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Abstract—Prescribed and supervised resistance training (RT) enhances muscular strength and endurance, functional
capacity and independence, and quality of life while reducing disability in persons with and without cardiovascular
disease. These benefits have made RT an accepted component of programs for health and fitness. The American Heart
Association recommendations describing the rationale for participation in and considerations for prescribing RT were
published in 2000. This update provides current information regarding the (1) health benefits of RT, (2) impact of RT
on the cardiovascular system structure and function, (3) role of RT in modifying cardiovascular disease risk factors, (4)
benefits in selected populations, (5) process of medical evaluation for participation in RT, and (6) prescriptive methods.
The purpose of this update is to provide clinicians with recommendations to facilitate the use of this valuable modality.
(Circulation. 2007;116:&NA;-.)
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rescribed and supervised resistance training (RT) enhances muscular strength and endurance, functional capacity and independence, and quality of life while reducing
disability in persons with and without cardiovascular disease
(CVD). These benefits have made RT an accepted component
of programs for health and fitness. The American Heart
Association recommendations describing the rationale for
participation and considerations for prescribing RT were
published in 2000.1 This update provides current information
regarding the (1) health benefits of RT, (2) impact of RT on
the cardiovascular system structure and function, (3) role of
RT in modifying CVD risk factors, (4) benefits in selected
populations, (5) process of medical evaluation for participation in RT, and (6) prescriptive methods. It is the purpose of
this update to provide clinicians with recommendations to
facilitate the use of this valuable modality.

Physiological Considerations and
Rationale for RT
Muscle contraction has both mechanical and metabolic properties. Mechanical classification describes whether muscle
contraction produces movement of the limb. Dynamic (isotonic) exercise, which causes movement of the limb, is also
further classified as either concentric (shortening of the
muscle fibers, which is the most common type of muscle
action) or eccentric (lengthening of the muscle fibers such as
might occur when a weight is lowered against gravity). Static
(isometric) exercise results in no movement of the limb. The
metabolic classification of muscle contraction involves primarily the availability of oxygen for energy production and
includes aerobic (oxygen available) or anaerobic (without
oxygen) processes. The extent to which an activity is predominantly aerobic or anaerobic depends primarily on its
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intensity relative to the person’s capacity for that type of
exercise. Most physical activities involve both dynamic and
static contractions and aerobic and anaerobic metabolism.
Thus, activities tend to be classified on the basis of their
dominant mechanical and/or metabolic characteristics. Because of major differences in the physiological responses
during dynamic-aerobic (endurance) exercise compared with
heavy dynamic resistance-anaerobic (strength) exercise, these
2 general types of activities need to be dealt with separately
when developing exercise recommendations. Lastly, conventional RT typically consists of lifting heavier weights with
longer rest periods (a greater anaerobic component), whereas
circuit training consists of lifting lighter weights with shorter
rest periods between exercises, introducing a greater aerobic
component to the workout.2

Physiological Responses
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The major cardiovascular responses to dynamic-aerobic exercise (endurance exercise) are increases in oxygen uptake
(V̇O2), cardiac output, and heart rate (HR), which parallel the
intensity of the activity, as well as an early increase and then
a plateauing of stroke volume. There is a progressive increase
in systolic blood pressure (SBP), with maintenance of or a
slight decrease in diastolic blood pressure (DBP), resulting in
a concomitant widening of the pulse pressure and a modest
increase in mean pressure, with a decrease in peripheral
vascular resistance. Blood is shunted from metabolically less
active skeletal muscle and the viscera to active skeletal
muscle, where increased oxygen extraction widens the systemic arteriovenous oxygen difference. Thus, dynamicaerobic exercise imposes primarily a volume load on the
cardiovascular system, including the myocardium.3
During isometric exercise, increases in HR and both SBP
and DBP are nearly proportional to the force exerted relative
to the greatest possible force that an individual can evoke
(percent maximum voluntary contraction [MVC]) rather than
the absolute tension developed.4 Stroke volume remains
largely unchanged except at high levels of tension (⬎50%
MVC), wherein it may decrease (see the discussion of
Valsalva maneuver below). The result is a moderate increase
in cardiac output, with little increase in V̇O2. Despite the
increased cardiac output, blood flow to the noncontracting
muscles does not significantly increase, probably because of
reflex vasoconstriction. At an MVC ⱖ20% to 30%, the
intramuscular pressure exceeds the intravascular pressure in
the contracting muscle and significantly reduces localized
blood flow, causing muscle ischemia and hypoxia. The
combination of vasoconstriction and increased cardiac output
results in a disproportionate rise in SBP, DBP, mean BP, and
peripheral vascular resistance.3,4 These pressures continue to
rise throughout the duration of the exercise. Thus, a significant pressure load is imposed on the cardiovascular system,
presumably to increase perfusion to the contracting skeletal
muscle.
The impact of the Valsalva maneuver (a forced expiration
is invoked against a closed glottis) and high levels of muscle
tension to lift or otherwise move a heavy weight can result in
somewhat dramatic changes to the physiological responses to
RT. Depending on the duration and intensity of the maneuver

