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enefits of Exercise for Community-Dwelling Older Adults
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BSTRACT. Bean JF, Vora A, Frontera WR. Benefits of
xercise for community-dwelling older adults. Arch Phys Med
ehabil 2004;85(Suppl 3):S31-42.

This focused review highlights the benefits of exercise and
hysical activity for community-dwelling older adults. It is part
f the study guide on geriatric rehabilitation in the Self-Di-
ected Physiatric Education Program for practitioners and train-
es in physical medicine and rehabilitation. This article specif-
cally focuses on the benefits of physical activity and exercise
or older adults with regard to morbidity, mortality, and dis-
bility. It discusses the appropriate preexercise screening and
valuation procedures for older adults contemplating exercise.
ast, it reviews the current literature on the benefits of varying
odes of exercise to modify the most prevalent chronic med-

cal conditions of late life, including arthritis, heart disease,
iabetes, stroke, pulmonary disease, and osteoporosis.
Overall Article Objective: To summarize the current

nowledge regarding the therapeutic benefits of exercise for
ommunity-dwelling older adults.

Key Words: Aging; Chronic disease; Exercise therapy; Re-
abilitation.

© 2004 by the American Academy of Physical Medicine and
ehabilitation

ERHAPS THE MOST SIGNIFICANT change impacting
health care in the 21st century is the growth of the median

ge of the population. A decline in fertility and a 20-year
ncrease in the average life span during the second half of the
0th century have resulted in significant changes not just in the
merican population but also in the world population.1 Im-
rovements in life expectancy have produced consequences.
he growing number of adults age 65 years or older places

arge demands on the public health system and on medical and
ocial services.2 Chronic diseases that commonly affect older
dults contribute to disability, diminish quality of life (QOL),
nd increase the costs of basic health care and long-term care.
he US Center for Disease Control and Prevention has empha-
ized the importance of addressing the growing burden of
isability and chronic illness, especially as it pertains to the
ost of health care.2

Although many of the recent advancements in medical care
erive from merging advanced technology with scientific meth-
ds, perhaps the most universal and effective treatment for
hronic illness and disability in late life is physical exercise.
eductions in physical activity are associated with significant

mpairments and limitations in function, augmenting disable-
ent and chronic illness. Exercise can reduce morbidity, re-
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erse physiologic impairments, ameliorate functional loss, and
re an important means of both preventing and treating chronic
isease. Exercise therapy is a fundamental aspect of rehabili-
ation, providing rehabilitation professionals with the opportu-
ity to play an important role in meeting these public health
hallenges. The purpose of this review is to aid rehabilitation
linicians in this task.

OUTCOMES INFLUENCED BY EXERCISE
To discuss the benefits of exercise for older adults, it is

mportant to understand the varied rehabilitation outcomes that
xercise can influence. These include medical outcomes, such
s morbidity and mortality, disablement outcomes, such as
unction and disability, and psychobehavioral outcomes, in-
luding self-efficacy and QOL. In this review, we focus pri-
arily on medical and disablement outcomes but mention

sychobehavioral outcomes when pertinent. Although medical
utcomes are generally well understood as representing mor-
idity, the burden of disease, and mortality, disablement out-
omes are often confused. This confusion likely arises from
ifferences in terminology between the disablement concepts
f Nagi3 and the first and second versions of the World Health
rganization’s International Classification of Impairments,
isabilities and Handicaps.4,5 In the present review, we follow

he terminology advocated by Jette,4 who makes these defini-
ions: (1) impairments, dysfunction or abnormalities in body
ystems; (2) functional limitations, restrictions in basic physi-
al actions; and (3) disability, difficulties in doing activities of
aily living (ADLs).

CHANGES ASSOCIATED WITH AGING
Much of the original research on exercise interventions in

lder adults was directed at reversing age-associated physio-
ogic impairments such as reduced aerobic capacity6,7 and
uscle weakness.8,9 This approach was based on the recogni-

ion that physiologic changes associated with aging were very
imilar to those seen with physical inactivity and that are, in
any cases, reversible with exercise. Most rehabilitation pro-

essionals are familiar with the common physiologic changes
ssociated with bedrest and aging. Common changes include
orsening cardiovascular status including reductions in aerobic

ndurance, changes in body composition, bone loss and skel-
tal muscle atrophy, and weakness. In contrast, exercise can
mprove maximal and submaximal aerobic capacity, augment
aximal cardiac output, reduce resting blood pressure, and

roduce favorable changes in body, bone, and muscle compo-
ition. Beyond age-associated physiologic declines and inde-
endent of disease burden, changes in function and disability
ave long been recognized for their association with aging.10-12

t is estimated that 32% of community-dwelling adults 70 years
r older have difficulties in physical functioning and 20% have
ifficulty in performing at least 1 ADL.13 Importantly, a more
ecent review14 of US trends in functioning and disability
mong older adults suggests that rates of functional limitations
nd disability are declining. The causes of these changes over
he past decade have yet to be sufficiently identified. Never-
heless, this report14 is important for various reasons. First, it
hows that the commonly held assumption that functional
imitation and disability are normal consequences of aging is
Arch Phys Med Rehabil Vol 85, Suppl 3, July 2004
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ot true. Second, these findings impact greatly on projections
f future health costs and public health initiatives. Interest-
ngly, changes in overall physical activity during this time (the
ast decade) do not appreciably account for the apparent post-
onement of functional loss and disability.15

