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Controversial endocrine
interventions for the aged
Leow M K S, Loh K C

ABSTRACT
Speciﬁc endocrine changes occur with the
ageing process. The last decade has witnessed
signiﬁcant progress in the basic and clinical
science of ageing, thereby rejuvenating the
interest in anti-ageing medicine, especially
that of hormone replacement, by medical
professionals and the lay public. However,
endocrine manipulation as a therapeutic
strategy for ageing is still evolving as
continuing research attempts to answer the
many questions of what it can achieve at the
risk of incurring unknown long-term adverse
effects. The current day doctor is confronted
with a host of options, and will beneﬁt from
a synopsis of the latest evidence before
making the most appropriate decision for
aged patients seeking hormonal replacement
therapy as a means to counter the effects
of ageing. This review aims to give a rapid
overview of the endocrine proﬁle of geriatric
population and the studies on the more
controversial hormonal replacement therapies
for the aged.
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these three conditions, this review focuses primarily
on the current opinions and relevant landmark
studies on the clinical utility of growth hormone,
testosterone, dehydroepiandrosterone (DHEA) and
melatonin replacement in ageing individuals.
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SARCOPENIA AND PHYSICAL FRAILTY
ASSOCIATED WITH SENESCENCE
A major health impediment confronting many
geriatric subjects is the age-related loss of muscle
strength resulting in physical frailty. As a serious
morbidity of old age, physical frailty has been
attributed to the loss of lean body mass. As much
of this lean mass comprises predominantly skeletal
muscles, this is termed “sarcopenia”. In crosssectional studies, roughly 20%-30% of lean body
mass is lost between the third and eighth decade
of life(1). The decline in strength is even more
profound, with longitudinal studies demonstrating
up to 60% decrease across the same age bracket(2-4).
This accelerates greatly at ages beyond 70 years(5).
Muscle power, deﬁned as work per unit time, may
decline by up to double that of loss of strength(6).
The functional correlates of sarcopenia and physical
frailty are therefore impaired independence in
daily activities and reduced quality of life, both of
which are major antecedents to much morbidity and
mortality confronting the geriatric population.

INTRODUCTION
Ageing is an inevitable biological process, and
its wide-ranging effects involve a multitude of major
organs including the endocrine system. Ageing itself
is linked to a host of pathologies that include, but
are not limited to, cancer and degenerative disorders
like Alzheimerʼs disease. The decline in various
hormones, or “endocrino-senesence”, is an important
facet of the diverse spectrum of age-related changes.
Although clinically, the three most important
endocrine effects of ageing are osteoporosis and a
decline in the function of the pancreas and thyroid,
and that appropriate interventions with medications
and hormonal replacement have a positive impact on

AN OVERVIEW OF GERONTOLOGICAL
INFLUENCE ON ENDOCRINE PHYSIOLOGY
A substantial number of endocrine axes are
affected by ageing. Endocrino-senescence includes
ovarian failure or “menopause”, involution of
the growth hormone-insulin-like growth factor1 (GH-IGF-1) axis, decline in testosterone and
dehydroepiandrosterone (DHEA), also variously
termed (though not uniformly accepted) as
“somatopause”, or “andropause”, and “adrenopause”,
respectively, by some authors. Because each of these
separate components is intricately linked together
in the body, any major disturbance in a particular
endocrine axis can exert an inﬂuence on other
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endocrine axes in subtle or overt ways. However,
for the sake of simplicity, the distinctive alterations
in the different hormonal systems due to ageing are
considered separately (Table I).

Table I. Age-related changes in endocrine proﬁle.

