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Sarcopenia, the loss of muscle mass and strength with age, is becoming recognized as a major cause of disability
and morbidity in the elderly population. Sarcopenia is part of normal aging and does not require a disease to oc-
cur, although muscle wasting is accelerated by chronic diseases. Sarcopenia is thought to have multiple causes, al-
though the relative importance of each is not clear. Neurological, metabolic, hormonal, nutritional, and physical-
activity–related changes with age are likely to contribute to the loss of muscle mass. In this review, we discuss
current concepts of the pathogenesis, treatment, and prevention of sarcopenia.

 

ARCOPENIA, from the Greek for “poverty of flesh,” is
a term coined by Rosenberg (1) in 1989 to denote the

decline in muscle mass and strength that occurs with
healthy aging. Sarcopenia can be thought of as both a pro-
cess and an outcome.

 

 

 

As befits an age-related trait, the pro-
cess of sarcopenia is universal with age.

 

 

 

Whether the out-
come of sarcopenia becomes a clinically evident problem
depends on many factors, including the starting level of
muscle mass and the rate of its decline, both of which are
dependent on many factors, including the individual’s habit-
ual level of physical activity. Like osteopenia, the determi-
nants of sarcopenia are likely to be a combination of genetic
and environmental factors, with a complex series of interac-
tions between them. Unlike bone mass loss at menopause,
however, which is primarily determined by estrogen status,
muscle homeostasis is dependent on many anabolic and cat-
abolic signals. Thus, it follows that the etiology of sarcope-
nia will turn out to be multifactorial and resist scientific re-
ductionism in the classic sense. In this review, we will
describe current understanding of the prevalence of sar-
copenia, its pathogenesis, etiology, and treatment.
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As noted previously, all humans lose muscle mass and
function as they age. This is true even of master athletes
who, although they continue to be physically active and per-
form at levels well above those of sedentary adults, demon-
strate a decline in lean tissue with age (2,3). Similarly, aero-
bic capacity declines with age, even in active runners and
swimmers (2), reflecting both a decline in muscle and in
cardiopulmonary reserves (4). Cross-sectional data also
show that body cell mass is systematically lower in older
adults than in middle-aged or young adults (5–7) and so is
strength (8,9). The decline in cell mass with age is largely
due to loss of muscle mass (10).

In addition, there is a decline in the “quality” of lean body
mass, as cell mass declines faster than intercellular connec-
tive tissue and water (11). That is, a pound of lean tissue
from an elderly person is systematically different than a
pound of lean tissue from a young person, in that it has rela-
tively less intracellular tissue and relatively more extracel-

lular tissue (11). In men aged 20 to 29 years, cell mass rep-
resents 59% of lean body mass; in contrast, in men aged 80
to 89 years, cell mass is only 46% of lean mass (12) and
lean mass itself has also fallen significantly. Thus, there is
both a quantitative and a qualitative change in lean body
mass with age. However, the change in cell mass to lean
mass ratio cannot be detected by density-based methods,
such as underwater weighing, because the density of lean
tissue remains stable with age (13). However, sarcopenia is
really a disorder of muscle cells, which drive the decline in
body cell mass. At the muscle level, as at the total body
level, there is both quantitative and qualitative decline. The
quantitative loss occurs both by loss of myocyte numbers
and by reduction in the protein content of the remaining
muscle cells. As muscle quantity falls, it is matched by a de-
cline in “muscle quality,” defined functionally in terms of
the strength of muscle (14,15). This occurs both on a macro-
scopic level (i.e., the force produced by a muscle per unit
area, measured using computed tomography or magnetic
resonance imaging) and on a cellular level (the force pro-
duced by single muscle fibers adjusted for fiber size)
(14,16,17).

Longitudinal studies are fewer than cross-sectional ones
and, by and large, only report on white men, but those that
exist also show that over a period of 5 to 18 years, total
body potassium, the reference measure of body cell mass
that is largely driven by muscle mass, declines in a linear
fashion (3,18). An open question at this time is whether
menopause accelerates muscle loss in women the same way
that it does bone loss. Acceleration of lean tissue loss is seen
during the menopausal years in women (19,20). Poehlman
and colleagues (20) demonstrated a decline in resting meta-
bolic rate, physical activity, and lean mass, and an increase
in fat mass, waist-to-hip ratio, and fasting insulin levels dur-
ing 6 years of follow-up in 18 women who were premeno-
pausal at baseline but experienced menopause during fol-
low-up. No such changes occurred in 17 other women of
comparable age who remained premenopausal. Although
these results have not been replicated in larger samples, they
do suggest that the acute changes in estrogen availability
and effectiveness may have a profound role in the accelera-
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tion of sarcopenia during the menopausal years. This sug-
gests that this is the crucial time to concentrate on interven-
tions that will attenuate muscle loss in women.