PHYSICAL ACTIVITY’S RELATION TO
MORTALITY, MORBIDITY, AND DISABILITY

Physical activity and fitness are directly linked to improve-
ents in mortality, morbidity, and disability. From an epide-
iologic perspective, the benefits of exercise are often charac-

erized by measuring physical activity or physical fitness.
hysical activity represents an optional behavior, and physical
tness represents an achieved condition resulting from in-
reased physical activity. Both are well acknowledged for
mpacting positively on mortality.16,17 A graded, inverse rela-
ionship between total physical activity and mortality has been
dentified.17 Physical activity initiated in late life continues to
mprove mortality, having a strong effect on longevity, even
hen accounting for factors such as smoking, hypertension,

amily history, and weight gain.18 Further, high levels of phys-
cal activity and physical fitness lessen morbidity. Many stud-
es have shown benefits for patients with conditions as varied
s cardiovascular disease (CVD), respiratory disease, demen-
ia, and cancer.19-23 More recent work has shown that physical
ctivity may also offset disability. Analysis of the more than
0,000 older adults participating in the Established Populations
or Epidemiologic Studies of the Elderly showed an almost
-fold increased likelihood of dying without disability among
hose most physically active compared with those who were
edentary.24 Over the past decade, recognition of these varied
enefits has led to several national consensus statements em-
hasizing the importance of physical activity in late life, in-
luding statements provided by the National Institutes of
ealth25 (NIH), the American College of Sports Medicine26

ACSM), and the US Surgeon General’s office.27

EFFECTS OF VARIOUS EXERCISE MODES
Initial exercise research was predicated on the assumption

hat improvements in physiologic impairments would lead to
nhanced functional performance and amelioration of disabil-
ty. Therefore, early studies that used forms of endurance
raining or resistance training evaluated physiologic outcomes.
rch Phys Med Rehabil Vol 85, Suppl 3, July 2004
hey showed improvements with regard to endurance, aerobic
ower, balance, strength, muscle cross-sectional area, and fi-
er-type distribution. As studies expanded to evaluate func-
ional outcomes, inconsistencies arose, with improvements in
hysiologic outcomes not always leading to functional en-
ancements. These inconsistencies were associated with sev-
ral factors. First, endurance exercise without any component
f resistance training has a weak influence on function. Endur-
nce exercise, most commonly evaluated in the form of walk-
ng or bicycling, has strong effects on cardiovascular impair-
ents, leading to improvements in morbidity and mortality.
ith regard to function, however, studies have shown, at best,

imited improvements.28 Second, the relation between impair-
ents and function is nonlinear.29-31 As shown in figure 1, and

riginally described by Buchner and de Lateur,29 a threshold
xists after which enhancements in an impairment, such as
trength, will no longer add to continued improvements in
unction. This helps explain why augmentation of strength
ould produce dramatic improvements in function among frail
ursing home residents32 and, at the same time, produce min-
mal effects on the function of healthy elders.29 Above the
unctional threshold, additional impairment reduction may add
o reserves of strength, augmenting one’s resistance to func-
ional decline.

Based on these concepts, progressive resistance training
PRT) has generally been best accepted as the optimal means of
nhancing and maintaining function in older adults. These
ecommendations are supported not only by the many inter-
ention studies performed in both community-dwelling and
nstitutionalized elders33-35 but also by reports that show the
ositive association between impaired strength and functional
erformance.31,36-38 More recently, impairments in muscle
ower have gained attention.39 Muscle power, which is the
roduct of force and velocity, is a related but different attribute
rom muscle strength, which is the ability to exert force.

uscle power declines more precipitously in late life than
uscle strength.40 Across a large variety of important mobility

asks, the associations between muscle power and function are
onsistently larger than the associations between muscle
trength and function.41,42 Muscle power can be improved in
lder adults. In contrast to PRT, exercise with a high-velocity
raining component can enhance power.43,44 Resistance training
esigned to enhance muscle power enhances function,45 but, to

Fig 1. The curvilinear rela-
tionship between impair-
ments (ie, reduced strength)
and function shows that, at
low levels, small increases in
strength lead to large in-
creases in function. In con-
trast, for people at or above
the functional threshold
(Healthy Elderly), strength im-
provements have diminishing
effects on function; neverthe-
less; these improvements add
to strength reserves, thus
augmenting one’s resistance
to functional decline.
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ate, direct comparisons between this approach and PRT have
nly been conducted within pilot studies.46

In contrast to many of the previously mentioned studies
eaturing resistance training via exercise machines or free
eights, other recent investigations have examined use of

xercises that are very similar to the target functional tasks.
hese studies build on the well-established concept of speci-
city of training. In sports, specificity refers to the concept that
ptimal training will occur when an athlete’s training exercise
s very similar to the task for which he/she is training. If the
sport” for which older adults are training is functional inde-
endence, then it would make sense to design exercises that are
ich in functional specificity. Reports47-51 in both institutional-
zed and community-dwelling older adults have shown func-
ional improvements after participants performed exercises that
ere similar to bed mobility, transfers, and general mobility

asks. Direct comparisons between specificity-rich exercises
nd more classical forms of resistance training still need to be
ompleted.