GH/IGF-1 AXIS IN AGEING
The age-related sarcopenia alluded to above is
a visible manifestation of a diminished anabolic
capacity for cellular protein synthesis. GH and IGF-1
are two important anabolic hormones that regulate
metabolic processes including protein synthesis in
almost all tissues throughout our lifespan. GH is
the most abundant hormone secreted by the anterior
pituitary, and its secretion is known to decline with
age, paralleled by an age-related decline in IGF-1
beginning from about 30 years of age(7). By the sixth
decade of life, the level of IGF-1 is below the lower
normal limit of young adults. As such, the decline of
GH and IGF-1 with age has thus been thought to be
contributory to sarcopenia.
GH secretion declines by about 14% per decade
in normal adults due to age-related neuroendocrine
perturbations(8). In this regard, the mean pulse
amplitude, duration and fraction of GH secreted,
but not pulse frequency, gradually decline with
ageing(9). Because this reduction in hormone output
by pituitary somatotropes is correctable by GHRH
and GH secretagogues even in the oldest of old
patients, it is speculated that the axis deﬁciency
begins above the pituitary, possibly via alterations
in GHRH, somatostatin or ghrelin pulsatility(10,11).
Despite an increase in GH receptor density with
age, GH-induced plasma IGF-1 levels decrease with
age, implying that tissue resistance to GH may be
another manifestation of age. Animal studies reveal
that a reduction in GH-induced phosphorylation
of intracellular proteins, such as JAK2 kinase and
STAT3 crucial in GH signal transduction pathway,
account for the GH tissue resistance despite an
increase in GH receptor density(12).
Although critical to development and growth in the
young, studies on patients with adult GH deﬁciency
(AGHD) suggest that GH remains important in
grown adults as these patients have a cluster of
abnormalities such as dyslipidaemia, impaired
glucose tolerance, protein catabolism with decreased
muscle mass, increased visceral fat, decreased bone
density and even depression. AGHD patients also
appear prone to carotid atherosclerosis(13,14) and
possibly cardiovascular risk complications(15). The
potential beneﬁts of GH replacement in the healthy
aged are supported by the improvement in muscle
strength(16), body composition(16,17), quality of life(16,18),
and lipid proﬁle and cardiac performance(19,20) with

Endocrine system

Result of ageing and deﬁciency

Growth hormone/IGF-1 axis

Somatopause

Hypothalamic-pituitary gonadal axis

Hypogonadism

Insulin resistance and
carbohydrate metabolism

Glucose intolerance and
diabetes mellitus

Calcium and bone metabolism

Osteoporosis

Hypothalamic-pituitary thyroid axis

Thyroid dysfunction

Adrenal DHEA production

Adrenopause

Fat metabolism and body composition

Fat accumulation

Pineal gland and sleep

Insomnia and disordered
circadian rhythms

Thymus and immunological sequelae

Tendency to infections

GH replacement as observed in AGHD patients while
those untreated worsened in these aspects(19-21).
CLINICAL TRIALS OF GH/GHRH/GHS
Observations on age-associated attenuation of GH/
IGF-1 led to clinical trials attempting to answer the
question of how much of such physiological changes
as reduced lean muscle mass, reduced strength and
aerobic capacity, central adiposity, reduced bone
mass and slow wave sleep could be reversed by GH/
GHRH supplementation. The increased availability
of recombinant human growth hormone (GH) has
facilitated research on its use in ageing. It is unclear
regarding the beneﬁts of restoration to young levels
of the GH/IGF-I axis in ageing. However, the
question of whether the “somatopause” observed
in ageing is an adaptive mechanism or the verge of
growth hormone deﬁciency that would beneﬁt from
exogenous growth hormone replacement is at best
only partially answered by clinical studies thus far.
Data on GH replacement in the elderly is
summarised in Table II. In one of the pioneering
studies, Rudman et al used a dose that brought IGF-1
levels of men over 60 years old to the mid-normal
range of men in their twenties. This led to a 14.2%
reduction in body fat coupled with an increase of
lean body mass by 8.8%(22). However, this study has
its drawbacks. It is not a double-blinded study, and
only 12 subjects were studied. The weekly GH dose
used was approximately twice as high as those used
for AGHD patients, resulting in adverse effects of
excessive GH action in the form of hypertension and
arthralgia. Furthermore, there was no assessment of
muscle strength, exercise endurance or quality of life.
More recently, GH administration over six months
to increase serum IGF-1 levels of elderly men and
women 65 years and older to levels in young adults
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Table II. Summary of major evidence-based studies of GH replacement in the healthy aged.
Study and design

Subjects

Doses of GH

Results

Rudman et al. N Engl
J Med 1990(22).
Prospective randomised
controlled trial (n=21).

Healthy men aged
61-81 years
with plasma IGF-I
<350 U/L.

s/c rhGH 0.03 mg/kg
BW three times a
week for 6 months.

