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Sar copenia, the loss of muscle mass and strength with age, is becoming recognized as a major cause of disability
and morbidity in the elderly population. Sarcopeniais part of normal aging and does not require a disease to oc-
cur, although muscle wasting is acceler ated by chronic diseases. Sar copenia isthought to have multiple causes, al-
though the relative importance of each isnot 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 sar copenia.

ARCOPENIA, from the Greek for “poverty of flesh,” is
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-
niawill 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.

THE NATURE OF SARCOPENIA

As noted previoudly, 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 adeclinein 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, thereisadeclinein 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 ayoung person, in that it hasrela-
tively less intracellular tissue and relatively more extracel-
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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, sarcopeniais
really adisorder 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 ade-
cline in “muscle quality,” defined functionally in terms of
the strength of muscle (14,15). This occurs both on amacro-
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 aso show that over a period of 5 to 18 years, tota
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
menopalise accel erates muscle loss in women the same way
that it does bone loss. Acceleration of lean tissuelossis 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 thisisthe crucial time to concentrate on interven-
tions that will attenuate muscle lossin women.

In Figures 1 and 2, we have summarized the findings of
several studies evauating the longitudinal changes in body
composition that occur at various ages in men and women.
The pattern in men shows atendency to gain fat and lean mass
through their 40s, followed by atrend 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
gainsin 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 al these data were obtained in Caucasian adults, and
little is know about racial and ethnic differencesin 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 al proteins, however. Thereis 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
seis probably more of a problem of synthetic failure than of
excess catabolism (35).

PREVALENCE OF SARCOPENIA

If sarcopeniaisindeed 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-
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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 participantsin the
Rosetta Study (37), a large cross-sectional study of body
composition in New Y ork. 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
sarcopeniais 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.

SARCOPENIA AND PHYsICAL FuncTION

Although we have focused largely on the decline in mus-
cle mass with age, what matters most to elderly personsis
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, acohol intake, physical activity, current
smoking, and comorbidity. Thus, sarcopenia is indepen-
dently associated with important health outcomes and dis-
abilitiesin thisrelatively healthy ambulatory population.
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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 = hydrodensiometry; SF = skinfold; BI = bioimpedance.
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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 = hydrodensiometry; SF = skinfold; BI = bioimpedance.

Although the simplest conceptual framework is that mus-
cleloss causes weakness, which in turn causes |oss 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.
Thisis 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 sarcopeniais the loss of
power (work performed per unit of time) as well as strength
(44,45).

MECHANISMS OF SARCOPENIA

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, severa anabolic stimuli to muscle (central nervous
system [CNS] input, growth hormone, estrogen, testoster-
one, dietary protein, physical activity, insulin action) and
possibly the devel opment of several catabolic ones (subclini-
cal inflammation, production of catabolic cytokines, such as
tumor necrosis factor-a [TNF-o], interleukin-6 [IL-6], and
possibly interleukin-18 [IL-1B3; identified directly or indi-
rectly viaincrease 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 numbersin 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,
adthough the effect of estrogen may aso 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 trgjectory (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. Itis
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 islikely that fat massisama
jor confounder of the relationship between GH and sarcope-
nia. Thus, Roubenoff and colleagues found a strong inverse
relationship (r = —.67, p < .006) between serum leptin
level, anindex 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-
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Figure 3. Potential etiologic factors in the development of sarcopenia.

sponse to stimulation with GH-releasing hormone (GHRH)
(56), athough 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 appearsto 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-
catabalic 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,

!
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fat mass (especially visceral fat mass), and physical inactiv-
ity (64-68). In addition, TNF-o 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 ininsulin 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 personsisalossin 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-
viduas 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 massis 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
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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 exerciseto reverse
sarcopenia (as discussed later). However, there is also clear
evidence from studies of bed rest and microgravity that mus-
cle disuse causes alarge declinein muscle size and strength,
even with adequate protein and energy intake (79-81).