The possibility that exercise could be an effective means of
meliorating or improving disability (ie, ADL performance) is
ess clear. Among the most functionally compromised older
dults, such as those in nursing homes, exercise has an ame-
iorative effect on disability. In contrast, in an important review
ddressing community-dwelling older adults, Keysor and
ette52 noted that, although many exercise studies have shown
mprovements in impairments and function, relatively few have
hown improvements in disability. This disparity is confusing
artly because measures of function directly predict disability
mong healthy elders as well as disabled ones.53 This discrep-
ncy likely reflects several factors. First, many studies were not
dequately designed for the purpose of evaluating disability:
hey had insensitive disability measures and insufficient sample
izes. Second, some studies may have featured exercise inter-
entions that had insufficient intensity to produce the desired
hanges. Last, disability is influenced other factors, including
hose related to the adult’s beliefs, behaviors, and environ-

ent.4 It may be that the optimal exercise intervention must
ddress all 3 issues.

SCREENING OLDER ADULTS FOR EXERCISE
It is well accepted that all older adults, regardless of their

nderlying medical conditions, should receive a medical
creening before they begin an exercise program.26,54-57 Screen-
ng examinations should serve a number of purposes, including
1) screening individuals for safety in performing exercise, (2)
dentifying medical problems that would require modification
f the exercise prescription, and (3) identifying impairments
nd limitations that the exercise program will target.

In discussing the safety concerns in exercising, it is helpful
o consider the risks of cardiac events and sudden death.
urprisingly, insufficient data exist regarding the risk of ad-
erse cardiac events in older adults initiating exercise. The risk
or sudden death during exercise decreases with increased
ge.54 Estimates of cardiac events, such as myocardial infarc-
ion, suggest that the small increases in risk associated with
ven vigorous exercise (ie, �6 metabolic equivalents, eg,
limbing hills or doubles tennis) would be attenuated by the
enefits of exercise training and that increases in physical
ctivity and exercise would over time reduce that risk.55 The
dverse effects of a sedentary lifestyle are also well under-
tood. A sedentary lifestyle adversely affects every major body
ystem,33 and it contributes to the functional decline associated
ith all of the most prevalent chronic conditions of older age.
herefore, as has been previously suggested, perhaps the ap-
roach to the elderly patient contemplating exercise should not
tart with the question “Is this patient safe to exercise?” but,
ather, “Is this patient safe to be sedentary?”58 Nevertheless,
ontraindications to exercise exist (table 1). They include con-
itions that reflect unstable or severe heart disease, severe
ascular pathology (eg, aortic aneurysm), uncontrolled or end-
tage systemic conditions, severe dementia or behavioral dis-
urbance, and recent ophthalmologic concerns.55,57,58

The medical history and physical examination should ad-
ress pertinent body systems (table 2). The history should
nclude screening questions addressing cognitive impairments,
epression, stroke, cardiopulmonary function, hydration status,
ndocrine disease (eg, diabetes mellitus, hypothyroidism), ret-
nal disease, peripheral vascular disease, hernias, hemorrhoids,
tress incontinence, neurologic impairments, and musculoskel-
tal symptoms, including assessment for arthritis and osteopo-
osis. The physical examination should also be comprehensive.
t should assess cognitive status, including orientation, atten-
ion, and short-term memory, and should also include carotid
rtery auscultation, auscultation of heart and lungs, abdominal
xamination including inspection for hernias, palpation of the
orta and auscultation for bruits, evaluation of peripheral
ulses, screening neuromusculoskeletal examination, and as-
essment of balance and mobility skills.

The history and physical examination findings that would
erald further evaluation and treatment before the older adult
egins an exercise program include delirium, previously undi-
gnosed heart murmur (especially if consistent with aortic
tenosis), resting tachycardia, resting bradycardia (especially if
ot drug induced), orthostatic hypotension, undiagnosed vas-
ular murmur, undiagnosed bruit (carotid or abdominal), peri-
ardial rub, enlarged aorta, and symptomatic or undiagnosed
ernia. Additional diagnostic tests should include a resting
lectrocardiogram, to ensure that there are not new ischemic
hanges. According to both the ACSM59 and the American
eart Association,57 all older adults for whom moderate to
igorous exercise is considered require a screening exercise
olerance test. Controversy exists regarding these recommen-
ations as they pertain to older adults, especially to persons 75
ears or older.55,60 This controversy is well articulated by Gill
t al55 who have stated that the guidelines are not applicable to
lder persons and, even if they were, could not be implemented
eliably. It is beyond the scope of the present review to discuss
heir concerns in detail. However, based on the information to
ate, it would be reasonable for older persons having no overt
ardiac disease to be monitored for signs and symptoms of
ardiovascular abnormalities only during the initial stages of an
xercise program; one would then consider further evaluation
nly if the person was symptomatic (eg, angina, decrease in
ystolic blood pressure [SBP] �20mmHg, increase in SBP to

Table 1: Contraindications to Participation in an Exercise Program

Unstable angina or severe left main coronary disease
End-stage congestive heart failure
Severe valvular heart disease
Malignant or unstable arrhythmias
Elevated resting blood pressure (systolic, �200mmHg;

diastolic, �110mmHg)
Large or expanding aortic aneurysm
Known cerebral aneurysm or recent intracranial bleed
Uncontrolled or end-stage systemic disease
Acute retinal hemorrhage or recent ophthalmologic surgery
Acute or unstable musculoskeletal injury
Severe dementia or behavioral disturbance
Arch Phys Med Rehabil Vol 85, Suppl 3, July 2004
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250mmHg or diastolic blood pressure [DBP] to �120mmHg,
r repeated increases in heart rate to �90% of age-predicted
aximum).
Supervision or modification of the exercise program may be

ecessary under a variety of circumstances. Patients with cog-
itive impairments, such as mild dementia, may benefit from
upervision to optimize safety and compliance. Patients with
table conditions that could be exacerbated by the Valsalva
aneuver, such as hernias, hemorrhoids, or stress incontinence,
ay benefit from initial supervision, to ensure that they are