and the resistance, an increase in intrathoracic pressure
leading to decreased venous return and potentially reduced
cardiac output may occur.5 The physiological responses are
an increase in HR to maintain cardiac output and vasoconstriction to maintain BP, which otherwise may decrease with
decreasing cardiac output. At the release of the “strain,”
venous return is dramatically increased, increasing cardiac
output, which is now circulating through a somewhat constricted arterial vascular system. The result is a rise in BP,
potentially quite dramatic, that may require minutes to return
to baseline. During heavy resistance exercise and especially if
accompanied by the Valsalva maneuver, symptoms of lightheadedness or dizziness may occur if cardiac output is
reduced.6,7 With relaxation, individuals may experience headache while pressure remains elevated. In patients with heart
disease, symptoms of myocardial ischemia may ensue as a
result of elevated BP and increased myocardial work.
When heavy dynamic-resistance exercise (strength exercise) such as lifting weights is performed, the cardiovascular
responses are a combination of the responses that occur
during both dynamic-aerobic exercise and isometric exercise,
reflecting a combined volume and pressure load. The level of
the developed pressure load depends on the magnitude of the
resistance (percent MVC) required and the duration of the
muscle contraction in relation to the intervening rest period.
Thus, a smaller pressure load on the cardiovascular system
will occur during this type of exercise if the relative resistance
is not too great, the contraction period is relatively short (1 to
3 seconds), and there is at least a 1- to 2-second rest period
between contractions. The magnitude of the volume load on
the cardiovascular system during a dynamic-resistance exercise will be greater when the magnitude of the resistance is
relatively low (able to complete 20 to 30 repetitions) and the
contractions are performed every few seconds. Specifically,
and again depending on the duration and intensity of the
resistance exercise, HR can substantially increase and may
approach age-predicted maximum, that is, HR achieved with
treadmill exercise testing. Blood pressure responses, both
systolic and diastolic, may potentially surpass values
achieved during standard exercise testing. Whereas DBP
would be expected to decrease or not change with aerobic
exercise, substantial rises in DBP have been observed with
RT. However, it must be underscored that such potential HR
and BP responses are very unlikely to occur with appropriate
instruction and supervision of RT participants because of
relatively moderate intensities of effort.

Fitness and Health Benefits
Both endurance and strength training can elicit substantial
increases in physical fitness8,9 and some health-related measures that are described later. Table 1 summarizes many of
these benefits and attempts to weigh them according to the
current literature. Although both training modalities can
favorably modify many of the variables listed, the expected
magnitude of the benefits is substantially different. Endurance training induces greater improvements in aerobic capacity and associated cardiopulmonary and metabolic variables
and more effectively modifies CVD risk factors. RT enhances
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TABLE 1. Comparison of Effects of Aerobic Endurance
Training With Strength Training on Health and Fitness Variables
Variable

Aerobic
Exercise

Resistance
Exercise

Body composition
Bone mineral density

11

11

Percent body fat

22

2

Lean body mass

0

11

Muscle strength

01

111

22

22

Glucose metabolism
Insulin response to glucose challenge

2

2

11

11

10

10

LDL cholesterol

20

20

Triglycerides

22

20

Resting heart rate

22

0

Stroke volume, resting and maximal

11

0

0

0

Cardiac output, maximal

11

0

SBP at rest

20

0

DBP at rest

20

0

V̇O2max

111

10

Submaximal and maximal endurance time

111

11

Submaximal exercise rate-pressure product

Basal insulin levels
Insulin sensitivity
Plasma lipids and lipoproteins
HDL cholesterol
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Cardiovascular dynamics

Cardiac output, rest

222

22

Basal metabolic rate

10

1

Health-related quality of life

10

10

1 Indicates values increase; 2, values decrease; 0, values remain
unchanged; 1 arrow, small effect; 2 arrows, moderate effect; 3 arrows, large
effect; HDL, high-density lipoprotein cholesterol; and LDL, low-density lipoprotein cholesterol. Adapted with permission from Pollock and Vincent.11

muscular strength, endurance, and muscle mass to a greater
extent.

Body Composition Effects
RT conducted over months or years can have significant
positive effects on the composition and amount of muscle,
adipose tissue, and bone in men and women of all ages.10 –12
Randomized studies lasting ⱖ12 weeks consistently show
increases in muscle mass and quality (increased strength for
same muscle mass), especially in older men.12 Recent studies
have demonstrated that RT in older persons with sarcopenia
(loss of skeletal muscle mass that may accompany aging) can
result in an increase in muscle mass and quality13 and that
increases in muscle mass are not age dependent. However,
these changes tend to be substantially less in women than in
men.14
An increase in muscle (or lean body) mass as a result of RT
contributes to the maintenance of or increase in resting or
basal metabolic rate.15 Such an increase in metabolic rate may
complement the increase in caloric expenditure produced by
aerobic training to assist with weight control. Because RT

3

tends to increase lean body mass, if body weight remains
constant with training, there will be a loss of fat or adipose
tissue. This finding has been reported for both young and
older adults participating in RT programs.16,17
Bone mass and strength tend to increase with exercise
when substantial force is placed on the bone by the contraction of muscles and/or gravity. The effect is not systemic,
with only those bones subjected to the repeated increase in
force responding. Long-term RT studies have observed either
no change18 or significant increases in bone mass.19 Comparisons of these results are confounded by variations in the
training regimens, bone density assessment methods, and
participant characteristics.

