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Aging is associated with remarkable changes in body composition. Loss of skeletal muscle, a process called
sarcopenia, is a prominent feature of these changes. In addition, gains in total body fat and visceral fat content
continue into late life. The cause of sarcopenia is likely a result of a number of changes that also occur with
aging. These include reduced levels of physical activity, changing endocrine function (reduced testosterone,
growth hormone, and estrogen levels), insulin resistance, and increased dietary protein needs. Healthy free-living
elderly men and women have been shown to accommodate to the Recommended Dietary Allowance (RDA) for
protein of 0.8 g � kg�1 � d�1 with a continued decrease in urinary nitrogen excretion and reduced muscle mass.
While many elderly people consume adequate amounts of protein, many older people have a reduced appetite
and consume less than the protein RDA, likely resulting in an accelerated rate of sarcopenia.

One important strategy that counters sarcopenia is strength conditioning. Strength conditioning will result in
an increase in muscle size and this increase in size is largely the result of increased contractile proteins. The
mechanisms by which the mechanical events stimulate an increase in RNA synthesis and subsequent protein
synthesis are not well understood. Lifting weight requires that a muscle shorten as it produces force (concentric
contraction). Lowering the weight, on the other hand, forces the muscle to lengthen as it produces force
(eccentric contraction). These lengthening muscle contractions have been shown to produce ultrastructural
damage (microscopic tears in contractile proteins muscle cells) that may stimulate increased muscle protein
turnover. This muscle damage produces a cascade of metabolic events which is similar to an acute phase
response and includes complement activation, mobilization of neutrophils, increased circulating an skeletal
muscle interleukin-1, macrophage accumulation in muscle, and an increase in muscle protein synthesis and
degradation. While endurance exercise increases the oxidation of essential amino acids and increases the
requirement for dietary protein, resistance exercise results in a decrease in nitrogen excretion, lowering dietary
protein needs. This increased efficiency of protein use may be important for wasting diseases such as HIV
infection and cancer and particularly in elderly people suffering from sarcopenia. Research has indicated that
increased dietary protein intake (up to 1.6 g protein � kg�1 � d�1) may enhance the hypertrophic response to
resistance exercise. It has also been demonstrated that in very old men and women the use of a protein-calorie
supplement was associated with greater strength and muscle mass gains than did the use of placebo.

Key teaching points:

• Sarcopenia is the loss of skeletal muscle in the aging process.
• As the body ages, there is a natural loss of skeletal muscle and gains in total body fat and visceral fat.
• The elderly can benefit from aerobic conditioning and strength training, only strength training can stop or reverse sarcopenia.
• The current RDA of .8 grams/KG body weight per day is insufficient to meet the protein needs of most elderly people.
• Research shows that the use of a protein and calorie supplement was associated with greater strength and muscle mass gains than

did the use of placebo.
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INTRODUCTION

Aging is associated with a remarkable number of changes in
body composition and metabolism. Sarcopenia is a life-long
process that likely begins in young adulthood [29,30]. This loss
of skeletal muscle mass is also associated with increasing body
fatness, decreased basal metabolic rate and daily energy needs
[71], loss of bone mass, reduced strength and functional status.
Nutrient requirements also may change with age. Recommen-
dations for increased calcium, vitamin D, vitamin E intakes for
elderly people have been made. Increased intake of specific
nutrients is particularly difficult for elderly people in the face of
reduced dietary energy needs. We [51] recently demonstrated
that the currently accepted Atwater energy equivalents overes-
timate true energy needs in elderly people, suggesting either
that the estimates are incorrect or that elderly people are not as
efficient at energy absorption as young people. As discussed
below, there is also strong evidence that the dietary protein
needs of elderly people are greater than current recommenda-
tions (based on date primarily from young subjects) [8,11–13].