erforming resistance exercises correctly. Patients with diabe-
es mellitus, postural hypotension, or stable cardiac or pulmo-
ary disease may require supervision and clinical monitoring to
nsure they are appropriately managing their condition, given
he changes in physical activity. Additionally, for older persons
ith cardiovascular concerns, resistance training, as opposed to

ndurance training, may be the initially chosen mode of exer-
ise: consensus is growing that resistance training may actually
educe the risk for cardiovascular events in comparison to
erobic exercise.35,58,61 Musculoskeletal impairments associ-
ted with contracture, joint instability, or inflammation will
ikely require directed treatment before initiation or modifica-
ion during an ongoing exercise program. The exercise pro-
ram itself should target the specific impairments and limita-
ions identified, providing the underlying chronic diseases are
ppropriately medically managed.

PREVALENCE OF CHRONIC DISEASES
Although the causes of functional loss and disability among

lder adults are commonly multifactorial, certain chronic dis-
ases are the most prevalent contributors. The 5 most common
hronic illnesses among older adults are arthritis, CVD, diabe-
es, respiratory disease, and stroke.62,63 Specifically, arthritis
ffects over 60% of women and 50% of men 70 years or
lder.62 CVD, including hypertension and heart disease, is

Table 2: Components of the Screening History and Physical Exa

History and Physical Examination

Screen for cognitive deficits (executive function,
memory, concentration)

Screen for symptoms of depression
Assess hydration status (orthostatic hypotension)

Cardiac symptoms or findings (valvular heart disease,
eg, aortic stenosis, angina, or arrhythmias)

Pulmonary symptoms or findings (CHF, asthma)

Vascular disease
PVD
AAA

History or symptoms of endocrine disease (diabetes,
hypothyroidism)

History of retinal disease

History of hemorrhoids, hernias, or stress incontinence

Neurologic disease (stroke or transient ischemic attack)

Musculoskeletal disease (ie, severe arthritis,
osteoporosis, joint deformity or instability)

Mobility and balance skills

bbreviations: AAA, abdominal aortic aneurysm; CHF, congestive h
rch Phys Med Rehabil Vol 85, Suppl 3, July 2004
resent in 40% and 31% of all women and men aged at or over
he age of 65 years, respectively. Diabetes mellitus, respiratory
isease, and stroke are also very prevalent, more so among men
han women, affecting over 10% of people 75 years or older.63

ll 5 of these illnesses are recognized as leading causes for
isability, hospitalization, and death in older adults.2,63 An
dditional condition that is very prevalent among older adults
s osteoporosis. Both osteoporosis and osteopenia increase dra-
atically after age 65, with osteoporosis being more than 3

imes more prevalent among persons at or over 85 years as
ompared with those between 65 and 74 years.2 Exercise can
lay an important role in the primary and secondary prevention
nd management of each of these conditions.58 References for
ach topic and our summarized recommendations are presented
n table 3.

steoarthritis
Osteoarthritis (OA) is the most prevalent chronic condition

f older adults, affecting over half of all adults over age 65.
raditionally, recommendations for older adults in the man-
gement of OA included refraining from many types of phys-
cal exercise for various reasons. Concerns were that exercise
ould increase pain, advance joint destruction, and lead to
njuries.64 As evidenced in recent consensus statements by both
he NIH and the American Geriatrics Society, exercise is an
ffective treatment in the primary, secondary, and tertiary
revention of OA and its consequences.64,65 Reports show that
eductions in aerobic capacity, because of inactivity in these
atients, have been corrected effectively through walking pro-
rams,66,67 use of a stationary bike,68 or aquatic exercises.66

mprovements in strength can be achieved through low- and
igh-intensity progressive resistance exercises, with greater
mprovements reported in studies using higher intensity train-
ng.64,67,69,70 Interestingly, reductions in disability have been
eported with group, individual, and home-based exercise pro-

tion of an Older Adult Wanting to Initiate an Exercise Program

Comments

Indicates ability to participate independently vs need for
supervision

May influence participation and can be benefited by exercise
New onset or poorly managed symptoms should be

addressed prior to participation
New onset or poorly managed symptoms should be

addressed prior to participation
New onset or poorly managed symptoms should be

addressed prior to participation

PVD symptoms may be targeted for treatment
AAA may be contraindication to exercise, especially

resistance training
New onset or poorly managed symptoms should be

addressed before participation
Potential risk for hemorrhage if acute or poorly managed,

although under appropriate conditions exercise will
enhance retinal perfusion

All can be worsened with the Valsalva maneuver if exercise
is conducted inappropriately

New onset or poorly managed symptoms should be
addressed before participation

Acute or poorly managed symptoms should be addressed
before participation

Will influence design and goals of exercise program

failure; PVD, peripheral vascular disease.
mina
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rams, with no clear difference seen when modes of exercise
re directly compared.64,66,67,71 These results suggest that, in
ddition to correcting underlying physical impairments, in-
olvement in exercise programs may alter individuals’ beliefs

Table 3: Recommendations for Inde

Conditions

Osteoarthritis,56,64 cardiovascular PRT
disease,80,134 diabetes92* 2–3 times weekly at 13–17

2–3 sets of 8–10 repetition
Greater strength gains wil

Aerobic training
Examples: walking, biking
2–3 times weekly
Progress up to 30–40min
11–13 on the Borg Scale