Quality of Life
Quality of life is a function of one’s ability to do what is
enjoyed and required to remain independent. In people who
have a level of fitness that compromises their daily physical
functioning, both endurance exercise and RT may contribute
to an improved health-related quality of life.20 In patients who
are on bed rest during treatment for or recovery from various
chronic diseases, there tends to be a rapid loss in muscle
strength and endurance that can lead to a decline in their
ability to perform various activities of daily living, along with
a loss of physical independence and quality of life. Inclusion
of RT as part of the rehabilitation program should assist in
reducing these adverse sequelae.21–23

Cardiovascular System Structure
and Function
The effects of RT on the cardiovascular system have been
studied in individuals with and without CVD and have been
summarized in several reviews.1,24 –28 The results represent a
consensus of findings in which the lack of unanimity is
attributable to multiple factors, including specific type, intensity, and duration of RT; age, sex, race, and genetic endowment; and whether results are adjusted for body size. Most
findings apply primarily to men because studies of RT in
women are limited.
Studies of cardiac morphology and function have consistently shown that the alterations associated with RT are
physiological, although certain cardiac effects exist on a
continuum between normal and pathological. Intensive RT
characteristically increases left ventricular (LV) wall thickness and mass, with little or no change in LV diameter.25–28
Although statistically significant, the increase in wall thickness is modest, and values are generally in the upper range of
untrained, normal subjects. Some studies have shown that LV
wall thickness increases in proportion to the augmentation of
trained skeletal muscle mass, with no difference from untrained subjects when wall thickness is indexed to body
weight. Whereas aerobic exercise is generally associated with
asymmetric LV hypertrophy (albeit with a normal ratio of
septal to posterior wall thickness), RT-induced hypertrophy is
typically symmetric.25–28 Echocardiographic studies of myocardial tissue reflectivity in LV hypertrophy after RT are
consistent with normal myocardium, in contrast to the findings in cardiac disease that indicate fibrosis.29 Limited studies
in women report no ventricular hypertrophy with RT. LV
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hypertrophy associated with RT appears to be a response to
the pressure load (in contrast to the volume load of aerobic
exercise) and serves to reduce the systolic burden per myofiber, thereby preserving normal LV wall stress. Both systolic
and diastolic LV function (based on determinants of LV
filling velocities and relaxation by noninvasive imaging
methods) are normal after RT, consistent with physiological
hypertrophy.25–28,30 Further support for physiological hypertrophy is provided by a greater inotropic response to dobutamine in trained subjects than in control subjects.31
The increase in skeletal muscle strength induced by RT
results in a lower hemodynamic stress (HR and SBP) for a
given skeletal muscle force after RT.1,24 –28 Two other studies
also have demonstrated a reduction in resting BP after RT in
young men with normal BP and in older men and women
with high-normal BP.32,33 Although RT does not impose a
large aerobic burden, some studies have demonstrated a
modest increase in peak V̇O2 and decreases in submaximal
HR and SBP during aerobic exercise after a program of
RT.24 –28 It appears that mild- to moderate-intensity resistance
exercise, the type recommended in this advisory (see Prescription of RT), evokes a lower rate-pressure product (HR
times SBP, an indirect index of myocardial oxygen demand)
than maximum treadmill (aerobic) exercise.34
Reports of the effect of RT on endothelial function of
peripheral arteries in normal individuals have shown both
improved endothelial function35 and no effect.36 However,
RT in young men reduced plasma concentration of
endothelin-1, a potent vasoconstrictor and vascular smooth
muscle proliferative agent.37 Although increased resting regional blood flow has been reported after RT in patients with
heart failure (HF),38 the effect on endothelial function in this
group has been inconsistent, with reports ranging from an
improvement39 to no change,38 which may be attributable to
differing methodologies. However, selected patients with
chronic HF and coronary heart disease (CHD) have responded to RT with gains in muscular strength, no cardiac
alterations, and no untoward events.24,35,37,38
In contrast to the increase in central arterial compliance
associated with aerobic training, the effects of RT on this
parameter have varied. Central arterial compliance was unaltered by whole-body RT in a prospective study of young
healthy men.40 In contrast, an increase in arterial stiffness
with RT has been demonstrated in the aorta and carotid
arteries in association with an augmented central pulse
pressure.41– 43 In these studies, peripheral SBP was mildly
increased but in the normal range, and DBP and mean BP
were normal. Although it has been suggested that increased
stiffness of large arteries may be an adaptation to obviate
excessive expansion during severe isometric activity, the
clinical implications of this finding are currently unclear. In
summary, the influence of RT on both peripheral and central
arterial compliance remains inconsistent and controversial at
this time.
An imbalance between free radical production and antioxidant protection leads to an oxidative stress state, which may
be involved in the aging and disease processes.44 Acute bouts
of exercise can have positive or negative effects on oxidative
stress, depending on the type and intensity of the workout and

the baseline fitness level of the individual. Although the
potential long-term benefits of RT on oxidative stress remain
to be fully evaluated, some studies in older adults suggest that
low- to moderate-intensity training may attenuate oxidative
stress markers.45,46 One study suggests that RT may provide
a “cross-protection” against the oxidative stress generated by
aerobic exercise.47 This mechanism may be of particular
importance to the present recommendations that call for
moderate-intensity RT as an adjunct to aerobic exercise.

