Physical activity in the prevention of coronary heart
disease: implications for the clinician
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ABSTRACT

Cardiovascular disease (CVD) continues to be a leading
cause of death worldwide. Because regular physical
activity (PA) independently decreases the risk of coronary
heart disease (CHD) while also having a positive, dose-
related impact on other cardiovascular (CV) risk factors,
it has increasingly become a focus of CHD prevention.
Current guidelines recommend 30 min of moderate-
intensity PA 5 days a week, but exercise regimens remain
underused. PA adherence can be fostered with a
multilevel approach that involves active individual
participation, physician counselling and health coaching,
community involvement, and policy change, with
incorporation of cardiac rehabilitation for patients
requiring secondary prevention. Viewing exercise quantity
as a vital sign, prescribing PA like a medication, and
using technology, such as smartphone applications,
encourage a global shift in focus from CVD treatment to
prevention. Community-wide, home-based and internet-
based prevention initiatives may also offer a developing
pool of resources that can be tapped into to promote
education and PA compliance. This review summarises
the underlying rationale, current guidelines for and
recommendations to cultivate a comprehensive focus in
the endorsement of PA in the primary and secondary
prevention of CHD.

INTRODUCTION

Coronary heart disease (CHD) is the leading cause
of death in men and women worldwide, respon-
sible for 8.1 million deaths in 2013." As the global
burden of CHD rises, prevention of heart disease
has gained heightened medical attention, and
aggressive lifestyle and pharmacotherapeutic inter-
ventions are increasingly being investigated. Several
independent risk factors for the development of
atherosclerotic cardiovascular disease (CVD) have
been identified. Table 1 lists the major modifiable
cardiovascular (CV) risk factors. Collectively, these
account for >90% of the population attributable
risk (PAR) of acute myocardial infarction (MI) in
men and women. The first five risk factors in table
1 are responsible for ~80% of the PAR.”
Accordingly, these nine risk factors provide feasible
targets for CHD prevention.

Physical activity (PA) is an independent and pro-
tective risk factor associated with reduced CV mor-
bidity and mortality (OR 0.86, p<0.0001),
conferring a PAR of 12.2% for acute MI. Regular
PA also indirectly decreases disease risk by provid-
ing a gateway through which other risk factors can
be favourably modified. Because >40% of the risk

reduction associated with exercise cannot be
explained by changes in conventional risk factors, a
cardioprotective  ‘vascular conditioning’  effect,
including enhanced nitric oxide vasodilator func-
tion, improved vascular reactivity, altered vascular
structure or combinations thereof, has been pro-
posed.> * Data from the Behavioral Risk Factor
Surveillance System show a slight increase in PA
between 1988 and 2000, yet 25% of US adults
report no participation in leisure-time PA.”> Physical
inactivity is associated with an estimated 6% of
CHD cases and a 0.68-year reduction in life
expectancy.® From 2006-2011, physical inactivity
was associated with 11.1% of the aggregate health-
care spending in the USA. Inactive adults accounted
for a 30% difference in mean annual US expend-
iture per capita compared with active adults ($1437
vs $713).7 This review examines seminal and
recent studies to summarise the role of PA in the
primary and secondary prevention of CHD.

OVERVIEW

PA involves bodily movements activated by skeletal
muscles that expend additional calories relative to
the resting state.® The intensity of PA is objectively
expressed as metabolic equivalents (METs). One
MET indicates the amount of energy expended at
rest and, for the average individual, represents an
absolute and relative oxygen consumption of
250 mL/min and 3.5 mL/kg/min, respectively. An
increase in oxygen consumption occurs as exercise
intensity increases. PA may be quantified by using
multiples of the resting energy expenditure, for
example, 2 METs represents two times the resting
oxygen consumption. Light activity corresponds to
an intensity of <3 METs, moderate activity repre-
sents 3—<6 METs and vigorous physical exertion
approximates >6 METs.® * Examples of light, mod-
erate and vigorous activities are shown in table 2.°

PRIMARY PREVENTION

The American Heart Association (AHA) and
American College of Sports Medicine (ACSM) rec-
ommend at least 30 min of moderate-intensity PA
5 days/week, 20 min of vigorous aerobic exercise
3 days a week or combinations thereof, in addition
to 2-3 days/week of resistance, flexibility and neu-
romotor exercises.'' To increase population PA, the
US Preventive Services Task Force emphasises the
effectiveness of clinician counselling.'> The Task
Force recommends (Grade B) that overweight
adults with CHD risk factors receive intense behav-
ioural counselling.'* In contrast, medium- to high-
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Table 1

associated risk of myocardial infarction

Modifiable risk factors for coronary heart disease and

Modifiable risk factors

OR (99% Cl)

PAR (99% CI)*

Hyperlipidaemia

Smoking (current and former)

Hypertension
Abdominal obesity
Diabetes

Psychosocial factors (stress and

3.25 (2.81 to 3.76)
2.04 (1.86 to 2.25)
1.91 (1.74 to 2.10)
1.62 (1.45 to 1.80)
2.37 (2.07 to 2.71)
2,67 (2.21 t0 3.22)

49.2% (43.8 to 54.5)
35.7% (32.5 to 39.1)
17.9% (15.7 to 20.4)
20.1% (15.3 to 26.0)
9.9% (8.5 to 11.5)
32.5% (25.1 to 40.8)

depression)

Alcohol consumptiont
Daily fruits and vegetablest
Physical activity (PA)t

0.91 (0.82 to 1.02)
0.70 (0.62 to 0.79)
0.86 (0.76 to 0.97)

6.7% (2.0 t0 20.2)
13.7% (9.9 to 18.6)
12.2% (5.5 to 25.1)

Adapted from Yusuf et al.?