In Figures 1 and 2, we have summarized the findings of
several studies evaluating the longitudinal changes in body
composition that occur at various ages in men and women.
The pattern in men shows a tendency to gain fat and lean mass
through their 40s, followed by a trend toward weight loss, re-
sulting in the loss of both compartments after age 60 years
(Figure 1) (21–28,111).

 

 

 

Studies in women show consistent
gains in fat across the age spectrum (Figure 2), but there are
few data describing the body composition changes in women
older than 60 years of age (20,21,23,27,29–31,111).

 

 

 

Note that
nearly all these data were obtained in Caucasian adults, and
little is know about racial and ethnic differences in sarcopenia.

At the tissue level, aging is associated with a decline in
the synthesis of muscle protein and, in some studies, in
whole-body protein turnover, after adjustment for lean body
mass (32). The decline in protein synthesis is not uniform
for all proteins, however. There is a greater decline in mito-
chondrial protein synthesis and myosin heavy-chain synthe-
sis than in sarcoplasmic protein synthesis, which actually
increases with age (33,34). In contrast to the increased pro-
tein turnover seen with inflammatory conditions, aging per
se is probably more of a problem of synthetic failure than of
excess catabolism (35).
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If sarcopenia is indeed a ubiquitous process, then its prev-
alence should be 100%. However, if one dichotomizes the
otherwise continuous process of muscle loss according to a
boundary condition, such as 2 

 

SD

 

 below the mean appendic-
ular muscle mass for young healthy adults, one can deter-
mine the prevalence of sarcopenia at this level of severity.
Data are available from the New Mexico Elder Health Sur-
vey by Baumgartner and colleagues (36), who measured ap-

pendicular muscle mass by dual-energy x-ray absorptiome-
try in 883 randomly selected elderly Hispanic and white
men and women. Sarcopenia was defined as a muscle mass

 

$

 

2 

 

SD

 

 below the mean for young healthy participants in the
Rosetta Study (37), a large cross-sectional study of body
composition in New York. The prevalence of sarcopenia by
this definition increased from 13% to 24% of persons aged
65 to 70 years to over 50% of those older than 80 years of
age. The prevalence increases in both men and women, but
is actually higher in men older than 75 years of age (58%)
than in women (45%). The higher prevalence of sarcopenia
in men in this study is consistent with the greater change in
the quality of lean mass that occurs in men, as discussed
earlier (12). Nevertheless, conventional wisdom has it that
sarcopenia is a greater public health problem in women, be-
cause women live longer and have higher total rates of dis-
ability (38). However, the results of Baumgartner and col-
leagues (36) and of Ellis (12) suggest that the biological
process of sarcopenia occurs in both sexes, perhaps to a
greater extent in men.
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Although we have focused largely on the decline in mus-
cle mass with age, what matters most to elderly persons is
their ability to function. The New Mexico study (36) lends
insight into the relationship between sarcopenia and func-
tional status. Sarcopenic women had 3.6 times higher rates
of disability, and men had 4.1 times higher rates, compared
with study participants with normal muscle mass. There
were significantly greater risks of use of cane or walker and
a history of falling in the sarcopenic subjects as well. These
odds ratios were significant after adjustment for age, race,
obesity, income, alcohol intake, physical activity, current
smoking, and comorbidity. Thus, sarcopenia is indepen-
dently associated with important health outcomes and dis-
abilities in this relatively healthy ambulatory population.