CVD Risk Modification
The metabolic effects of reduced muscle mass secondary to
aging, decreased physical activity, or both contribute to the
presence of obesity, insulin resistance, type 2 diabetes,
dyslipidemia, and hypertension.48,49 Skeletal muscle, the
primary tissue for glucose and triglyceride metabolism, is a
determinant of resting metabolic rate, and changes in muscle
mass may reduce multiple CVD risk factors.50 –53 Crosssectional studies have demonstrated that muscular strength is
inversely associated with all-cause mortality54 and the prevalence of metabolic syndrome55,56 independently of aerobic
fitness levels. Nevertheless, data that RT reduces CVD risk
are equivocal.

Diabetes
Diabetes mellitus, glucose intolerance, and insulin resistance
markedly increase the risk for CVD.57 Maintaining glycemic
control depends on enhancing insulin availability or overcoming insulin resistance. Muscle contraction increases glucose uptake and improves insulin sensitivity in skeletal
muscle,51,58 thereby providing a rationale for its use in
individuals with glucose intolerance. Nevertheless, data
showing that RT prevents type 2 diabetes are lacking. RT
does not appear to alter glucose tolerance or glycemic
control50,51,59 – 61 unless baseline glucose tolerance is abnormal.60 – 64 RT does reduce acute insulin responses in
healthy50,51,65 and diabetic individuals62,64,66 and glycosylated
hemoglobin A1c levels in diabetic individuals.62,63,67,68

Blood Pressure
The role of RT in controlling BP has been examined in 2
meta-analyses.69,70 Unfortunately, only 20% of the outcomes
in these 2 analyses were based on an initial resting SBP of
⬎140 mm Hg, with only 13% having an initial resting DBP
⬎90 mm Hg. The range of reduction was 3 to 3.5 mm Hg for
resting SBP and DBP, respectively. These changes represented approximate decreases of 2% for SBP and 4% for DBP,
respectively. No differences were observed in resting BP
when conventional RT was compared with circuit training.
Although these BP reductions seem modest, an SBP reduction of 3 mm Hg has been associated with reduced cardiac
morbidity by 5% to 9%, stroke by 8% to 14%, and all-cause
mortality by 4%.71 Blood pressure reduction is even more
important in individuals with existing hypertension. In 1
study,72,73 RT combined with aerobic exercise for 10 weeks
reduced SBP and DBP by 13 mm Hg each among middleaged men with hypertension. Conversely, a similar program
for 6 months in older adults with hypertension showed
decreases in SBP and DBP of 5.3 and 3.7 mm Hg, respec-
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tively, among exercisers,74 suggesting that age may attenuate
the BP-lowering effects of exercise training.

Weight Management
Exercise recommendations to treat or prevent obesity have
focused mainly on aerobic activities. However, RT may also
assist in weight control because it increases muscle mass. In
theory, a gain of 1 kg in muscle mass should increase resting
energy expenditure by ⬇21 kcal/d.75 Thus, when sustained
over time, RT should help to prevent or reverse increases in
body fat. Furthermore, even without a change in resting
energy expenditure, maintaining muscle mass as individuals
get older may prevent age-associated fat gains.10,76,77 Perhaps
of greater importance than total fat reduction, RT contributes
to the reduction of visceral adipose tissue, which is associated
with the metabolic syndrome.74,77– 81

Dyslipidemia
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Data regarding the effect of RT and increases in muscle mass
on lipid metabolism are equivocal. In 1 study of 8499 men,
there was a reduced risk of hypercholesterolemia among
individuals participating in RT programs.82 However, only
those individuals who participated ⬎4 h/wk maintained this
reduced risk when confounding variables were controlled for.
In contrast, another study of 1193 women and 5460 men83
found no association between muscle strength and total
cholesterol or low-density lipoprotein cholesterol. However,
among men, greater upper- and lower-body strength was
associated with lower triglyceride levels. Most intervention
studies have not adequately controlled for normal variations
in lipoproteins, lacked proper dietary controls, or were not
powered to determine the impact of RT. After these factors
are accounted for, there is usually no improvement in lipid
profiles after RT.81,84 – 86 For dyslipidemia and other risk
factors that constitute the metabolic syndrome, RT combined
with aerobic exercise may be more efficacious, as demonstrated in a 6-month study of older adults.74,80 Exercisers had
significantly increased aerobic and muscle fitness and lean
mass and significantly reduced total and abdominal fat and
BP. High-density lipoprotein cholesterol increased by 5%.
Overall, these changes resulted in a lower prevalence of
metabolic syndrome.