The role of protein deficiency in the development of sar-
copeniais 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
declinesin 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 periphera
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 s a pure cytokine antagonist without catabolic effects.
There was no difference in the production of the more cata-
bolic cytokines, TNF-a or 1L-1B. 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
severa 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
isarole 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
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cause of sarcopenia; and (iii) the cytokine response seen
may differ by compartment, with different regulatory and
functional rolesfor 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 al the variables listed previously. However, Baumgart-
ner and colleagues (93), using the New Mexico data, re-
cently performed a cross-sectiona 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 R? = .11, p < .004), physical activity (R? =
.05, p < .002), heart disease (R2 = .03, p < .01), and
IGF-1 (R?2 = .02, p < .04). In women, however, muscle
mass was only associated with total fat mass (R? = .10, p <
.0001) and physica activity (R2 = .04, p < .001). Grip
strength was also measured and was associated with muscle
mass in both sexes and weakly with IGF-1 in women (R2 =
.02, p < .02). These data are limited by the cross-sectional
nature of the analysis, the absence of data on cytokines, and
by arelatively 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;
(i) androgen statusis 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.

COUNTERMEASURES A GAINST SARCOPENIA

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 cellsis 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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menopause. 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 haslittle 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
isclear, and the effect can be obtained in aslittle 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 tissuelossin
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. Thisis a seriousimpediment 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
aregistered dietitian to obtain adiet 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 isamost universal
during middle age in devel oped 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 amore 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 sarcopeniain 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/m2? Such a
question may be heretical, but there are no datato 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?, while their institutionalized counterparts in
nearby nursing homes had a mean BMI of about 23 kg/m?
(109). Moreover, at any level of body fat and age, more fit
men had lower al-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 substantialy, 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.

SUMMARY

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
a 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.

ACKNOWLEDGMENTS

This research was supported by the U.S. Department of Agriculture
(USDA; Cooperative Agreement 58-1950-9-001) and the National Insti-
tutes of Health (Grant AG15797). The contents of this publication do not
necessarily reflect the views or policies of the USDA, nor does mention of
trade names, commercial products, or organizations imply endorsement by
the U.S. Government.

Address correspondence to Dr. Ronenn Roubenoff, Jean Mayer USDA
Human Nutrition Research Center on Aging, Tufts University, 711 Wash-
ington Street, Boston, MA 02111. E-mail: roubenoff @hnrc.tufts.edu

REFERENCES

1. Rosenberg IH. Summary comments. Am J Clin Nutr. 1989;50:1231—
1233.

20z 1dy | uo3senb Aq 1Z6G56/91 LIN/Z L/SG/aI01E/ABOj0JU0ISBPELIOIG/LO0D"dNODIWLSPEDE//:SA]Y WOl POPEOUMOQ



M722

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

. Pollock ML, Mengelkoch LJ, Graves JE, et al. Twenty-year follow-

up of aerobic power and body composition of older track athletes. J
Appl Physiol. 1997;82:1508-1516.

. Steen B, Isaksson B, Svanborg A. Body composition at 70 and 75

years of age: a longitudinal population study. J Clin Exp Gerontol.
1979;1:185-200.

. Fleg JL, Lakatta EG. Role of muscle loss in age-associated reduction

in VO2max. J Appl Physiol. 1988;65:1147—1151.

. Novak LP. Aging, total body potassium, fat-free mass, and cell mass

in males and females between ages 18 and 85 years. J Gerontol.
1972;27:438-443.

. Forbes GB, Reina JC. Adult lean body mass declines with age: some

longitudinal observations. Metabolism. 1970;19:653-663.

. Gallagher D, Visser M, De Meersman RE, et al. Appendicular skele-

tal muscle mass: effects of age, gender, and ethnicity. J Appl Physiol.
1997;83:229-239.

. Frontera WR, Hughes VA, Lutz KJ, Evans WJ. A cross-sectional

study of muscle strength and mass in 45- to 78-yr-old men and
women. J Appl Physiol. 1991;71:644—650.