Respiratory disease94 Train both upper and lower
which is roughly equiva

Upper-body exercises incl
repetition weight lifting

Lower-body exercises incl
Perform exercise 3–5 time
Self-monitor dyspnea
Increase intensity every 5t

Theoretical benefits of PRT a
Stroke103,109 PRT

2–3 times weekly at 13–17
2–3 sets of 8–10 repetition
Greater strength gains wil

Aerobic training
Treadmill walking at norm
More impaired subjects m
2–3 times weekly
Progress to 30–40min
11–13 on the Borg Scale

Task-specific training
Perform functional tasks s
Progress to 2–3 sets of 8–1

Osteoporosis33,113,135 PRT
2–3 times weekly at 13–17
2–3 sets of 8–10 repetition
Note greater strength gain
Specific attention to spina

Aerobic exercise
Only strenuous aerobic ex

jogging, or calisthenics
Falls, poor balance, and mobility PRT

problems33,51,129,133 2–3 times weekly at 13–17
2–3 sets of 8–10 repetition
Note greater strength gain

Aerobic training
Examples: walking, biking
2–3 times weekly
Progress to 30–40min
11–13 on the Borg Scale

Dynamic exercises
Tai Chi
High-velocity training: exe

to augment muscle pow
Examples: repeated perf
functional tasks such as

OTE. All recommendations assume that the patient has successfu
afety for independent exercise.
For diabetes, follow strategies to avoid hyper- and hypoglycemia (
egarding their own capabilities, therefore contributing to re-
uctions in disability.72 At present, the consensus is that exer-
ise for patients with OA is safe; does not cause disease
rogression; and, rather than increasing pain, contributes to the

ent Exercise, by Medical Condition

Recommendation

e Borg Scale

chieved at higher Borg Scale ratings

atic exercise

mities separately at 60% exercise-tested maximal work capacity,
o 11–13 on the Borg Scale
rm ergometry, canoeing, swimming, low-resistance high-

alking, stationary bicycling, stair climbing
kly progressing to 30–60min/session

sion as tolerated
her intensities are yet to be shown

e Borg Scale

chieved at higher Borg Scale ratings

it speed or slightly faster
nefit from supported treadmill walking

s rising from chair, climbing stairs, squatting
etitions

e Borg Scale

l be achieved at higher Borg Scale ratings
nsors is important

e, including combinations of fast walking, stair climbing,
been shown to be beneficial

e Borg Scale

l be achieved at higher Borg Scale ratings

atic exercise

s with concentric component performed as quickly as possible

nce of leg exercises on exercise machines or common
r rise or climbing a step.

assed appropriate screening and monitoring procedures to assess
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eduction of pain.64,65 A recent report has suggested, however,
hat knee alignment and laxity may be an important factor to
onsider before initiating quadriceps strength training. Greater
trength in this muscle group contributed to increased progres-
ion of radiographic changes among subjects with knee joint
alalignment and laxity.73 Randomized controlled trials

RCTs) are necessary to better evaluate the long-term effects of
arying intensities of resistance training on disability and dis-
ase progression.

ardiovascular Disease
CVD, characterized by hypertension, coronary heart disease,

nd/or congestive heart failure (CHF), represents the second
ost common chronic disease in older adults and the number
cause of death.13 Of all the chronic diseases that affect older

dults, it is perhaps CVD for which the benefit of exercise is
ost recognized. Nevertheless, there are still gaps in knowl-

dge regarding how exercise therapy should be applied to older
dults with these conditions.

Although hypertension is a leading cause of death in the
nited States for older adults, the literature contains little

nformation specifically addressing the benefits of exercise for
lder adults with hypertension. This may, in part, be associated
ith the fact that the benefits of exercise on hypertension are

ge independent.74 Reports generally address the physiologic
ffects of exercise on hypertension. A comprehensive meta-
nalysis in women and 2 comprehensive reviews showed that
oderate intensity aerobic exercise, regardless of the exercise
ode, can produce a 2% reduction in SBP (�11mmHg), pro-

uce a 1% reduction in DBP (�8mmHg), and reduce left
entricular hypertrophy in patients with more advanced hyper-
ension. There is disagreement regarding the role of resistance
raining in the absence of aerobic training. However, a meta-
nalysis specifically addressing this topic suggested that im-
rovements of 2% and 4% can be achieved for resting SBP and
BP, respectively.74,75 Therefore, as suggested by Kokkinos et

l,74 we advocate for patients to undergo a combined exercise
rogram that includes aerobic and resistance training.
Among patients with coronary heart disease, those 65 years

nd older account for more than half of all acute myocardial
nfarctions and coronary bypass operations in the United
tates.76 As part of the Cochrane Database of Systematic
eviews, Jolliffe et al77 conducted a systematic review of the
ffectiveness (on mortality) of exercise only and exercise in the
ontext of a comprehensive cardiac rehabilitation program. By
sing meta-analysis, they reported that the exercise-only ap-
roach reduced total cardiac mortality by 31% and exercise
lus cardiac rehabilitation reduced at 26%. Cardiac rehabilita-
ion reduced cholesterol and low-density lipoproteins. It was
ot clear which form of intervention was superior, but analyses
ere limited, in part, because of an insufficient number of

tudies in women and older adults. In other recent reviews76,78

pecifically addressing the benefits of cardiac rehabilitation for
he elderly, authors also cite the lack of a solid base of well-
esigned clinical studies defining the role of cardiac rehabili-
ation for elderly patients. Even so, studies show that both
erobic and resistance training can be beneficial in reducing
ardiac risk factors, in correcting physiologic impairments
aused by coronary heart disease, and in enhancing QOL. In
oronary heart disease—although conclusions regarding the
mpact of exercise and disability cannot be made at this time—
he results of a recently reported RCT79 suggest that resistance
raining in physically disabled older women with coronary
eart disease can enhance multiple domains of physical func-
ioning. Despite the current evidence, appropriate referral of
lder adults with coronary heart disease to exercise programs
rch Phys Med Rehabil Vol 85, Suppl 3, July 2004
nd cardiac rehabilitation is lacking. Future challenges include
educing these barriers as well as modifying the design and
onduct of these programs to optimize participation and adher-
nce.76,78

