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It is clear that the marked changes in body composition that
occur with aging are associated with an adverse clinical out-
come. Decreased lean body mass reflects a decrease in muscle
bulk and bone density. Muscle loss or sarcopenia leads to
decreased mobility, decreased enjoyment of life, and an
increased risk of falling and disability in elderly individuals.
Low bone density in older men is associated with an increased
risk of osteoporotic fracture, resulting in increased mortality
risk. The flip side of lean body mass changes is an increase in
the percentage of body fat with aging. This body fat increase
is, in part, an increase in visceral fat, with an adverse effect on
lipid and glucose metabolism, and an increased risk of vascu-
lar disease. It would be desirable to minimize or, if possible,
reverse the above morphological changes of aging.
Interventions that increase lean body mass and/or decrease
the percentage of body fat can potentially decrease the inci-
dence of diseases such as diabetes, atherosclerotic disease and
hypertension.  The present article explores the available evi-
dence for the promotion of anabolism in aging men. 
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Approches thérapeutiques à l'égard de la promo-
tion de l'anabolisme chez les hommes vieillis-
sants
RÉSUMÉ : De toute évidence, les changements importants qui
se produisent dans la composition du corps au cours du vieil-
lissement sont associés à une évolution clinique défavorable. La
diminution de la masse maigre témoigne d'une diminution de la
masse musculaire et de la densité osseuse. La fonte de la masse
musculaire ou sarcopénie entraîne une diminution de la mobi-
lité et de la qualité de vie et accroît les risques de chute et d'in-
capacité chez les personnes âgées. La diminution de la densité
osseuse chez les hommes âgés est associée à une augmentation
du risque de fracture ostéoporotique et, par le fait même, de
mortalité. Parallèlement à ces changements de la masse maigre
se produit une augmentation du pourcentage de la masse
adipeuse. Cette augmentation révèle, en partie, une augmenta-
tion du tissu adipeux viscéral, qui se répercute sur le métabo-
lisme du glucose et des lipides, d'où risque accru de maladie
vasculaire. Il serait donc souhaitable de réduire le plus possible,
voire d'annihiler, les changements morphologiques du vieil-
lissement décrits ci-dessus. Les interventions susceptibles d'ac-
croître la masse maigre ou de diminuer le pourcentage de tissu
adipeux peuvent réduire la fréquence de maladies comme le
diabète, les maladies athéroscléreuses et l'hypertension. Le
présent article fait état des données qui plaident en faveur de
l'anabolisme chez les hommes vieillissants.
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Advancing age brings with it an associated decrease in
muscle mass (1) and strength, and a decrease in bone

mineral density with an increased risk of fracture (2). These
changes in lean body mass are seen together with an
increase in percentage of body fat (Figure 1) (1). Hence, con-
sideration of one tissue type in isolation is perhaps unrealis-
tic and, further, may not reveal the full clinical impact of
changes in body composition. The present article explores
the available evidence for the promotion of anabolism in
aging men.

While many people strive to maintain a youthful appear-
ance – indeed, some age-related body changes are perhaps
more cosmetic than medical in nature – it is clear that marked
changes in body composition are associated with an adverse
clinical outcome (3). Decreased lean body mass reflects a
decrease in muscle bulk and bone density (2). Muscle loss or
sarcopenia leads to decreased mobility, decreased enjoyment
of life, and an increased risk of falling and disability in elder-
ly  individuals (4,5). Low bone density in older men is associ-
ated with an increased risk of osteoporotic fracture, resulting
in increased mortality risk (2). The flip side of lean body mass
changes is an increase in percentage of body fat with aging (1).
This body fat increase is, in part, an increase in visceral fat,
with an adverse effect on lipid and glucose metabolism, and
an increased risk of vascular disease (3).

It would be desirable to minimize or, if possible, reverse
the above morphological changes of aging. Interventions
that increase lean body mass and/or decrease the percent-
age of body fat can potentially decrease the incidence of dis-
eases such as diabetes, atherosclerotic disease and
hypertension (3).