. Kallman DA, Plato CC, Tobin JD. Therole of muscle lossin the age-

related decline of grip strength: cross-sectional and longitudinal per-
spectives. J Gerontol Med Sci. 1990;45:M82-M88.

Cohn SH, Vartsky D, Yasumura S, et al. Compartmental body com-
position based on total-body nitrogen, potassium, and calcium. AmJ
Physiol. 1980;239:E524—E530.

Kehayias JJ, Fiatarone MF, Zhuang H, Roubenoff R. Total body potas-
sium and body fat: relevanceto aging. AmJ Clin Nutr. 1997;66:904-910.
Ellis KJ. Reference man and woman more fully characterized: varia-
tions on the basis of body size, age, sex, and race. Biol Trace Elem
Res. 1990;26-27:385-400.

Visser M, Gallagher D, Deurenberg P, Wang J, Pierson RN, Heyms-
field SB. Density of fat-free body mass: relationship with race, age,
and level of body fatness. AmJ Physiol. 1997;272:E781-E787.
Tracy BL, lvey FM, Hurlbut D, et a. Muscle quality. Il. Effects of
strength training in 65- to 75-yr-old men and women. J Appl Physiol.
1999;86:195-201.

lvey FM, Tracy BL, Lemmer JT, et a. Effects of strength training
and detraining on muscle quality: age and gender comparisons. J
Gerontol Biol ci. 2000;55A:B152-B157.

Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ,
Roubenoff R. Aging of skeletal muscle: a 12-year longitudinal study.
J Appl Physiol. 2000;88:1321-1326.

Frontera WR, Suh D, Krivickas LS, Hughes VA, Goldstein R,
Roubenoff R. Skeletal muscle fiber quality in older men and women.
Am J Physiol. 2000;279:C611-C618.

Flynn MA, Nolph GB, Baker AS, Martin WM, Krause G. Total body
potassium in aging humans. a longitudina study. Am J Clin Nutr.
1989;50:713-717.

Aloia JF, McGowan DM, Vaswani AN, Ross P, Cohn SH. Relation-
ship of menopause to skeletal and muscle mass. Am J Clin Nutr.
1991,;53:1378-1383.

Poehlman ET, Toth MJ, Gardner AW. Changes in energy balance
and body composition at menopause: a controlled longitudinal study.
Ann Intern Med. 1995;123:673-675.

Siervogel RM, Wisemandle W, Maynard LM. Serial changesin body
composition throughout adulthood and their relationships to changes
inlipid and lipoprotein levels: the FELS Longitudinal Study. Arterio-
scler Thromb Vasc Biol. 1998;18:1759-1764.

Marti B, Howald H. Long-term effects of physical training on aerobic
capacity: controlled study of former elite athletes. J Appl Physiol.
1990;69:1451-1459.

Chien S, Peng MT, Chen KP, Huang TF, Chang C, Fang HS. Longi-
tudinal studies on adipose tissue and its distribution in human
subjects. J Appl Physiol. 1975;39:825-830.

Murray LA, Reilly 33, Choudhry M, Durnin JV. A longitudinal study
of changes in body composition and basal metabolism in physically
active elderly men. Eur J Appl Physiol. 1996;72:215-218.

Patrick JM, Bassey EJ, Fentem PH. Changes in body fat and muscle
in manual workers at and after retirement. Eur J Appl Physiol. 1982;
49:187-196.

Suominen H. Changes in physical characteristics and body composi-
tion during 5 year follow-up in 75 and 80 year-old men and women.
Scand J Soc Med. 1997;53:19-24.

27.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

41.

42.

45.

46.

47.

49.

50.

51.

ROUBENOFF AND HUGHES

Guo SS, Zeller C, ChumleaWC, Siervogel RM. Aging, body compo-
sition, and lifestyle: the FELS Longitudinal Study. Am J Clin Nutr.
1999;70:405-411.

Jackson AS, Beard EF, Wier LT, Ross RM, Stuteville JE, Blair SN.
Changes in aerobic power of men, ages 25-70 yr. Med Sci Sports Ex-
erc. 1995;27:113-120.