*Total PAR (population attributable risk) for all modifiable risk factors together:
90.4% (88.1-92.4).

tFor alcohol consumption, daily fruits and vegetables and PA, PAR represents the risk
in the individuals without these protective risk factors.

intensity behaviour counselling—greater than 31 min of patient
contact—by primary care physicians was associated with a small
net benefit in patients without CHD, receiving a Grade C
recommendation.'?

The AHA recommends that clinicians use counselling inter-
ventions that include the following strategies: setting specific
and short-term goals, providing feedback on progress, advocat-
ing strategies for self-monitoring, establishing a plan for fre-
quency and duration of follow-up, using individually tailed
interventions based on readiness to change and motivational
interviewing and enhancing patient self-efficacy.'* Health coach-
ing, in which dedication towards one’s health is fostered via
professional support and motivational interviewing, is generally
well received and offers another approach to promote lifestyle
changes.’ To increase and improve PA promotion within the
healthcare system, a methodical structure should exist that moti-
vates healthcare professionals to prioritise exercise, allows for
realistic modifications and has strong advocacy from medical
experts, leading scientific organisations and policy makers to
endorse research and large-scale changes.'® In a time of rapidly
evolving technology, pedometers/accelerometers, mobile appli-
cations and social media can all serve as accessible venues for
increasing PA awareness, providing motivation and monitoring
exercise progress.'”

To help weave PA into routine outpatient visit dialogue, the
ACSM and American Medical Association colaunched the non-

Table 2 Energy cost (METs) of common occupational and
leisure-time physical activities

Moderate (3-<6

Light (<3.0 METs) METs) Vigorous (=6 METs)
Cycling (stationary, light Cycling (as Cycling (race)
intensity) transportation)

Fishing Mowing lawn Moving furniture
Golf Swimming (moderate)  Swimming (fast)
Sweeping Table tennis Tennis

Walking slowly or strolling ~ Walking briskly Walking briskly uphill or

jogging

Adapted from Ainsworth et al.'

METs, metabolic equivalents.

profit initiative ‘Exercise is Medicine’ (EIM) in 2007.'® The
campaign calls for PA to become standard of practice in health-
care, encouraging clinicians to evaluate their patients’ PA at
every visit and ‘prescribe’ exercise at appropriate ‘dosages’.
Healthcare systems, community resources and active health
technology are the three modules suggested by EIM that estab-
lish the framework to promote international institutionalisation
of exercise therapy; examples of recommendations stemming
from each module include documentation of PA as a vital sign
in the patient’s medical record, referral to credentialled exercise
professionals and using technology to track participation,
respectively.!® Incorporating these suggestions we propose the
algorithm in figure 1 for daily prescription of PA using the
acronym ACTIVE.

Effect on morbidity and mortality

Selected population studies have now demonstrated the relation
between regular PA and reduced rates of CHD-related morbidity
and mortality, as shown in table 3."°** Although PA plays an
independent and additive role in the reduction of acute CV
events, it also favourably modifies other CHD risk factors. With
regular PA, systolic and diastolic blood pressures have been
demonstrated to decrease by 2-5 mm Hg and 1-4 mm Hg,
respectively, irrespective of baseline blood pressure levels.
Moreover, regular PA was associated with reduced low-density
lipoprotein (LDL) cholesterol levels (3.0-6.0 mg/dL) and non-
high-density lipoprotein (HDL) cholesterol (6 mg/dL). Increased
PA improves cardiorespiratory fitness (CRF), as well. In fact, PA
functions as the strongest reversible element of CRF, showcasing
the interlacing link between two CV markers also known to
independently improve CVD risk profile.?® To achieve these car-
dioprotective benefits, an exercise regimen of 40-min sessions,
three to four times weekly, and involving moderate-
to-vigorous intensity PA is recommended American College of
Cardiology (ACC)/AHA Class of Recommendation Ila, Level
of Evidence B).°