Benefit in Women, Older Persons, and
Patients With HF
The benefits of RT are due primarily to increases in strength
and muscular endurance and have been demonstrated in
broad populations of individuals, including studies of women,87,88 older individuals,12,89 patients with CHD,90 –93 and
those with HF.94 In patients with CHD, improvements in
strength of 24% to 90%90,91 and walking endurance (15% for
the 6-minute walk)92 have been demonstrated. Clinical and
functional benefits of RT are particularly helpful to individuals with physical dysfunction, which has led to studies of
individuals with physical frailty related to aging or chronic
diseases.12,88,89,92–97

Women and Older Persons
RT is beneficial for improving the physical function of many
women and elderly persons, particularly those with CHD or
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who are otherwise frail, because of the substantial benefit
from an increased upper- and lower-body muscle strength and
endurance.96,98 In studies of women87,88 and elders of both
genders12,89,95,97 with physical frailty, RT has been shown to
improve several components of physical function, including
walking endurance,96 walking speed,95 and dynamic balance,88 in addition to reducing falls in both older men and
women.88,89,98,99
Even in the oldest persons (nursing home residents; mean
age, 87 years), a 10-week period of RT induced significant
improvements in strength, gait velocity, and stair-climbing
power associated with an increase in thigh muscle crosssectional area.95 In some studies of healthy elders, aerobic
capacity also increased,100 although this increase was not seen
in other studies.96 In general, the methodology of exercise
prescription of RT for women and older individuals is not
different than that for younger men, although specific adjustments may need to be made to accommodate certain individuals and health limitations. Although most studies have been
of facility-based RT, favorable results also have been obtained with elders exercising primarily in the home
setting.88,97
Studies of patients with CHD have examined the value of
RT when added to a program of aerobic exercise. These
studies found that RT is well tolerated and is associated with
improvements in quality of life,90 strength, and endurance.91
In an evaluation of the effects of RT alone in a group of older
women with CHD with at least a moderate degree of mobility
limitation,92,93 women who underwent RT improved their
measured physical performance on a battery of daily physical
activities (summary score, 24% improvement), upper- and
lower-body strength (18% and 23% improvement, respectively), balance and coordination (29% improvement), and
walking endurance (15% improvement) compared with the
control group. Neither group increased aerobic capacity. Of
note, despite their increased physical capacity, women in this
study did not spontaneously take on higher-intensity activities
in their daily lives (as measured by questionnaire), although
total daily energy expenditure increased by 177 kcal/d as a
result of an increase in both total physical activity and resting
metabolic rate.92,100 In addition, there is some evidence that
RT in older men and women increases not only resting energy
expenditure but also the daily physical activity performed
outside of the training sessions, resulting in a significant
increase in total daily energy expenditure.16

Persons With HF
In patients with HF, despite well-described abnormalities of
skeletal muscle,101 RT traditionally has been discouraged
because of concerns for furthering impairment of LV function
and potential adverse LV remodeling related to increased
afterload during the lifting phase. In reality, at the intensity of
RT performed by patients with HF, the hemodynamic responses do not exceed levels attained during standard exercise testing,102 and adverse remodeling after RT has not been
demonstrated.94 Thus, it appears that RT can be incorporated
safely into rehabilitation programs for patients with HF,
although further study of this important area is needed.24,103
In older women with HF randomized to 10 weeks of RT or

6

Circulation

July 31, 2007

control, the former was associated with a 43% increase in
muscle strength and a 49% increase in 6-minute walk
distance, along with a 299% increase in submaximal endurance measured by the number of lifts at an intensity of 90%
of baseline 1-repetition maximum (the maximum weight that
can be used to complete 1 repetition, 1-RM).94 Total muscle
mass was unchanged, and there were no alterations in
echocardiographic measures of cardiac function. Thus, the
effects of RT in HF appear to be directed at improving
skeletal muscle ultrastructural abnormalities and/or neuromuscular function rather than simply increasing muscle mass.

Safety of RT
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Both research findings and clinical experience indicate that
resistance exercise is relatively safe. However, most studies
of RT have enrolled selected, low-risk individuals, and many
are too small to provide reliable estimates of event rates on a
population-wide basis.104 Nonetheless, analogous to the risks
associated with aerobic exercise, cardiovascular risks associated with RT are likely determined by the age of the
participant, his or her habitual physical activity and fitness
level, underlying CVD, and the intensity of RT. Although
excessive BP elevations have been documented with highintensity RT, for example, 80% to 100% of 1-RM performed
to exhaustion, such elevations are generally not a concern
with low- to moderate-intensity RT performed with correct
breathing technique and avoidance of the Valsalva manuever.104 Interestingly, there is indirect evidence that RT
results in a more favorable balance in myocardial oxygen supply
and demand than aerobic exercise because of the lower HR and
higher myocardial (diastolic) perfusion pressure.34
Isometric exercise, regardless of the percent MVC, generally fails to elicit angina pectoris, ischemic ST-segment
depression, or complex ventricular arrhythmias in low-risk
cardiac patients.20 In addition to increased subendocardial
perfusion caused by elevated DBP and decreased venous
return, the resulting reduction in LV diastolic volume and
wall tension contribute to the lower incidence of ischemic
responses during isometric exercise.21 Moreover, the myocardial oxygen supply/demand relationship appears to be favorably altered by the superimposition of static on dynamic
effort, so that the magnitude of ischemic ST-segment depression is lessened at a given rate-pressure product.22
The use of resistance testing and training in moderate- to
high-risk cardiac patients requires good clinical judgment and
close monitoring. Studies in healthy adults and low-risk
cardiac patients, that is, persons without resting or exerciseinduced evidence of myocardial ischemia, severe LV dysfunction, or complex ventricular dysrhythmias, have reported
no major adverse cardiovascular events. RT also appears to
be safe among patients with controlled hypertension,105,106
and intra-arterial BPs during weight lifting in cardiac patients
are reported to be within a clinically acceptable range at 40%
and 60% of 1-RM.107 No significant cardiovascular events
were reported with 1-RM strength testing (bench press, leg
press, and knee extension) in 6653 healthy subjects 20 to 69
years of age who had undergone a preliminary medical
examination and maximal treadmill testing, and all of whom
had resting BP ⬍160/90 mm Hg.108