Plowman SA, Drinkwater BL, Horvath SM. Age and aerobic power
in women: alongitudinal study. J Gerontol. 1979;34:512-520.
Sowers MF, Crutchfield M, Jannausch ML, Russell-Aulet M. Longi-
tudinal changes in body composition in women approaching the
midlife. Ann Human Biol. 1996;23:253-265.

Jackson AS, Wier LT, Ayers GW, Beard EF, Stuteville JE, Blair SN.
Changes in aerobic power of women, ages 2064 yr. Med Sci Sports
Exerc. 1996;28:884-891.

Rooyackers OE, Adey DB, Ades PA, Nair KS. Effect of age on in
vivo rates of mitochondrial protein synthesis in human skeletal mus-
cle. Proc Natl Acad Sci USA. 1996;93:15364-15369.

Balagopal P, Rooyackers OE, Adey DB, Ades PA, Nair KS. Effects
of aging on in vivo synthesis of skeletal muscle myosin heavy-chain
and sarcoplasmic protein in humans. Am J Physiol. 1997;273:E790—
E800.

. Short KR, Nair KS. The effect of age on protein metabolism. Curr

Opinion Clin Nutr Metab Care. 2000;3:39-44.

Rall LC, Rosen CJ, Dolnikowski G, et a. Protein metabolism and its
mediators before and after strength training in aging and chronic in-
flammation. Arthritis Rheum. 1996;39:1115-1124.

Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of
sarcopeniaamong the elderly in New Mexico. Am J Epidemiol. 1998;
147:755-763.

Wang J, Heymsfield S, Aulet M, Thornton J, Pierson R. Body fat
from body density: underwater weighing vs. dual-photon absorptiom-
etry. AmJ Physiol. 1989;256:E829-E834.

Launer LJ, Harris T, Rumpel C, Madans J. Body mass index, weight
change, and risk of mobility disability in middle-aged and older
women. JAMA. 1994;271:1093-1098.

Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA,
Evans WJ. High-intensity strength training in nonagenarians. Effects
on skeletal muscle. JAMA. 1990;263:3029-3034.

. Fiatarone MA, O'Neill EF, Ryan ND, et a. Exercise training and nu-

tritional supplementation for physical frailty in very elderly people. N
Engl J Med. 1994;330:1769-1775.

Hakkinen K, Kallinen M, Linnamo V, Pastinen U-M, Newton RU,
Kraemer WJ. Neuromuscular adaptations during bilateral versus uni-
lateral strength training in middle-aged and elderly men and women.
Acta Physiol Scand. 1996;158:77-88.

Suzuki Y, Murakami T, Haruna Y, et al. Effects of 10 and 20 days of
bed rest on leg muscle mass and strength in young subjects. Acta
Physiol Scand. 1994;616:5-18.

. Nelson ME, Layne JE, Neurnberger A, et al. The effects of a home-

based exercise program on functional performance in the frail el-
derly: an update [abstract]. Med Sci Sports Exerc. 1999;31(suppl 5):
S377.

. Foldvari M, Clark M, Laviolette LC, et al. Association of muscle

power with functional status in community-dwelling elderly women.
J Gerontol Med Sci. 2000;55A:M192—M199.

Jozsi AC, Campbell WW, Joseph L, Davey SL, Evans WJ. Changes
in power with resistance training in older and younger men and
women. J Gerontol Med Sci. 1999;54A:M591-M596.

Brown WF. A method for estimating the number of motor unitsin
thenar muscles and the changes in motor unit count with aging. J
Neurol Neurosurg Psych. 1972;35:845-852.

Morrison JH, Hof PR. Life and death of neurons in the aging brain.
Science. 1997;278:412-419.

. Sjobeck M, Dahlen S, Englund E. Neuronal loss in the brainstem and

cerebellum—part of the normal aging process? A morphometric
study of the vermis cerbelli and inferior olivary nucleus. J Gerontol
Biol Sci. 1999;54A:B363-B368.