SECONDARY PREVENTION

Cardiac rehabilitation

Exercise-based cardiac rehabilitation (CR) is the cornerstone for
secondary prevention of CVD. CR comprises several core com-
ponents, including baseline patient assessment, nutritional and
psychosocial counselling, risk factor management, PA counsel-
ling and exercise training.”* In patients with CHD, CR is asso-
ciated with a 13% and 26% lower all-cause and CVD mortality,
respectively, in addition to a 31% reduction in hospital admis-
sions at 12 months.>> CR participation is also associated with
greater improvements in CHD risk factors, reduced angina
symptoms and depression, improved exercise capacity and
enhanced health-related quality of life (QOL).>*™>® In patients
with heart failure (HF) who are being optimally medically
managed, exercise-based CR programmes confer an additional
11% reduction in all-cause mortality and hospitalisation, a 15%
reduction in CV death and HF hospitalisation, and improved
QOL.>*7*! Given these significant benefits, most contemporary
guidelines provide a Class I-level recommendation for referral
to CR for eligible patients as delineated in box 1. However, in a
recent study of 58 269 patients with acute MI and who were eli-
gible for CR, only 62.4% were referred to CR at the time of
hospital discharge and only 23.4% of all patients actually
attended one or more CR sessions in the year postdischarge,
suggesting vast CR underutilisation.*?
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s Assess current level of physical activity; pre-exercise safety screening; functional limitations/impairments;
patient's readiness to implement changes; patient's understanding of physical activity benefits;
A appropriateness of participation in cardiac rehabilitation. )
eCreate individualized exercise "prescription" based on patient's goals and needs.
N
eTrack progress with internet/mobile applications, pedometers, and other technological resources and with
T regular physician check ups to monitor for adverse events or activity intolerance.
.
N
eIncrease exercise prescription as tolerated by altering current regimen (e.g. increase frequency, intensity, or
I duration) and/or adding new activities.
P,
~
sValidate patient's efforts, addressing new obstacles or concerns.
7
~
*Empower patient with self-selected exercise modifications to allow control over his/her health, strengthen
commitment, and encourage maintenance of regular physical activity, revisiting prior steps as needed.
J

Figure 1

Pre-exercise screening

A careful history and physical examination are important to
ensure that patients with CHD do not have residual ischaemic
symptoms, uncontrolled HF or threatening arrhythmias that

Table 3 Population studies evaluating the relationship between
physical activity (PA) and coronary heart disease (CHD)/
cardiovascular disease (CVD) risk

Number of

Study participants Major findings

Blair et a/"® 32421 Inverse gradients for CVD mortality

Aerobic Centre across three levels of cardiorespiratory

Longitudinal Study fitness (low to moderate to high). Low
fitness was an independent predictor
of mortality among men (relative risk
(RR) 1.52, 95% Cl 1.28 to 1.82) and
women (RR 2.10, 95% CI 1.36 to
3.21).

Mora et a/*° 27 055 Inverse relationship between PA and

Women's Health incident CVD (p, trend, <0.001) and
Study PA and incident CHD (p, trend,
<0.001) in women, with significance
attenuated when accounting for risk
factors (p, trend, 0.36 for CVD; p,
trend, 0.05 for CHD), suggesting a
considerable role of risk factors in the
association.

Significant reduction in relative risk of
CHD in more active middle-aged and
elderly men compared with less active
men (p, trend, 0.003). Total PA (p,
trend, 0.042) and vigorous activity (p,
trend, 0.02) showed the strongest CHD
risk reduction.

Significant reduction in relative risk of
CHD in the more active group

Sesso et al*! 12516
Harvard Alumni
Health Study

Donahue et af?? 8006
Honolulu Heart

Simplified approach to prescribing physical activity in daily practice for cardiovascular disease prevention using the acronym ACTIVE.

may be triggered by vigorous exertion. The risks for these
adverse events decrease significantly after the CV event, allowing
patients to safely enrol in CR as early as 1-2 weeks after hos-
pital discharge.*

Prior to prescribing PA for patients with CHD, physicians
should assess the patients’ exercise tolerance. Peak or symptom-
limited exercise testing should be considered to establish a base-
line fitness level, determine the prescribed heart rate range for
training, and evaluate for exercise-induced myocardial ischaemia
or arrhythmias that may alter ongoing medical management.*?
Patients should be continued on their usual medications during
exercise testing to simulate the anticipated haemodynamic
responses during exercise training.

Exercise recommendations

Recently discharged patients with CHD should be referred to
CR for education, counselling and supervision, and monitoring
of exercise training. After prescreening is completed to identify
those in whom CR should be delayed or prohibited, the general
recommendation for patients is 30-60min daily of
moderate-intensity PA for at least 5 days of the week and per-
formed at an intensity of 40-80% of the peak heart rate.>® The
subjective rating of perceived exertion using the Borg Scale can
be employed as an adjunctive modulator of exercise intensity.

Box 1 Indications for cardiac rehabilitation

» Stable angina pectoris

» Myocardial infarction (non-ST-elevation myocardial infarction
(NSTEMI) or ST-elevation myocardial infarction (STEMI))
within the past 12 months

Programme compared with the less active group in » Undergone cardiac surgery (coronary artery bypass grafting
both middle-aged (RR 0.69, 95% Cl (CABG), valve replacement/repair or heart/heart-lung
0.53 t0 0.88) and elderly men (RR transplant) or percutaneous coronary intervention (PCl)
0.43, 95% €1 0.19 to 0.99). . X
» Systolic heart failure
906 Varghese T, et al. Heart 2016;102:904-909. doi:10.1136/heartjnl-2015-308773
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Table 4 General principles of exercise training prescription

Mode Endurance activities such as walking, jogging, cycling, elliptical

trainers, swimming and rowing

5-10 min of warm-up and cool-down

30-60 min of aerobic exercise

Frequency At least 5 times a week

Intensity ~ 40-80% of peak HR; or 40-80% of peak oxygen consumption as
determined by cardiopulmonary exercise testing; or 12/20-16/20 on
the Borg Scale of Perceived Exertion, provided the patient remains
asymptomatic.

