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ABSTRACT

The prescription of exercise for individuals with and without cardiovascular disease (CVD) should be
scientifically-based yet adapted to the patient. This scientific statement reviews the clinical and physiologic basis
for the prescription of exercise, with specific reference to the volume of physical activity (PA) and level of
cardiorespiratory fitness (CRF) that confer significant and optimal cardioprotective benefits. Recommendations
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are provided regarding the appropriate intensity, frequency, and duration of training; the concept of MET-
minutes per week; critical components of the exercise session (warm-up, conditioning phase, cool-down);
methodologies for establishing the training intensity, including oxygen uptake reserve (VO2R), target heart
rate derivation and rating perceived exertion; minimum and goal intensities for exercise training; and, types of
training activities, including resistance training, adjunctive lifestyle PA, marathon/triathlon training, and high-

intensity interval training. In addition, we discuss the rationale for and value of exercise training programs for
patients with peripheral artery disease, diabetes mellitus, and heart failure.

The volume of regular physical activity (PA) and level of cardiore-
spiratory fitness (CRF), expressed as mL/kg/min or as metabolic
equivalents (METs; 1 MET = 3.5 mLOy/kg/min), are inversely related to
the risk of coronary heart disease (CHD). In fact, for the primary and
secondary prevention of cardiovascular disease (CVD), each 1 MET in-
crease in CRF confers an ~16% decrease in mortality, which compares
favorably with the survival benefit provided by commonly prescribed
cardiovascular (CV) medications after acute myocardial infarction
(AMI) [1]. Higher levels of PA and/or CRF before hospitalization for
acute coronary syndromes and elective or emergent surgical procedures
also appear to yield more favorable short-term outcomes [2].

In this scientific statement (Part II), we expand on previous review
articles and guidelines and those topics covered in Part I [3], with spe-
cific reference to CRF and PA as distinct risk factors, how to prescribe
exercise, including the intensity, frequency, duration, and type of
training activity, as well as the concept of MET-minutes per week.
Additional topics include oxygen consumption reserve (VO2R), rating of
perceived exertion (RPE), minimum exercise training intensity to
maximize survival benefits, the cardioprotective value of progressing
the exercise intensity, complementary exercise interventions such as
resistance training, lifestyle PA, marathon/triathlon training, and the
advantages, limitations and unknowns of high-intensity interval training
(HIIT). Finally, we discuss the rationale for and value of exercise training
programs for individuals with peripheral artery disease (PAD), type 2
diabetes mellitus (DM), and heart failure (HF), or combinations thereof.
Because physical inactivity and low CRF are modifiable risk factors,
clinicians should routinely assess and prescribe structured exercise and
increased lifestyle PA to the patients they counsel.

1. Cardiorespiratory fitness and physical activity
1.1. As separate risk factors

Numerous epidemiologic analyses combined with evidence of bio-
logic plausibility support a cause-and-effect relationship between
increased PA and/or CRF levels and reduced CVD mortality. Conse-
quently, low levels of CRF have now been designated as a clinical vital
sign, risk factor for CVD [1-3], and as a strong prognostic indicator in
exercise-based cardiac rehabilitation (CR) [4,5].

Exercise training, as a subcategory of PA, is defined as any structured
intervention to increase or maintain CRF, decrease the incidence of
chronic disease, or improve physical performance and/or health out-
comes. PA or structured exercise is typically assessed by questionnaire,
step counts (pedometers), accelerometry, or via a relatively new fitness
metric termed the personalized activity intelligence (PAI) score [6]. PAL
is derived from the cumulative fluctuations in heart rate (HR) over the
most recent 7 days, to provide an approximation of the relative intensity
of PA and associated energy expenditure. Studies in both primary and
secondary prevention have shown that participants with a weekly PAI
score >100 demonstrate a lower risk of all-cause mortality [7-9]. Aer-
obic capacity or CRF can be directly measured during cardiopulmonary
exercise testing and expressed as mLOy/kg/min or METs, estimated from
the attained treadmill grade and speed or cycle ergometer work rate
(kgomomin_l), adjusted for duration.

1.2. Physical activity: epidemiologic and cohort studies

In a comprehensive meta-analysis of 43 studies evaluating the rela-
tionship between PA and CHD incidence, the relative risk of CHD
associated with physical inactivity ranged from 1.5 to 2.4, with a median
value of 1.9 [10]. Moreover, the relative risk of a sedentary lifestyle
appeared to be similar in magnitude to that associated with other major
CHD risk factors. Another systematic review and meta-analysis of 33 PA
studies, including 883,372 participants, reported pooled risk reductions
of 35% and 33% for CVD and all-cause mortality, respectively [11].
More recently, researchers analyzed data from 2 major ongoing studies,
the Nurses’ Health Study (n = 78,865) and the Health Professionals
Follow-up Study (n = 44,354), to estimate the impact of lifestyle on life
expectancy in the U.S. population [12]. During up to 34 years of
follow-up, the most physically active cohorts of men and women
demonstrated 7- to 8-year gains in life expectancy!

1.3. Physical activity versus cardiorespiratory fitness: comparative risk
reductions

Numerous studies now suggest that CRF is one of the strongest
prognostic markers in persons with and without chronic disease,
including CVD [13-16]. Higher levels of CRF are associated with a
reduced risk of developing hypertension, DM, atrial fibrillation, chronic
kidney disease, and major adverse CV events, including HF, acute
myocardial infarction (AMI), stroke, and coronary artery bypass grafting
[17].

Williams [18] reported that the risks of CHD and CVD decrease lin-
early in association with increasing percentiles of PA (Fig. 1). In
contrast, there was a marked decrease in disease risk when the lowest
was compared with the next-lowest category of CRF. Beyond this
distinction, the reductions in risk paralleled those observed with
increasing PA but were essentially twice as great for CRF. Four impor-
tant findings emerged from this report. First, being unfit warrants
consideration as an independent risk factor. Second, a below-average
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Fig. 1. The risks of CHD and CVD decrease in association with increasing
percentiles of physical activity and cardiorespiratory fitness, corresponding to
30% and 64% in the most active and fit individuals, respectively. Interestingly,
little or no additional benefit occurs when moving from the 75th to the 100th
percentile, that is, “good” to “excellent,” suggesting a plateau in relative risk.
Adapted from reference #18.
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level of CRF or aerobic capacity (VOsmax) decreases the relative CVD
risk to a greater extent than a comparable level (same percentile) of PA.
Third, the primary beneficiaries of a regular exercise regimen appear to
be those comprising the least fit category. Fourth, for both PA and CRF,
there is little or no additional relative risk reduction by moving from the
75th to the 100th percentile, suggesting a plateau in relative risk.

In a similar study, Myers et al. [19] compared estimated CRF versus
self-reported PA patterns in predicting all-cause mortality in 6213
consecutive men (mean + SD age = 59 + 11 years) who were referred
for exercise testing. Of these, 842 had completed a PA questionnaire.
The predictive power of exercise capacity (peak METs) and energy
expenditure during PA, expressed as kilocalories per week, for all-cause
mortality were determined over a mean =+ SD follow-up of 5.5 + 2 years.
Estimated exercise capacity based on the peak attained treadmill speed
and grade, using age-specific quartiles, was a stronger predictor of
mortality than was self-reported PA. These 2 variables were stronger
predictors of mortality than established risk markers such as cigarette
smoking, hypertension, DM, previous myocardial infarction, or a history
of HF. Interestingly, a 1000-kcal/week increase in PA was similar to a 1
MET increase in CRF; both conferred a mortality benefit of 20%.

1.3.1. Accelerometry-reported PA data

To evaluate the dose-response associations of total PA, sedentary
time, and intensities of PA assessed by accelerometry with all-cause
mortality, investigators analyzed data from 8 studies including 36,383
middle-aged and older adults (mean age, 62.6 years; 73% women) who
were followed for an average of 5.8 years [20]. At ~225 min/week of
moderate-to-vigorous PA (MVPA) the hazard ratio for accelerometry
was 0.45 for all-cause mortality [21]. The investigators concluded that
higher levels of total PA, at any intensity, and less time spent sedentary,
were associated with a lower risk of death.

1.4. How much exercise is enough? The concept of MET-minutes/week

In addition to contemporary PA recommendations, the PAI weekly
goal of >100 [6], or the use of technology to promote increased PA [22],
the concept of MET-minutes per week has been widely promulgated
[23]. This metric enables clinicians and patients to translate
guideline-driven MVPA recommendations (>500 to 1,000 MET-minutes
per week) into achievable goals by quantifying accumulated exercise
each week in a single formula: METs per activity x number of minute-
s/session x days/week = MET-minutes per week. For example, 60 min of
walking at a 3-mph pace (3.4 METs), 3 days/week = 612 MET-min per
week. Alternatively, 30 min of singles tennis (~7 METs), 3 days/week =
630 MET-min per week. Or, for the recreational jogger, 20 min of
jogging at a 5-mph pace (7.5 METs), 4 days/week = 600 MET-min per
week. Accordingly, all 3 of these exercise regimens would meet the
minimum criteria (500 MET-min per week) for an effective exercise
dosage.