Grinspoon S, Corcoran C, Miller K, et a. Body composition and
endocrine function in women with acquired immunodeficiency syn-
drome. J Clin Endocrinol Metab. 1997;82:1332-1337.

Kaufman JM, Vermeulen A. Declining gonadal function in elderly
men. Bailliere's Clin Endocrinol Metab. 1997;11:289-309.

Morley JE, Kaiser FE, Perry HM, et al. Longitudinal changesin test-

20z udy L} uo1sanb Aq L Z6GGS/91 LIN/Z L/SG/BI0NIe/ABOj0}U0ISBPAWOIG/LL0d"dNO"oILBPEOE//:SARY WO} PAPEOIUMOQ



52.

53.

55.

56.

57.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

SARCOPENIA

osterone, leutinizing hormone, and follicle-stimulating hormone in
healthy older men. Metabolism. 1997;46:410-413.

Pottratz ST, Bellido T, Mocharla H, Crabb D, Manolaga SC. 17a-
estradiol inhibits expression of human interleukin-6 promoter-reporter
constructs by a receptor-dependent mechanism. J Clin Invest. 1994;
93:944-950.

Ralston SH. Analysis of gene expression in human bone biopsies by
polymerase chain reaction: evidence for enhanced cytokine expres-
sion in postmenopausal osteoporosis. J Bone Min Res. 1994;9:883—
890.

. De M, Sanford TR, Wood GW. Interleukin-1, interleukin-6, and tu-

mor necrosis factor alpha are produced in the mouse uterus during the
estrous cycle and are induced by estrogen and progesterone. Dev
Biol. 1992;151:297-305.

Roubenoff R, Rall LC, Veldhuis JD, et a. The relationship between
growth hormone kinetics and sarcopeniain postmenopausal women:
the role of fat mass and leptin. J Clin Endocrinol Metab. 1998;83:
1502-1506.

Coutant R, Lahlou N, Bouvattier C, Bougneres P. Circulating leptin
level and growth hormone response to stimulation tests in obese and
normal children. Eur J Endocrinol. 1998;139:591-597.

Barretto ESDA, Gill MS, de Freitas MES, et a. Serum leptin and
body composition in children with familial GH deficiency (GHC) due
to a mutation in the growth hormone-releasing hormone (GHRH) re-
ceptor. Clin Endocrinol. 1999;51:556-564.

. Cocchi D, De Gennaro Colonna V, Bagnasco M, Bonacci D, Muller

EE. Leptin regulates GH secretion in the rat by acting on GHRH and
somatostatinergic functions. J Endocrinol. 1999;162:95-99.

Roh S-G, Clarke 1J, Xu R-W, Goding JW, Loneragan K, Chen C. The
in vitro effect of leptin on basal and growth hormone releasing hor-
mone-stimulated growth hormone secretion from the ovine pituitary
gland. Neuroendocrinology. 1998;68:361-364.

Geyelin HR, Harrop G, Murray MF, Corwin E. The use of insulin in
juvenile diabetes. J Metab Res. 1922;11:767-791.

Walsh CH, Soler NG, James H, et al. Studies in whole body potas-
sium and whole body nitrogen in newly diagnosed diabetics. Q J
Med. 1976;45:295-301.

Charlton MR, Balagopal P, Nair KS. Skeletal muscle myosin heavy
chain synthesisin type 1 diabetes. Diabetes. 1997;46:1336-1340.
Nair KS, Ford GC, Ekberg K, Ferngvist-Forbes E, Wahren J. Protein
dynamicsin whole body and in splanchnic and leg tissuesin type| di-
abetic patients. J Clin Invest. 1995;95:2926-2937.

. Hughes VA, Fiatarone MA, Fielding RA, et a. Exercise increases

muscle GLUT-4 levels and insulin action in subjects with impaired
glucose tolerance. Am J Physiol. 1993;264:E855-E862.

Colberg SR, Simoneau JA, Thaete FL, Kelley DE. Skeletal muscle
utilization of free fatty acids in women with visceral obesity. J Clin
Invest. 1995;95:1846-1853.