Mean plasma IGF-I level
at youthful range of
500 to 1500 U/L
in treated group,
whereas it is <350 U/L
in placebo.

Taafee et al. J Clin
Endocrinol Metab
1994(24). Double-blind,
randomised placebocontrolled trial (n=18).

Healthy elderly
men aged
65-82 years.

Subjects randomised
to either s/c 0.02
mg/kg BW/day
rhGH or placebo,
while undertaking
strength training.

IGF-I levels increased
255 ± 32 ug/L
at week 15 and
218 ± 21 ug/L at
week 24 in (p<0.001).
Placebo group:
IGF-I increased
to 119 ± 6 ug/L
at 24 weeks.

Lean body mass
increased, fat mass
decreased (p<0.05)
in the rhGH group.
Supplementation with
rhGH does not the
augment the response
to strength training
in elderly men.

Papadakis et al.
Ann Intern Med
1996(25). Randomised,
controlled, doubleblind trial (n=52).

Healthy men >69 years s/c rhGH 0.03 mg/kg
old with good
BW or placebo
functional ability
given three times
but baseline
a week for
IGF-1 <161 ng/mL.
6 months.

GH dose adjusted
to attain IGF-1
between 190-350 ng/mL
(25th-75th percentile
of young adults).

Lean mass increased
4.3%, fat mass
reduced 13.1%
(GH group). No
improvement in
functional ability.

Munzer et al. J Clin
Endocrinol Metab
2001(23). Randomised,
double-blind, placebo
controlled trial (n=110).

Healthy men (n=64)
and healthy women
(n=46), aged
65-88 years.

IGF-1 levels increased
higher in men than
women (187 ± 10
vs 142 ± 9 ug/L).

Signiﬁcant reduction
in waist circumference
but not BMI.

s/c rhGH 20 ug/kg
BW three times
per week for
26 weeks.

Major end-points
8.8% in lean body
mass, 14.4% in
adipose mass, 1.6%
in lumbar spine BMD
(p<0.05). 7.1% in skin
thickness (p=0.07).

BW: body weight.

of age group 25-40 years, with and without sex
steroids (hormone replacement therapy for women
and testosterone for men), appears to have a sexually
dimorphic response in that while it reduces total
and abdominal subcutaneous fat (with no effect on
visceral fat) in healthy aged males, it has no impact
on fat distribution in females(23).
While several studies demonstrated an increase
in lean body mass with GH therapy, its improvement
in muscle mass and strength did not increase beyond
what could be achieved with exercise. This possibly
reﬂects that exercise itself is already a known
physiological trigger of GH secretion. Such were the
ﬁndings by independent research groups. Taaffe et al
found that exercise training improved strength and
exercise capacity not increased further by growth
hormone therapy(24). Papadakis et al showed that GH
administration in elderly men aged 70 years and older
for six months led to a very modest increase in lean
body mass. Yet, this was not paralleled by an increase
in strength in the upper and lower extremities(25).
Thus, the effects on body composition brought about
by GH do not translate clinically into signiﬁcant
improvement in muscular strength or endurance
capacity. It remains undetermined if the lack of such
anabolic actions of GH to counter physical frailty of
the aged is due to inadequate doses of GH or limited
by the short duration of the studies.