Figure 1. Absolute fat and lean changes per decade as a function of age in men. Studies are ordered by age at baseline. All changes are stan-
dardized to 10-year follow-up. HD 5 hydrodensiometry; SF 5 skinfold; BI 5 bioimpedance.
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Although the simplest conceptual framework is that mus-
cle loss causes weakness, which in turn causes loss of phys-
ical functioning, this may be an oversimplification. Clearly,
in advanced sarcopenia, muscle weakness is the limiting
factor that determines functional capacity and performance.
This is commonly the case in nursing homes (39,40). How-
ever, in milder sarcopenia, such as is seen in ambulatory
persons, the relationship between structure and function
may be more complex. For example, in young adults, the
changes in muscle strength and size seen in response to re-
sistance training or inactivity are not always related to each
other (41,42). Furthermore, resistance exercise can lead to
large improvements in function with little or no change in
muscle mass, or even in strength (43). Recent studies also
suggest that an important effect of sarcopenia is the loss of
power (work performed per unit of time) as well as strength
(44,45).
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Although the causes of sarcopenia are not yet clearly un-
derstood, there are many potential mechanisms that have
been investigated to greater or lesser extent (Figure 3). Over-
all, aging can be thought of as the withdrawal of, or resis-
tance to, several anabolic stimuli to muscle (central nervous
system [CNS] input, growth hormone, estrogen, testoster-
one, dietary protein, physical activity, insulin action) and
possibly the development of several catabolic ones (subclini-
cal inflammation, production of catabolic cytokines, such as
tumor necrosis factor-

 

a

 

 [TNF-

 

a

 

], interleukin-6 [IL-6], and
possibly interleukin-1

 

b

 

 [IL-1

 

b

 

; identified directly or indi-
rectly via increase in its antagonist protein, IL-1 receptor an-
tagonist, IL-1Ra]). Whether any one of these is more impor-
tant than the others, or even paramount, remains to be seen.

If there is a single most important cause of sarcopenia, it
is probably the loss of 

 

a

 

-motor neuron input to muscle that
occurs with age (46). Since innervation is crucial to the
maintenance of muscle mass as well as strength, it is likely
that this decline is at the heart of sarcopenia. Neuron loss

with age occurs in many places in the CNS, including the
primary motor cortex, subcortical nuclei, cerebellum, and
hippocampus. However, the recent data suggest that the de-
gree of neuronal loss in aging is more restricted, and older
neurons may retain more plasticity, than previously thought
(47,48). It is also not known what role physical activity,
hormone levels, or genetic factors have in preserving motor
unit numbers in elderly persons.

Of the hormonal anabolic inputs that decline with age, the
sex steroids are probably the most important. Both estrogen
and testosterone have important anabolic effects on muscle,
although the effect of estrogen may also be mediated
through its conversion to testosterone (49). In women, the
decline in estrogen is well defined during menopause, al-
though in men, decline in testosterone is more variable in its
speed and trajectory (50). Between the ages of 25 and 75
years, mean serum testosterone levels decline by about 30%
and free testosterone levels decline by up to 50%; the de-
clines continue as age becomes more advanced (50,51).
Furthermore, both estrogen and testosterone can inhibit pro-
duction of catabolic cytokines, such as IL-1 and IL-6 (52–
54), suggesting that loss of these hormones with age could
have both direct and indirect catabolic effects on muscle.

Growth hormone (GH) begins to decline in the fourth de-
cade and declines progressively over the ensuing years. It is
not clear that GH deficiency is an important cause of sar-
copenia, however. Roubenoff and colleagues (55) found
that among postmenopausal women, 24-hour GH secretion
was highest in those with the lowest body cell mass, which
is the opposite of what is predicted by a straightforward
GH-deficiency hypothesis. GH production is known to be
lower in obese persons, and it is likely that fat mass is a ma-
jor confounder of the relationship between GH and sarcope-
nia. Thus, Roubenoff and colleagues found a strong inverse
relationship (
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.67, 

 

p

 

 

 

,

 

 .006) between serum leptin
level, an index of body fat, and GH production. Similar sup-
pression of GH production has been noted in obese children,
in whom higher leptin was associated with lower GH re-

Figure 2. Absolute fat and lean changes per decade as a function of age in women. Studies are ordered by age at baseline. All changes are
standardized to 10-year follow-up. HD 5 hydrodensiometry; SF 5 skinfold; BI 5 bioimpedance.
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sponse to stimulation with GH-releasing hormone (GHRH)
(56), although higher leptin was found in children with GH
deficiency due to a defect in the GHRH receptor (57). In
contrast, animal data suggest that leptin stimulates GH
secretion in rats (58). In vitro data show that short-term
(30-minutes) incubation of pituitary cells with leptin in-
creases GHRH-stimulated GH secretion, although longer
(24-hour) incubation suppresses it (59).

 

 

 

Thus, the role of
leptin in modulating the decline in GH seen with aging re-
mains unclear.