Barzila N, SheL, Liu B-Q, et a. Surgical removal of visceral fat re-
verses hepatic insulin resistance. Diabetes. 1999;48:94-98.

Shepherd PR, Kahn BB. Glucose transporters and insulin action. N
Engl J Med. 1999;341:248-257.

Cox JH, Cortright RN, Dohm GL, Houmard JA. Effect of aging on
response to exercise training in humans: skeletal muscle GLUT-4 and
insulin sensitivity. J Appl Physiol. 1999;86:2019-2025.

Kern PA, Saghizadeh M, Ong JM, Bosch RJ, Deem R, Simsoto RB.
The expression of tumor necrosis factor in human adipose tissue. J
Clin Invest. 1995;95:2111-2119.

Hotamidligil GS, Murray DL, Choy LN, Spiegelman BM. Tumor ne-
crosis factor alpha inhibits signaling from the insulin receptor. Proc
Natl Acad Sci USA. 1994;91:4854-4858.

Williamson DF. Descriptive epidemiology of body weight and
weight change in US adults. Ann Intern Med. 1993;119:646-649.
Cornini-Huntley JC, Harris TB, Everett DF, et a. An overview of
body weight of older persons, including the impact on mortality. J
Clin Epidemiol. 1991;44:743-753.

Rissanen A, HeliovaaraM, Aromaa A. Overweight and anthropomet-
ric changes in adulthood: a prospective study. Int J Obesity. 1988;12:
391-401.

Shimokata H, Andres R, Coon PJ, Elahi D, Muller DC, Tobin JD.
Studies in the distribution of body fat. Il. Longitudinal effects of
change in weight. Int J Obesity. 1989;13:455-464.

Rantanen T, Era P, Heikkinen E. Physica activity and changes in

76.

7.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

M723

maximal isometric strength in men and women from the age of 75 to
80 years. J Am Geriatr Soc. 1997;45:1439-1445.

Sandvik L, Erikssen J, Thaulow E, Erikssen G, Mundal R, Rodahl K.
Physica fitness as a predictor of mortality among healthy, middle-
aged Norwegian men. N Engl J Med. 1993;328:533-537.

Kutal, Parizkova J, DyckaJ. Muscle strength and lean body massin old
men of different physical activity. J Appl Physiol. 1970;29:168-171.
Hakim AA, Petrovitch H, Burchfiel CM, et al. Effects of walking on
mortality among nonsmoking retired men. N Engl J Med. 1998;338:
94-99.

Bamman MM, Clarke JSF, Feeback DL, et al. Impact of resistance
exercise during bed rest on skeletal muscle sarcopenia and myosin
isoform distribution. J Appl Physiol. 1998;84:157-163.

Hortobagyi T, Dempsey L, Fraser D, et a. Changes in muscle
strength, muscle fibre size and myofibrillar gene expression after im-
mobilization and retraining in humans. J Physiol. 2000;524:293-304.
Stein TP, Leskiw MJ, Schiuter MD, et a. Energy expenditure and
balance during spaceflight on the space shuttle. Am J Physiol. 1999;
276:R1739-R1748.

Castaneda C, Charnley JM, Evans WJ, Crim MC. Elderly women ac-
commodate to alow-protein diet with losses of body cell mass, muscle
function, and immune response. Am J Clin Nutr. 1995;62:30-39.
Subcommittee on the Tenth Edition of the RDAs. Recommended Di-
etary Allowances. 10th ed. Washington, DC: National Academy
Press; 1989.

. Uauy R, Scrimshaw NS, Young VR. Human protein requirements:

nitrogen balance response to graded levels of egg protein in elderly
men and women. AmJ Clin Nutr. 1978;31:779-785.

Cheng AHR, Gomez A, Bergan JG, Lee T-C, Monckeberg F, Chich-
ester CO. Comparative nitrogen balance study between young and
aged adults using three levels of protein intake from a combination of
wheat-soy-milk mixture. Am J Clin Nutr. 1978;31:12-22.