2. Exercise prescription/programming

Although detailed descriptions of exercise prescription/programing
are available elsewhere [24], this section is directed toward components
of the exercise session, the appropriate intensity, frequency, and dura-
tion of exercise, relevant contemporary guidelines, methodologies,
“prescriptive pearls” for the clinician, and training activities that have
been shown to elicit favorable physiologic, clinical, and health out-
comes. If the current mantra “exercise is medicine” is embraced,
underdosing and overdosing are possible. Accordingly, exercise may
have a typical dose-response curve with a plateau in benefit or even
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adverse effects at more extreme levels in individuals with known or
occult CVD [25].

2.1. Components of the physical conditioning session

Exercise training sessions should include a preliminary warm-up (10
min), a cool-down (5-8 min), and an optional recreational activity
(10-15 min). A conditioning phase (30-60 min), interspersed between
the warm-up and cool-down, should primarily involve endurance exer-
cise complemented by flexibility/resistance training.

2.1.1. Warm-up

Warm-up exercises facilitate the transition from rest to endurance
training, stretching postural muscles and increasing blood flow. This
preliminary phase may also reduce the risk of exercise-related CV
complications. Sudden strenuous exertion without prior warm-up has
been shown to elicit ischemic ST-segment depression and/or ventricular
ectopy in up to 70% of healthy men with normal electrocardiographic
(ECG) responses to maximal exercise testing [26]. These abnormalities
were generally attenuated or eliminated when the exertion was pre-
ceded by a warm-up (jogging in place). Thus, the warm-up should
include calisthenic exercise followed by activities that increase the HR to
within 20 bpm of the minimum target HR range prescribed for endur-
ance training.

2.1.2. Cool-down

The cool-down involves slow walking or low-intensity exercise (e.g.,
pedaling) and provides a gradual recovery from the endurance or con-
ditioning phase. It permits appropriate circulatory adjustments and re-
turn of the rate-pressure product to near resting values; enhances venous
return, thereby reducing the potential for postexercise hypotension and
dizziness; facilitates the dissipation of body heat; promotes more rapid
removal of lactic acid than stationary recovery, and combats the po-
tential, deleterious effects of the postexercise rise in plasma catechol-
amines [27].

Omission of a cool-down in the immediate postexercise period may
result in a transient decrease in venous return, possibly reducing coro-
nary blood flow when the HR and systolic blood pressure may still be
high. Consequences may include angina pectoris, ischemic ST-segment
depression, malignant ventricular arrhythmias, or combinations
thereof. Of 61 CV events reported during the exercise training of patients
with CVD, at least 44 (72%) occurred during either the warm-up or cool-
down phases [28].

2.1.3. Conditioning phase

The conditioning phase should follow the warm-up and includes an
endurance component as well as resistance and flexibility training.
Endurance training, which improves the patients’ cardiorespiratory re-
sponses to submaximal and maximal exercise, should be prescribed in
terms of intensity, duration, frequency, and type of activity.

2.2. Exercise training intensity methodologies

The prescribed exercise intensity, expressed as a percentage of the
CRF (peak or maximal METs) or aerobic capacity, should be above a
minimum level required to induce a “training effect,” yet below the
metabolic load that evokes significant symptoms, ECG or blood pressure
abnormalities. For deconditioned/inactive individuals or patients with
CVD, the minimum or threshold intensity for improving CRF corre-
sponds to ~60%-70% of the highest HR achieved during peak or
symptom-limited exercise testing [29,30]. However, considerable
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evidence suggests that the threshold increases in direct proportion to the
initial level of fitness or habitual PA [24].

For previously sedentary patients embarking on a physical condi-
tioning program who have not undergone exercise testing, the standing
resting HR plus ~10 to 20 bpm is recommended for the initial exercise
intensity, using symptomatology and RPE (category-ratio scale [0-10], 2
[weak] to 4 [somewhat strong]; category scale [6-20], 11 [fairly light]
to 13 [somewhat hard]) as adjunctive intensity modulators. Over time,
the exercise intensity should be gradually increased to 50%-80% of the
exercise capacity or level of CRF, which approximates 70%-85% of the
highest HR attained during peak or symptom-limited exercise testing
[24]. Additional exercise intensity methodologies and modulators
include target HR, the concept of VO5R, RPE, and the MET method of
activity prescription.

2.2.1. Heart rate

Since HR and oxygen consumption are linearly related during dy-
namic exercise involving large muscle groups, a predetermined training
or target heart rate (THR) has become widely employed as an index of
exercise intensity. Two commonly used methods of establishing the THR
are: (1) the maximal HR reserve (HRR) method [31], in which THR =
(maximal HR - resting HR) x 60% to 80% + resting HR, and (2) the
relative submaximal reserve method, which involves computing
the THR as a standardized percentage of the measured maximal HR
[24]. This method is based on previous studies that have shown
remarkably similar regressions of percent VOomax on the percent of
maximal HR (i.e., 60%-80% VOomax ~70% —-85% of maximal HR),
irrespective of potential confounders.

Although the formula “220-age” has been widely recommended to
estimate maximal HR, there is considerable variability (SD + 10-12
bpm) in using this method for exercise prescription in apparently
healthy people and even greater inaccuracy in individuals with CHD
[24]. Moreover, the validity of this equation has never been established
in a sample that included a sufficient number of older adults; accord-
ingly, it’s utility has been challenged [32,33]. Often, patients with CVD
may be taking prescribed medications (e.g., beta-blockers, selected
calcium channel blockers) that can markedly blunt the rise in HR during
exercise. Concomitant DM and the associated disturbances in CV auto-
nomic nervous system regulation in other cardiac patients may also
decrease the chronotropic response to progressive levels of PA. Conse-
quently, using this formula or other age-sex-predicted maximal HR re-
gressions [32,34] may overestimate or underestimate the HR for
exercise training in some patient subsets. For these reasons, if a “true”
maximal HR has not been determined during exercise testing, we
counsel patients to rely more on exertional symptoms and RPE to
regulate their exercise intensity. It should be noted that patients with
CHD may derive considerable physiologic benefit from an exercise
training program in the presence of beta-blocking drugs, despite thera-
peutic doses and a reduced training heart rate [35-37].

2.2.2. The concept of oxygen consumption reserve (VO2R)

Although it was traditionally believed that a given percentage of
the HR reserve corresponded to the same percentage of aerobic capacity
or VOomax [38], more recent studies have shown that it more
closely approximates the same percentage of the VOyR [39]. This
methodology relates HR reserve to a level of metabolism that starts at a
resting level (i.e., 1 MET) rather than from zero. An additional advan-
tage is increased accuracy in establishing training workloads for low-fit
patients. To calculate the target VOy (TVO2) based on VO3R, the
following equation is used:

TVO, = (VO,max — VO,rest)(exercise intensity) + VO,rest

For example, what is the TVO; at 40% of VO4R for a patient with a 5-
MET exercise capacity?

TVO, = (5 —1)(40%) + 1 = 2.6 METs
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2.2.3. Rating of perceived exertion (RPE)

This objective rating of overall bodily exertion provides a useful and
important complement to HR as an adjunctive intensity modulator
during exercise training. The RPE category scale, first introduced by
Borg [40], consists of 15 grades from 6 to 20: 7 = very, very light; 9 =
very light; 11 = fairly light; 13 = somewhat hard; 15 = hard; 17 = very
hard; 19 = very, very hard. During the initial 8-10 weeks of exercise
training, ratings of 11-13 (“fairly light” to “somewhat hard”) are
strongly recommended. Thereafter, exercise rated between 13 and 15,
that is, between “somewhat hard” and “hard,” is generally considered
appropriate, provided that the patient remains asymptomatic and ad-
heres to the THR. This methodology may be particularly helpful when
counseling patients with arrhythmias that preclude an accurate assess-
ment of HR during exercise, including those with atrial fibrillation [41].

2.2.4. The MET method of activity prescription

The metabolic costs of many household, occupational, and recrea-
tional activities have been defined in terms of kilocalorie expenditure
per minute or by oxygen consumption, expressed on a relative basis as
mL/kg/min or as METs. To facilitate exercise and activity prescription, a
comprehensive compendium of physical activities has been developed
[42], with an abbreviated version shown in Table 1. Consequently, this
resource is often used to identify and prescribe activities that are suffi-
ciently below the highest MET level achieved during exercise testing.