Insulin, one of the major anabolic hormones with respect
to muscle, also appears to decline in its action as people age.
In the pre-insulin era, diabetes mellitus was associated with
severe muscle wasting, and insulin increases body cell mass
and body nitrogen in diabetics (60,61). Insulin’s action on
muscle appears to be primarily one of inhibiting protein
breakdown, although it has been difficult to demonstrate a
sustained effect of insulin in increasing muscle protein syn-
thesis (62,63). It is not clear to what extent loss of the anti-
catabolic effect of insulin occurs in nondiabetics as they age,
but insulin resistance could certainly play a part in the devel-
opment of sarcopenia. Insulin resistance increases with age,

fat mass (especially visceral fat mass), and physical inactiv-
ity (64–68). In addition, TNF-

 

a

 

 has been shown to increase
insulin resistance by dissociating the heterodimers of the in-
sulin receptor, and serum TNF increases with obesity, if not
directly with age (69,70). The reduction in insulin action that
occurs in many elderly people because of these multiple eti-
ologies may well have a procatabolic effect on muscle.

Concurrent with the withdrawal of endocrine anabolic stim-
uli in elderly persons is a loss in body weight. General patterns
of weight gain are observed in men and women up to approxi-
mately age 60, after which time a greater percentage of indi-
viduals lose weight (71–74). Loss of body weight in older
adults may be caused by many factors, some of which may be
part of biological aging, but others are surely related to dis-
ease. Weight loss may reflect changes in appetite, dentition,
taste, depression, comorbidity, poverty, isolation, constipa-
tion, and other factors. Regardless of cause, however, loss of
lean mass is a necessary result of this age-related weight loss.

Physical activity declines with age, especially in devel-
oped societies, depriving muscle of what is probably its
most important environmental stimulus to maintaining its
mass and function.

 

 

 

Elderly persons who are less physically

Figure 3. Potential etiologic factors in the development of sarcopenia.
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active have less strength and lean mass than do active el-
derly individuals and live less long (2,75–78), but is this
cause or effect? It may be that the persons who are the least
physically active are genetically deprived of adequate mus-
cle mass, and the relationship between physical activity and
body composition is not a causal one. Perhaps the most con-
vincing evidence of the importance of physical activity
comes from the demonstrated capacity of exercise to reverse
sarcopenia (as discussed later). However, there is also clear
evidence from studies of bed rest and microgravity that mus-
cle disuse causes a large decline in muscle size and strength,
even with adequate protein and energy intake (79–81).

The role of protein deficiency in the development of sar-
copenia is more problematic. Castaneda and colleagues (82)
have shown that eating half the recommended dietary al-
lowance (RDA) of protein of 0.8 g/kg/d led to significant
declines in strength, body cell mass, and insulin-like growth
factor-1 (IGF-1) levels in postmenopausal women. How-
ever, it is not known if modest reductions in dietary protein
intake also contribute to sarcopenia. However, such reduc-
tions are common. The USDA Survey of Food and Nutrient
Intakes by Individuals (www.barc.usda.gov/bhnrc/foodsur-
vey/home.htm) shows that approximately one third of men
and women older than 60 years of age eat less than 0.8 g/kg
of protein per day, and approximately 15% eat less than
75% of the RDA. Among Hispanics, the fastest-growing
minority group in the United States, approximately 30% of
adults older than 20 years of age do not meet the RDA for
protein, and 13% consume less than 75% of the RDA
(www.barc.usda.gov/bhnrc/foodsurvey/home.htm). These
data are surprising, given that the average intake of protein
in the United States is nearly 1.2 g/kg/d, or 50% above the
RDA level (83). In addition, it is not clear whether the RDA
for protein is adequate for elderly persons. Studies are di-
vided on this issue, and more research is needed before this
question can be settled (84–89).

In addition to the decline in anabolic stimuli that occurs
with age, there is some evidence of an increase in catabolic
stimuli as well. For example, Roubenoff and colleagues
(90) found that production of IL-6 and IL-1Ra by peripheral
blood mononuclear cells (PBMC) from ambulatory elderly
participants (72–92 years old) in the Framingham Heart
Study was significantly higher than from younger controls
(

 

,

 

40 years old) (90). IL-6 is a mildly catabolic cytokine
that also has anti-inflammatory properties (91), while IL-
1Ra is a pure cytokine antagonist without catabolic effects.
There was no difference in the production of the more cata-
bolic cytokines, TNF-

 

a

 

 or IL-1

 

b

 

