygen uptake. CRF is less 
prone to misclassification due to 
response biases or behavior reactivity 
than self-reported or directly monitored 
activity habits.26 CRF, therefore, may 
better reflect the adverse consequences 
of a sedentary lifestyle than can be 
quantified using conventional physical 
activity assessments.28 This might be 
because CRF is a more reliable measure 
than is self-reported free-living PA, and 
because CRF may better reflect the 
combined effects of genetics and 

behavior in determining an individual’s 
health risk. Recent studies also have 
demonstrated cardiovascular benefits 
associated with greater reported 
frequency of participating in resistance 
exercises,17 and with greater levels of 
skeletal muscle strength as measured by 
isometric grip strength, isokinetic torque 
at different joints, and integrated tests of 
function such as the repeated chair stand 
and the “up and go” tests.29

Broadening the Paradigm

The 1996 US Surgeon General’s report 
on physical activity and health promoted 
a broadening of the exercise paradigm 
from one that focused almost exclusively 
on enhancing physical fitness to one that 
includes both health and fitness 
domains,30 a paradigm shift further 
supported by the 2008 Physical Activity 
Guidelines for Americans.31 Historically, 
under the exercise and fitness paradigm 
recommendations included relatively 
intense exercise and a more formal 
exercise prescription. Exercise benefits 
were thought to result through a 
threshold concept, which asserts that 
improvements in physical fitness and 
functioning can only occur after the 
exercise prescription level is achieved. 
The health and fitness paradigm derives 
from epidemiological data that suggested 
an inverse dose-response curve between 
physical activity, fitness, and health 
outcomes. The dose-response curve 
generally is characterized by a steep 
reduction in health risk across lower and 
intermediate physical activity or fitness 
categories, followed by a more gradual 
decline and tapering off across the 
highest categories. Accordingly, even 
moderate amounts and intensities of 
physical activity may confer important 
health benefits among those who are 
sedentary and have low CRF.

A simple schematic of possible 
relationships among physical activity, 
fitness, and health is shown in Figure 1. 
Factors such as genetics, the 
environment, and other health behaviors 
likely influence these relationships. There 
probably exists specificity of causal 
pathways between physical activity, 
fitness, and health wherein some 

outcomes may derive only when physical 
activity sufficiently enhances one or 
more domains of physical fitness; 
whereas, other outcomes may occur only 
if the metabolic capacity of skeletal 
muscle is enhanced, irrespective of 
changes in maximal physical 
performance.32 Moreover, the probability 
of adverse event occurrence, such as 
musculoskeletal injury or cardiac arrest, 
also tracks along the physical activity 
dose-response curve. At lower amounts 
and intensities of physical activity, risks 
of adverse events directly induced by the 
activity tends to be low. Adverse event 
risks increase gradually with greater 
amounts and intensities of physical 
activity, and generally are highest when 
engaging in high amounts and intensities 
of activity especially in individuals with 
increased susceptibility to such events 
because of existing medical conditions or 
because of deconditioning.22 Despite 
these potential events, the overall risk of 
serious adverse cardiovascular events 
with physical activity is extremely rare 
(detailed below).

How Much Physical 
Activity Is Needed?

A critical mass of observational and 
experimental evidence has been 
marshaled into consensus 
recommendations on the type and 
amount of PA and exercise training 
required to achieve specific health and 
fitness outcomes.22,23,30,31 Generally, all 
adults are encouraged to minimize time 
spent in prolonged sedentary behaviors. 
Healthy adults are further encouraged to 
achieve a minimum of 150 minutes per 
week of moderate intensity (3-6 
metabolic equivalents [METs]) physical 
activity; or at least 75 minutes per week 
of vigorous intensity (>6 METs) 
activity.22,23,30,31 The targeted minimum 
volume of PA is about 8 MET-hours per 
week (≈1000 kcal/wk) above routine 
activities of daily living. The targeted 
volume of energy expenditure can be 
achieved through a combination of 
moderate and vigorous intensity 
activities. Sedentary individuals should 
gradually increase their PA levels toward 
meeting the minimal recommended dose. 
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Greater health benefits likely are 
conferred in individuals whose physical 
activity energy expenditure exceeds the 
recommended minimum dose. Recent 
clinical trial data indicate that 
recommended levels of moderate 
intensity physical activity are a sufficient 
stimulus to improve CRF,33,34 and that 
adherence is greater for moderate 
compared with high intensity physical 
activity programs.35,36

Energy expenditure for individual 
activities can be estimated by multiplying 
the frequency, duration, and absolute 
intensity (eg, METs) of the activity; total 
energy expenditure then is estimated by 
summing across the individual activities. 
Standardized energy costs in METs have 
been published for a variety of activity 
types.37 An example that fulfils the 
required energy expenditure for 
health-related benefits might be 30 
minutes of brisk walking (moderate 
intensity) on 3 days, plus 20 minutes of 
jogging (vigorous intensity) on another 1 
day of the week. Given that brisk 
walking (3.5 mph [5.6 km/h] on level 
ground) is a 3.8-MET activity and that 
jogging (5.96 mph or 10 min/mile [9.6 
km/h] on level ground) is a 10-MET 
activity, the weekly volume of combined 
moderate intensity (30 minutes × 3.8 
METs × 3 days = 342 MET-minutes) and 

vigorous intensity (20 minutes × 10 METs 
× 1 day = 200 MET-minutes) physical 
activity would be 542 MET-minutes per 
week, or 9 MET-hours per week.