Dietary Protein Needs of Elderly People

The current Recommended Dietary Allowance for protein
to meet the needs of adults over the age of 19 years (unless
pregnant or lactating) is 0.8 grams � kg�1 � d�1 [26]. This esti-
mate should meet the needs of virtually all health people
regardless of age of level of physical activity. However, the
information concerning the dietary protein requirements of
elderly people is limited. Campbell et al. [8,11] examined
studies in the literature examining nitrogen-balance in elderly
people and recalculated the balance data using currently ac-
cepted values for miscellaneous losses. The conclusion of this
retrospective analysis and new balance data presented was that
the current RDA is inadequate to meet the dietary protein needs
of most elderly people. This conclusion was confirmed by our
laboratory [13] in a study that examined the long-term conse-
quences of consumption of the protein RDA. This study en-
rolled health, elderly men and women and provided the 0.8 g
protein � kg�1 � d�1 over 14-week period in a metabolic ward.
The subjects in this study demonstrated a classic accommoda-
tion response described by Waterlow [75] with a continued
decrease in urinary nitrogen excretion over the 14-week period
of the study. The accommodated tissue was skeletal muscle.
Using computerized tomography, we demonstrated a signifi-
cant reduction in the cross-sectional area of thigh muscle. Thus,
these data suggest that the protein RDA for elderly people is
not adequate, even while consuming a weight maintenance diet.

The etiology of this increased need for dietary protein is not
well understood. While some have demonstrated that the rate
muscle protein synthesis is reduced in elderly people [76], it
appears that basal rate of muscle protein synthesis is not de-
pressed in this population compared to that of young people
[74]. There is evidence that post-prandial rise in amino acids

results in a greater rise in muscle protein synthesis in young
people compared to old. There is also a greater extraction of
essential amino acid during the first pass through the liver,
potentially diminishing the amount of amino acids presented to
muscle. In addition, glucose intolerance may also play an
important role in a reduced post-prandial increase in muscle
protein synthesis in elderly people [73].

The fact that elderly people require more dietary protein
than the RDA has important implications. Surveys of the nu-
trition status of older people have shown that a large number
(up to 30%) consume the RDA or less each day. Inadequate
intake of protein over a prolonged period of time results in a
decrease in the rate of whole body protein turnover and an
accelerated loss of muscle mass in elderly people [19,20].
Indeed, epidemiological evidence of increased dietary protein
shows that elderly people who consume the RDA for protein
are at greater risk of health problems than those older people
who consume a greater amount of protein [72]. These investi-
gators [72] suggested that “the mean protein requirement in
elderly adults is greater than that established by the 1985 joint
WHO/FAO/UNU expert committee.” Dietary energy needs of
elderly people are generally lower than those of young men and
women [63]. This means that older people may need a greater
amount of dietary protein as a percentage of their total energy
intake. Because of their decreased energy requirements and
decreased intake compared to young, elderly people should
increase their intake of high quality but low fat protein, such as
eggs, low fat meat and fish, and whey or casein.

These estimates of increased dietary protein needs of elderly
people were made under eucaloric conditions. During periods
of decreased energy intake, dietary protein needs increase.
Certainly, strong consideration for increased intake of low fat,
high quality protein should be made for those older people who
voluntarily attempt to lose weight. In addition, appetite regu-
lation has been demonstrated to be impaired in the elderly [62].
While energy intake increases in young people after a period of
decreased energy intake, Roberts et al. [62] demonstrated that
older people remain hypophagic after reduced energy intake
and weight loss. This may help to explain why many older
people experience involuntary weight loss with no increase in
appetite. Indeed, use of protein/calorie supplements in very old
men and women have not been shown to increased dietary
energy intake or body weight [34]. In this population, dietary
protein intake may be critical to the preservation of skeletal
muscle mass.

Strength Training

Progressive resistance exercise or strength training has been
demonstrated to result in an increase in muscle size and
strength. Strength conditioning or progressive resistance train-
ing is generally defined as training in which the resistance
against which a muscle generates force is progressively in-
creased over time. Progressive resistance training involves few
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contractions against a heavy load. While endurance exercise
has been the more traditional means of increasing cardiovas-
cular fitness, the American College of Sports Medicine cur-
rently recommends strength or resistance training as an impor-
tant component of an overall fitness program. This is
particularly important in the elderly where loss of muscle mass
and weakness are prominent deficits.

Resistance Exercise and Muscle Damage

The metabolic and morphological adaptations resulting
from resistance and endurance exercise are quite different.
Muscle strength has been shown to increase in response to
training between 60 and 100% of the 1 repetition maximum (1
RM) [54]. 1 RM is the maximum amount of weight that can be
lifted with one contraction. Strength conditioning will result in
an increase in muscle size and this increase in size is largely the
result of increased contractile proteins. The mechanisms by
which the mechanical events stimulate an increase in RNA
synthesis and subsequent protein synthesis are not well under-
stood. Lifting weight requires that a muscle shorten as it pro-
duces force (concentric contraction). Lowering the weight, on
the other hand, forces the muscle to lengthen as it produces
force (eccentric contraction). These lengthening muscle con-
tractions have been shown to produce ultrastructural damage
(microscopic tears in contractile proteins muscle cells) that may
stimulate increased muscle protein turnover [31].