The application of RT in the rehabilitation of patients with
CHD has been reviewed.109 All studies reported improvements in muscular strength and endurance, with similar
increases in overall strength for high (80% of 1-RM) and
moderate (30% to 40% of 1-RM) training intensities. The
absence of anginal symptoms, ischemic ST-segment depression, abnormal hemodynamics, complex ventricular dysrhythmias, and cardiovascular complications suggests that
strength testing and training are safe for clinically stable men
with CHD who are actively participating in a supervised
rehabilitation program. More recent data indicate that women
with CHD also can safely benefit from RT.23

Medical Evaluation of Appropriateness for RT
The purpose of medical screening and evaluation for RT is to
exclude individuals with unstable medical conditions who are
at increased risk for untoward events while minimizing
barriers to exercise and avoiding unnecessary, potentially
costly medical evaluations that themselves may not be without risk. Vigorous or high-intensity RT should not be initiated
for persons without prior exposure to more moderate resistance exercise independently of age, health status, or fitness
level. Thus, medical testing as recommended by several
organizations before “vigorous exercise”110 –112 is not required for RT, which should always be initiated at a low level.
In sedentary patients with diabetes, graded exercise testing
needs to be performed only when the planned exercise is
more vigorous than brisk walking and the 10-year risk of a
coronary event is likely to be ⬎10%.113
Generally accepted cardiovascular conditions that contraindicate aerobic and RT are included in Table 2. Although
patients with hypertrophic cardiomyopathy also are often
TABLE 2. Absolute and Relative Contraindications to
Resistance Training
Absolute
Unstable CHD
Decompensated HF
Uncontrolled arrhythmias
Severe pulmonary hypertension (mean pulmonary arterial pressure
⬎55 mm Hg)
Severe and symptomatic aortic stenosis
Acute myocarditis, endocarditis, or pericarditis
Uncontrolled hypertension (⬎180/110 mm Hg)
Aortic dissection
Marfan syndrome
High-intensity RT (80% to 100% of 1-RM) in patients with active
proliferative retinopathy or moderate or worse nonproliferative diabetic
retinopathy
Relative (should consult a physician before participation)
Major risk factors for CHD
Diabetes at any age
Uncontrolled hypertension (⬎160/⬎100 mm Hg)
Low functional capacity (⬍4 METs)
Musculoskeletal limitations
Individuals who have implanted pacemakers or defibrillators
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advised to avoid RT, a recent AHA statement summarizing
recommendations for physical activity and recreational sports
participation in young individuals with genetic CVDs suggests that low-intensity weight training with machines may be
permissible in selected individuals.114
Patients with recent myocardial infarction, percutaneous or
surgical coronary revascularization, or other types of open
heart surgery should preferably exercise in supervised cardiac
rehabilitation programs with risk stratification and monitoring as outlined by the American Association of Cardiovascular and Pulmonary Rehabilitation.111 Patients with CVD
whose symptoms are stable can participate in low- to
moderate-intensity RT without further medical diagnostic
testing, provided that they have acceptable functional capacity (ⱖ4 METs) as estimated by a questionnaire, for example,
the Duke Activity Status Inventory.115 Patients should be
advised to stop exercise and seek medical consultation if their
health status changes or if they develop chest discomfort or
undue shortness of breath during RT. Low functional capacity
(⬍4 METs) has been associated with higher event rates and
a poorer prognosis,116,117 suggesting that such individuals
may warrant additional risk stratification before participating
in RT even in the absence of overt symptoms and additional
monitoring, especially early in their exercise training program. In addition, repetitive-motion activities such as weight
lifting can result in pacing lead fractures and dislodgment.118
Individuals with such devices should consult with their
physicians before engaging in upper-body RT.
TABLE 3.
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In the absence of contraindications, patients with type 2
diabetes should be encouraged to participate in RT.113 Caution is advised for individuals with diabetic neuropathy
because of greater susceptibility to orthostatic hypotension
and musculoskeletal injuries due to inadequate proprioception and pain perception. Vigorous RT among individuals
with retinopathy is contraindicated because it may trigger
vitreous hemorrhage and retinal detachment.119
Persons with musculoskeletal limitations, advanced arthritic conditions, severe osteoporosis and neuropathies, or
neurological sequelae resulting from prior stroke are at
increased risk for physical complications from resistance
exercise but can derive substantial benefit from RT and
should not be routinely excluded from such activities.10,120,121
RT with machines as opposed to free weights is likely the
safest approach, and such individuals should seek guidance
by a trained professional, for example, clinical exercise
physiologist or physical therapist, for appropriate machine
adjustment, selection of specific exercises, appropriate initial
exercise prescription, and subsequent exercise progression.110