Interventions may include dietary change; regular exercise;
detection and aggressive treatment of chronic disease; supple-
mentation with androgenic compounds such as testosterone,
dehydroepiandrosterone (DHEA) or androstenedione; growth
hormone supplementation; or any combination of these
modalities. 

Dietary therapy for the promotion and maintenance of
anabolism should include a well balanced diet with suffi-
cient calories for maintenance (6). Specific nutrients should

include calcium supplementation, to ensure intake of 1000 to
1500 mg of elemental calcium per day. Vitamin D intake
should be between 400 and 800 IU per day. 

Claims that supplements such as creatine or chromium
picolinate are beneficial for body composition are unsub-
stantiated (7). Alcohol intake should be minimized (8).
Excessive alcohol can promote catabolism, perhaps through
lowering serum testosterone levels or, in the case of bone
density, a direct toxic effect on bone (2,8).

Regular exercise is a key factor in the promotion of
anabolism (6,7). Regular exercise can increase muscle bulk
and strength, decrease percentage of body fat and increase
bone mineral density (7). In conjunction with a healthy
diet, regular exercise should be regarded as the cornerstone
of therapy.

It is well known that chronic disease can lower both
testosterone and insulin-like growth factor (IGF)-1 levels.
One study matched cohorts of chronically ill and well older
men and showed a 10% lower level of testosterone in the
former group (9). Detection and optimum treatment of
chronic disease should include attention to the maintenance
of nutrition, exercise, and the minimization of drugs that
promote catabolism, such as corticosteroids, or that interfere
with the androgen or growth hormone-IGF-1 axes. A special
note should be made about sleep apnea. Sleep apnea is more
common in men than women, and incidence increases with
advancing age. Untreated sleep apnea can lower serum
testosterone levels and, potentially, IGF-1 levels as well.

Androgens have well established anabolic effects on mus-
cle and bone (10). In elderly hypogonadal men, testosterone
administration positively affects biochemical markers of
muscle and bone metabolism (10). Testosterone administra-
tion in hypogonadal aging men has been shown to improve
body composition in double-blind, placebo controlled studies
that have included oral, transdermal and intramuscular forms
of testosterone (11-15). A number of these studies have also
shown an increase in lumbar spinal bone density (Figure 2)
(11,13,15,16). The functional status of muscles, as assessed by
grip or quadriceps strength, improved in some studies
(Figure 3) (10,11,15). Whether these positive effects on muscle
and bone lessen the age-related risk of falls and osteoporotic
fracture awaits further study.
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Figure 1) Changes in body composition with age in men. Adapted
from reference 1 with permission

Figure 2) Lumbar spine bone density change in older, hypogonadal
men randomly assigned to receive oral testosterone undecanoate (TU)
80 mg tid or placebo for 12 months (P=0.046). Adapted from refer-
ence 16 with permission
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Other androgen-like compounds, such as DHEA and
androstenedone, have engendered much controversy in
both the medical and lay press. DHEA has shown some
promise in both increasing lean body mass and decreasing
the percentage of body fat in men (17,18). Unfortunately, not
all studies yielded positive changes in body composition (19).
It is unclear how these effects of DHEA are accomplished.
Due to the lack of any conclusive data identifying a DHEA
receptor in the body, it may be that DHEA exerts its effects
only when converted to other steroid hormones such as
testosterone or estradiol.

Androstenedione is another testosterone precursor that,
unlike DHEA, does have some inherent, weak anabolic
action. Although a highly publicized study did not show
any effect on body composition, testosterone levels did not
increase in male subjects taking androstenedione, and
hence, the dose was probably insufficient (20). Despite the
lack of conclusive studies, if sufficient androstenedione is
administered to produce an physiological increase in
serum testosterone, an anabolic effect is expected (21). 