High intensity strength training has been shown to increase
skeletal muscle mass despite resulting in increased myofibrillar
proteolysis [40], suggesting a disproportionate increase in myo-
fibrillar protein synthesis. Our laboratory has demonstrated that
eccentric exercise (a large component of high intensity strength
training) results in ultrastructural damage to skeletal muscle,
which results in a prolonged increase in the rate of protein
degradation. Our data also implicate the exercise-induced in-
crease in skeletal muscle interleukin-1� as a mediator of these
changes. Interleukin-1� is a peptide derived from mononuclear
cells which has been implicated as the substance responsible
for the so-called acute phase response to infection that includes
fever, mobilization of neutrophils, redistribution of trace metals
and increased skeletal muscle proteolysis. In addition, we have
demonstrated that many of the components of this acute phase
response to exercise are reduced in older compared to younger
subjects. For example, we have shown that complement acti-
vation is similar between older and younger subjects, but neu-
trophil mobilization (presumably stimulated by complement) is
greatly reduced or not apparent in old vs. young subjects. The
release of creatine kinase from damaged muscle is also atten-
uated in older subjects compared to young. These age-related
differences in the acute phase response to damaging exercise
may result in an attenuated response in alterations in muscle
protein metabolism and reduced amount of muscle hypertrophy
in older compared to younger subjects.

Skeletal muscle undergoes well-established adaptations fol-
lowing repeated bouts of resistance exercise in animals and
humans [5]. In particular muscle size and strength increase
significantly following high-intensity resistance [22,40]. Con-
tributing to these adaptations are temporary adjustments in
whole body [67] and muscle protein synthesis [23,83] that exist
for several days following acute exercise. While we have
demonstrated that resistance training results in an increase in
muscle size in older subjects, our results have been variable.
While two studies demonstrated a significant increase in mus-
cle size resulting from strength training [32,40], two other
studies using the same intervention showed no change [10,33].

Exercises that involve eccentric (lengthening) contractions
elicit the most rapid and largest improvements in muscle
strength and size [24,25]. Seemingly events associated with
muscle hypertrophy are more apparent following eccentric than
concentric resistance exercise. For example, repeated eccentric
contractions induce local accumulation of several peptide
growth factors, including insulin like growth factor (IGF) [82],
fibroblast growth factor (FGF) [81], and potentially platelet-
derived growth factor (PDGF). All three growth factors stim-
ulate satellite cell proliferation in vitro; processes which require
an enhanced rate of protein synthesis. In-vivo effects of these
growth factors on protein synthesis are scarce, but it has been
shown that infusion of IGF-I increases whole-body protein
synthesis in man [64].

Since a major source of these growth factors are macro-
phages [57], muscle hypertrophy may be linked with the body’s
inflammatory response to exercise-induced muscle injury
[18,78]. Various indices of inflammation are apparent after
damaging-type (eccentric) exercise, including leukocyte mobi-
lization and infiltration, muscle proteolysis, complement acti-
vation and fever. Although eccentric exercise causes local
inflammation [6,14–17,35] there is no in-vivo evidence that the
inflammatory response induces protein synthesis and muscle
hypertrophy.

We have recently demonstrated that a single bout of high
intensity eccentric exercise performed by sedentary men re-
sulted in a significant increase in skeletal muscle prostaglandin
levels (PGE2 and PGF2�) [69]. Previous studies have demon-
strated that PGE2 and PGF2� have a [3,41,42]. Because cy-
clooxygenase inhibitors may effect the post-exercise rise in
muscle prostaglandin, we examined the effect of two com-
monly consumed over-the-counter analgesics, ibuprofen and
acetaminophen, on muscle protein metabolism following high
intensity eccentric exercise. Twenty four men (age: 25 � 3 yr,
height: 180 � 6 cm, weight: 81 � 6 kg, body fat: 17 � 8%)
were randomly assigned to one of 3 groups that received either
the maximal over-the-counter dose of ibuprofen (IBU; 1200
mg/d), acetaminophen (ACET; 4000 mg/d), or a placebo (PLA)
following 10–14 sets of 10 repetitions at 120% of concentric 1
repetition maximum using the knee extensors. Post-exercise
(24 h) skeletal muscle fractional synthesis rate (FSR, measured
by incorporation of phenylalanine into muscle protein) was
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increased 71 � 20% (p � 0.05) in PLA (0.037 � 0.009 %/h),
and was unchanged (p � 0.05) in IBU (38 � 22%; 0.015 �

0.009%/h) and ACET (23 � 26%; 0.006 � 0.014%/h) [70].
Exercise induced a significant increase in skeletal muscle pros-
taglandin levels (PGE2 & PGF2�) that was completely sup-
pressed by ibuprofen and acetaminophen. These results suggest
that both ibuprofen and acetaminophen suppress the protein
metabolic response to eccentric exercise. These are the first
data to demonstrate an anti-inflammatory effect of acetamino-
phen in skeletal muscle. Thus, these two analgesics may work
through a common mechanism to influence protein metabolism
in skeletal muscle. These data also indicate that the common
practice of treating delayed onset muscle soreness that may
result from exercise may have a strong effect on muscle hy-
pertrophy by greatly decreasing the rate of protein synthesis.

Effects of Resistance Exercise and Insulin on
Protein Metabolism

Hormonal and nutritional factors, particularly the availabil-
ity of insulin and amino acids, have important effects in the
control of muscle protein synthesis [47,61]. For example, star-
vation reduces the rate of protein synthesis in skeletal muscle
by more than 50% compared to the rate seen in fed animals.
This inhibition of protein synthesis (also seen in muscle from
diabetic animals) is a result of an impairment in the initiation
phase of protein synthesis [47,61]. The mechanism through
which insulin regulates protein synthesis initiation involves
phosphorylation of the translational regulator eukaryotic initi-
ation factor 4E (eIF-4E)-binding protein 1 (4E-PB1) [38]. In-
sulin-like growth factor 1 (IGF-I) results in the phosphorylation
of 4E-BP1 and dissociation of the 4E-BP1 � eIF-4E complex in
[43] cells in culture (muscle cells that are grown in a medium
containing appropriate nutrients and growth factors). IGF-I has
also been shown to stimulate protein synthesis in rats in vivo
[45] and in muscle in perfused hindlimb preparations [46].
These studies also suggest that insulin plays a permissive role
in the effect of IGF-I in stimulating muscle protein synthesis.

Studies of insulin secretion after resistance but not endur-
ance exercise provide evidence for insulin’s role in maintaining
muscle mass. King et al. [48] and Dela et al. [27] showed that
arginine-stimulated insulin secretion is decreased with endur-
ance training. In contrast, acute resistance exercise in rats has
been shown to increase insulin secretion [37]. As reviewed
above, regular aerobic exercise is known to increase insulin
sensitivity and glucose tolerance. In addition to its effects on
insulin action, aerobic exercise training results in decreased
insulin secretion [28]. Regularly performed endurance exercise
in young men is associated with an insulin pulse profile in the
resting fasted state characterized by less insulin secreted per
burst but a similar number of bursts over a 90-min period. They
suggested that training-induced elevations in target-tissue sen-
sitivity to insulin reduce the requirement for pulsatile insulin

secretion. This coordinated response keeps glucose concentra-
tions constant. Dela et al. [27] demonstrated that aerobic exer-
cise training decreases both arginine and glucose stimulated
insulin secretion, indicating, they conclude, a profound �-cell
adaptation.

A single bout of concentric exercise is a recognized en-
hancer of insulin action, while eccentric exercise transiently
impairs whole body insulin action for at least 2 days after the
bout [49]. We have demonstrated that eccentric exercise can
result in a long-term delay in the rate of glycogen synthesis
[59]. This decrease insulin action and delayed glycogen syn-
thetic rate has been shown to result from decreased rate of
glucose transport rather than decrease glycogen synthase activ-
ity [2]. This transient resistance to insulin and impaired resyn-
thesis of glycogen can result in a systemic hyperinsulinemia
that may result in an increase in the rate of muscle protein
synthesis. Our laboratory [50] has demonstrated age-related
differences in the insulin response to hyperglycemia following
a single bout of eccentric exercise. Two days following upper
and lower body eccentric exercise younger subjects demon-
strated a pronounced pancreatic insulin response during a hy-
perglycemic clamp while this response was blunted in healthy
elderly men.