Physical Activity, CRF, 
and HF Risk

When the 2008 federal Physical Activity 
Guidelines for Americans were 
developed, there was insufficient 
evidence to support a recommendation 
on HF benefit associated with reduced 
sedentary time or increased physical 
activity.17 It was unclear if the 
cardiovascular benefit of regular physical 
activity extends to HF prevention. 
However, accumulating findings from 
observational studies suggest that greater 
levels of aerobic physical activity and 
CRF are associated with lower incidence 
of hospitalization for acute HF.38-64 The 
basic design and major findings of these 
studies are summarized in Table 1. Of 
the 28 published studies in the table, 
there were 18 primary studies that 
evaluated HF risk in relation to physical 
activity*; 6 in relation to CRF;41,45,49,50,54,57 
and 1 in relation to sedentary behavior.63 
The remaining studies were a pooled 
analysis on physical activity and HF 

risk59 and 2 meta-analyses of studies on 
physical activity or CRF with HF risk.44,65 
Cohort size ranged from 1142 
participants52 to 137 303 participants55 for 
studies on physical activity; 1873 
participants50 to 66 329 participants54 for 
studies on CRF; and 82 695 participants63 
for the study on sedentary behavior. 
Follow-up intervals for incident HF cases 
in the 25 primary studies were 15 years 
or longer in 10 of the studies; 10 to 15 
years in 12 studies; and <10 years in the 
remaining 4 studies. Numbers of HF case 
counts for analysis ranged from 88 (Patel 
et al64) to 3609 (Rahman et al61) in 
studies on physical activity or sedentary 
behavior, and 221 (Khan et al49) to 4652 
(Kupsky et al54) in studies on CRF. 
Results for women were reported in 8 of 
the primary studies (6 physical activity; 2 
CRF);41,46,47,54-56,60,62 and for participants 
from non-Caucasian race ethnic groups 
in 4 studies (3 physical activity; 1 
CRF).40,54,58,63 Lifetime risks of HF were 
estimated in 2 studies,43,53 and results for 
HFrEF and HFpEF risks were reported in 
2 primary studies.52,55

Inverse multivariable-adjusted 
associations between physical activity or 
CRF and risk of overall HF were reported 
in all studies shown in Table 1. In the 
majority of available studies leisure-time 
physical activity was defined as the 

*References 38-40, 42, 43, 46-48, 51-53, 55, 56, 
58, 60-64.

Figure 1.

A schematic of possible relationships between physical activity, fitness, and heart failure. (a) Physical activity may have direct 
benefits on fitness, which in turn affects heart failure or (b) physical activity may benefit heart failure independent of any effect on 
measures of fitness. Other behavioral factors (eg, smoking, diet, alcohol intake), the environment (eg, air pollution exposure), health 
status (eg, prevalent morbidity), and genetics likely influence these potential relational pathways.
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Table 1.

Prospective Observational Associations of Physical Activity or CRF With Incidence of Heart Failure.

Study
Population and  

Outcome
Follow-up  
(HF Cases) Exposure Main Findingsa

Physical activity (PA)

He et al (2001)46 5545 men and 8098 women, 
mean age 52.2 y (men) and 
48.1 y (women), without 
known HF in the US NHANES 
follow-up study.

Outcome: ≥1 hospitalizations 
for HF or death due to HF.

Mean 19 y
(741 men,  

641 women)

Unspecified assessment; 
exposure defined as low PA 
(vs high PA)

  RR (95% CI)
All: 1.23 (1.09, 1.38), P <.001
Men: 1.14 (0.94, 1.38), P = .19
Women: 1.31 (1.11, 1.54), P = .002

Djousse et al (2009)43 20 900 men, mean age 53.6 
y, without known HF in the 
Physician’s Health Study I.

Outcome: Lifetime risk of HF 
between 40 and 80 y of age, 
defined as incident diagnosis 
of HF or death due to HF.

Mean 22.4 y
(1200)

Frequency per week of 
vigorous exercise (no recall 
time given)

Lifetime risk estimates 
adjusted for mortality 
during follow-up interval.

PA level lifetime risk, % (95% CI)
<5 times/wk 14.3 (13.2, 15.4)
≥5 times/wk 11.4 (9.4, 13.5)

Kenchaiah et al 
(2009)48

21 094 men, mean age 53 y, 
without known HF or CHD in 
the Physicians Health Study.

Outcome: incident diagnosis of 
HF or death due to HF.

Mean 20.5 y
(1109)

Frequency per week of 
vigorous exercise (no recall 
time given)

PA level [cases] RR (95% CI)
Never/rarely [206] 1.00 (referent)
1-3 times/mo [145] 0.78 (0.63, 0.97)
1-4 times/wk [610] 0.86 (0.73, 1.01)
5-7 times/wk [148] 0.73 (0.59, 0.90)
 Trend, P =   .016

Diabetes—no
 Never/rarely [183] 1.00 (referent)
N≥1-3 times/mo [829] 0.80 (0.68, 0.94)
Diabetes—yes
 Never/rarely [183] 1.00 (referent)
 ≥1-3 times/mo [829] 1.02 (0.63, 1.64)

Hu et al (2010)47 28 842 men and 30 366 
women, ages 25-74 y, in the 
FINN-MONICA study.

Outcome: incidence of 
diagnosed HF documented 
in the Finnish Hospital 
Discharge Register.

Mean 18.4 y
(3614)

Combined occupational, 
commuting, and leisure-
time PA during the previous 
year.

PA level [cases] RR (95% CI)

Men:
Low [240] 1.00 (referent)
Moderate [601] 0.79 (0.68, 0.92)
High [1080] 0.69 (0.60, 0.80)
 Trend, P < .001

Women:
Low [346] 1.00 (referent)
Moderate [597] 0.86 (0.75, 0.99)
High [750] 0.68 (0.59, 0.78)
 Trend, P < .001

Wang et al. (2010)62 28,334 men and 29,874 
women, ages 25-74 yr, in 
the FINN-MONICA study.

Outcome: incidence of 
diagnosed HF documented 
in the Finnish Hospital 
Discharge Register.

Mean 18.4 yr
(3,508)

Walking or cycling to and from 
work during previous year.