Zanni E, Calloway DH, Zezulka Y. Protein requirements of elderly
men. J Nutr. 1979;109:513-524.

Gersovitz M, Motil K, Munro HN, Scrimshaw NS, Young VR. Hu-
man protein requirements: assessment of the adequacy of the current
recommended dietary allowance for dietary protein in elderly men
and women. Am J Clin Nutr. 1982;35:6-14.

Bunker VW, Lawson MS, Stansfield MF, Clayton BE. Nitrogen bal-
ance studies in apparently healthy elderly people and those who are
housebound. Br J Nutr. 1987;57:211-221.

Campbell WW, Evans WJ. Accommodation of skeletal muscle to
long-term consumption of the RDA for protein in older people [ab-
stract]. FASEB J. 1999;13:A52.

Roubenoff R, Harris TB, Abad LW, Wilson PWF, Ddld GE,
Dinarello CA. Monocyte cytokine production in an elderly popula-
tion: effect of age and inflammation. J Gerontol Med Sci. 1998;53A:
M20-M26.

Tilg H, Trehu E, Atkins MB, Dinarello CA, Mier JW. Interleukin-6
(IL-6) as an anti-inflammatory cytokine: induction of circulating IL-1
receptor antagonist and soluble tumor necrosis factor receptor p55.
Blood. 1994;83:113-118.

Yeh S-S, Schuster MW. Geriatric cachexia: the role of cytokines. Am
J Clin Nutr. 1999;70:183-197.

Baumgartner RN, Waters DL, Gallagher D, Morley JE, Garry PJ.
Predictors of skeletal muscle mass in elderly men and women. Mech
Age Dev. 1999;107:123-136.

Bhasin S, Storer TW, Berman N, et a. The effects of supraphysio-
logic doses of testosterone on muscle size and strength in normal
men. N Engl J Med. 1996;335:1—7.

Gringpoon S, Corcoran C, Askari H, et al. Effects of androgen adminis-
tration in men with the AIDS wasting syndrome: a randomized, double-
blind, placebo-controlled tria. Ann Intern Med. 1998;129:18-26.

Urban RJ, Bodenburg YH, Gilkison C, et a. Testosterone administra-
tion to elderly men increases skeletal muscle strength and protein
synthesis. Am J Physiol. 1995;269:E820-E826.

SihR, Morley JE, Kaiser FE, Perry HM, Patrick P, Ross C. Testoster-
one replacement in older hypogonadal men: a 12-month randomized
controlled trial. J Clin Endocrinol Metab. 1997;82:1661-1667.
Lieberman SA, Hoffman AR. The somatopause: should growth hor-
mone deficiency in older people be treated? Clin Geriatr Med. 1997;
13:671-684.

Vahl N, Juul A, Jorgensen JOL, Orskov H, Skakkebaek NE, Chris-

20z udy L} uo1sanb Aq L Z6GGS/91 LIN/Z L/SG/BI0NIe/ABOj0}U0ISBPAWOIG/LL0d"dNO"oILBPEOE//:SARY WO} PAPEOIUMOQ



M724

100.

101.

102.

103.

104.

105.

ROUBENOFF AND HUGHES

tiansen JS. Continuation of growth hormone (GH) replacement in 106. Campbell WW, Crim MC, Dalla GE, Young VR, Evans WJ. In-
GH-deficient patients during transition from childhood to adulthood: creased protein requirements in elderly people: new data and
atwo-year placebo-controlled study. J Clin Endocrinol Metab. 2000; retrospective reassessments. Am J Clin Nutr. 1994;60:501-509.
85:1874-1881. 107. Rosenbaum M, Nicolson M, Hirsch J, Murphy E, Chu F, Leibel RL.
Nelson ME, Fiatarone MA, Morganti CM, Trice |, Greenberg RA, Effects of weight changes on plasma leptin concentrations and energy
Evans WJ. Effects of high-intensity strength training on multiple risk expenditure. J Clin Endocrinol Metab. 1997;82:3647-3654.

factors for osteoporotic fractures: a randomized, controlled, trial. 108. Ravussin E, Lillioja S, Knowler WC, et al. Reduced rate of energy
JAMA. 1994;272:1909-1914. expenditure as a risk factor for body-weight gain. N Engl J Med.
Rall LC, Meydani SN, Kehayias JJ, Dawson-Hughes B, Roubenoff 1988;318:467-472.