The effects of resistance exercise on insulin availability
appear to be opposite those of endurance exercise and thus
stimulate net protein accretion. Insulin has been demonstrated
to have profoundly anabolic effects on skeletal muscle. In the
resting state, insulin has been demonstrated to decrease the rate
of muscle protein degradation. Stable isotope amino acid stud-
ies in humans [21,68] clearly demonstrate that insulin inhibits
whole body protein breakdown in vivo and stimulates muscle
protein synthetic rate [4].

Insulin has been demonstrated to increase the rate of muscle
protein synthesis in insulin deficient rats. However, in non-
diabetic animals this effect was not seen. Fluckey et al. have
argued [36,37] that insulin is not likely to stimulate muscle
protein synthesis in quiescent muscle. We have demonstrated
that an insulin infusion does not increase the rate of protein
synthesis in non-exercised muscle. However, using a resistance
exercise model, we have demonstrated that resistance exercise
did not stimulate an increase in the rate of protein synthesis. It
was only with the addition of insulin that an exercise induced
increase in the rate of soleus and gastrocnemius protein syn-
thesis was seen. This effect of insulin stimulation of the rate of
protein synthesis was preserved with advancing age.

Protein Requirements and Exercise

High intensity resistance training is clearly anabolic in both
young and older individuals. Data from our laboratory [10]
demonstrated a 10 to 15 percent decrease in N-excretion at the
initiation of training that persists for 12 weeks. That is, pro-
gressive resistance training improved N-balance, thus older
subjects performing resistance training have a lower mean
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protein requirement than do sedentary subjects. This effect was
seen at a protein intake of 0.8 and 1.6 g protein � kg�1 � d�1,
indicating that the effect of resistance training on protein re-
tention may not be related to dietary protein intake. These
results are somewhat at variance to our previous research [56]
demonstrating that regularly performed aerobic exercise causes
an increase in the mean protein requirement of middle-aged and
young endurance athletes (mean of 0.93 g � kg�1 � d�1). This
difference likely results from increased oxidation of amino
acids during aerobic exercise that may not be present during
resistance training.

Strawford et al. [66] also demonstrated similar effects of
resistance exercise training on nitrogen balance in patients with
HIV-related weight loss. The investigators examined the effects
of an anabolic steroid (oxandrolone, 20 mg/d and placebo) and
high intensity resistance exercise training in 24 eugonadal men
with HIV-associated weight loss (mean, 9% body weight loss).
Both groups showed significant nitrogen retention and in-
creases in LBM, weight, and strength. The mean gains were
significantly greater in the oxandrolone group than in the
placebo group in nitrogen balance, accrual of FFM, and
strength. Results were similar whether or not patients were
taking protease inhibitors. These results confirm the positive
effects of resistance exercise on nitrogen retention and protein
requirements.

These studies, taken as a whole demonstrate the powerful
effects of resistance exercise training on protein nutriture. The
anabolic effects have important implications in the treatment of
many wasting diseases and conditions such as cancer, HIV
infection, aging, chronic renal failure, and undernutrition seen
in many very old men and women. By effectively lowering
dietary protein needs, resistance exercise can limit further
losses of skeletal muscle mass while simultaneously increase
muscle strength and functional capacity.

Resistance Exercise, Protein Intake, and Aging

A number of investigators have demonstrated that resistance
exercise can result in a substantial increase in muscle size and
strength in elderly people. However, it is clear that when the
intensity of the exercise is low, only modest increases in
strength are achieved by elderly subjects [1,53]. A number of
studies have demonstrated that, given an adequate training
stimulus, older men and women show similar or greater
strength gains compared to young individuals as a result of
resistance training.

Frontera et al. [39,40] showed that older men responded to
a 12 week progressive resistance training program (80% of the
1 repetition maximum, 3 sets of 8 repetition of the knee
extensor and flexors, 3 days per week) by more than doubling
extensor strength and more than tripling of flexor strength. The
increases in strength averaged approximately 5% per training
session, similar to strength gains observed by younger men.
Total muscle area estimated by computerized tomography (CT)