Walking/cycling, min/wk RR (95% CI)

Men [cases]:
     0 [984] 1.00 (referent)
1-29 [499] 1.01 (0.90, 1.13)
 ≥30 [385] 0.99 (0.87, 1.12)
Trend, P =    .37

Women [cases]:
     0 [959] 1.00 (referent)
1-29 [351] 0.87 (0.76, 0.99)
 ≥30 [330] 0.94 (0.82, 1.07)
Trend, P =    .11

 (continued)
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Study
Population and  

Outcome
Follow-up  
(HF Cases) Exposure Main Findingsa

Bell et al. (2013)40 3,707 black and 10,018 
white adults, ages 45-64 
yr, without known CVD 
(including HF) in the ARIC 
study.

Outcome: incident 
hospitalization for acute HF, 
or death due to HF.

Mean ≈17 yr
(1,748)

Combined occupational, sport, 
and leisure PA during 
previous yr

AHA Categories of MVPA (min/
wk):

Poor (0)
Intermediate (1-149)
Recommended (≥150)

Blacks [cases] RR (95% CI)
Poor [350]: 1.00 (referent)
Intermediate [178]: 0.62 (0.51-0.75)
Recommended [105]: 0.59 (0.47-0.74)
 Trend, P <.0001

Whites [cases]
Poor [303]: 1.00 (referent)
Intermediate [414]: 0.76 (0.65-0.88)
Recommended [398]: 0.64 (0.54-0.75)
 Trend, P < .0001

Kraigher-Krainer et al 
(2013)52

1142 adults, ages 67-97 y, 
without known HF, in the 
Framingham Heart Study.

Outcome: incident 
hospitalization for HF overall, 
and HFrEF (LVEF ≤45%) or 
HFpEF (LVEF >45%).

Mean 10 y
(250 overall; 

108 HFpEF, 
106 HFrEF)

Combined occupation and 
leisure-time PA used 
to compute a PA Index, 
analogous to MET-h/wk:

Tertiles:
Low (men 24.9-30; women 

24.2-29.8)
Middle (men 30.1-34.3; 

women 29.9-33.7)
High (men 34.5-63.2; women 

33.8-57.6)

PA tertile [cases] RR (95% CI)
Overall HF [250]
Low 1.00 (referent)
Middle 0.84 (0.60,1.17)
High 0.65 (0.46, 0.91)
 Trend, P = .01

HFpEF [108]
Low 1.00 (referent)
Middle 0.54 (0.31, 0.92)
High 0.66 (0.41, 1.07)
 Trend, P = .11

HFrEF [106]
Low 1.00 (referent)
Middle 1.07 (0.64, 1.79)
High 0.69 (0.41, 1.19)
 Trend, P = .16

Patel et al (2013)64 5503 adults, mean age 73 y, 
without known HF, in the 
Cardiovascular Health Study.

Outcome: adjudicated, 
physician-diagnosis of HF.

13 y
(88)

Leisure-time PA, previous 
2 wk.

Categories
MET-min/wk [median]:
0 [0]
1-499 [253]
500-999 [729.5]
≥1000 [2054.5]

PA level [cases] RR (95% CI)
0 [26] 1.00 (referent)
1-499 [23] 0.97 (0.79, 1.20)
500-999 [20] 0.86 (0.69, 1.08)
≥1000 [19] 0.79 (0.64, 0.97)
 Trend, P =    .003

Agha et al (2014)38 84 537 women, ages 50-79 y, 
without known HF in the US 
Women’s Health Initiative.

Outcome: incident 
hospitalization  
for HF.

Mean 11 y
(1826)

Recreational walking and 
physical activity (usual levels), 
summarized as MET-h/wk.

Inactive: 0
Somewhat active: 1-149
Active: ≥150

PA level [cases] RR (95% CI)
Inactive [386] 1.00 (referent)
Somewhat [614] 0.77 (0.67, 0.87)
Active [826] 0.69 (0.61, 0.79)
 Trend, P = .06

Andersen et al (2014)39 39 805 adults, mean age 52.2 
y, without known HF in the 
Swedish National March 
Cohort study.

Outcome: incident 
hospitalization  
for HF.

Median 13 y
(1545)

Combined occupational, 
household, exercise and 
leisure-time PA during 
previous year, summarized 
to total PA MET-h/d.

PA exposure categorized in 
quintiles.

Leisure PA (MET-h/d) RR (95% CI)
Q1 (<1.2) 1.00 (referent)
Q2 (1.2-1.9) 0.93 (0.79, 1.09)
Q3 (1.9-3.0) 0.79 (0.67, 0.94)
Q4 (3.0-4.7) 0.73 (0.60, 0.89)
Q5 (>4.7) 0.65 (0.53, 0.81)
 Trend, P < .01

Total PA (MET-h/d) RR (95% CI)
Q1 (<30.5) 1.00 (referent)
Q2 (30.5-33.9) 0.82 (0.68, 1.00)
Q3 (33.9-39.1) 0.87 (0.72, 1.04)
Q4 (39.1-48.7) 0.87 (0.73, 1.05)
Q5 (>48.7) 0.90 (0.76, 1.06)
 Trend, P = .59

Table 1. (continued)

 (continued)
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Study
Population and  

Outcome
Follow-up  
(HF Cases) Exposure Main Findingsa

Rahman et al (2014)60 27 895 women, ages 47-83 
y, without known HF, CHD, 
or cancer in the Swedish 
Mammography Cohort study.

Outcome: incident 
hospitalization for HF or 
death due to HF.

Mean 13 y
(2402)

Combined occupational, 
household, exercise, 
and walking/bicycling 
during the previous year; 
summarized into total PA 
MET-h/d.

Cubic spline regression resulted in a nonlinear (P 
< .01) dose-response across the range of total 
PA MET-h/d:

PA level (spline) RR (95% CI):
 30 (lowest) 1.70 (1.42, 2.07)
 42 (median) 1.00 (referent)
 58 (highest) 0.98 (0.70, 1.30)

Walking/Bicycling:
≥20 vs <20 min/d 0.71 (0.64, 0.80)

Exercise:
≥1 vs <1 h/wk 0.83 (0.75, 0.92)

Household chores:
≥1 vs <1 h/d 0.82 (0.70, 0.97)

Young et al (2014)63 82 695 men ages 45-69 y, 
without known HF, in the 
California Men’s Health 
Study.