Although the MET method is frequently employed by clinicians when
prescribing exercise, there are some limitations when using it as a guide
to recreational or vocational counseling [43]. One limitation is the
assumption that 1 MET = 3.5 mLOy/kg/min. Studies in selected pop-
ulations demonstrate that this value significantly overestimates directly
measured resting oxygen consumption and caloric expenditure by, on
average, 30% to 35% [44,45]. Second, the published MET requirements
of varied activities represent average energy expenditures. These values
may vary considerably, depending on how the individual performs the
activity, their skill and mechanical efficiency, and the degree of
competition. Third, the oxygen costs or MET requirements listed in the
compendium of physical activities [42] were derived from continuous
steady-state work (>3-min bouts). In contrast, activities of daily living
are often performed intermittently rather than continuously. Thus, the
MET method of activity prescription may considerably underestimate
the patients’ capacity for vocational or leisure-time activities. Finally,
one cannot assume that all occupational work demanding aerobic re-
quirements similar to that achieved during exercise testing elicits similar
cardiac demands and vice versa. Additional variables at work include
the stresses of emotional and cognitive demands, environmental

Table 1

Estimated energy expenditure (METSs) of daily activities.
PHYSICAL ACTIVITY
Light intensity activities <3
Sleeping 0.9
Watching television 1.0
Writing, desk work, typing 1.8
Walking, 1.7 mph (2.7 km/h), level ground, strolling, very slow 2.3
Walking, 2.5 mph (4 km/h) 2.9
Moderate intensity activities 3to5.9
Bicycling, stationary, 50 watts*, very light effort 3.0
Walking, 3.0 mph (4.8 km/h) 3.3
Calisthenics, home exercise, light or moderate effort 3.5
Walking, 3.4 mph (5.5 km/h) 3.6
Bicycling, <10 mph (16 km/h), leisure, to work or for pleasure 4.0
Bicycling, stationary, 100 watts, light effort 5.5
Vigorous intensity activities >6
Singles tennis 6.5
Jogging (5 mph) 7.5
Squash racquets 8.5
Running (6 mph) 10.0

*Note: 1 watt ~6 kgomomin’l; Adapted from Ref. [42].
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Table 2
Changes in heart rate to estimate energy expenditure (METs) during daily
activities*.

The energy cost of any activity, expressed as METs, can be estimated from the resting
and exercise heart rates using the equation:

METs = (6 x Heart Rate Index) - 5

where the Heart Rate Index equals the activity heart rate divided by the resting heart
rate.

Example #1 A tennis player’s resting heart rate of 60 beats per minute (bpm) is
increased to 120 bpm during a tennis match. His MET level is estimated as follows:
120 bpm/60 bpm = 2.0 Heart Rate Index which is multiplied by 6, yielding 12, from
which we subtract 5, yielding an estimated 7 METs.

(120/60 x 6) -5 = (2 x 6) -5 =7 METs

Example #2 A recreational walker with a resting heart rate of 70 bpm walks at 105
bpm. Her estimated MET level is......

(105/70 x 6) -5 = (1.5 x 6) =5 = 4 METs

*Adapted from Refs. [43,46].

influences (altitude, temperature, wind-chill factor, and humidity), and
the activation of muscle groups not used during the exercise test,
particularly the upper extremities.

2.2.5. Using the HR index equation to estimate METs

Given the linear relationship between HR and VO,, HR may be used
to estimate METs during structured exercise or PA. Wicks et al. [46]
reported a simple formula to estimate oxygen uptake (METs) during PA
in patients with and without CHD, including those taking p-blockers,
using the HR index equation (Table 2).

2.3. Relative and absolute criteria for classifying the intensity of physical
activity: implications for the patient with CHD

Cardiorespiratory endurance training serves as the foundation for
most early outpatient (phase II) cardiac rehabilitation (CR) training
programs [47]. Importantly, the exercise workloads prescribed to phase
II cardiac patients vary significantly based upon their functional ca-
pacity. Although a significant percentage of patients referred to phase II
CR initiate their program with a VOypeak ~5-6 METs, some may be as
low 2-3 METs, whereas others can exceed 10 METs. Based on this
heterogenous patient population, contemporary approaches to phase II
exercise prescription should consider both relative and absolute criteria
for quantifying exercise intensity.

In patients with a very low functional capacity (e.g., 2-3 METs), the
traditional approach to exercise prescription becomes particularly
challenging. For example, 40% VOgpeak in a patient with a 3 MET ca-
pacity equates to a workload of 1.2 METs, narrowly exceeding their
resting metabolic rate. Similarly, 80% VOqpeak is 2.4 METs for the same
patient and would likely require the use of multiple brief bouts (e.g., 1-3
min) of discontinuous activity, regardless of whether they achieve the
prescribed minimum intensity for a single session. In support of this
approach, ventilatory threshold exhibits a physiologic nadir at 4-5 METs
[48,49]. Thus, it should be expected that patients with a very low
functional capacity would be unable to complete a traditional phase II
CR exercise session without premature fatigue and/or use of brief work:
rest intervals.

2.4. Goal intensities for exercise training: age-, sex-, and fitness-adjusted
targets

Although most middle-aged and older adults initiate exercise-based
rehabilitation programs at <3 METs, they often fail to increase the in-
tensity of their exercise regimen [50]. This failure to advance their
training MET level likely prevents them from achieving the maximal
possible reduction in their risk of CVD. Several lines of evidence support
the benefits for up-titrating the exercise intensity over time.

First, MVPA which corresponds to any activity >3 METs, has been
consistently shown to reduce the health risks associated with chronic
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diseases, including CVD [51]. Second, an increasing body of research
strongly suggests that the gradual progression of exercise intensities,
from moderate-to-vigorous to high-intensity training regimens (in
selected individuals), may result in even greater cardioprotective and
survival benefits [6,52,53], which are likely attributed, at least in part,
to higher levels of CRF, expressed as METs. Third, an exercise capacity or
CRF <5 METs is associated with the poorest prognosis, signifying the
least fit population cohort (i.e., the bottom quintile or 20%) [19,54,55].
Fourth, research suggests that up to ~10 METs, each 1 MET increase in
exercise capacity is associated with a 15% reduction in mortality [56].
Finally, since the additive survival benefits when progressing from
“good” to “excellent” CRF levels are small [54,57], achieving “good”
fitness levels should be a primary goal or objective.

Collectively, these data suggest that endurance training programs
should be designed to achieve 2 objectives: a level of CRF >5 METSs; and,
because aerobic capacity can be influenced by age, sex, regular PA, and
chronic disease, it is important to establish individualized goal exercise
training intensities, expressed as METs, which are likely to confer “good”
fitness levels associated with more favorable health outcomes and
increased long-term survival [58].

2.5. Minimum exercise training intensity to maximize survival benefits?

A key objective during the initial weeks of exercise training is to
gradually increase the intensity of exercise so that, at a minimum, in-
dividuals can emerge from the least fit population cohort, or bottom
20%, which corresponds to an exercise capacity or level of CRF <5 METs
[19,54,55]. Empiric experience suggests that an exercise capacity >5
METs can be achieved by regularly exercising above 3 METs. Using the
treadmill, irrespective of age, sex, weight, or fitness, this corresponds to
walking at 2.0 mph, 3.5% grade, or on the level (0% grade) at 3.0 mph
[43]. Accordingly, both of these workloads ~3.4 METs. On the other
hand, for the stationary cycle ergometer, work rates (kilogram meters
per minute [kgememin']), expressed as METs, are weight dependent.
The minimum work rates based on increasing body weight to achieve an
aerobic requirement of ~3.5 METs are shown in Table 3 [24]. For out-
door bicycling, the speed corresponding to 3 to 4 METs is ~6 miles/hour
[42].

2.6. Prescribing age-, sex-, and fitness-adjusted intensities for training

To develop target exercise training intensity recommendations for
attaining “good” (or higher) levels of CRF, the Fitness Registry and the
Importance of Exercise: A National Database (FRIEND) was employed
[59]. This registry consists of directly measured CRF on men (n = 4098)
and women (n = 2762), aged 30-79 years, without known CVD or
chronic obstructive pulmonary disease. Tests that were terminated due
to inadequate effort (peak respiratory exchange ratio <1.0) or because

Table 3

Minimum work rates (kgememin ') to achieve an energy expenditure of ~3.5
metabolic equivalents (METs) on the stationary cycle ergometer at progressive
body weights*.