increased by 11.4%. Biopsies of the vastus lateralis muscle
revealed similar increases in type I fiber area (33.5%) and type
II fiber area (27.6%). Daily excretion of urinary 3-methyl-L-
histidine increased with training (p � 0.05) by an average of
40.8%, indicating that increased muscle size and strength re-
sulting from PRT is associated with an increased rate of myo-
fibrillar protein turnover. Half of the men who participated in
this study were given a daily protein-calorie supplement (S)
providing an extra 560 � 16 kcal/d (16.6% as protein, 43.3%
as carbohydrate, and 40.1% as fat) in addition to their normal
ad lib diet. The rest of the subjects received no supplement
(NS) and consumed an ad lib diet. By the twelfth week of the
study, dietary energy (2960 � 230 in S vs. 1620 � 80 kcal in
NS) and protein (118 � 10 in S vs. 72 � 11 g/d in NS) intake
were significantly different between the S and NS groups.
Composition of the midthigh was estimated by computerized
tomography and showed that the S group had greater gains in
muscle than did the NS men [55]. In addition, urinary creati-
nine excretion was greater at the end of the training in the S
group when compared to that of the men in the NS group,
indicating a greater muscle mass in the S group at the end of the
12 weeks of training. The change in energy and protein intake
(beginning vs. 12 weeks) was correlated with the change in
midthigh muscle area (r � 0.69, p � 0.019; r � 0.63, p �

0.039, respectively). There were no differences in the strength
gains between the two groups. These data suggest that a change
in total food intake, or perhaps, selected nutrients, in subjects
beginning a strength-training program can affect muscle hyper-
trophy.

We applied this same training program to a group of frail,
institutionalized elderly men and women (mean age 90 � 3
years, range 87–96) [32]. After 8 weeks of training, the 10
subjects in this study increased muscle strength by almost
180% and muscle size by 11%. We also used [33] a similar
intervention on frail nursing home residents and demonstrated
not only increases in muscle strength and size, but increased
gait speed, stair climbing power, and balance. In addition,
spontaneous activity levels increased significantly while the
activity of a non-exercised control group was unchanged. In
this study the effects of a protein/calorie supplement combined
with exercise was also examined. The supplement consisted of
a 240-ml liquid supplying 360 kcal in the form of carbohydrate
(60%), fat (23%), and soy-based protein (17%), and was de-
signed to augment caloric intake by about 20%, and provide
one third of the RDA for vitamins and minerals. The men and
women who consumed the supplement and exercised gained
weight compared to the three other groups examined (exercise/
control, non-exercise supplemented, and non-exercise control).
The non-exercising subjects who received the supplement re-
duced their habitual dietary energy intake so that total energy
intake was unchanged. In other words, the supplement did not
add to total energy intake, but rather substituted one source of
energy (the supplement) for another (their meals). More re-
cently (in the same study population), we [65] demonstrated
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that the combined weight lifting and nutritional supplementa-
tion increased strength by 257 � 62% (p � 0.0001) and type II
fiber area by 10.1 � 9.0% (p � 0.033), with a similar trend for
type I fiber area (�12.8 � 22.2%). Exercise was associated
with a 2.5-fold increase in neonatal myosin (a form of myosin
found in growing muscle) staining (p � 0.0009) and an in-
crease of 491 � 137% (p � 0.0001) in IGF-I staining. Ultra-
structural damage increased by 141 � 59% after exercise
training (p � 0.034). Strength increases were largest in those
with the greatest increases in myosin, IGF-I, damage, and
caloric intake during the trial. Frail, very old, elders respond
robustly to resistance training with musculoskeletal remodel-
ing, and significant increases in muscle area are possible with
resistance training in combination with adequate energy in-
takes. It should be pointed out that this was a very old, very
frail population with diagnoses of multiple chronic diseases.
The increase in overall levels of physical activity have been a
common observation in our studies [33,39,58]. Since muscle
weakness is a primary deficit in many older individuals, in-
creased strength may stimulate more aerobic activities like
walking and cycling.

We examined the influence of increased dietary protein on
the hypertrophic response to resistance exercise in a group of
healthy older people [10]. These men and women were ran-
domly assigned to a RDA group consuming 0.8 or 1.6 g
protein � kg�1 � d�1. All of the subjects in this study were asked
to participate in a high intensity resistance exercise training
program (3 d/wk, 80% 1 RM) for three months. The subjects
who consumed the higher protein level tended to show a greater
hypertrophic response to the training. More recently we com-
pared the effects of a meat-free, lacto-ovo vegetarian diet vs. a
diet with meat on gains in muscle size from resistance exercise
[7]. This study demonstrated that those subjects who consumed
meat (as part of normal dietary intake) gained more muscle
than those who excluded meat did.