Outcome: ≥1 hospitalization 
for HF, or ≥2 outpatient HF 
diagnoses as determined 
using the Kaiser Permanente 
Southern or Northern health 
plans.

Mean 7.8 y
(3473)

Leisure-time MVPA during 
previous 3 months

Tertiles (MET-min/wk):
Low (≤470)
Middle (471-1584)
High (≥1585)
Multivariable model includes 

adjustment for sedentary 
time.

PA Tertile [cases] RR (95% CI)
Low [1505] 1.52 (1.38, 1.67)
Middle [1051] 1.15 (1.04, 1.26)
High [829] 1.00 (referent)
 Trend, P <.0001

  Low Middle High
Whites 1.56* 1.13* 1.00
Blacks 1.29 1.12 1.00
Hispanic 1.61* 1.45* 1.00
Asian 1.45* 1.22 1.00
CHD—no 1.70* 1.23* 1.00
CHD—yes 1.32* 1.06 1.00
HTN—no 1.53* 1.15 1.00
HTN – yes 1.53* 1.18* 1.00
*P < .05

Del Gobbo et al 
(2015)42

4490 adults, ≥65 y, 
without known HF in the 
Cardiovascular Health Study.

Outcome: Incidence of 
diagnosed and treated HF.

Maximum 
21.5 y

(1380)

Leisure-time PA and  
walking during previous 
year.

PA and walking exposures 
updated at 3 and 7 years 
postbaseline; analyzed 
using repeated measures 
modeling.

PA, kcal/wk [cases] RR (95% CI)
<845 [624] 1.00 (referent)
≥845 [756] 0.78 (0.69, 0.87)

Walking, mph [cases] RR (95% CI)
<2 [454] 1.00 (referent)
≥2 [926] 0.80 (0.71, 0.90)

Rahman et al (2015)61 33 012 men, mean age 60 y, 
without known HF or CHD, in 
the Cohort of Swedish Men 
Study.

Outcome: incident 
hospitalization for HF or 
death due to HF.

Mean 13 y
(3609)

Combined occupational, 
household, exercise, 
and walking/bicycling 
during the previous year; 
summarized into total PA 
MET-h/d.

Cubic spline regression resulted in a nonlinear 
(P < .001) dose-response across the range of 
total PA MET-h/d:

PA level (spline) RR (95% CI):
 30 (lowest) 1.44 (1.24, 1.68)
 41 (median) 1.00 (referent)
 57 (highest) 1.25 (1.03, 1.53)

Walking/Bicycling:
≥20 vs <20 min/d 0.79 (0.72, 0.87)

Exercise:
≥1 vs <1 h/wk 0.86 (0.79, 0.94)

Household chores:
≥1 vs <1 h/d 0.95 (0.89, 1.02)
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LaMonte et al (2016)55 137 303 women, ages 50-79 y, 
without known HF in the US 
Women’s Health Initiative.

Outcome: incident 
hospitalization for HF overall, 
and HFpEF (LVEF ≥45%) or 
HFrEF (LVEF <45%).

Mean 14 y
(2523 overall, 

734 HFpEF, 
451 HFrEF)

Recreational walking and 
physical activity (usual 
levels), summarized as 
MET-h/wk.

PA exposure defined as:
Inactive (0 MET-h/wk) and 

tertiles of PA
Multivariable adjustment 

included time-varying CHD

Total PA Tertile (MET-h/wk) RR (95% CI)
HF overall [cases]
 Inactive [434] 1.00 (referent)
 >0-7.2 [855] 0.88 (0.79, 0.99)
 7.3-17.0 [682] 0.79 (0.70, 0.90)
 >17.0 [522] 0.75 (0.65, 0.85)
  Trend, P <    .001

HFpEF [cases]
 Inactive [145] 1.00 (referent)
 >0-7.2 [272] 0.93 (0.76, 1.14)
 7.3-17.0 [170] 0.77 (0.61, 0.96)
 >17.0 [147] 0.81 (0.64, 1.03)
  Trend, P =    .07

HFrEF [cases]
 Inactive [103] 1.00 (referent)
 >0-7.2 [160] 0.77 (0.60, 0.99)
 7.3-17.0 [94] 0.58 (0.44, 0.77)
 >17.0 [94] 0.71 (0.54, 0.95)
  Trend, P =    .06

Larsson et al (2016)56 33 966 men and 30 713 
women, ages 45-83 y, 
without known HF and CHD, 
in established Swedish 
cohort studies.

Mean 13 y
(1488 men, 

1096 
women)

Combined walking, bicycling, 
and exercise during 
previous year; summarized 
into MVPA min/wk.

Inactive <150 min/wk
Active ≥150 min/wk

Men [cases] RR (95% CI)
Active [73] 0.83 (0.74, 0.94)

Women [cases] RR (95% CI)
Active [77] 0.71 (0.63, 0.81)

Koo et al (2017)51 4066 black adults, mean age 
55.0 y, without known HF, in 
the Jackson Heart Study.

Outcome: incident 
hospitalization for HF.

Mean 7 y
(168)

Combined occupational, sport, 
and leisure PA during past 
year

AHA categories of MVPA (min/
wk):

Poor (0)
Intermediate (1-149)
Recommended (≥150)

PA level [cases] RR (95% CI)
Poor [114]: 1.00 (referent)
Intermediate [42]: 0.74 (0.52-1.07)
Recommended [12]: 0.41 (0.22-0.74)
 Trend, P =    .003

Excluding those with interim CHD:
Poor: 1.00 (referent)
Intermediate: 0.83 (0.52-1.33)
Recommended: 0.39 (0.17-0.91)
 Trend, P =    .03

Kubota et al (2017)53 5807 men and 7252 women, 
ages 45-64 y, without 
known CVD (including HF) in 
the ARIC study.