Body Weight Minimum Work Rate
kg 1b. (kgememin 1)
50 110 200

60 132 250

70 154 300

80 176 350

90 198 400

100 220 450

110 242 500

120 264 550

130 286 600

*The estimated energy expenditure of ~3.5 METs is achieved after 3 or more
minutes at this work rate. Adapted from Ref. [24].



B.A. Franklin et al.

Table 4
“Good” fitness levels for middle-aged and older men and women and the training
aerobic requirements associated with these cardiorespiratory fitness levels*.

Age groups (years)

30-39 40-49 50-59 60-69 70-79
Men
Good fitness >12.9 >11.5 >10.0 >8.7 >7.7
Training METs 8.1—10.5 7.3—9.4 6.4—8.2 5.6—7.2 5.0—6.4
Women
Good fitness >9.2 >8.2 >7.2 >6.1 >5.5
Training METs 5.9—7.6 5.3—6.8 4.7—6.0 4.1-5.1 3.7—4.6

*Age- and sex-adjusted “good” levels of cardiorespiratory fitness (METs) for men
and women and the recommended goal training intensity (60% — 80% VO2R,
expressed as METs) to achieve these fitness levels. Adapted from Ref. [58].

of abnormal signs/symptoms (e.g., increasing anginal symptoms,
ischemic ST-segment depression >2 mm, threatening arrhythmias),
rather than volitional fatigue, were excluded. Age-and sex-adjusted
“good” fitness levels were calculated at the 600 percentile, and the
associated vigorous training intensities likely to achieve these CRF levels
(or higher), corresponding to 60%-80% of the VO5R. The VO,R was
calculated as ([VOsmax — 1] x 60, 70 or 80%) +1, where VO,max was
expressed as METs, assuming 1 MET equals rest.

Table 4 provides “good” fitness levels and recommended aerobic
training requirements (METs) to achieve these for men and women
(aged 30-79 years), corresponding to 60%-80% of the VO,R [58]. This
analysis uniquely provides age-, sex-, and fitness-adjusted aerobic
training intensities that are compatible with attaining cardioprotective
levels of CRF. Depending on their age, men should ideally be training
between 5.0 and 10.5 METs and women between 3.7 and 7.6 METs. In
our experience, if patients can progress to training intensities that are
60%-80% of the VOoR, without adverse signs/symptoms or excessive
RPEs (i.e., >15 [“hard work”] on the Borg 6-20 RPE scale), it is likely
that they can attain fitness levels that are compatible with decreased
mortality and increased survival. For example, using the FRIEND data-
base, “good” fitness for a 65-year-old man approximates >8.7 METs.
Accordingly, a training intensity of 5.6-7.2 METs or ~6.4 METs (70%
VO3R), achieved over time, should enable this patient to attain “good”
fitness during subsequent exercise testing. This training intensity ap-
proximates singles tennis, graded treadmill walking (3.0 mph, 7.5%
grade) or, for a 70-kg patient, exercising at 600 kgememin~! on the
stationary cycle ergometer (Table 5). Age- and sex-based regression
equations corresponding to 70% VO9R for progressively aged men and
women (30-79 years), that is, signifying the training MET requirements
needed to achieve “good” fitness levels, are shown below [58]:

Men

Training METs = 12.480 — 0.092(Age, yrs.)
Women

Training METs = 8.975 — 0.065(Age, yrs.)

Table 5
Approximate energy expenditure in METs* during stationary cycle ergometry.

Body Weight Power Output or Work Rate (kgememin ')

kg 1b 300 450 600 750 900 1050 1200
50 110 5.1 6.6 8.2 9.7 11.3 12.8 14.3
60 132 4.6 5.9 7.1 8.4 9.7 11.0 12.3
70 154 4.2 5.3 6.4 7.5 8.6 9.7 10.8
80 176 3.9 4.9 5.9 6.8 7.8 8.8 9.7
90 198 3.7 4.6 5.4 6.3 7.1 8.0 8.9
100 220 3.5 4.3 5.1 5.9 6.6 7.4 8.2

*1 MET = 3.5 mL/kg/min; Estimated values are based on completion of the 3-
min exercise stage. Adapted from Ref. [24].
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Although not all patients will achieve “good” CRF levels for their age
and sex, most will be able to increase their level of CRF beyond the
“bottom” quintile or 20%. By achieving this goal, patients are more
likely to derive the greatest relative reduction in mortality with
increasing levels of fitness (i.e., progressing from <5 METs to >5 METs)
and the most impactful increase in survival [19].

2.7. Exercise duration and frequency

The duration of exercise required to elicit a significant training effect
varies inversely with the intensity; the greater the intensity (up to ~80%
of exercise capacity), the shorter the duration of exercise necessary to
achieve favorable adaptation and improvement in CRF [24]. Exercise
training for 10 to 15-min periods improves CRF, and 30-min sessions are
even more effective. However, for novice exercisers, there is little
additional aerobic benefit thereafter, and with sessions lasting >45 min,
the incidence of orthopedic injury increases disproportionately [60].

Although traditional recommendations [61] suggest that accumu-
lated MVPA bouts should last >10 min to achieve the 30-min daily
minimum, more recent studies suggest that even shorter periods of PA,
accrued over time, can produce CV and metabolic health benefits [62,
63]. Other reports suggest that replacing sedentary time with even brief
periods of light-intensity PA (~2 min/hour) may confer a survival
benefit [64].

Deconditioned patients may respond to slightly less than twice-
weekly exercise; however, 3 to 4 vigorous intensity (>60% VOsmax)
workouts per week appear to be the optimal training frequency. Addi-
tional benefits of vigorous-intensity training >5 sessions per week seem
to be minimal, whereas the incidence of musculoskeletal injury in-
creases disproportionately [60]. On the other hand, to promote and
maintain health, moderate-intensity PA (40%-59% VOymax) for a
minimum of 30 min on 5 days each week, or vigorous PA (>60%
VOymax) for a minimum of 20 min on 3 days each week, is recom-
mended [51].

2.8. Types of training activities: exercise modalities

The most effective exercises for the endurance or conditioning phase
include outdoor walking, level or graded treadmill walking, jogging,
running, stationary cycle ergometry, outdoor cycling, swimming,
jumping rope, rowing, arm ergometry, and combined arm-leg ergo-
metry. The energy costs of walking vs. running vs. outdoor bicycling, as
well as treadmill walking and stationary cycle ergometry, 5 of the most
popular training modalities, are detailed below. Complementary activ-
ities include adjunctive resistance training and increased lifestyle ac-
tivity. Vigorous-to-high intensity PA, particularly when unaccustomed,
and some competitive endurance sports (e.g., marathon running and
triathlon participation) are associated with a greater incidence of acute
cardiac events [65,66]. Moreover, only limited data are available
regarding the benefit:risk ratio of high-volume, high-intensity exercise
training regimens/competition in patients with ischemic and other
forms of CVD. Recent studies have also shown that large exercise vol-
umes and vigorous-to-high exercise intensities are associated with po-
tential cardiac maladaptations, including accelerated coronary artery
calcification and atrial fibrillation [67].

2.8.1. Energy expenditure during walking, running, and bicycling
Because of the popularity of walking, running, and outdoor bicy-
cling, there is interest in the energy expenditure per unit distance for
each activity. Running a given distance expends more calories than
walking the same distance. The gross caloric cost of walking and running
is ~1.15 and 1.70 kcal/kg/1.6 km, respectively [24,42]. Moreover,
unless the person walks or runs at extremely slow or fast paces, the
caloric cost per distance is relatively independent of speed. Although
many obese persons may be unable to run, a substantial energy expen-
diture can result by moving their heavier body weight through distance
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walking. Outdoor bicycling is an energy-efficient method of covering
distance. The gross caloric expenditure of bicycling, also relatively in-
dependent of speed, is ~0.60 kcal/kg/1.6 km [24,42], where 1.6 km
equals 1 mile. For a given distance, bicycling uses approximately one
half and one third the kcal of walking and running, respectively.
Accordingly, the energy cost of bicycling 4.8 km is the approximate
equivalent of walking 2.4 km or running 1.6 km. To burn calories for
weight control, a rather long bicycling distance must be covered [68].

2.8.2. Estimating METs during level and graded treadmill walking

The “Rule of 2 and 3 mph” has been suggested in estimating “steady-
state” energy expenditure during treadmill walking [43]. Level walking
at 2 and 3 mph approximate 2 and 3 METs, respectively. At a 2-mph
speed, each 3.5% grade increment adds an additional MET to the en-
ergy expenditure. For individuals who can walk at 3 mph, each 2.5%
increase in treadmill grade adds an additional MET. Thus, a 5 MET
workload can be achieved by either 2.0 mph, 10.5% grade, or 3.0 mph,
5.0% grade.