Most people suffering from CHF are age 70 or older, with a
oubling of prevalence with each advancing decade, reaching a
evel of 7% to 10% in persons 80 years or older.80 Once
hought to be contraindicated, exercise studies conducted over
he last decade have led to a number of recent consensus
tatements from national and international sources emphasizing
he need for exercise training in the treatment of CHF.80-83

itham et al80 stated, in their comprehensive review address-
ng the needs of older adults, that exercise improves CHF
ymptoms, maximal and submaximal exercise capacity, and
any pathophysiologic mechanisms underlying CHF, includ-

ng abnormalities of heart rate, skeletal muscle myopathy,
ytokine expression, and ergoreceptor function. They added,
owever, that most studies have been conducted in younger,
ell-selected populations with CHF.80 Despite the need for
ell-designed RCTs in older adults, it is universally recog-
ized80-83 that both aerobic and resistance training can be
eneficial. Two studies of older CHF patients highlight this
oint. Pu et al84 had older adults (mean age, 77y) perform 10
eeks of progressive resistance training at 80% single repeti-

ion maximal lift (1-RM). Pu showed improvements in muscle
trength and endurance, increases in submaximal aerobic ca-
acity, and cellular changes in skeletal muscle consistent with
mproved oxidative capacity. Improvements in peak oxygen
onsumption (VO2peak) were not seen with this form of train-
ng. Pu’s study also showed that high-intensity resistance train-
ng could be conducted safely within this population. In a much
arger study incorporating both gym- and home-based exercise,

cKelvie et al85 had subjects participate in 12 months of
ombined aerobic and resistance training. In these subjects
ith an age of 65 years and older, improvements were seen in
O2peak and muscle strength. Together these studies under-

core that optimal aerobic and peripheral skeletal muscle ef-
ects are seen with a combination of aerobic and resistance
raining. Long-term effects on mortality and morbidity are not
nown at this time, but will, one hopes, be addressed through
arge, prospective, randomized trials currently underway in
orth America and Europe.83

iabetes Mellitus
Diabetes mellitus (DM) is a major cause of mortality and
orbidity among older adults. It is the sixth leading cause of

eath among adults 65 years and older and accounts for ap-
roximately 5.8 million US hospital discharges annually.63

xercise is now recognized as a critical component in the
revention and treatment of DM.86 Although a number of
tudies have evaluated the effects of various forms of exercise
n DM, interpretations of the data are challenging because of
mall sample sizes and varying results. Similar to hypertension,
ost studies have focused on physiologic outcomes. In-depth

iscussions of this topic can be reviewed elsewhere.86,87

Insulin sensitivity increases with aerobic exercise86,87 and
as been reported to increase with resistance training as well.88

erhaps the best conclusions regarding the benefits of exercise
n older persons with diabetes can be derived from a meta-
nalysis by Boule et al.89 They concluded that exercise training
educes glycosylated hemoglobin by an amount that should
educe the risk for diabetic complications. No significant
hanges in the body mass of subjects were seen when com-
ared with controls. It is possible that the lack of changes in
ody mass may have been caused by a lack of sufficient studies
valuating high-intensity PRT. Also, only 3 of the 14 studies
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nalyzed had subjects with a mean age over 60 years, again
uggesting the need for more RCTs evaluating older adults. Of
ote, diabetic patients may reap many of the other cardiovas-
ular benefits from exercise, such as improved lipid profile,
lood pressure, and energy expenditure, that provide positive
ontributions to their overall health status and reduce the risk
or CVD.90-92 Because exercise can have immediate effects on
irculating insulin and glucose, and because of the associated
isks for hypo- or hyperglycemia, recommendations for type I
nd type II diabetic patients are presented in table 4.

espiratory Disease
Chronic obstructive pulmonary disease (COPD), that is,

ronchitis, emphysema, and asthma, affect 11% of older adults
ver age 70. Specifically, COPD is 1 of the 4 leading causes of
eath among older adults between the ages of 65 and 84 years,
ccounting for 6% to 7% of deaths in this age group.13 As late
s the 1970s, physicians were advising COPD patients that
yspnea was harmful and that patients needed rest, which
ontributed greatly to levels of deconditioning seen among
atients suffering from COPD.93 Despite the prevalence of
hronic respiratory disease in older adults, a review of the
iterature reveals an absence of appropriate systematic reviews
r meta-analyses of exercise interventions in older adults with
OPD.94 Most studies have focused on physiologic and func-

ional outcomes, and it is only recently that disability has been
ppropriately evaluated as an outcome.