Duration

HR, heart rate

For patients with ischaemic signs or symptoms during exercise,
the intensity of exercise should be prescribed at a heart rate at
least 10 beats below the ischaemic or angina threshold.>* While
adverse CV events are rare, increased medical supervision is
necessary for those patients with moderate to high risk of com-
plications. A stable patient, however, can start CR as early as
1 week after discharge. Table 4 and figure 2 provide a summary
of the general principles of exercise training prescription and
the process of evaluating individuals for inclusion into a CR
programme, respectively.

Due to the significant CV benefits of exercise, patients unable
to attend supervised exercise sessions should continue to exer-
cise independently. The recommended exercise intensity may be
reduced to ~60% to 75% of the peak heart rate to decrease the
risk of MI or threatening arrhythmias.>* To still maintain the
desired energy expenditure, the frequency or duration of exer-
cise training may be increased. Another way of monitoring exer-
cise intensity is to use the ‘talk test’, where patients are
instructed to exercise at the highest intensity possible while able
to maintain a comfortable conversation.*?

Indications for referral to N

CR

Stable angina pectoris Detailed history and physical
exam
Myocardial infarction (NSTEMI

or STEMI) within the past 12 Symptom-limited exercise

months testing to:

1) Establish baseline fitness
Undergone PCl or cardiac level
surgery (CABG, valve 2) Determine prescribed
replacement/repair or heart rate for training

heart/heart-lung transplant) 3) Evaluate for exercise-
induced myocardial

Systolic heart failure ischemia or threatening
cardiac arrhythmias

Patients can typically enter CR
within 1 to 2 weeks following a
cardiac event (PCl or
uncomplicated Mi).

Figure 2  Exercise training for secondary prevention of cardiovascular disease. Indications for referral to cardiac rehabilitation and the general

process of developing an exercise prescription for patients are outlined.

EXTREME EXERCISE AND CV OUTCOMES: THE REVERSE
J-CURVE PATTERN

The graded cardioprotective benefit of regular PA is well estab-
lished. Observational and epidemiological studies have generally
focused on moderate to vigorous exercise intensities. In contrast,
few data are available regarding the added health benefits, if
any, associated with high volume and/or high-intensity endur-
ance training regimens.>> Some studies suggest that extreme
exercise may evoke acute elevations in troponin I and B-type
natriuretic peptide and evidence of transient myocardial dys-
function.>® These data and other reports raise the possibility
that excessive exercise may have some acute and/or chronic
adverse effects.’”

Recent studies in patients with CHD examined the
dose-response relation between exercise and CV-related mortal-
ity during long-term follow-up.’® ** Regular walking or running
were associated with progressively lower CV mortality up to a
point, beyond which much of the survival benefit was lost. Two
major findings emerged from these investigations: (1) the least
physically active cohorts were at the highest risk for CV and all-
cause mortality; and, (2) the most physically active subsets
(those performing high-intensity exercise at the greatest weekly
dosage) were at increased risk of CV mortality as compared
with more moderately active individuals. Similar studies focus-
ing on healthy populations have now reported comparable pat-
terns for exercise and mortality.*® *! These findings suggest
there is the potential for a plateau or even a decline in benefit at
more extreme levels of endurance exercise, with heightened
risks for acute CV events.>” Clinicians refer to this as a reverse
J-curve or U-curve pattern, where it is preferable to be in the
middle of the distribution. However, while the general consen-
sus of the data suggests that ‘more is not always better’, add-
itional data are needed to determine if ‘more is actually worse’
regarding exercise dose and the risk for CV events.**

Class A: Apparently healthy
individuals without evidence of
increased cardiovascular risk.

Class B: Low risk subjects.
Presence of known, stable CHD
with low risk of lications with

5-10 minutes of warm up

30-60 minutes of moderate-to-
vigorous aerobic activity (40% to
80% of the peak heart rate, or 40%
to 80% of the peak oxygen

[ ption, or 12-16 on the Borg

vigorous exercise.

Class C: Moderate to high risk for
cardiac complications (patients
with New York Heart Association
class 11l or IV, ischemia on exercise
testing history of cardiac arrest,
uncontrolled angina, exercise
capacity <6 METs, nonsustained
ventricular tachycardia with
exercise). Medical supervision is
required during all exercise until
safety of the prescribed activity is
established.

Class D: Unstable disease with
activity restriction
(decompensated heart failure,
severe and symptomatic valvular
disease, uncontrolled
arrhythmias). Activity restriction
and treatment to restore the
patient to class C or better.