. However, plasma TNF
has been shown to be increased and may reflect production
of the cytokine by adipocytes (92). As noted previously,
TNF is especially important because it has been implicated
as a cause of insulin resistance (69,70). These data suggest
several points: (i) unlike the situation in cachexia caused by
inflammatory or infectious disease, aging is not associated
with excess PBMC production of IL-1 or TNF; thus, if there
is a role for catabolic cytokines in the development of sar-
copenia, it is likely to be a more gradual and mild problem
than in acute illness; (ii) the increase in IL-6 and IL-1Ra
may be an attempt to downregulate an upstream inflamma-
tory stimulus that is catabolic to muscle and not a direct

cause of sarcopenia; and (iii) the cytokine response seen
may differ by compartment, with different regulatory and
functional roles for cellular and circulating cytokines.

How can we rank the importance of these possible con-
tributors to sarcopenia? To date, no single study has at-
tempted to develop an integrated model with adequate data
on all the variables listed previously. However, Baumgart-
ner and colleagues (93), using the New Mexico data, re-
cently performed a cross-sectional analysis evaluating the
relative contributions of physical activity, dietary energy
and protein, health status, serum testosterone, estrone, sex
hormone-binding globulin, IGF-1 in 121 men and 180
women aged 65 to 97 years. The authors found that muscle
mass in men was significantly associated with free testoster-
one (partial 
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 .004), physical activity (
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 .002), heart disease (
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 .01), and
IGF-1 (
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 .02, 
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 .04). In women, however, muscle
mass was only associated with total fat mass (
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 .10, 
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.0001) and physical activity (
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 .04, 
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,

 

 .001). Grip
strength was also measured and was associated with muscle
mass in both sexes and weakly with IGF-1 in women (

 

R

 

2

 

 

 

5

 

.02, 

 

p

 

 

 

,

 

 .02). These data are limited by the cross-sectional
nature of the analysis, the absence of data on cytokines, and
by a relatively small sample size for this type of statistical
analysis. However, these results suggest that (i) determi-
nants of sarcopenia may differ between men and women;
(ii) androgen status is important in men but not women; (iii)
fat may play an important and generally unrecognized role,
especially in women; and (iv) physical activity is important
in both sexes.

 

C

 

OUNTERMEASURES

 

 A

 

GAINST

 

 S

 

ARCOPENIA

 

Countermeasures should be aimed at the list of etiologic
factors reviewed previously. However, given the imperfect
state of knowledge about the relative importance of the var-
ious identified risk factors and the amount of variability left
unexplained and requiring identification of additional risk
factors, a comprehensive approach to prevention and treat-
ment of sarcopenia remains out of our reach. We have sug-
gested that senescent changes in the CNS, in terms of motor
unit numbers and function, may be the main arbiters of sar-
copenia. Unfortunately, for the foreseeable future, there is
no treatment that can reverse this decline. However, much
of the weakness of sarcopenia can be reversed with strength
training, even though the number of nerve cells is probably
not altered by this intervention (as discussed later). It is not
known whether genetic or environmental factors are the key
determinants of the loss of motor units with age.

In terms of anabolic hormonal interventions, both estro-
gen and testosterone can be replaced, making them inviting
targets for therapeutic trials. Pharmacological doses of test-
osterone certainly increase muscle mass and strength in
both young and elderly men (94–97). Furthermore, hypogo-
nadism should be treated in elderly men when it is found,
and physicians should consider this diagnosis in elderly
men, even if they do not spontaneously complain of erectile
dysfunction. However, there is at present no evidence that
testosterone replacement impacts the course of sarcopenia
in elderly men with normal testosterone levels or that estro-
gen replacement affects muscle loss in women at and after
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Treatment with GH is less appealing, because
of the higher costs and side effects of GH treatment, which
may improve aerobic capacity, increase lean mass, and re-
duce fat mass, but has little effect on strength (98,99).