Prescription of RT
Several guidelines and statements have described recommendations for the prescription of RT (Table 3). The emphasis at
the early stage of RT is to allow time for musculoskeletal
adaptation and to practice good technique, thus reducing the
potential for excessive muscle soreness and injury. The initial
resistance or weight load should be set at a moderate level
that permits one to achieve the prescribed repetition range

Guidelines and Statements Regarding Resistance and Flexibility Training
Resistance Training

Population

Flexibility Training

Sets; Reps

Stations/Devices*

Frequency

Goal

1 set; 8–12 reps for persons
⬍50–60 y of age; 10–15 reps at
reduced levels of resistance for
persons 50–60 y of age

8–10 exercises

2–3 d/wk

Stretching the major muscle or
tendon groups, 2–3 d/wk

1 set; 8–12 reps (range, 3–20 reps)
performed at a moderate rep
duration (⬇3 s concentric, ⬇3 s
eccentric)

8–10 exercises

2-3 nonconsecutive d/wk

Static stretching, major muscle
tendon units a minimum of 2–3
d/wk; stretch to the ROM at a point
of tightness, 15–30 s/stretch, 2–4
reps/stretch

Low: 40% 1-RM; 10–15 reps

Not specified

2–3 d/wk

3–5 stretches/key muscle group;
hold for 20–30 s; 3–5 d/wk

8–10 exercises

2–3 d/wk

Stretching the major muscle or
tendon groups, 2–3 d/wk

Healthy/sedentary adults
2007 AHA Scientific Statement

2006 ACSM Guidelines110

Elderly persons
2001 American Geriatrics
Society121

Moderate: 40%–60% 1-RM;
8–10 reps
High: ⬎60% 1-RM; 6–8 reps
Cardiac patients
2007 AHA Scientific Statement

1 set; 10–15 reps

2004 AACVPR guidelines111

1 set; 12–15 reps

6–8 exercises

2–3 d/wk

2006 ACSM guidelines110

1 set; 10–15 reps

8–10 exercises

2–3 d/wk

Reps indicates repetitions; ROM, range of motion; ACSM, American College of Sports Medicine; and AACVPR, American Association of Cardiovascular and Pulmonary
Rehabilitation.
*Minimum 1 exercise per major muscle group, for example, chest press, shoulder press, triceps extension, biceps curl, pull-down (upper back), lower-back
extension, abdominal crunch/curl-up, quadriceps extension or leg press, leg curls (hamstrings), and calf raise.
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Recommendations for the Initial Prescription of RT

Resistance training should be performed
In a rhythmical manner at a moderate to slow controlled speed
Through a full range of motion, avoiding breathholding and straining
(Valsalva maneuver) by exhaling during the contraction or exertion phase
of the lift and inhaling during the relaxation phase
Alternating between upper- and lower-body work to allow for adequate
rest between exercises
The initial resistance or weight load should
Allow for and be limited to 8 –12 repetitions per set for healthy
sedentary adults or 10 –15 repetitions at a low level of resistance, for
example, ⬍40% of 1-RM, for older (⬎50 – 60 y of age), more frail
persons, or cardiac patients
Be limited to a single set performed 2 d/wk
Involve the major muscle groups of the upper and lower extremities, eg,
chest press, shoulder press, triceps extension, biceps curl, pull-down
(upper back), lower-back extension, abdominal crunch/curl-up,
quadriceps extension or leg press, leg curls (hamstrings), and calf raise
Downloaded from http://circ.ahajournals.org/ by guest on August 24, 2017

without straining. This is particularly important for patients
with CVD. Table 4 describes considerations for the initial
prescription of RT.
Recommendations for the frequency and intensity of the
RT program also are shown in Table 4. The traditional
prescription for RT has involved performing each exercise 3
times (sets), that is, 3 sets of 10 repetitions per set (Figure).
However, during the initial training period, single- and
multiple-set programs provide nearly the same relative improvement in muscular strength.122 For the average person
beginning a strength training regimen, single-set programs
performed a minimum of 2 days per week are recommended
over multiple-set programs because they are highly effective,
are less time consuming, and promote adherence. If time
permits, participants may progress to a regimen of 3 days per
week. Because the effect of physical conditioning is specific
to the muscle group being trained, RT regimens should
include exercises involving a variety of the major muscle
groups.10 Furthermore, for those persons with CVD, the level
of resistance should be reduced and number of repetitions
increased, resulting in a lower relative effort and reducing the