Scale) at least 5 times a week

5-10 minutes of cool-down
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MODERATE CONTINUOUS VERSUS HIGH-INTENSITY
AEROBIC INTERVAL TRAINING

Recent studies have compared the effectiveness of moderate-
intensity continuous exercise training versus high-intensity inter-
val training on changes in aerobic capacity and measures of CV
function in coronary patients with and without postinfarction
HF who were being optimally medically managed. Wisloff et al*?
randomised 27 patients with stable postinfarction HF to either
moderate continuous training (70% of peak heart rate) or high-
intensity aerobic interval training (95% of peak heart rate) three
times per week for 12 weeks or to a control group that received
standard advice regarding PA. Improvements in CRF (46% vs
14%, p<0.001), left ventricular remodelling and brachial artery
flow-mediated dilation (endothelial function) were greater with
high-intensity aerobic interval training than moderate continuous
training. Interval training seems more effective than continuous
exercise for the improvement of aerobic capacity in CHD, but
additional long-term studies assessing safety, compliance, and
morbidity and mortality following interval training are needed.**

RISKS OF PA

The potential risks of PA should also be considered when physi-
cians prescribe exercise to their patients. Although the most
common risk is musculoskeletal injury, unaccustomed vigorous
PA can trigger adverse CV responses, including acute MI, malig-
nant arrhythmias and sudden cardiac death. While musculoskel-
etal and CV complications from exercise increase with higher
intensity PA, regular exercise and enhanced CRF unequivocally
confer partial protection against them.** *¢ When previously
sedentary patients initiate an exercise programme, level walking
(2-3 METs) should be strongly recommended, gradually increas-
ing the walking speed or intensity of exertion over time (2-3
months), provided they remain asymptomatic. This ‘progressive
transitional phase’ decreases injury and increases CRF without
going through a period during which each bout of vigorous
exercise is associated with large spikes in relative CV risk.*” The
safety of contemporary exercise based CR programmes is well
established, with a reported incidence of cardiac arrest and
death approximating 1 in 115000 and 1 in 750 000 patient
hours of participation, respectively.” 2¢ 3

PREVENTION INITIATIVES

While the evidence showcasing the health benefits of PA is
bountiful, the knowledge must be intelligently applied for suc-
cessful PA promotion to take effect. The aforementioned EIM
uses a new philosophy of viewing PA as a multidisease targeting
pharmaceutical equivalent that should be monitored and
re-dosed as needed during clinic visits in order to encourage
patients and physicians to adopt a mindset that exercise is
indeed medicine. In addition to EIM, other US-wide campaigns
exist to promote utilisation of PA and negative consequences
from inactivity. A multilevel intervention that stretches from
individuals (eg, establishment of personal goals) to community
programmes (eg, better school physical education) to state/
national policies (eg, community scale urban design with add-
itional parks, trails and recreational areas) is more beneficial for
producing positive change than individual approaches.*®
Interventions aimed at increasing the percentage of individuals
meeting contemporary PA guidelines can be grouped into
community-wide, home-based and internet-based programmes.

Community-wide programmes
Community-wide programmes target general populations and
involve broad interventions, including communication through

media, health screening and education, and substantive modifi-
cations to the community environment and public health pol-
icies. A systematic review evaluated 10 studies and found that
community-wide programmes led to overall increases in PA,
number of active residents and associated energy expenditure.*’
However, a 2015 Cochrane review of 33 studies involving
varied interventions and exercise intensities found no evidence
to support community-wide programmes for increasing popula-
tion PA levels.’® Notably, the four studies identified as low-risk
for bias found no effect of community-wide interventions.*°

Home-based programmes

Home-based interventions are varied in nature but often involve
an initial educational session and subsequent contact by phone
or letter.>' A 2013 Cochrane review analysed nine studies meas-
uring self-reported PA with at least 12 months follow-up and
found a moderate and significant pooled effect for remote inter-
ventions.’! Only two of those studies included assessments of
CRE of which one found no significant difference between
groups. Yet, the pooled effect was moderate and positive.”'™?

Internet-based programmes

Internet-based initiatives represent another emerging area of
growth. One meta-analysis of 34 randomised control trials com-
pared internet-based initiatives for increasing PA with usual-care
control groups.”® Although these studies were limited by short
follow-up times (range 2—52 weeks, median 12 weeks) and pub-
lication bias, a small but significant effect was noted at 6
months.** A subsequent review included non-randomised and
randomised-controlled trials, experimental studies lacking
control groups, and single-group observational studies.*> The
intervention duration ranged from 2 weeks to 13 months
(median 12 weeks). Forty-four of the 72 studies (61.1%)
reviewed reported significant increases in PA after the interven-
tion. However, only 6 of the 16 studies (37.5%) that included
extended post-intervention follow-up demonstrated increased
PA levels that were maintained.’® Additional studies are needed
to clarify the effectiveness of these interventions.

CONCLUSION

Although data support PA as a bona fide preventive and thera-
peutic CV intervention, incorporating exercise into a compre-
hensive care plan remains largely neglected in contemporary
medicine. Patients at risk for CHD should be identified early,
risk stratified and offered a prevention programme that includes
structured exercise and increased lifestyle activity. Enhancing the
PA and CRF of our patients will require innovative strategies to
adapt to their increasingly busy lifestyles and commitment on a
community and national level. More research is needed to
understand how internet, cellular and smartphone applications,
along with home, work and community-based programmes, can
be appropriately prescribed to optimise adherence and CV out-
comes. As healthcare accessibility increases, our approach to
CHD prevention and management must evolve to encompass
pharmacological, interventional and lifestyle modifications in
the treatment armamentarium.