Outcome: lifetime risk of HF 
between 45 and 85 years 
of age, defined as incident 
hospitalization for HF or 
death due to HF.

Mean 18.9 y
(not reported)

Combined occupational, sport, 
and leisure PA during past 
year

AHA categories of MVPA 
(min/wk):

Poor (0)
Intermediate (1-149)
Recommended (≥150)

  Lifetime risk (%)
  Men Women
Poor 29.8 27.3
Intermediate 23.0 22.0
Recommended 21.9 19.2
 Trend, P value not reported

Ogunmoroti et al. 
(2017)58

6506 adults, mean age 62 
y, without known HF, in 
the Multiethnic Study of 
Atherosclerosis.

Median 12 y Combined occupational, sport/
exercise, household, and 
leisure PA during a typical 
week.

AHA categories of MVPA (min/
wk):

  RR (95% CI)
All:
 Poor: 1.00 (referent)
 Intermediate: 0.96 (0.66-1.39)
 Recommended: 0.72 (0.54-0.96)

White:
 Poor: 1.00 (referent)
 Intermediate: 0.95 (0.51-1.76)
 Recommended: 0.76 (0.46-1.24)
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Outcome: incident diagnosis 
(probable or definite) of HF.

(262) Poor (0)
Intermediate (1-149)
Recommended (≥150)

Black:
 Poor: 1.00 (referent)
 Intermediate: 1.09 (0.55-2.17)
 Recommended: 0.85 (0.49-1.45)

Hispanic:
 Poor: 1.00 (referent)
 Intermediate: 0.79 (0.38-1.63)
 Recommended: 0.41 (0.22-0.74)

Pandey et al (2017)59 51 451 adults, mean age 63 y, 
without known HF, pooled 
together from 3 large US 
cohorts: Cardiovascular 
Health Study, Multiethnic 
Study of Atherosclerosis, 
Women’s Health Initiative.

Outcome: incident 
hospitalization for HF overall, 
and HFpEF (LVEF ≥45%) or 
HFrEF (LVEF <45%).

Mean 11 y
(3180 overall; 

1252 HFpEF; 
941 HFrEF)

Leisure-time PA recalled 
over variable periods, 
summarized as total PA 
MET-min/wk.

PA exposure defined as:
Inactive (0 MET-min/wk) and 

tertiles of PA

PA tertile (MET-min/wk) RR (95% CI)
HF overall
 Inactive 1.00 (referent)
 1-499 0.94 (0.85, 1.04)
 500-1000 0.89 (0.79, 0.99)
 >1000 0.78 (0.70, 0.87)

HFpEF
 Inactive 1.00 (referent)
 1-499 0.99 (0.86, 1.17)
 500-1000 0.87 (0.72, 1.05)
 >1000 0.81 (0.68, 0.97)

HFrEF
 Inactive 1.00 (referent)
 1-499 0.88 (0.73, 1.06)
 500-1000 0.86 (0.70, 1.07)
 >1000 0.86 (0.71, 1.05)

Sedentary behavior

Young et al (2014)63 82 695 men, ages 45-69 y, 
without known HF, in the 
California Men’s Health 
Study.

Outcome: ≥1 hospitalization 
for HF, or ≥2 outpatient HF 
diagnoses as determined 
using the Kaiser Permanente 
Southern or Northern health 
plans.

Mean 7.8 y
(3473)

Sitting time during previous 
3 mo

Sedentary tertiles (h/d):
Low (≤2)
Middle (3-4)
High (≥5)
Multivariable model includes 

adjustment for physical 
activity.

Sedentary tertile [cases] RR (95% CI)
Low [1041] 1.00 (referent)
Middle [1488] 1.09 (1.00, 1.26)
High [828] 1.27 (1.15, 1.41)
 Trend, P < .0001

  Low Middle High
Whites 1.00 1.12 1.29*
Blacks 1.00 1.01 1.23
Hispanic 1.00 1.19 1.78*
Asian 1.00 1.22 1.10
CHD – no 1.00 1.11 1.43*
CHD – yes 1.00 1.05 1.11
HTN – no 1.00 1.25* 1.32*
HTN – yes 1.00 1.08 1.33*
*P < .05

Cardiorespiratory fitness (CRF)

Berry et al. (2013)41 16,303 men and 4,339 women, 
mean age 49 yr at CRF 
assessment, who survived to 
receive Medicare Claims in 
later life.

Outcome: incident 
hospitalization for acute HF 
based on Medicare Claims 
data.

133,514 PY
(1051)

CRF defined as the age- 
and sex-standardized 
distribution of duration on a 
maximal treadmill exercise 
test:

Low = lowest 20%,
Moderate = middle 40%,
High = upper 40%.

CRF level [cases] RR (95% CI)
Men:
 Low [331] 1.00 (referent)
 Mod [387] 0.60 (0.49, 0.75)
 High [189] 0.31 (0.24, 0.41)
  Trend, P    < .001

Women:
 Low [35] 1.00 (referent)
 Mod [72] 0.53 (0.31, 0.93)
 High [37] 0.38 (0.20, 0.71)
  Trend, P =    .01
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Khan et al (2014)50 1873 men, ages 42-61 y, 
without known HF or COPD 
in the Finnish Kuopio Heart 
Study.

Outcome: incidence of 
diagnosed HF.

Mean 20.4 y
(152)

CRF defined as measured 
maximal oxygen uptake 
(mL/kg/min) during cycle 
ergometry.