Given the pathophysiologic changes associated with COPD,
he physiologic outcomes most commonly evaluated are those
ssociated with aerobic capacity. Improvements in aerobic
apacity with exercise can be achieved with both low- and
igh-intensity exercise.93,94 In a direct comparison, however,
asaburi et al95 showed that greater ventilatory benefits are

een with higher intensity training. Endurance can be enhanced
n elders with COPD, with greater benefits seen with longer
urations of participation,96 which produces mitochondrial ox-

Table 4: Strategies to Avoid Hypo- or

Strategy DM Typ

Adjustments to the insulin
regimen

Take insulin at least 1h be

If �1h before exercise, tak
nonexercising part of bo

Decrease dose of both sho
acting insulin before exe

Alter daily insulin schedule
Meals and supplemental

feedings
Eat a meal 1–3h before ex

see if insulin is in safe ra
Take carbohydrate snacks

every 30min if exercise i
duration.

Self-monitoring of blood glucose
and urine ketones

Monitor blood glucose bef
exercise to determine th
of changes in insulin do
schedule.

Delay exercise if blood glu
or �250mg/dL and if ket

Determination of unique
metabolic responses

Learn individual glucose re
types, intensities, and co

Determine effects of exerc
of the day on blood gluc

OTE. From Horton ES. Diabetes mellitus. In: Frontera WR, editor. E
999. p 221. Reprinted with permission.92
dative changes in skeletal muscle consistent with aerobic
raining in healthy elders.97,98

In addition to gaining these aerobic benefits, patients with
OPD can improve their functional capacity through exercise.
hysical function has been most commonly measured by the
-minute walk test, with studies99 showing improvement from
ower-extremity training. Subjective dyspnea is another useful
utcome measure because it is the primary symptomatic com-
laint of patients with COPD. Studies93,94 have shown im-
rovement in subjective dyspnea with both upper- and/or
ower-extremity exercises. Interestingly, use of external sen-
ory stimuli, such as music, in combination with exercise
ppears to augment the beneficial effects of exercise on dys-
nea. The mechanism of these benefits is not known, but may
uggest that, as is the case with arthritis pain, behavioral factors
long with exercise may mediate improvements in function-
ng.100

In addition to the evidence above, a recent RCT by Berry et
l101 is notable for its finding of benefits to both functional and
isability outcomes. The authors compared 3-month and 18-
onth combined upper- and lower-extremity exercise pro-

rams. Those subjects who exercised for the longer duration
howed 6% improvements in 6-minute walk distances, 11%
mprovements in stair climb speed, and a 12% decline in
isability. Beyond showing the superiority of long-term exer-
ise in COPD, the Berry study is important in that it shows
mprovements in disability with exercise participation.

Although it is apparent that exercise can benefit patients with
OPD, many unanswered questions still exist regarding the
hysiologic effects of exercise and the optimal mode of train-
ng for patients with COPD.

troke
A major cause of morbidity and mortality in the United

tates, strokes affect approximately 600,000 people annually,
nfluencing 9% of all adults 70 years and older.13 Although the

rglycemia During and After Exercise

DM Type II

xercise. Hypoglycemia is rare, but if taking insulin
or sulfonylurea, it is more likely. May
need to reduce dose.

ulin in

d intermediate-
.

and check to
before exercise.

If taking insulin or sulfonylurea, may
need supplemental feeding.

verage—at least
orous or long

during, and after
d for and effect
or feeding

Not required.

is �100mg/dL
are present
ses to different

ons of exercise.
different times

esponse.

Not required.

ise in rehabilitation medicine. 3rd ed. Champaign: Human Kinetics;
Hype

e I

fore e

e ins
dy.
rt- an
rcise
.

ercise
nge
or be
s vig

ore,
e nee
sage

cose
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spon
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A

rimary injury in stroke involves the upper motoneuron path-
ays of the brain, it is the impairments in musculoskeletal

trength, limb range of motion, cardiovascular endurance, and
unctional performance that become the primary foci of reha-
ilitation treatment. A review of the literature reveals only 1
ystematic review102 and no consensus statements addressing
he role of specific exercises in the rehabilitation of stroke. In

review on stroke rehabilitation and the role of exercise
raining, Shepherd103 underscored several important points re-
arding exercise therapy in stroke care. First, many of the
raditional individualized therapies for stroke are based on
ntested and unproven concepts. Second, evidence is growing
hat altered motor patterns and changes in muscle and connec-
ive tissue may be adaptive features because of weakness,
pasticity, and disuse, as opposed to primarily resulting from
eurologic injury. Last, therapies that focus on use and the
erformance of functional tasks may actually drive neurologic
ecovery. Because of the present review focuses on older adults
iving in the community, we do not address studies evaluating
xercise therapies for acute stroke rehabilitation.

Recognizing the potential for functional decline after the
ompletion of acute rehabilitation,104 investigators have made
ostacute stroke patients the focus of a number of both RCTs
nd non-RCTs featuring conventional exercise therapy. Be-
ause hemiparesis and sedentary lifestyle after stroke contrib-
te to reductions in endurance, cardiovascular exercise has
een investigated. In an RCT of chronic stroke survivors par-
icipating in a 10-week exercise program, Potempa et al105

eported that 30 minutes of exercise, 3 times per week, by using
modified cycle ergometer, produced improvements in

O2peak, workload, exercise time, and SBP at submaximal
orkloads. In a nonrandomized study of chronic stroke survi-
ors, treadmill aerobic exercise training produced improve-
ents in submaximal energy expenditure, directly reducing the

ardiovascular demands of walking.106 This study also high-
ighted the potential benefit of task-oriented training.