Contributors TV, WMS, AAM, CTL and PBS wrote the review and constructed the
figures/tables. DJE, NFG, BAF and LSS provided critical revision to the paper. All
authors agree with the content of this manuscript.

Competing interests None declared.
Provenance and peer review Commissioned; externally peer reviewed.

908

Varghese T, et al. Heart 2016;102:904-909. doi:10.1136/heartjnl-2015-308773

1yBLAdoo Aq paroaloid 1sanb Aq §T0Z Jaquiasad QT UO /w0 lwg eay//:dny woly papeojumod "9T0Z YdJeN € Uo £//808-STOZ-ulieay/osTT 0T Se paysignd 1siy LesH


http://heart.bmj.com/

REFERENCES

1 Global Burden of Disease 2013 Mortality and Causes of Death Collaborators.
Global, regional, and national age-sex specific all-cause and cause-specific mortality
for 240 causes of death, 1990-2013: a systematic analysis for the Global Burden
of Disease Study 2013. Lancet 2015;385:117-71.

2 Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART study):
case-control study. Lancet 2004,;364:937-52.

3 Green DJ, O'Driscoll G, Joyner MJ, et al. Exercise and cardiovascular risk reduction:
time to update the rationale for exercise? J Appl Physiol 2008;105:766-8.

4 Wilson MG, Ellison GM, Cable NT. Basic science behind the cardiovascular benefits
of exercise. Heart 2015;101:758-65.

5 Moore LV, Harris CD, Carlson SA, et al. Trends in no leisure-time physical activity—
United States, 1988-2010. Res Q Exerc Sport 2012;83:587-91.

6  Eckel RH, Jakicic JM, Ard ID, et al. 2013 AHA/ACC guideline on lifestyle
management to reduce cardiovascular risk: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation 2014;129:576-99.

7 Carlson SA, Fulton JE, Pratt M, et al. Inadequate physical activity and health care
expenditures in the United States. Prog Cardiovasc Dis 2015;57:315-23.

8  Thompson PD, Buchner D, Pina IL, et al. Exercise and physical activity in the
prevention and treatment of atherosclerotic cardiovascular disease: a statement from
the Council on Clinical Cardiology (Subcommittee on Exercise, Rehabilitation, and
Prevention) and the Council on Nutrition, Physical Activity, and Metabolism
(Subcommittee on Physical Activity). Circulation 2003;107:3109-16.

9 Strath SJ, Kaminsky LA, Ainsworth BE, et al. Guide to the assessment of physical
activity: Clinical and research applications: a scientific statement from the American
Heart Association. Circulation 2013;128:2259-79.

10  Ainsworth BE, Sternfeld B, Richardson MT, et al. Evaluation of the Kaiser physical
activity survey in women. Med Sci Sports Exerc 2000;32:1327-38.

11 Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health: updated
recommendation for adults from the American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc 2007;39:1423-34.

12 LeFevre ML, Force USPST. Behavioral counseling to promote a healthful diet and
physical activity for cardiovascular disease prevention in adults with cardiovascular
risk factors: U.S. Preventive Services Task Force Recommendation Statement.

Ann Intern Med 2014;161:587-93.

13 Lin JS, O'Connor E, Whitlock EP, et al. Behavioral counseling to promote physical
activity and a healthful diet to prevent cardiovascular disease in adults: a systematic
review for the U.S. Preventive Services Task Force. Ann Intern Med
2010;153:736-50.

14 Artinian NT, Fletcher GF, Mozaffarian D, et al. Interventions to promote physical
activity and dietary lifestyle changes for cardiovascular risk factor reduction in
adults: a scientific statement from the American Heart Association. Circulation
2010;122:406-41.

15 Adams SR, Goler NC, Sanna RS, et al. Patient satisfaction and perceived success with a
telephonic health coaching program: the Natural Experiments for Translation in
Diabetes (NEXT-D) Study, Northern California, 2011. Prev Chronic Dis 2013;10:E179.

16 Vuori IM, Lavie CJ, Blair SN. Physical activity promotion in the health care system.
Mayo Clin Proc 2013;88:1446-61.

17 Sallis R, Franklin B, Joy L, et al. Strategies for promoting physical activity in clinical
practice. Prog Cardiovasc Dis 2015,;57:375-86.

18  American College of Sports Medicine. Exercise is Medicine, 2015.
http:/www.exerciseismedicine.org

19  Blair SN, Kampert JB, Kohl HW IIl, et al. Influences of cardiorespiratory fitness and
other precursors on cardiovascular disease and all-cause mortality in men and
women. JAMA 1996;276:205-10.

20 Mora S, Cook N, Buring JE, et al. Physical activity and reduced risk of cardiovascular
events: potential mediating mechanisms. Circulation 2007;116:2110-18.

21 Sesso HD, Paffenbarger RS Jr, Lee IM. Physical activity and coronary heart disease in
men: The Harvard Alumni Health Study. Circulation 2000;102:975-80.

22 Donahue RP, Abbott RD, Reed DM, et al. Physical activity and coronary heart
disease in middle-aged and elderly men: the Honolulu Heart Program.

Am J Public Health 1988;78:683-5.