Strength Training Effects in Older People

Strength training may increase balance through the im-
provement in strength of muscle involved in walking. Indeed
ankle weakness has been demonstrated to be associated with
increased risk of falling in nursing home patients [77]. How-
ever, balance training, which may demonstrate very little im-
provement in muscle strength, size, or cardiovascular changes
has also been demonstrated to decrease the risk of falls in older
people [80]. Tai Chi, a form of dynamic balance training that
requires no new technology or equipment, has been demon-
strated to reduce the risk of falling in older people by almost
50% [79]. As a component of the National Institute on Aging
FICSIT trials (Frailty and Injuries: Cooperative Studies of
Intervention Techniques), individuals aged 70� were random-
ized to Tai Chi (TC), individualized balance training (BT), and
exercise control education (ED) groups for 15 weeks [52]. In a
follow-up assessment 4 months post-intervention, 130 subjects

responded to exit interview questions asking about perceived
benefits of participation. Both TC and BT subjects reported
increased confidence in balance and movement, but only TC
subjects reported that their daily activities and their overall life
had been affected; many of these subjects had changed their
normal physical activity to incorporate ongoing TC practice.
The data suggest that when mental as well as physical control
is perceived to be enhanced, with a generalized sense of im-
provement in overall well-being, older persons’ motivation to
continue exercising also increases. Province et al. [60] exam-
ined the overall effect of many different exercise interventions
in the FICSIT trials on reducing falls. While each these separate
interventions were not powered to make conclusions about
their effects on the incidence of falls in and elderly population,
they did conclude that “all training domains, taken together
under the heading of “general exercise” showed and effect on
falls, this probably demonstrates the “rising tide raises all
boats” principle, in which training that targets one domain may
improve performance somewhat in other domains as a conse-
quence. If this is so, then the differences seen on fall risk due
to the exact nature of the training may not be as critical
compared with the differences in not training at all.” The use of
a community-based exercise program for frail older people was
examined [44] in a group of predominantly sedentary women
over age 70 with multiple chronic conditions. The program was
conducted with peer leaders to facilitate its continuation after
the research demonstration phase. In addition to positive health
outcomes related to functional mobility, blood pressure main-
tenance, and overall well-being, this intervention was success-
ful in sustaining active participation in regular physical activity
through the use of peer leaders selected by the program partic-
ipants.

In addition to its effect on increasing muscle mass and
function, resistance training can also have an important effect
on energy balance [9]. Men and women participating in a
resistance training program of the upper and lower body mus-
cles required approximately 15% more calories to maintain
body weight after 12 weeks of training when compared to their
pretraining energy requirements. This increase in energy needs
came about as a result of an increased resting metabolic rate,
the small energy cost of the exercise, and what was presumed
to be an increase in activity levels. While endurance training
has been demonstrated to be an important adjunct to weight
loss programs in young men and women by increasing their
daily energy expenditure, its utility in treating obesity in the
elderly may not be great. This is because many sedentary older
men and women do not spend many calories when they per-
form endurance exercise, due to their low fitness levels. Thirty
to forty minutes of exercise may increase energy expenditure
by only 100 to 200 kcals with very little residual effect on
calorie expenditure. Aerobic exercise training will not preserve
lean body mass to any great extent during weight loss. Because
resistance training can preserve or even increase muscle mass
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during weight loss, this type of exercise for those older men and
women who must lose weight may be of genuine benefit.

In conclusion, progressive resistance exercise results in
decreased nitrogen excretion and, thus, lower dietary protein
needs. This has important implications for treatment of indi-
viduals with a wasting syndrome or cachexia, and particularly
older men and women who experience involuntary weight loss.
There is evidence that and increase in dietary protein intake
will result in enhanced muscle hypertrophy when combined
with high intensity resistance exercise training. Muscle strength
training can be accomplished by virtually anyone. Many health
care professionals have directed their patients away from
strength training in the mistaken belief that it can cause unde-
sirable elevations in blood pressure. With proper technique, the
systolic pressure elevation during aerobic exercise is far greater
than that seen during resistance training. Muscle strengthening
exercises are rapidly becoming a critical component to cardiac
rehabilitation programs as clinicians realize the need for
strength as well as endurance for many activities of daily living.
There is no other group in our society that can benefit more
from regularly performed exercise, than the elderly. While both
aerobic and strength conditioning are highly recommended,
only strength training can stop or reverse sarcopenia. Increased
muscle strength and mass in the elderly can be the first step
towards a lifetime of increased physical activity and a realistic
strategy for maintaining functional status and independence.
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