2.8.3. Energy expenditures in METs during cycle ergometry

For individuals using a stationary cycle ergometer, the energy cost,
expressed as METs, depends upon the work rate (kilogram meters per
minute [kgememin~']) and the person’s body weight (kg or pounds
[Ib]). For example, a 100-kg person exercising at 900 kgememin '
would be working at 6.6 METs, whereas the same work rate for a 60-kg
person would correspond to approximately 9.7 METs (Table 5) [24].

2.8.4. Resistance training

Resistance training provides an effective method for increasing
muscle strength and endurance, favorably modifying selected risk fac-
tors, and enhancing psychosocial well-being. It is also comparable or
superior to endurance training for enhancing bone mineral density,
increasing muscle mass and strength, improving insulin sensitivity, and
augmenting the basal metabolic rate [69]. Moreover, resistance training
has been shown to decrease the rate-pressure product when any given
load is lifted [70,71], reducing cardiac demands during daily activities
such as carrying packages or lifting moderate-to-heavy objects.
Although the traditional weight-training prescription involved per-
forming each exercise 3 times (e.g., 3 sets of 10-15 repetitions per set), it
appears that 1 set provides similar improvements in muscle strength and
endurance, at least for the novice exerciser. Such regimens should
include 8-10 different exercises at a load that permits 8-15 repetitions
per set [69].

2.8.5. Lifestyle or incidental physical activity

Randomized controlled trials (RCTs) have shown that an alternative
approach to structured exercise, that is, increased lifestyle PA, has
similar effects on CRF, body composition, and coronary risk factors as a
conventional exercise program [72,73]. More recently, in the Coronary
Artery Risk Development in Young Adults (CARDIA) study of 2110 Black
and White men and women (aged 38-50 yrs) with a mean follow-up of
10.8 years, investigators reported that participants taking >7000
steps/day, compared with <7000 steps/day, had a 50% to 70% lower
risk of mortality [74]. Interestingly, there was no association of step
intensity with mortality. These findings have important implications for
public health, suggesting a viable alternative to habitually sedentary
individuals who are not ready to comply with a structured exercise
regimen.

2.8.6. Marathon running and triathlon participation

Since the early 1970s, increasing numbers of patients have embraced
long-distance running and marathon participation in response to the
emergence of PA as a possible protective intervention in CHD [75].
However, marathon running and triathlon participation do not neces-
sarily prevent progression of atherosclerotic CVD or sudden cardiac
death after AMI [76-78]. Indeed, autopsy-proved coronary
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atherosclerosis and structural heart disease, most notably, hypertrophic
cardiomyopathy, have been reported in marathon runners and tri-
athletes who died while competing [65,66].

Several considerations preclude the widespread advocacy of mara-
thon running and/or triathlon participation in CR. First, both activities
are associated with acute cardiac events each year [65,66]. Second, the
associated high-volume, high-intensity training regimens far exceed the
threshold necessary for CV conditioning [78]. Third, training for and
participation in marathons has limited applicability to patients with
CVD. In one study, only 13 of 623 patients (2%) attending an
exercise-based CR program subsequently completed >1 marathon [79].
Finally, marathon running and triathlon participation pose increased
risks of acute cardiac events where cardiopulmonary-resuscitation
personnel and equipment may be unavailable [78].

2.9. High-intensity interval training: risks, benefits, and recommendations

Is HIIT appropriate for persons with documented CVD? Interest in
this question has resulted in recent clinically-driven investigations,
primarily focused on the application to phase II CR. Empirical findings
suggest limited evidence that HIIT may provide phase II CR patients with
some training advantages over those who participate in the more
‘traditional’ moderate-intensity continuous training (MICT). Within the
literature, conventional exercise training has recently been described as
MICT to differentiate it from HIIT-based rehabilitation. In summarizing
this formative body of literature, it is essential to emphasize the
following points:

1) Conclusions should be derived from RCTs that include HIIT and
MICT exercise interventions.

2) Conclusions must be informed by outcome measures that include:
a) Exercise capacity/performance (e.g., maximal and sub-maximal

intensity)

b) CVD risk factor reduction (e.g., lipid profiles, fasting blood
glucose, etc.)

c) Metrics of disease recurrence/worsening (e.g., revascularization
rates)

d) Metrics of morbidity and mortality that are based on long-term
follow-up investigations (e.g., 5-year survival rates)

e) Conclusions may also include factors related to exercise adher-
ence and patient depression metrics (e.g., PHQ9 surveys and
related metrics)

3) Conclusions should reflect the current state of the research sub-field,
which is in its infancy. This point is evidenced by the fact that, to
date, few relevant RCTs comparing HIIT and MICT in CR settings
have been conducted. Furthermore, most of these investigations
have been conducted in low-risk patients and male-centric pop-
ulations. Finally, the patient hours represented within the collective
body of literature fall short of statistical estimates for anticipated
number of observational hours likely needed to elicit acute cardiac
events during HIIT [80,81].

Despite these scientific constraints, the growing body of available
research is bolstered by the fact that most HIIT exercise interventions
adhere to a fairly homogenous training protocol (Fig. 2). While outliers
exist, most existing RCTs utilize 3-4 exercise intervals with durations of
2-4 min. The intensity assigned to HIIT groups is between 90% and
100% of aerobic capacity and quantified relative to HRpeak, HRR, HRmax,
or peak power output. The HIIT recovery intervals are 2 or 3 min of
active recovery, often performed at ~40% HRR [80].

Based on these findings, it is important to re-emphasize that due to a
lack of data and observation hours in various populations with CVD, it is
currently premature to conclude that HIIT is a safe and superior CR
intervention compared with MICT. Further supporting this conclusion,
few published studies provide a comprehensive assessment of the critical
categorical measures outlined previously. Perhaps most notably absent
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Fig. 2. Representative training schedules for HIIT and MICT
programs in phase II cardiac rehabilitation. While variations in
both HIIT and MICT exist, common approaches include 4 high
intensity intervals, interspersed with moderate-intensity active
recovery periods. As shown, both HIIT and MICT programs
shorten the warm-up and cool-down periods of an equivalent
duration. While some programs shorten the warm-up and cool-
down duration in the MICT protocol to match the total dura-
tion of the corresponding HIIT program, most examples within
the literature reflect a time savings for patients assigned to the
high-intensity protocol.
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from these essential observations are replicative findings of cardiac
function using state-of-the-science techniques for cardiac imaging,
differentiating HIIT versus MICT adaptations and outcomes. Moreover,
linking these cardiac performance measures to the other outcome vari-
ables across multiple populations and risk profiles remains a funda-
mental barrier to determining HIIT efficacy within cardiac patients.
Further limiting scientific consensus on the topic, outcome findings from
the existing HIIT-MICT comparisons are largely equivocal for all but one
of the variable groupings described previously [80].

Despite the uncertainties surrounding HIIT for outpatient CR, it is
reasonable to conclude, based on the existing data, that HIIT offers ad-
vantages over MICT relative to improvements in both VOjpeak and
corresponding submaximal exercise performance parameters. Specif-
ically, numerous RCT investigations have reported that HIIT enhances
aerobic capacity by an additional 0.5 METs compared with patients
assigned to MICT [80]. For cardiac patients that exhibit these incre-
mental improvements in VOypeak, the additional increase in aerobic
capacity corresponds to statistically significant 8% and 5% decreases in
all-cause mortality and CV mortality, respectively [82]. However, these
HIIT-related increases in exercise capacity are not universally observed
in RCT comparisons of HIIT-MICT. Gains in aerobic capacity in patients
who perform HIIT are also tempered by the observation that improve-
ments are comparable to MICT when normalized for exercise-dependent
caloric expenditure [83].

Perhaps the most pressing concern about the application of HIIT to
cardiac patients is the increased potential to precipitate an exertion-
related fatal cardiac event [80,81]. Current preliminary estimates sug-
gest that it takes 23,182 h of high-intensity exercise training in this
population to elicit one untoward cardiac event [84]. As indicated
earlier, the phase II patient hours collectively observed in the HIIT-MICT
trials published to date represent only a fraction of those expected to
result in a cardiac event. Moreover, these estimates should be contex-
tualized to the patient risk profile, as defined by contemporary risk
stratification criteria. How the risk of HIIT applies to varied CVD di-
agnoses, including HF patients with preserved or reduced ejection
fraction and in those with multiple co-morbidities, are also under-
studied. Similarly, the benefits of HIIT as applied to under-represented
populations, based on sex, race, and ethnicity, are largely unknown
and further highlight the need to withhold conclusions about the safety
and effectiveness of HIIT as compared to MICT [81].