23 Myers J, McAuley P, Lavie CJ, et al. Physical activity and cardiorespiratory fitness as
major markers of cardiovascular risk: their independent and interwoven importance
to health status. Prog Cardiovasc Dis 2015;57:306—14.

24 Balady GJ, Williams MA, Ades PA, et al. Core components of cardiac rehabilitation/
secondary prevention programs: 2007 update: a scientific statement from the
American Heart Association Exercise, Cardiac Rehabilitation, and Prevention
Committee, the Council on Clinical Cardiology; the Councils on Cardiovascular
Nursing, Epidemiology and Prevention, and Nutrition, Physical Activity, and
Metabolism; and the American Association of Cardiovascular and Pulmonary
Rehabilitation. Circulation 2007;115:2675-82.

25 Heran BS, Chen JM, Ebrahim S, et al. Exercise-based cardiac rehabilitation for
coronary heart disease. Cochrane Database Syst Rev 2011;(7):CD001800.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Taylor RS, Brown A, Ebrahim S, et a/. Exercise-based rehabilitation for patients with
coronary heart disease: systematic review and meta-analysis of randomized
controlled trials. Am J Med 2004:116:682-92.

Stephens MB. Cardiac rehabilitation. Am fam Physician 2009;80:955-9; hand-out
960.

Jolliffe JA, Rees K, Taylor RS, et al. Exercise-based rehabilitation for coronary heart
disease. Cochrane Database Syst Rev 2001;(1):CD001800.

0'Connor CM, Whellan DJ, Lee KL, et al. Efficacy and safety of exercise training in
patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA
2009;301:1439-50.

Flynn KE, Pifia IL, Whellan DJ, et al. Effects of exercise training on health status in
patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA
2009;301:1451-9.

Taylor RS, Sagar VA, Davies EJ, et al. Exercise-based rehabilitation for heart failure.
Cochrane Database Syst Rev 2014;4:CD003331.

Doll JA, Hellkamp A, Ho PM, et al. Participation in cardiac rehabilitation programs
among older patients after acute myocardial infarction. JAMA Intern Med
2015;175:1700-2.

Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for testing and training: a
scientific statement from the American Heart Association. Circulation
2013;128:873-934.

Thompson PD. Exercise prescription and proscription for patients with coronary
artery disease. Circulation 2005;112:2354-63.

La Gerche A, Prior DL. Exercise—is it possible to have too much of a good thing?
Heart Lung Circ 2007;16(Suppl 3):5102-4.

Trivax JE, Franklin BA, Goldstein JA, et al. Acute cardiac effects of marathon
running. J Appl Physiol 2010;108:1148-53.

0'Keefe JH, Franklin B, Lavie CJ. Exercising for health and longevity vs peak
performance: different regimens for different goals. Mayo Clin Proc
2014,89:1171-5.

Williams PT, Thompson PD. Increased cardiovascular disease mortality associated
with excessive exercise in heart attack survivors. Mayo Clin Proc 2014;89:1187-94.
Mons U, Hahmann H, Brenner H. A reverse J-shaped association of leisure time
physical activity with prognosis in patients with stable coronary heart disease:
evidence from a large cohort with repeated measurements. Heart
2014;100:1043-9.

Lee DC, Pate RR, Lavie CJ, et a/. Leisure-time running reduces all-cause and
cardiovascular mortality risk. / Am Coll Cardiol 2014,64:472-81.

Schnohr P, O'Keefe JH, Marott JL, et al. Dose of jogging and long-term mortality:
the Copenhagen City Heart Study. / Am Coll Cardiol 2015;65:411-19.

Lee DC, Lavie CJ, Vedanthan R. Optimal dose of running for longevity: is more
better or worse? J Am Coll Cardiol 2015;65:420-2.

Wisleff U, Steylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic
interval training versus moderate continuous training in heart failure patients: a
randomized study. Circulation 2007;115:3086-94.

Elliott AD, Rajopadhyaya K, Bentley DJ, et al. Interval training versus continuous
exercise in patients with coronary artery disease: a meta-analysis. Heart Lung Circ
2015;24:149-57.

Hootman JM, Macera CA, Ainsworth BE, et al. Epidemiology of musculoskeletal
injuries among sedentary and physically active adults. Med Sci Sports Exerc
2002;34:838-44.

Thompson PD, Franklin BA, Balady GJ, et a/. Exercise and acute cardiovascular
events: placing the risks into perspective: a scientific statement from the American
Heart Association Council on Nutrition, Physical Activity, and Metabolism and the
Council on Clinical Cardiology. Circulation 2007;115:2358-68.

Riebe D, Franklin BA, Thompson PD, et al. Updating ACSM's recommendations
for exercise preparticipation health screening. Med Sci Sports Exerc
2015;47:2473-9.

Pratt M, Perez LG, Goenka S, et al. Can population levels of physical activity be
increased? Global evidence and experience. Prog Cardiovasc Dis 2015;57:356—67.
Kahn EB, Ramsey LT, Brownson RC, et al. The effectiveness of interventions to
increase physical activity. A systematic review. Am J Prev Med 2002;22:73-107.
Baker PR, Francis DP, Soares J, et al. Community wide interventions for increasing
physical activity. Cochrane Database Syst Rev 2015;1:CD008366.