CRF (mL/kg/min) [cases] RR (95% CI)
6.4-25.7 [57] 1.00 (referent)
25.7-30.4 [49] 0.96 (0.64, 1.44)
30.4-35.4 [32] 0.74 (0.46, 1.20)
35.4-65.4 [13] 0.48 (0.25, 0.92)

CRF Per 3.5 ml/kg/min:
All 0.81 (0.69, 0.95)
CVD—no 0.96 (0.92, 0.99)
CVD—yes 0.97 (0.94, 1.01)
HTN—no 0.97 (0.94, 1.00)
HTN—yes 0.96 (0.93, 1.00)

Kahn et al (2017)49 2089 men, ages 42-61 
y, without known CVD 
including HF in the Finnish 
Kuopio Heart Study.

Outcome: incident nonfatal HF 
diagnosis.

Mean 19.1 y
(221)

CRF defined as measured 
maximal oxygen uptake 
(mL/kg/min) during cycle 
ergometry.

CRF (mL/kg/min) [cases] RR (95% CI)
6.4-25.7 [88] 1.00 (referent)
25.7-30.4 [66] 0.95 (0.66, 1.37)
30.4-35.4 [40] 0.60 (0.38, 0.93)
35.4-65.4 [27] 0.50 (0.29, 0.86)

CRF per 3.5 mL/kg/min:
All 0.85 (0.78, 0.93)
CVD—no [98] 0.87 (0.82, 0.91)
CVD—yes [123] 0.82 (0.78, 0.87)
Diabetes—no [200] 0.84 (0.81, 0.88)
Diabetes—yes [21] 0.86 (0.76, 0.96)

Kupsky et al. (2017)54 66,329 adults, mean age 55 
yr, without known HF in the 
Henry Ford Exercise Testing 
Project.

Outcome: incident diagnosis 
of HF based on claims data 
within the clinic’s payer 
system.

Median 6.8 yr
(4,652)

CRF defined as maximal MET 
level achieved during a 
treadmill exercise test.

CRF (ml/kg/min) RR (95% CI)
<21.0 1.00 (referent)
21.0-34.9 0.60 (0.53, 0.67)
35.0-42.0 0.38 (0.33, 0.44)
>42.0 0.19 (0.14, 0.29)

CRF per 3.5 mL/kg/min:
All  0.84 (0.82, 0.86)
Men 0.84 (0.82, 0.87)
Women 0.81 (0.78, 0.84)
White 0.84 (0.82, 0.87)
Black 0.83 (0.80, 0.86)
CVD—no 0.83 (0.81, 0.86)
CVD—yes 0.85 (0.82, 0.88)

Myers et al (2017)57 21 080 men, mean age 58.3 
y, without known HF in the 
Palo Alto Veterans Exercise 
Testing Study.

Outcome: incident diagnosis of 
HF based on Veterans Affairs 
Hospital records.

Mean 12.3 y
(1902)

CRF defined as the age-
standardized MET level 
achieved on a maximal 
treadmill exercise test.

Quintiles [mean
METs]:
Q1 ≤20% [4.3]
Q2 21%-40% [6.0]
Q3 41%-60% [7.3]
Q4 61%-80% [8.7]
Q5 >80% [11.8]

CRF quintile RR (95% CI)
Q1  1.00 (referent)
Q2  0.64 (0.57, 0.74)
Q3  0.59 (0.52, 0.67)
Q4  0.33 (0.29, 0.39)
Q5  0.24 (0.21, 0.32)

Georgiopoulou et al 
(2017)45

2935 adults, mean age 73.6 
y, without known HF in the 
Health ABC Study.

Outcome: incident 
hospitalization for HF.

10 y
(398)

CRF defined as (a) completion 
status (excluded, 
noncompleter, completer) 
of a timed long-distance 
corridor 400 m walk; and 
(b) walking speed (m/s) and 
heart rate (HR) recovery 
(HRR) among completers.

CRF level [cases] RR (95% CI)
Completers [253] 1.00 (referent)
Noncompleters [63] 1.37 (1.00, 1.88)
Excluded [82] 1.41 (1.06, 1.89)
CRF level among completers:
20m walk speed (per 1 m/s)  0.45 (0.18, 1.09)
400 m walk speed (per 1 m/s) 0.50 (0.19, 1.31)
HRR (per beat/min) 0.99 (0.98, 1.01)
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Meta-analysis on PA or CRF

Pandey et al (2015)64 12 prospective cohorts; 370 
460 adults (53% women); 
mean age 50-76 y.

13 y
(20 203)

PA harmonized across 
studies into MET-min/
wk, then grouped into 
low, moderate, and high 
categories for analysis.

PA  pooled RR (95% CI)
Low 1.00 (referent)
Moderate 0.78 (0.75, 0.82)w
High 0.70 (0.67, 0.73)

High vs low PA:
Men 0.75 (0.63, 0.87)
Women 0.73 (0.68, 0.78)
Mean age <55 y 0.71 (0.64, 0.79)
Mean age ≥55y 0.69 (0.65, 0.73)

Echouffo-Tcheugui 
et al (2015)44

PA: 282,889 adults (10 
cohorts), ages 20-97 y

CRF: 22,515 adults (2 cohorts), 
aged ≥42 y.

Outcome: incident HF.

PA: 7-30 y
(14 626)
CRF: 6.5-20.4
(1203)

PA: highest vs lowest category 
of reported PA.