Studies using forms of strength and flexibility training have
eported broader therapeutic benefits. In a study of African-
merican stroke survivors with a mean age of 53 years, but
ith approximately one third of participants over age 60, a
2-week exercise program produced improvements in
O2peak, strength, and flexibility.107 Two other pilot stud-

es108,109 that assessed training in chronic stroke survivors have
eported not only enhancement of strength but also improve-
ents in function and decreases in self-reported disability
hen PRT was a major component of the training program. A

tudy by Weiss et al109 showed strength improvements in both
he affected and unaffected sides of the body. In contrast to the
linical folklore that strength training would harm hemiparetic
atients, these robust findings from studies of small sample size
uggest that PRT may be an important mode of therapy.103

arger RCTs of PRT in stroke survivors are underway.
Other investigators have attempted to develop exercises that

ncorporate resistance training and emphasize specificity of
raining. By using methods similar to that described earlier for
obility-limited elders, Dean et al110 reported an RCT of

ubjects who were 3 months or more poststroke (mean age,
2.3y). After participating in a 4-week circuit-training program
f task-related exercises, participants showed improvements in
unctional performance, endurance, and force production of the
aretic leg. Interestingly, it is becoming more broadly recog-
ized that such specificity-rich exercise of the affected extrem-
ties may promote neurologic recovery; this phenomenon is the
asis for ongoing research in both acute and chronic stroke
urvivors.103,111
rch Phys Med Rehabil Vol 85, Suppl 3, July 2004
OSTEOPOROSIS, FALLS, AND BALANCE

Exercise is an important component of treatment in the
aintenance of bone mass and prevention of fractures in late

ife. Cross-sectional analyses have shown that adults who are
hysically active throughout life have a higher bone density
han their sedentary counterparts.112,113 In a study of postmeno-
ausal women, comparing sedentary older women with age-
atched controls who had run an average of more than 20
iles a week since menopause, Nelson et al114 showed that,
hen normalized for body weight, the bone mineral density of

he spine and radius were higher among the runners. Another
tudy of older male athletes age 70 to 81 showed that weight-
earing exercise, regardless of type (endurance, resistance, or
peed training), led to greater bone mineral content than that
een in age-matched sedentary controls. Even when the role of
eight bearing is minimized, exercise that produces dynamic
uscular forces of short duration and high frequency on bone
ill lead to greater bone density.115,116 This fact is shown in
art by a study117 in active tennis players age 70 to 84, in whom
one mass was 4% to 33% greater within the dominant versus
ondominant arms.
A wide variety of RCTs and non-RCTs have shown that

xercise can assist in the maintenance of bone mass in late
ife.115 A common conclusion from comprehensive literature
eviews and from meta-analyses is that low impact, general
xercise programs, such as walking alone, offer little protective
ffect, compared with strenuous aerobic exercise or resistance
raining.115,118 Notable studies119-122 incorporating strenuous
erobic exercise over 9 to 24 months found combinations of
ast walking, stair climbing, jogging, and calisthenics aug-
ented bone mass in study subjects as compared with controls.
eneralized PRT conducted at high intensities (�60%–80% of
-RM) increased bone mass in both men123 and women.124

In a meta-analysis by Wolff et al115 that reviewed both RCTs
nd non-RCTs in older adults, the overall treatment effect of
xercise training was a reversal or prevention of bone loss of
.9% per year. Data are insufficient to determine differences in
verall treatment effects between resistance training and the
ther forms of exercise described above. The treatment effect is
omparable to benefits seen in women with appropriate pre-
enopausal calcium intake, leading some to minimize the

otential benefits.125 Because the absorption rate for bone per
ear occurs at approximately 1% per year, appropriate exercise
ould potentially negate the age-associated declines in bone
ensity.
Maintaining or improving bone density is a focus in osteo-

orosis management because of the high association between
one density and the potential for fracture and associated
orbidity and mortality.116 Exercise can help modify other

mportant factors such as muscle mass, strength, balance, and
isk for falls. Along with improvements in bone density, Nel-
on et al124 showed increases in muscle mass and strength with
igh-intensity PRT. Their research highlights the appropriate-
ess of this form of exercise for older adults at risk for
racture.33,124 Along with enhancements because of high-inten-
ity PRT,33,34 people at risk for falls have shown improvements
ith other forms of dynamic exercise, such as Tai Chi,126,127

eighted vests,128 and standing ankle exercises performed at
igh velocity.129 Based on the existing RCTs, the estimated risk
eduction in falls associated with exercise is between 29% and
9%.126,130-133 Additionally, Campbell et al130,131 reported that
he risk for injurious falls was reduced by 37% with an exercise
rogram that included strength, balance, and walking exercises.
he superiority of any single mode of exercise in regard to
alance enhancement or fall prevention has yet to be deter-
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ined. Exercises that enhance combinations of force produc-
ion, speed of movement, and balance would be rational. Fi-
ally, it should be emphasized that causes of falls are most
ommonly multifactorial and that the provision of an exercise
rogram may partially address the varied factors contributing
o falls and fractures.133 Table 3 presents exercise recommen-
ations based on the literature to date and also includes rec-
mmendations concerning the other common chronic illnesses
onfronting older adults discussed within the previous sections.

CONCLUSIONS

Exercise has therapeutic benefits for almost all community-
welling older adults, especially those suffering from the most
revalent chronic illnesses. Its benefits include reductions in
orbidity and mortality, and enhanced physiologic capacity,

eading to improvements in overall functioning. Many ques-
ions have yet to be answered about the effects of exercise in
meliorating disability and the best mode, intensity, and dura-
ion of exercise for treating the most common chronic condi-
ions of older age.
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