R. The effect of progressive resistance training in rheumatoid arthri- 109. Roubenoff R, Giacoppe J, Richardson S, Hoffman PJ. Nutrition as-
tis: increased strength without changes in energy balance or body sessment in long-term care facilities. Nutr Rev. 1996;54:S40-S42.
composition. Arthritis Rheum. 1996;39:415-426. 110. Lee CD, Blair SN, Jackson AS. Cardiorespiratory fitness, body com-
Beniamini Y, Rubenstein JJ, Zaichkowsky LD, Crim MC. Effects of position, and all-cause and cardiovascular disease mortality in men.
high-intensity strength training on quality-of-life parameters in car- Am J Clin Nutr. 1999;69:373-380.

diac rehabilitation patients. Am J Cardiol. 1997;80:841-846. 111. Couillard C, Lemieux S, Moorjani S, Lupien PJ, Theriault G, Prud-

Gelieber A, Maher NM, Gerace L, Gutin B, Heymsfield SB, Hashin
SA. Effect of strength or aerobic training on body composition, rest-
ing metabolic rate, and peak oxygen consumption in obese dieting
subjects. Am J Clin Nutr. 1997;66:557-563.

Ballor DL, Katch VL, Becque D, Marks CR. Resistance weight train-
ing during caloric restriction enhances lean body weight maintenance.
AmJ Clin Nutr. 1988;47:19-25.

Pannemans DLE, Halliday D, Westerterp KR. Whole body protein
turnover in elderly men and women: responses to two protein intakes.
Am J Clin Nutr. 1995;61:33-38.

homme D, Tremblay A, Bouchard C, Despres J-P. Associations
between 12 year changes in body fathess and lipoprotein-lipid levels
in men and women of the Quebec Family Study. Int J Obesity. 1996;
20:1081-1088

Received June 30, 2000
Accepted July 26, 2000
Decision Editor: John E. Morley, MB, BCh

Radford University
Waldron College of Health and Human Services
School of Nursing, Radford, VA

Criggs Distinguished Professor in Gerontological Nursing

Applications and nominations are being invited for the Marcella J. Griggs Distinguished Professorship
in Nursing in the Waldron College of Health and Human Services. The position is designed to promote
interdisciplinary teaching, research, clinical practice, and scholarly publication in gerontological nurs-
ing. The individual who accepts this position will be expected to stimulate interest in gerontologic
healthcare in nursing and other related fields, and to provide leadership in developing the Center for the
Study of Successful Aging at Radford University.

Qualifications for selection include a master’s degree in nursing, an earned doctorate in nursing or a re-
lated field, and a national reputation in gerontologic nursing. Candidates should have an excellent rec-
ord of teaching at the university level, an ongoing program of funded research related to gerontological
nursing, and a continued interest in clinical practice. This individual will serve as a senior faculty mem-
ber in the School of Nursing with the rank of Associate Professor or Professor.

Nominations and applications should include a letter of interest or nomination, a vision statement on
how to develop an interdisciplinary Center for the Study of Successful Aging, a curriculum vita, and
three letters of reference. The search will continue until filled. Applications or requests for information
should be addressed to: Dr. Karma Castleberry, Chair, Griggs Distinguished Professorship Search
Committee, Box 6964 RU Station, Radford, VA 24142,

20z udy L} uo1sanb Aq L Z6GGS/91 LIN/Z L/SG/BI0NIe/ABOj0}U0ISBPAWOIG/LL0d"dNO"oILBPEOE//:SARY WO} PAPEOIUMOQ