CRF: per 1-MET

  RR (95% CI)
PA: 0.72 (0.67, 0.79)
CRF: 0.79 (0.75, 0.83)
PA:
 HFpEF 0.60 (0.37, 0.99)
 HFrEF 0.69 (0.41, 1.19)

Abbreviations: CVD, cardiovascular disease; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction, LVEF, left 
ventricular ejection fraction; RR, relative risk; CI, confidence interval; PA, physical activity; MVPA, moderate-to-vigorous intensity PA (≥3 METs); CRF, cardiorespiratory fitness; PY, 
person-years; HTN, hypertension; MET, metabolic equivalent (1 MET = 3.5 mL O

2
/kg/min) denotes PA intensity; MET-min/wk, MET-minutes per week of PA energy expenditure; 

MET-h/wk, MET-hours per week of PA energy expenditure. Poor PA = 0 min/wk of MVPA; Intermediate PA = 1-149 min/wk moderate PA or 1-74 min/wk vigorous PA; Recom-
mended PA = ≥150 min/wk moderate PA or ≥75 min/wk vigorous PA.
aIn each study, the point and interval estimates of association were adjusted for age, sex (where applicable), race-ethnicity (where applicable), and several other risk predictors; 
the most fully adjusted associations reported in the original studies are provided in the table.

exposure, and there was about a 30% 
lower risk of HF when comparing the 
highest with the lowest activity level. In 
subgroup analyses, the inverse 
association between physical activity and 
HF risk was seen in those without but 
not with diabetes48; whereas, an inverse 
association was seen in those with and 
without CHD or hypertension.63 Higher 
CRF was associated with lower HF risk in 
those with and without CVD or 
diabetes.49,54 Studies reporting results 
specifically for women tended to show 
inverse associations for HF with physical 
activity46,47,55,56,60 and with CRF.41,54 The 
apparent protection against developing 
HF also was observed in non-Caucasian 
participants with higher levels of physical 
activity40,58,63 and CRF.54 The one study 
that related sedentary behavior with HF 
risk in men, showed positive associations 
in the overall cohort as well as in 
non-Caucasian subgroups, in those with 
and without hypertension, and in those 
without but not with CHD.63 HFpEF and 
HFrEF risks were evaluated in 2 primary 
studies on physical activity, one study 

showing a nonsignificant inverse 
association with physical activity for both 
endpoints in women and men 
combined,52 the other study showing 
significant inverse associations with 
physical activity for both endpoints in 
postmenopausal women.55 Studies that 
specifically evaluated exposure to current 
guideline recommended amounts of 
physical activity (eg, 150 min/wk of 
moderate intensity activity)31 reported 
lower multivariable adjusted relative risks 
of HF of about 28% to 61% when 
compared with physically inactive 
individuals.40,51,53,58 Lifetime risks of HF 
between ages 40 and 85 years were 
inversely associated with physical activity 
levels in both women and men.43,53

Additional Research 
Needs

Evidence from observational studies 
supporting a potential protective 
association between higher levels of self-
reported physical activity or measured 
CRF is accumulating, and provides a basis 

for further consideration of a role for 
promotion of aerobic physical activity in 
the primary prevention of HF. Available 
data demonstrate generally consistent 
findings for inverse associations between 
self-reported physical activity or 
measured CRF with HF incidence across 
observational cohort studies in diverse 
populations of women and men with 
wide range across the adult age span. 
These inverse associations are present 
after adjustments for several relevant 
confounders and are often observed with 
little variation between clinical subgroups 
defined by presence or absence of 
existing morbidity.

Additional studies are needed to expand 
and clarify the results from the studies 
summarized in Table 1. Less clear is the 
independent role that prolonged sedentary 
behavior might have in HF development, 
and the influence that physical activity, 
CRF and sedentary behavior have on 
HFpEF and HFrEF subtypes, given the 
sparse amount of available data in these 
areas. Although all studies attempted to 
control for confounding of associations 
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with HF risk, the extent of adjustments 
varied across studies and it is plausible 
that the reported associations are biased 
due to residual or unmeasured 
confounding. While most studies dealt 
with prevalent CHD at baseline, either by 
exclusion or by analytic methods, few 
studies included control for CHD 
antecedent to HF diagnosis.55 This is 
important because a postbaseline interim 
CHD event not only increases the 
likelihood of HF during follow-up but also 
increases the likelihood of the individual 
reducing their physical activity level and 
increasing sedentary time which could 
lead to spurious associations. Prospective 
studies that include time-varying 
information on CHD events and on 
physical activity or sedentary behavior are 
needed to accurately evaluate this 
possibility. Objective measures (eg, 
accelerometers) of physical activity and 
sedentary behavior are needed in large 
community-living cohorts with diversity on 

age, sex, and race-ethnicity to better 
understand how much and what intensity 
of physical activity, how long and what 
pattern of sedentary behavior is associated 
with HF risk, and whether the association 
varies according to sociodemographic or 
clinical subgroups. The use of objective 
monitoring of physical activity and 
sedentary behavior will be particularly 
useful when studying older adults or other 
populations with limited movement 
patterns for which questionnaire 
assessments are less sensitive. The role of 
resistance exercise and skeletal muscle 
fitness also needs to be evaluated in 
relation to HF development. There are 
known benefits of resistance exercise on 
cardiometabolic health and CVD risk17 and 
there is accumulating evidence that 
skeletal muscle dysfunction is a peripheral 
mechanism through which cardiac 
dysfunction worsens as part of HF 
progression.13 Because of the potential 
biases and other issues that limit causal 

inferences based on observational study 
data, ultimately a randomized controlled 
primary prevention trial is needed to 
rigorously test the hypothesis that 
increasing levels of physical activity or 
CRF, and decreasing time spent in 
sedentary behavior, reduce the incidence 
of HF and its subtypes HFrEF and HFpEF. 
Exercise for patients with known HF is 
now widely accepted,13 as underscored by 
the recent Centers for Medicare and 
Medicaid Services approval for coverage 
for rehabilitation, which cedes the 
potential role physical activity has in HF 
prevention.

Mechanisms for Physical 
Activity Benefits on HF

Laboratory and clinical studies using 
animal and human models have 
documented a variety of acute and long-
term structural and functional responses 
to physical activity and exercise training 

Figure 2.