Foster C, Richards J, Thorogood M, et al. Remote and web 2.0 interventions for
promoting physical activity. Cochrane Database Syst Rev 2013;9:CD010395.

King AC, Haskell WL, Taylor CB, et al. Group- vs home-based exercise training in
healthy older men and women. A community-based clinical trial. JAMA
1991;266:1535-42.

Hardeman W, Kinmonth AL, Michie S, et al. Theory of planned behaviour cognitions
do not predict self-reported or objective physical activity levels or change in the
ProActive trial. Br J Health Psychol 2011;16:135-50.

Davies CA, Spence JC, Vandelanotte C, et al. Meta-analysis of internet-delivered
interventions to increase physical activity levels. Int J Behav Nutr Phys Act 2012;9:52.
Joseph RP, Durant NH, Benitez TJ, et al. Internet-based physical activity
interventions. Am J Lifestyle Med 2014;8:42—68.

Varghese T, et al. Heart 2016;102:904-909. doi:10.1136/heartjnl-2015-308773

909

1yBLAdoo Aq paroaloid 1sanb Aq §T0Z Jaquiasad QT UO /w0 lwg eay//:dny woly papeojumod "9T0Z YdJeN € Uo £//808-STOZ-ulieay/osTT 0T Se paysignd 1siy LesH


http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(04)17018-9
http://dx.doi.org/10.1152/japplphysiol.01028.2007
http://dx.doi.org/10.1136/heartjnl-2014-306596
http://dx.doi.org/10.1080/02701367.2012.10599884
http://dx.doi.org/10.1161/01.cir.0000437740.48606.d1
http://dx.doi.org/10.1016/j.pcad.2014.08.002
http://dx.doi.org/10.1161/01.CIR.0000075572.40158.77
http://dx.doi.org/10.1161/01.cir.0000435708.67487.da
http://dx.doi.org/10.1097/00005768-200007000-00022
http://dx.doi.org/10.1249/mss.0b013e3180616b27
http://dx.doi.org/10.7326/M14-1796
http://dx.doi.org/10.7326/0003-4819-153-11-201012070-00007
http://dx.doi.org/10.1161/CIR.0b013e3181e8edf1
http://dx.doi.org/10.5888/pcd10.130116
http://dx.doi.org/10.1016/j.mayocp.2013.08.020
http://dx.doi.org/10.1016/j.pcad.2014.10.003
http://www.exerciseismedicine.org
http://www.exerciseismedicine.org
http://dx.doi.org/10.1001/jama.1996.03540030039029
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.729939
http://dx.doi.org/10.1161/01.CIR.102.9.975
http://dx.doi.org/10.2105/AJPH.78.6.683
http://dx.doi.org/10.1016/j.pcad.2014.09.011
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.180945
http://dx.doi.org/10.1002/14651858.CD001800.pub2
http://dx.doi.org/10.1016/j.amjmed.2004.01.009
http://dx.doi.org/10.1002/14651858.CD001800
http://dx.doi.org/10.1001/jama.2009.454
http://dx.doi.org/10.1001/jama.2009.457
http://dx.doi.org/10.1002/14651858.CD003331.pub4
http://dx.doi.org/10.1001/jamainternmed.2015.3819
http://dx.doi.org/10.1161/CIR.0b013e31829b5b44
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.502591
http://dx.doi.org/10.1016/j.hlc.2007.03.014
http://dx.doi.org/10.1152/japplphysiol.01151.2009
http://dx.doi.org/10.1016/j.mayocp.2014.07.007
http://dx.doi.org/10.1016/j.mayocp.2014.05.006
http://dx.doi.org/10.1136/heartjnl-2013-305242
http://dx.doi.org/10.1016/j.jacc.2014.04.058
http://dx.doi.org/10.1016/j.jacc.2014.11.023
http://dx.doi.org/10.1016/j.jacc.2014.11.022
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.675041
http://dx.doi.org/10.1016/j.hlc.2014.09.001
http://dx.doi.org/10.1097/00005768-200205000-00017
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.181485
http://dx.doi.org/10.1249/MSS.0000000000000664
http://dx.doi.org/10.1016/j.pcad.2014.09.002
http://dx.doi.org/10.1016/S0749-3797(02)00434-8
http://dx.doi.org/10.1002/14651858.CD008366.pub3
http://dx.doi.org/10.1002/14651858.CD010395.pub2
http://dx.doi.org/10.1001/jama.1991.03470110081037
http://dx.doi.org/10.1348/135910710X523481
http://dx.doi.org/10.1186/1479-5868-9-52
http://dx.doi.org/10.1177/1559827613498059
http://heart.bmj.com/

	Physical activity in the prevention of coronary heart disease: implications for the clinician
	Abstract
	Introduction
	Overview
	Primary prevention
	Effect on morbidity and mortality

	Secondary prevention
	Cardiac rehabilitation
	Pre-exercise screening
	Exercise recommendations

	Extreme exercise and CV outcomes: the reverse J-curve pattern
	Moderate continuous versus high-intensity aerobic interval training
	Risks of PA
	Prevention initiatives
	Community-wide programmes
	Home-based programmes
	Internet-based programmes

	Conclusion
	References