3. Exercise and type 2 diabetes mellitus
3.1. Physical activity, fitness, and risk of incident diabetes
The burden of DM is increasing worldwide, and an estimated 463

million individuals are currently living with diabetes [85]. The
increasing burden of DM is partly due to the growing prevalence of
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lifestyle related cardiometabolic risk factors such as obesity and physical
inactivity. Multiple epidemiological cohort studies have demonstrated
the protective association between higher levels of PA and CRF and
lower risk of DM [86,87]. In the CARDIA study, higher levels of CRF in
young adulthood were associated with a lower risk of DM in middle age
[88]. A pooled dose-response meta-analysis of 15 cohort studies re-
ported that a 1-MET higher fitness level was associated with an 8% lower
risk of DM [89].

3.2. Fitness change, exercise training, and prevention of diabetes

Changes in CRF levels with aging have been associated with the risk
of DM. In the CARDIA cohort, a greater decline in CRF in young adult-
hood was associated with a greater risk of DM [90]. Several trials have
evaluated whether lifestyle interventions can reduce the development of
DM among at-risk individuals [91,92]. The Diabetes Prevention Pro-
gram (DPP) was a seminal RCT that reported a 58% reduction in risk of
DM among individuals with pre-DM who underwent an intensive life-
style intervention (vs. placebo/usual care) that involved substantive
changes in dietary intake and regular PA [92]. Over a follow-up period
of 12 years, there was a 6% decrease in diabetes incidence per 6
MET-h/week increase in time-dependent PA [93]. Similarly, the Finnish
Diabetes Prevention Study (FDPS) also reported a decreased 3-year risk
of diabetes by 58% in participants with prediabetes who were ran-
domized to a lifestyle intervention promoting increased MVPA (>150
min per week) and healthy dietary changes [91,94]. Similar to the DPP
trial, the FDPS also demonstrated a 70% reduction in diabetes incidence
after adjustment for baseline confounders in individuals who met their
PA activity goal (>4 hr-week) but did not meet the accompanying
weight loss goal (>5% weight loss) [95]. Another systematic review that
included 16 studies reported that diet and PA promotion (vs. usual care)
reduced the risk of incident DM (RR: 0.59; 95% CI, 0.52 to 0.66) while
also improving other cardiometabolic risk factors [96].

Exercise training interventions also appear to have a legacy effect in
preventing DM and insulin resistance. In the STRRIDE-Reunion trial,
participants who underwent an 8-month exercise training intervention
in middle age had lower fasting insulin levels at 10-year follow-up than
their control group counterparts [97]. Greater improvements in CRF
with short-term training was associated with higher CRF 10 years later
[98]. Collectively, these data suggest that even short-term participation
in exercise training may be beneficial in reducing the aging-related
cardiometabolic disease burden.

3.3. Physical activity, fitness, and risk of cardiovascular events in DM

CVD is an important downstream complication of DM and accounts
for >75% of total mortality among patients with DM [99]. In a pooled
analysis from 19 prospective observational cohort studies, physical
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inactivity in the generalized population was associated with a 24%
higher risk of CHD (HR, 1.24; 95% CI, 1.13-1.36) and 42% higher risk of
diabetes (HR, 1.42; 95% CI, 1.25-1.61) [100]. Furthermore, previous
studies have shown that regular PA plays an important role in pre-
venting macrovascular complications and all-cause mortality in patients
with DM. A pooled analysis of 10 population-based cohort studies
showed an inverse association of PA with CVD or all-cause mortality in
patients with diabetes [101]. Compared with inactive participants, those
who achieved less than the recommended activity or met the recom-
mended PA had a 26% and 35% lower all-cause mortality [101]. Simi-
larly, a meta-analysis of 17 studies reported that 1 MET-h/day
incrementally higher PA was associated with 9.5% and 7.9% reductions
in all-cause mortality and CVD risk, respectively [102]. Accordingly, the
American Heart Association (AHA) and American Diabetes Association
(ADA) recommend that individuals with DM engage in >150 min per
week of moderate-intensity aerobic PA or >90 min of vigorous aerobic
exercise per week to reduce the CVD risk [103].

There are several physiologic mechanisms through which higher PA
and CRF levels can lower the risk of atherosclerotic CVD events. First, PA
can reduce CV risk by a favorable effect on other coronary risk factors.
Higher PA levels are associated with lower levels of atherosclerotic risk
factors, including elevated blood pressure, insulin resistance, glucose
intolerance, elevated triglyceride concentrations, low HDL, and obesity
[104,105]. Another mechanism through which PA can be protective
against CVD in DM is through its direct favorable effects on cardiac
structure and function. To this end, in a meta-analysis of 6 clinical trials,
exercise training in individuals with DM significantly improved several
measures of cardiac function, including early diastolic velocity, systolic
function as measured by the global longitudinal strain, and CRF signified
by increased VO, peak [106].

3.4. Exercise training for the management of DM

Several RCTs have assessed the effects of exercise training on gly-
cemic control and other cardiometabolic parameters in patients with
DM. The Look AHEAD trial, a large, randomized trial, evaluated a life-
style intervention in older adults with DM compared with a diabetes
support and education control group [107]. The intensive lifestyle
intervention group, which included dietary modification and unsuper-
vised exercise, achieved significantly greater improvements in CRF,
blood glucose control, weight loss, blood pressure, and quality of life
(QOL) [108]. However, major CV events were similar in both groups,
which may be partially explained by the greater use of cardioprotective
medications in the diabetes support and education group [107]. Two
RCTs, the Diabetes Aerobic and Resistance Exercise (DARE) study and
the Health Benefits of Aerobic and Resistance Training in individuals
with DM study demonstrated that combined aerobic and resistance
training is more effective in improving glycemic control than either
exercise intervention alone [109,110]. Moreover, the DARE study also
showed that the individual effects of aerobic and resistance training on
HBA;c were comparable to the greatest cardiometabolic benefits ach-
ieved by the combined exercise training (aerobic +resistance) approach.

Finally, the Italian Diabetes and Exercise Study demonstrated the
effectiveness of combined aerobic and resistance training compared to
counseling in improving glycemic control [111]. These studies reiterate
the importance of incorporating some form of exercise in treatment
strategies for individuals with diabetes. Although the treatment for DM
commonly involves oral hypoglycemic medication and dietary modifi-
cation, these methods do not improve CRF, which is crucial to increase
exercise tolerance, glycemic control, and survival among individuals
with diabetes.
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4. Exercise and heart failure
4.1. Physical activity, fitness, and risk of heart failure

Physical inactivity is garnering attention as a major risk factor for the
development of HF. Epidemiological studies have consistently linked
low levels of PA with increased HF risk. Observational studies have also
shown that moderate-to-high levels of PA and/or CRF are associated
with a lower risk of HF in a linear, graded fashion [112-115]. Further-
more, the associations between PA and CRF and HF risk are stronger and
more dose-dependent for HF with preserved ejection fraction (HFpEF)
than for HF with reduced ejection fraction (HFrEF) [114,116]. Obser-
vational studies have also shown that long-term increases in PA and CRF
are associated with a reduced risk of HF [114,117]. However, exercise
training and lifestyle PA interventions have failed to demonstrate a
reduction in the risk of HF in limited RCTs. In the landmark Look
AHEAD trial, participants with DM were randomized to an intensive
lifestyle change arm vs. standard of care to evaluate whether the former
intervention, including exercise training, reduced the risk of CVD [118].
There was no reduction in the risk of HF or its subtypes among Look
AHEAD participants that underwent the intensive lifestyle intervention.
However, increased CRF over time was associated with a lower risk of
HF, suggesting that exercise training resulting in significant, sustained
improvement in CRF may favorably modify the risk of HF [114].

4.2. Role of exercise training in patients with heart failure

Among individuals with HF, exercise training may improve QOL,
increase exercise capacity, and reduce the risk of HF hospitalization. In
the landmark HF-ACTION trial, individuals with stable HFrEF were
randomized to supervised aerobic exercise training versus usual care.
Although mortality rates were similar in both groups, participants in the
intervention arm experienced improved QOL and lower HF hospitali-
zation rates [119]. Based on these encouraging findings, which support
the notion that supervised exercise training is beneficial, useful and
effective, the current American College of Cardiology (ACC)/AHA
guidelines issued a Class I recommendation for exercise-based CR in
patients with HFrEF.