Potential mechanisms through which regular physical activity contributes to prevention of heart failure. BNP, B-type natriuretic 
peptide; CRF, cardiorespiratory fitness.
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that improve both physical performance 
and risk factors for chronic disease.17,22,66 
Enhanced physical activity or CRF could 
influence HF development through direct 
or indirect pathways that ultimately effect 
either, or both, myocardial contractility 
or relaxation (Figure 2). Established 
biological pathways that mediate 
beneficial effects of physical activity or 
CRF relevant to atherosclerosis, 
myocardial ischemia, and cardiac 
function include improvements in blood 
pressure regulation, lipid and lipoprotein 
metabolism, insulin sensitivity and 
glycemic control, adiposity and fat 
distribution, skeletal muscle mass and 
function, oxidative stress and 
immunologic reactivity, cardiac oxygen 
demand and supply, and myocardial 
electrical stability.66,67 It also appears that 
physical activity may favorably influence 
novel biomarkers involved with intra- 
and intercellular signaling pathways, 
endothelial cell function, inflammation, 
thrombosis and thrombolysis, 
angiogenesis, cellular apoptosis, and 
micro-RNA expression.67-73 Direct effects 
on favorable cardiac remodeling, 
reduced ventricular stiffness, and 
improved systolic and diastolic function 
have been reported in cross-sectional 
and longitudinal studies on physical 
activity and CRF.74-78 Exercise trials have 
demonstrated beneficial structural 
adaptions in HF patients.79,80 Physical 
activity may lessen propensity for water 
retention through favorable effects on 
neurohormonal activity and renal 
function.81,82 Skeletal muscle myopathy is 
an emerging factor in the 
pathophysiology of HF83,84 that responds 
to exercise training.13 The human 
response to both acute and chronic 
physical activity is governed to some 
extent by the human genome.85 
Additional research on these established 
and newly emerging pathways will 
further elucidate the biological basis of 
the potential benefits on HF risk 
conferred by physical activity and CRF.

Hazards of Physical 
Activity

The net benefits of regular physical 
activity only can be realized after 

considering any risks that may result 
from being physically active. During 
recreational activity, the most common 
risk is for musculoskeletal injuries, such 
as sprained ligaments, strained muscles, 
and overuse injuries.22 Incidence of 
activity-related musculoskeletal injury is 
only slightly higher among adults who 
meet recommended physical activity 
levels (17.9 per 1000) compared with 
their sedentary peers (12.4 per 1000).86 
Injury risk is higher in those with a 
history of previous musculoskeletal 
injury and appears to be positively 
associated with the intensity of activity. 
The risk of exercise-related 
cardiovascular complications (eg, cardiac 
arrest or myocardial infarction) is quite 
low, but is transiently increased 
particularly during vigorous physical 
activity.87 Cardiac events during exercise 
are most likely to occur in individuals 
with existing cardiovascular disease and 
in those who are sedentary and 
deconditioned. However, recent 
randomized trials have demonstrated that 
appropriately implemented and 
monitored physical activity programs can 
be safely engaged in by individuals at 
high risk for clinical cardiovascular 
events including patients with HFrEF.88,89 
The hazards of physical activity and 
exercise can be reduced through sensible 
habits that include properly warming up 
before and cooling down after exertion, 
gradually increasing the volume and 
intensity of activity toward the dose 
recommended for health benefits, 
monitoring untoward sensations or 
responses during exercise, and when 
indicated, medical screening 
examinations.22,87 Overall, physical 
activity levels within the range 
recommended for health benefits have 
an acceptable risk-to-benefit ratio.

Summary

Physical activity is not a fad, rather it is 
part of our evolutionary way of living—
the kind for which our body is 
engineered and which facilitates proper 
function of our anatomy, biochemistry, 
and physiology. Sedentary life habits 
result in maldaptative changes in our 
constitution and increase the likelihood 

of disease development and premature 
death. A substantial amount of 
observational and experimental research 
has supported development of practical 
physical activity recommendations 
directed toward adults who are sedentary 
and have low CRF. Engaging in at least 
150 minutes per week in moderate or 75 
minutes per week in vigorous physical 
activities to achieve a minimum weekly 
dose of 8 MET-hours of energy 
expended (≈1000 kcal/wk) is sufficient 
for most adults to achieve healthful levels 
of CRF and to lower the mortality and 
morbidity associated with several 
diseases.

It appears that another of the health 
benefits associated with regular physical 
activity and sufficient CRF extends to the 
development of HF. Better atherosclerotic 
risk factor profiles associated with higher 
levels of physical activity reduce the risks 
of hypertension, diabetes, and coronary 
disease which are major antecedents to 
HF. Improved cardiac geometry and 
function, and better balance between 
myocardial oxygen supply and demand 
appear to be direct mechanisms through 
which physical activity and CRF confer 
HF benefit. Further suggestion of a direct 
effect of physical activity on 
development of HF comes through 
prospective observational studies 
showing reduced risk of HF even after 
statistical control for major HF risk 
factors and showing lower risks of both 
HFrEF and HFpEF which suggest that 
physical activity benefit is not 
constrained only to HF of ischemic 
origin. While the available scientific 
evidence is persuasive in supporting a 
role for physical activity in the 
development of HF, considerably more 
work is needed to inform guideline 
recommendations for physical activity 
and prevention of overall HF as well as 
HFrEF and HFpEF. Future studies should 
further characterize the dose-response 
between physical activity and HF risks, 
better evaluate the role of physical 
activity intensity, particularly light-
intensity activities, in preventing 
occurrence of HF, and determine the 
independent and joint effect that physical 
activity and sedentary behavior have on 
HF risks.
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There are about 70 million US adults 
who report being sedentary. Because of 
this large number exposed and because 
of the increased relative risks for HF in 
physically inactive and sedentary 
individuals, the population burden of HF 
attributed to these 2 behaviors is 
substantial and will grow with an aging 
society. Increased attention to this 
problem should be given by those 
involved in healthcare, research, and 
public health. Critical to this effort is 
development of cost-effective 
interventions that employ efficacious and 
practical approaches to changing 
physical activity and sedentary behaviors, 
and efforts to evaluate and modify the 
role of social and environmental factors 
that determine community-level physical 
activity habits. By these means, steps can 
be taken to strengthen HF prevention 
and to control an emerging epidemic.
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