The gradual decline in serum levels of androgens is not
unique. Growth hormone and IGF-1 levels also decline sig-
nificantly in many aging men and women (22). Growth
hormone administration has been studied both in patients
with pituitary disease and in those with an age-related
decrease in androgen serum levels (23-26). There is a syn-
ergistic interaction between the growth hormone and the
androgen axis (24). It is known that estrogens can increase
growth hormone levels, and hence, the administration of
an aromatizable androgen can increase growth hormone
and IGF-1 levels (24). Growth hormone is thought to sup-
press sex hormone-binding globulin, and therefore, growth
hormone administration in aging men may increase free or
bioavailable testosterone. These physiological interactions
may be a potential explanation for the overlap in the clini-
cal effect seen in studies of growth hormone and testos-
terone administration (24).

Growth hormone supplementation has been shown to
increase lean body mass and bone density while decreasing
body fat (Figure 4) (23,25,26). Despite the increase in muscle
bulk, an improvement in muscle strength is not universal (26).
No data exist with regard to long term fracture risk. The
therapeutic use of growth hormone has been hampered by
its high cost and the need for daily subcutaneous injections

of the hormone. Research is progressing in the development
of orally active growth hormone secretogagues. 

Although IGF-1 can also be given subcutaneously and,
theoretically, could be used as an anabolic agent, it is no
longer under active development due to side effects seen in
studies to date.

CONCLUSIONS
Changes in body composition seen with advancing age

have significant associated adverse medical outcomes.
Preliminary evidence suggests that anabolic agents, such as
testosterone and growth hormone, have promising effects
on age-related sarcopenia and osteoporosis. Larger, long
term studies are needed to investigate more fully the bene-
fits and potential risks of these anabolic agents as they relate
to the treatment of osteoporosis, vascular disease and age-
related disability.

Testosterone and growth hormone have beneficial ana-
bolic effects on muscle and bone in aging men. These hor-
mones have the potential to limit age-related atrophy of
these tissues, and to improve the quality of life and mainte-
nance of independence in aging men.
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Figure 3) Change in right hand grip strength from baseline (kg) after
12 months of intramuscular testosterone cypionate administered
biweekly in healthy, older hypogonadal men. P>0.05 at three, six and
nine months. Adapted from reference 11 with permission

Figure 4) Changes in body composition in healthy, older male patients
after six months of growth hormone (A) or placebo (B). P=0.05 for
adipose tissue change and P=0.0005 for lean body mass change in men
receiving growth hormone. Adapted from reference 23 with permission 
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There is scientific evidence that partial androgen defi-
ciency in the aging male (PADAM) can contribute to the
development of osteoporosis, anemia, muscle wasting,
increased cholesterol and cardiovascular risk, and
decreased libido, sexual activity, energy and feelings of
well-being. It also leads to increased irritability and hot
flashes. This is why there are so many ‘grumpy old men’.

It is estimated that about 20% of hypogonadal men have
the clinical manifestation of PADAM and benefit from
HRT.

WHO ARE THE RIGHT MEN TO TREAT?
Physicians treat patients for a number of urological

conditions, such as an overactive bladder, benign prostatic
hypertrophy and erectile dysfunction, based on bother-
some indexes and patient preference. If we ignore the
objective benefits of decreased osteoporosis, muscle wast-
ing and cardiac risk, we should offer treatment to patients
who have the subjective symptoms and signs attributable
to PADAM that are outlined in the Morley Questionnaire
(1), if they wish.

Bone density, hemoglobin and muscle strength do not
respond to placebo. Lifestyle changes are like motherhood
issues; of course, if a patient exercises more, loses weight,
stops drinking and smoking, and eats better, he will gener-
ally feel better. Despite lifestyle changes, there will still be
20% of men older than age 55 years with symptoms of
PADAM who will not respond to a new, little, red sports
car, but who will respond to HRT.

Just as in research and treatment involving women, sig-
nificant objective benefits of HRT have been demonstrated
in trials involving men. There are very safe and effective
new HRTs in the form of injections, patches and pills avail-
able in Canada today. It is no longer controversial to pro-
vide a trial of HRT for at least three months to men who
suffer from the objective or subjective signs of andropause.
This is not the case of a drug looking for a condition to
treat. We are fortunate to have effective and safe drugs for
a prevalent problem. Double-blind, randomized, prospec-
tive, placebo-based trials that use appropriate tools to
assess men’s response to HRT are welcome.
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