Despite the existing guidelines that support CR, the enrollment and
participation in CR among patients with HFrEF remains very low [119].
The Centers for Medicare and Medicaid Services expanded their
coverage for CR reimbursement to include patients with chronic stable
HFrEF in 2014. However, since then, the referral and enrollment rates
for CR among patients with HFrEF have remained at <5% [119]. This
implementation gap highlights the need for novel approaches to CR for
patients with HFrEF. Such approaches could include early initiation of
exercise or physical conditioning interventions and the transition from
supervised CR to home-based exercise training. Accordingly, the recent
REHAB-HF trial demonstrated the feasibility, safety, and efficacy of an
early, progressive rehabilitation intervention that included multiple
physical-function domains. It was initiated during the in-hospital stay of
patients with acute decompensated HF and maintained at home [120].
The physical function intervention was associated with significant
improvement in functional status, frailty burden, and QOL. Future
studies evaluating the efficacy of such pragmatic, multi-domain physical
function interventions to prevent recurrent HF hospitalizations and
early mortality in patients with HF are needed, especially considering
the relatively high prevalence of non-responders to exercise training in
this patient subset.

Whether exercise training modifies the risk of adverse outcomes
among patients with HFpEF is less well-established [121]. In a pooled
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analysis of RCTs evaluating the effect of exercise on adverse outcomes
among patients with HFpEF, exercise training was associated with
improvement in exercise capacity and QOL [122]. Furthermore, the
optimal type of exercise training among patients of HFpEF remains
unclear. In a recent study, investigators evaluated whether HIIT was
associated with greater improvement in exercise capacity among pa-
tients with HFpEF compared with MICT or PA counseling [123,124].
Investigators reported that the improvement in exercise capacity was
comparable with MICT vs. HIIT. Future studies with larger sample sizes
and longer follow-up are needed to evaluate the optimal exercise
training regimen for patients with HFpEF to improve clinical outcomes.

5. Exercise and peripheral arterial disease (PAD)
5.1. Physical activity, fitness, and risk of PAD

PAD affects >200 million people worldwide and is defined as an
ankle-brachial index (ABI) <0.9 [125]. Traditional risk factors for
atherosclerotic CVD such as cigarette smoking, DM, age, and renal
insufficiency play a prominent role in the development of PAD. How-
ever, the impact of regular PA and improved CRF on the prevention and
treatment of PAD has recently been reported. Collins et al. found that
low levels of self-reported PA in African Americans were associated with
an increased risk of PAD as assessed by ABI <0.9 [126]. Wilson et al.
demonstrated that lifetime recreational activity positively correlated to
ABI, and reduced PA was associated with prevalent PAD [127]. More
recently, using the MESA cohort database, which included
community-dwelling adults without -clinically evident CVD, in-
vestigators reported that higher self-reported intentional exercise was
protective for incident PAD (assessed by ABI) over a relatively short
follow-up (~3 years) [128]. Besides self-reported PA behavior, objective
measures of sedentary time—assessed using an accelerometer—are also
associated with low ABI values in an asymptomatic population [129].

5.2. Prognostic roles of PA and CRF in PAD

Intermittent claudication is the most common clinical manifestation
of PAD and is defined as exertional calf pain that occurs during exercise
and resolves within 10 min of rest. Notably, the pathophysiologic basis
of the functional limitation in PAD is incompletely understood and in-
cludes both anatomic and vascular abnormalities. Due to fixed stenosis,
heightened metabolic demands from increased lower extremity muscle
contraction are unable to be met, leading to muscle ischemia.
Concomitantly, endothelial dysfunction leads to impaired vasodilation
of calf resistance vessels in the microcirculation [130]. Lastly, inflam-
mation, nerve impairment, and calf muscle dysfunction all contribute to
the functional limitations in PAD [131].

Evaluating the magnitude of functional impairment is a critical
component of clinical care for patients with PAD, as claudication can
have significant adverse effects on ambulation and QOL. Importantly,
functional impairment is present even in patients who do not have ex-
ertional leg symptoms [132]. Patients with claudication also demon-
strate significantly reduced VO2 peak than those without PAD [133].
The impaired functional capacity has prognostic value in PAD with
higher rates of all-cause and CV mortality [134,135].

5.3. Exercise training and PA interventions in the management of PAD

Treatment of patients with PAD focuses on reducing CV events and
symptom burden of the lower extremities. Exercise training is a critical
non-invasive treatment modality to improve QOL, as well as pleiotropic
physiologic effects with reported reductions in inflammatory markers,
increases in calf muscle capillary density, and a partial restoration in
peripheral vasodilation [136]. Treadmill-based supervised exercise
training (SET) is highly effective in patients with and without claudi-
cation. An early meta-analysis based on nonrandomized studies
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provided a foundation for intermittent treadmill exercise therapy for
PAD [137]. A subsequent meta-analysis of 25 RCTs substantiated sig-
nificant improvements in claudication onset time and symptom-limited
peak walking duration [138].

SET has also been evaluated relative to endovascular therapy per se
for the treatment of claudication. Spronk et al. compared a 24-week SET
intervention to balloon angioplasty followed by stent use, if indicated,
and demonstrated greater improvement with SET than endovascular
therapy alone [139]. These findings were corroborated in a network
meta-analysis (180 m improvement with SET vs. 85 m improvement
with endovascular therapy) [140]. Additionally, the IRONIC trial
compared revascularization versus SET in addition to optimal medical
therapy, and initial follow-up at 1- and 2-years reported improved
health-related QOL only in the revascularization group. However, after
5-years of follow-up, the revascularization strategy versus SET plus
optimal medical therapy yielded comparable improvements in
health-related QOL [141]. In the recent CLEVER trial, SET and endo-
vascular therapy, when combined with optimal medical therapy, were
associated with greater improvements in functional outcomes compared
with optimal medical therapy alone with no difference in therapeutic
efficacy between SET vs. endovascular therapy [142]. Combined SET
plus endovascular therapy has also been evaluated and appears to offer
the greatest benefit in functional outcomes. In a pooled analysis, patients
treated with SET and endovascular therapy as compared to SET alone
had higher maximum walk distance (weighted mean difference 98.9
feet) and lower risk of revascularization or amputation (odds ratio 0.09,
95% confidence interval: 0.40) [143].

Prescribing a supervised exercise program involves counseling the
patient with PAD to walk until the onset of claudication, followed by
time for recovery [144]. Current recommendations suggest a frequency
of 3 sessions per week and a program duration of >12 weeks, although
implementation is highly variable [145]. The optimal intensity of ex-
ercise training for patients with PAD remains controversial. Studies have
shown that intensity of training may be related to the improvement in
VOpeak but not walking distance. A systemic review and meta-analysis
of exercise training trials in PAD demonstrated a significantly greater
improvement in exercise capacity with HIIT vs. MICT [146].

Despite being a Class I ACC/AHA recommendation, patient referrals
and participation in SET for patients with PAD remain low. In a recent
analysis of Medicare beneficiaries with intermittent claudication, only
1.3% were enrolled in SET between 2017 and 2018 [147]. Even in the
trial setting, up to 70% of eligible patients with PAD decline participa-
tion in SET interventions. To combat these barriers to participation,
more accessible alternatives such as home-based exercise therapy have
been suggested. Evidence for the efficacy of home-based exercise or PA
behavioral interventions for improving exercise capacity in patients
with PAD is equivocal. Some trials have demonstrated a significant
improvement in functional capacity with home-based exercise training
[148,149], whereas others have not [150,151]. More recently,
home-based exercise intervention with high-intensity exercise training
has been shown to significantly improve 6-min walk distance compared
with low-intensity training and a non-exercise control group [152].
Furthermore, the effect of low-intensity training on 6-min walk distance
was comparable to that of the non-exercise control group. The current
ACC/AHA guidelines provide a class IIA recommendation for
home-based exercise training as a viable treatment option in patients
with PAD [145]. Based on the existing evidence, home-based in-
terventions that incorporate high-intensity training and include occa-
sional in-person meetings with an exercise coach may be most effective
for improving functional outcomes [153].

In conclusion, a low level of PA is a known risk factor for the
development of PAD. Additionally, a reduced exercise capacity in pa-
tients with PAD is associated with worse clinical outcomes. SET is a
cornerstone treatment for symptomatic PAD to improve walking ability
and overall QOL. However, many patients are not able to access SET,
and novel alternatives, such as home-based therapy, are needed to
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combat the growing burden of symptomatic PAD.

6.