Many studies have now documented that exercise train-
ing can reverse sarcopenia, and that people who retain a
high level of physical activity throughout their lives main-
tain a higher level of physical functioning and live longer
(39,40,100). In addition, physical activity is one of the few
factors that are within the control of nearly everyone, and it
does not require pharmacological treatment. Moreover, Fia-
tarone and colleagues (39) showed that it is never too late to
begin strength training and that even frail elderly nursing
home patients in their 90s retain the plasticity of muscle in
response to training. The effectiveness of strength training
is clear, and the effect can be obtained in as little as 8 weeks
with training 2 to 3 times per week. Strength training can be
done with low-tech, relatively low-cost equipment in the
home or in congregate settings, such as gyms or senior cen-
ters. In addition, strength training can be used safely in peo-
ple with arthritis, coronary artery disease, heart failure, and
renal failure (101,102). In obese persons, adding a program
of resistance exercise training during caloric restriction has
been effective in attenuating or preserving lean tissue loss in
younger subjects (103,104). Whether this can be an effec-
tive means to prevent muscle loss in older obese individuals
who try to lose weight remains to be seen. The difficulty
with strength training is translating it into an effective pub-
lic health intervention on a large scale. This requires train-
ing an adequate number of exercise leaders who can, in
turn, train others. Unlike physical therapy, which is covered
by insurance, exercise training has not been “medicalized”
and is not reimbursed. This is a serious impediment to appli-
cation of this therapy.

Another important countermeasure is to ensure adequate
intake of energy and protein. Although this sounds simple,
in practice, it may be quite difficult to ascertain whether an
elderly person is eating enough. However, consultation with
a registered dietitian to obtain a diet history and prescription
is an important part of the evaluation, prevention, and treat-
ment of sarcopenia. The optimal level of protein intake for
elderly persons is a surprisingly controversial issue, and
studies have shown that the RDA for protein, 0.8 g/kg/d, is
(85,86,88,105) or is not (84,87,106) adequate. Further study
of this question is clearly needed.

Finally, what about weight gain, which is almost universal
during middle age in developed societies? Much public pol-
icy is appropriately aimed at preventing weight gain and the
attendant complications of obesity. Positive energy balance
leading to weight gain in midlife may be another anabolic
stimulus that facilitates the gain in lean tissue (107,108). The
timing of peak muscle mass in the fourth decade of life may
result from a more favorable endocrine milieu in the younger
subjects in combination with higher activity profiles and
possibly better nutrition. Thus, maximizing lean tissue by
promoting muscle-building activities in the younger years
may be one mechanism for delaying sarcopenia in later life.
In longitudinal studies of men, without specific interven-
tions, lean mass accretion is only seen when weight gain is
greater than 5 kg and in individuals less than 44 years of age

(Figure 1) (21–23). Whether these factors are independent or
synergistic remains to be determined.

Is weight gain all bad? Is there a role for modest (e.g.,
3–5 kg) weight gain to prevent sarcopenia in people with a
starting body mass index (BMI) below 25 kg/m

 

2

 

? Such a
question may be heretical, but there are no data to either re-
fute or support the benefit of such a strategy. Excessive
weight gain can clearly cause more disability, and the com-
bination of low muscle mass and high fat mass (sarcopenic
obesity) is the worst of both worlds (38). However, it is
noteworthy that ambulatory, free-living, successfully aging
persons in the Framingham Heart Study had a mean BMI
of 28 kg/m

 

2

 

, while their institutionalized counterparts in
nearby nursing homes had a mean BMI of about 23 kg/m

 

2

 

(109). Moreover, at any level of body fat and age, more fit
men had lower all-cause and cardiovascular mortality than
men with lower cardiorespiratory fitness (110), suggesting
that physical activity can affect survival, independent of
body weight or composition. If weight gain optimized with
an appropriate exercise program

 

 

 

can add lean mass without
increasing cardiovascular risk factors substantially, it may
be of benefit to a segment of the population at high risk for
sarcopenia. We are not advocating sedentary retirement
with laissez-faire weight gain. However, legitimate concern
about obesity can lead to the stigmatizing of lean gain, even
when it is desirable. It is much more appropriate, we be-
lieve, to focus attention and resources on developing popu-
lation-wide programs of strength training for adults older
than 60 years of age. Clearly, such a program is a public
health and communication challenge of the first order.

 

S

 

UMMARY

 

Sarcopenia is a normal part of aging, but if unchecked it
can lead to weakness, disability, falls, and loss of indepen-
dence. Sarcopenia has many causative factors, including sed-
entary lifestyle and neurological, hormonal, nutritional, and
immunological determinants. The treatment of sarcopenia
with resistance training is effective but difficult to imple-
ment. Interventions to prevent sarcopenia may need to begin
at a much younger age than is currently common: life-long
improvements in physical activity and diet are probably the
most effective public health interventions for this condition.
Further research is needed to identify treatments based on an
understanding of the pathophysiology of sarcopenia and to
better implement treatments that are already available.
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