likelihood of breathholding and straining. Thus, a comprehensive RT program of 8 to 10 exercises can be accomplished
in 15 to 20 minutes and should be performed after the aerobic
component, which will ensure an adequate warm-up.
Multiple-set regimens at a greater training frequency (⬎2
times/wk) may provide greater benefits for healthy, younger
individuals whose goals include maximum gains in strength,
lean body mass, and athletic performance.123,124 Many men
can safely perform static-dynamic activity equivalent to
carrying up to 30 pounds by 3 weeks after an acute myocardial infarction.125 Conversely, patients with recent coronary
artery bypass surgery should avoid traditional upper-body RT
exercises, that is, lifting weights ⱖ50% of MVC, for up to 8
to 12 weeks to allow for proper healing of the sternum.126
To approximate the appropriate limb-specific weight loads
for RT, one can determine the maximum weight that can be
used to complete 1-RM during a given exercise, for example,
bench press, leg press, biceps curl, or knee extension, and
then lift a defined percentage of that amount during each set
of the exercise. An initial intensity that corresponds to 30% to
40% of 1-RM for the upper body and 50% to 60% of 1-RM
for the hips and legs is recommended. Most studies of
previously sedentary adults with and without heart disease,
including those with HF, reported training workloads of 50%
to 80% of 1-RM.24,127 When determination of 1-RM is
deemed inappropriate, the load-repetition relationship for RT
may be approximated (Table 5).128
As the individual progresses, the exercise dosage can be
increased (overload) to facilitate improvements in muscular
strength and endurance. Overload can be achieved by modulating several prescriptive variables: increasing the resistance or weight, increasing the repetitions per set, increasing
the number of sets per exercise, and decreasing the rest period
between sets or exercises. An initial increase in the number of
repetitions is recommended before an increase in resistance
or weight load. When the participant can comfortably achieve
the “upper limit” of the prescribed repetition range, for
example, 12 to 15 repetitions, training loads may be increased
by ⬇5%, which may initially approximate 2 to 5 lb per
exercise and 5 to 10 lb per exercise for the arms and legs,
respectively. Conventional guidelines, however, often impose
a somewhat restrictive weight limit (1 to 5 pounds) for the
first 3 to 12 weeks after a cardiac event or intervention
because of physician concerns for patients lifting too much
weight, particularly in unsupervised activities. An alternative
approach for low- to moderate-risk patients, as stratified by
the American Association of Cardiovascular and Pulmonary
TABLE 5.

Load-Repetition Relationship for Resistance Training
% 1-RM

Figure. Classification of weight training intensity (resistance). A
lower repetition range with a heavier weight may better optimize
strength and power, whereas a higher repetition range with a
lighter weight may better enhance muscular endurance. Using
weight loads that permit 8 to 15 repetitions (reps) will generally
facilitate improvements in muscular strength and endurance.

Repetitions Possible, n

60

17

70

12

80

8

90

5

100

1

Adapted from Dingwall et al.128 2006. Copyright John Wiley & Sons Limited.
Used with permission.
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Rehabilitation, who are participating in supervised cardiac
rehabilitation has been proposed for 3 cardiac rehabilitation
diagnosis groups (myocardial infarction, pacemaker or implantable cardioverter-defibrillator placement, and coronary
artery bypass surgery) that, if used in conjunction with HR
and BP measurements, may accelerate their return to their
desired levels of daily activity.129
To monitor cardiovascular responses to resistance exercise,
measures of HR, BP, and perceived exertion are commonly
recommended. The HR response to resistance exercise is
generally lower than during the aerobic component and may
not truly reflect the overall stress on the myocardium. Rather,
it is the potential elevation in SBP that may contribute more
than HR to the increase in rate-pressure product during
resistance exercise.127 For those able to monitor HR and SBP
during resistance exercise, the rate-pressure product should
be 20% less than that observed at the angina or ECG ischemic
threshold during exercise testing.110 Furthermore, SBPs measured immediately after and not during the actual weight
lifting are likely to underestimate the pressor response.130
Individuals should work to a perceived exertion during RT
that approximates 11 to 14 (“fairly light” to “somewhat
hard”) on the Borg category scale,111 recognizing that the
rating will increase over a set of 10 to 15 repetitions.
Regardless of the monitoring procedures used, adverse signs
and symptoms, for example, dizziness, excessive shortness of
breath, chest pain or pressure, and heart rhythm irregularities,
are contraindications for continued exercise, and RT should
be stopped immediately if any of these occur.110,111
The type of resistance exercise equipment may vary
considerably in cost, complexity, operational skill/coordination, and time efficiency. The key is to select equipment that
is safe, effective, and accessible. In recent years, the use of
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low-cost approaches that allow for a gradual progression in
resistance or weight has grown in popularity, for example,
calisthenics, resistance-cord exercises, pulley weights, dumbbells or wrist weights, spring pulleys, and dowel exercises.
The use of multiexercise circuit weight training is widely
recommended. Weight machines can aid in keeping one’s
balance and equilibrium, can be easily adjusted to varying
resistances, and can provide an inherent “spotter” function,
potentially reducing the likelihood of injury. During all types
of RT, participants should be advised to maintain a secure but
not overly tight grip of the weight handles or bar to prevent
an excessive BP response.110

Summary
Since the first AHA science advisory regarding RT in 2000,
RT has become even more accepted and commonly used in
exercise training programs for persons with and without
CVD. The potential benefits, not only to cardiovascular
health but also to weight management and the prevention of
disability and falls, are becoming more widely appreciated.
For persons at low risk for cardiac events, extensive cardiovascular screening is probably not necessary, although a
graded approach is recommended. For persons at moderate to
high risk of such events, RT can be safely undertaken with
proper preparation, guidance, and surveillance. Because longterm compliance remains a challenge for adult fitness and
exercise-based cardiac rehabilitation programs, the incorporation of RT can provide variety in the training regimen and
can increase the potential for maintenance of interest and
improved compliance. However, given the extensive evidence of the benefits of aerobic exercise training on the
modulation of cardiovascular risk factors, RT should be
viewed as a complement to rather than a replacement for
aerobic exercise.
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