Clinical recommendations

Each 1 MET increase in CRF confers an ~16% decrease in mortality,
which compares favorably with survival benefit provided by aspirin,
statins, fB-blockers, and angiotensin-converting enzyme inhibitors
after AMI.
The concept of MET-minutes per week enables clinicians and pa-
tients to translate guideline-driven MVPA recommendations (>500
to 1,000 MET-minutes per week) into achievable goals by quanti-
fying accumulated exercise each week in a single formula: METs per
activity x number of minutes/session x days/week = MET-minutes
per week.

e For previously inactive patients embarking on a physical condition-
ing program who have not undergone exercise testing, the resting HR
(standing) plus 10 to 20 bpm is recommended for the initial exercise
intensity, using symptomatology and RPE (< “somewhat hard”) as
adjunctive intensity modulators.

e Any duration of PA, even 1-2 min bouts, accrued over time, can elicit
CV and metabolic health benefits.

e Vigorous exercise appears to be more effective than moderate-
intensity exercise in reducing CV risk. Similarly, when comparing
increasing percentiles of self-reported PA versus CRF, the reductions
in risk are greater for CRF.

e MVPA, which corresponds to any activity >3 METs, has been
consistently shown to reduce the health risks associated with
numerous chronic diseases. This also signifies the “threshold”
training intensity that allows individuals to emerge from the least fit,
least active population cohort, or bottom 20%, which appears to
confer the greatest relative reduction in mortality.
Little additional survivor benefit occurs when CRF levels increase
from “good” to “excellent,” suggesting a plateau in the reduced
relative risk for CVD. Accordingly, the optimal CV benefits of exer-
cise are most likely to be achieved by the gradual progression of
exercise intensity, that is, to attain the age-/sex-recommended
training MET levels likely to achieve “good” CRF.

For deconditioned or inactive individuals, the minimum or threshold

intensity for improving CRF is ~30-45% VO3R, corresponding to

~60-70% of the highest HR achieved during peak or symptom-
limited exercise testing.

Level walking at 2 and 3 mph approximates 2 and 3 METs, respec-

tively. At a 2-mph speed, each 3.5% grade increment adds an addi-

tional MET to the gross energy expenditure. For the 3-mph pace, each

2.5% increase in treadmill grade adds an additional MET.

e A simple method for estimating oxygen uptake during PA, expressed
as METs, employs the resting and exercise heart rates using the heart
rate index equation: METs = (6 x Heart Rate Index) —5, where the
heart rate index equals the activity heart rate divided by the resting
heart rate.

e Because resistance training is comparable or superior to endurance
training in enhancing bone mineral density, muscle mass and
strength, insulin sensitivity, and basal metabolism, it should be
recommended to complement any physical conditioning program.

e RCTs have shown that an alternative approach to structured exercise,
that is, increased lifestyle PA, provides similar beneficial health
outcomes. Accordingly, clinicians should counsel patients to inte-
grate increased PA into daily living.

e Although numerous studies purport that HIIT elicits slightly greater
increases in CRF (by ~0.5 MET) than MICT, while simultaneously
providing a less time-consuming training alternative, concerns
regarding the safety of repeated near-maximal exercise bouts in
middle-aged and older patients with known or suspected CHD sug-
gest that it should be cautiously prescribed or proscribed, especially
in unsupervised, nonmedical settings.

11

American Journal of Preventive Cardiology 12 (2022) 100425

e Supervised and home-based exercise programs provide independent
and additive benefits to comprehensive medical interventions aimed
at preventing and treating medically stable patients with PAD, DM,
and HF, or combinations thereof.

6.1. Exercise interventions: controversial issues and special considerations

Three relevant topics that merit brief discussion in this 2-part sci-
entific statement include: medical screening of patients prior to their
embarking on MVPA regimens; using technology to promote and rein-
force PA programs; and research-based counseling strategies to enhance
initiation of and adherence to structured exercise and/or increased
lifestyle PA.

The value of adjunctive medical screening procedures, including
physician evaluation, with or without exercise testing, as a preface to
MVPA, remains controversial. The US Preventive Services Task 2018
recommendations advised against routine screening with exercise
testing to prevent CV events [154], including higher-risk populations
with DM [155]. Asymptomatic patients who might benefit from exercise
testing before beginning a PA program, especially if vigorous exercise is
contemplated, include previously sedentary individuals with multiple
risk factors, an elevated coronary artery calcium score, a family history
of premature CHD, or those whom the clinician suspects may be
ignoring symptoms or not giving an accurate history.

Digital tools such as mobile games on smartphones and tablets,
various apps that promote PA, and activity trackers may reduce barriers
to regular PA, increase access to fitness programs, and provide daily goal
reminders [22]. Self-monitoring techniques or devices (e.g., pedome-
ters, accelerometers, PAL, HR monitors) can be helpful in this regard.
Active-play video gaming [156], with reported aerobic requirements of
~1.5-5.6 METs, corresponding to slow, moderate, and extremely fast
walking speeds, can also be used to meet daily or weekly PA re-
quirements and serve as a gateway to structured exercise regimens
[157]. Collectively, these data suggest that using technology, a
contributor to the physical inactivity epidemic, can also be part of the
solution.

Finally, research-based counseling strategies should be used to
facilitate healthy behavior change, including initiating and complying
with a structured exercise program, increased lifestyle PA, or both
[158-160]. These include: assessing patient readiness to change; the
5A’s approach to behavior modification [158,160]; motivational inter-
viewing, and overcoming inertia with downscaled goals. Accordingly,
patients need to realize that they have the single greatest influence over
their destiny relative to wellness and health promotion [161]. An
enduring axiom of success in the field of personal achievement states,
“The universe rewards action.” This also represents a key tenet under-
lying successful lifestyle modification and attaining salutary health
outcomes.

Key summary points on part II of this scientific statement are high-
lighted in the Central Figure (Fig. 3), with specific reference to the re-
lations between PA, CRF and CVD, the recommended exercise dosage
expressed as MET-min/week, minimum and goal intensities for exercise
training, energy requirement for walking vs. running vs. outdoor bicy-
cling, the comparative benefits and risks of HIIT vs. MICT, and the role of
exercise training for special patient populations. Related medical
assessment for exercise participation and counseling strategies are also
discussed, including the use of technology to promote PA.

7. Conclusions

Although physical inactivity represents a leading cause of death
worldwide [162], the beneficial effects of structured exercise and/or
increased lifestyle PA are often underestimated by many clinicians and
the public at large. Consequently, the health burden of physical inac-
tivity continues to grow with technologic advances, suboptimal
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Exercise Applications: Fitness Versus Physical Activity, Prescriptive Considerations,
and Special Patient Populations

Risk of CHD and CVD
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Fig. 3. Central Figure, summarizing the key relations between increasing levels of physical activity, cardiorespiratory fitness, and risk of cardiovascular disease,
prescriptive considerations, and special patient populations, with specific reference to medical assessments and patient counseling.

community landscape planning, and inadequate emphasis during most
clinical encounters. The latter represents missed opportunities to
counsel individuals using proven behavioral interventions to combat our
increasingly hypokinetic environment [163].

Behavioral lifestyle choices are consistently reported to be the single
greatest determinant of premature death, approximating all other health
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modulators combined [161]. Indeed, common characteristics of nona-
genarians and centenarians in 3 widely separated regions of the world
(Sardinians, Adventists, and Okinawans) include daily PA [164]. It has
been suggested that “a prescription to walk 30 min per day could be one
of the most important prescriptions a patient could receive” [165].
Clinicians and allied health professionals play a trusted and influential
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role in counseling their patients to be more physically active. These ef-
forts should be complemented by making self-responsibility (e.g., meeting
certain incentivized health metrics such as regular MVPA) a greater
priority in the evolving health care coverage environment [166].

The prescription of exercise has become increasingly scientific.
Guidelines are available regarding the appropriate intensity, frequency,
and duration of training. Moreover, detailed attention has focused on
the methods underlying the target HR derivation, prescribed training
intensities (METs), adjunctive intensity modulators (e.g., RPE), contin-
uous versus interval training, and the merits and limitations of selected
exercise modalities. However, the key beneficiary is often overlooked —
the patient. Consequently, maintaining the commitment can be chal-
lenging, leading to a decline in exercise adherence and effectiveness.

Exercise recommendations should additionally consider several
commonsense questions. Can the patient accomplish the exercise pre-
scription without feeling exhausted? Can the prescribed exercise in-
tensity be attained realistically and comfortably without adverse signs
or symptoms? Are patients advised to adjust arbitrary HR and workload
recommendations, including prescribed exercise intensities (METSs),
according to the RPE and symptomatology? Are they counseled to
“listen to their body” as an adjunct intensity guide? Are the recom-
mended activities perceived by the patient as invigorating and/or
enjoyable?

When used in conjunction with cardioprotective medications, regu-
lar MVPA provides independent and additive cardiovascular and sur-
vival benefits [167]. Accordingly, for the vast majority of patients who
are not physically active, the prescription remains unfilled.
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