Adverse effects of GH include dose-dependent
sodium and ﬂuid retention associated with clinically
signiﬁcant oedema and hypertension, arthralgia,
carpal tunnel syndrome and elevated fasting
plasma glucose. These effects respond and improve
with dose reduction. In particular, the use of GH
in the long-term carries the theoretical concern
of propagating the proliferation of tumours that
express IGF-1 receptors. However, the mitogenic
effects of GH and IGF-1 are still debatable. For
instance, certain studies had linked elevated IGF-1
with an increased risk of ovarian, breast, prostate,
colorectal and other cancers(26-35). Yet, not all studies
conﬁrm this association(36-39). So far, there are also
no unequivocal data of long-term adminstration of
physiological doses of GH in paediatric patients with
GH deﬁciency being linked to an increased incidence
of malignancy(40). But this cannot be extrapolated
to the elderly in whom the incidence of cancer is
already increased due to the factor of age alone, and
the safety of GH in this group thus remains unclear.
Much evidence supports the notion that the
pituitary is not primarily defective in the age-related
decline of GH, and points to hypothalamic peptides
as the main reason for this phenomenon. This implies
that the unique situation of sarcopenia secondary to
age-related GH deﬁciency would respond to orally
active ghrelin-mimetic GH secretogogues (GHS) in
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contrast to patients whose GH deﬁciency stems from
actual loss of somatotropes from various pituitary
lesions in whom GHS would have no therapeutic
role(41). Attention is also directed at ghrelin, which
possesses orexigenic effects in addition to its
metabolic and endocrine function(42). Interestingly,
slow-wave sleep, which correlates with GH secretory
peaks in the young, could be restored through GHRH
supplementation(43).
Large-scale studies of GHRH or GHS on clinically
important endpoints such as body composition,
countering sarcopenia and physical frailty and
improving functional status at present are awaited,
pending favourable results in studies of smaller
size focused on intermediate endpoints such as the
restoration to young levels of GH/IGF-1 axis activity.
All research on GHS published to date have been of
this latter type. Randomised double-blind, crossover placebo-controlled trial using GHS on healthy
elderly volunteers showed greater GH secretion rates
and plasma GH levels elicited by GHS compared
to GHRH(11). Orally administered GHS in another
randomised controlled trial revealed that once
daily dosing in elderly subjects enhanced pulsatile
GH release, signiﬁcantly increased serum GH and
IGF-I concentrations, and restored serum IGF-I
concentrations to young adult levels(44). In particular,
that GHS are far more potent than GHRH itself,
and that parenteral administration is not required
make them a very attractive therapeutic alternative
to GH. While some results are encouraging, they do
not yet support the routine use of GHRH or GHS
in normal aging. There is still insufﬁcient evidence
and consensus as of today that the restoration of
GH and IGF-1 of healthy, ﬁt elderly individuals to
levels of healthy young adults using r-hGH, r-IGF-1,
GHRH, or GHS confer more clinical beneﬁts than
harm. As such, we do not recommend using GH or
its secretagogues in the healthy aged population on a
routine basis, but that any use should be predicated
on a research protocol for now.
Further studies are evidently required to deﬁne
precisely which group of patients in whom the
beneﬁts of GH replacement therapy outweigh its
undesirable effects. There is much that we have yet
to understand, particularly the connection between
the molecular level and clinical outcomes. GH
and IGF-1 in animal models, for instance, appear
to work diametrically opposite to what they are
supposed to achieve in humans. Hence, while
it is interesting that GH replacement is largely
thought to counter the many effects of ageing, it is
paradoxical that GH gene receptor knockout mice
show signiﬁcant extension of their life spans(45).

Similarly, attenuated insulin/IGF-1 signaling due
to mutation of an important gene that codes for a
transcription factor governing the development of
pituitary somatotrophs called Pit-1, plays a critical
role in extending the longevity of nematodes and GH
deﬁcient dwarf mice, another seemingly counterintuitive outcome(46). The implications of such
ﬁndings remain conjectural, and strengthen the case
that further research is still necessary to demonstrate
the long-term safety of hormonal manipulations as
anti-ageing interventions.
TESTOSTERONE
Plasma testosterone steadily declines after the age
of 30 years in men(47). The total serum testosterone
declines at a rate of 0.5%-1% per year on average
(3-11 ng/dL/year) (0.1-0.38 nmol/L/year) based on
longitudinal studies(48). Yet, due to the simultaneous
increase in sex hormone binding globulin (SHBG) by
about 1.2% per year, the total plasma testosterone is
not a good indicator of bioavailable testosterone(49).
In applying the concept to normal ageing males,
the Massachusetts Male Aging Study deﬁned
hypogonadism as the presence of at least three
symptoms or signs of hypogonadism associated
with a total testosterone of less than 200 ng/dL
(7 nmol/L) or a free testosterone below 8.9 ng/dL
(0.3 nmol/L). Using these criteria, the incidence
of hypogonadism is estimated to be about 12 cases
per 1,000 patient-years(50). Assaying bioavailable
testosterone, which comprises free testosterone and
albumin-bound testosterone, allows this phenomenon
of age-associated androgen deﬁciency, sometimes
termed “andropause”, to be appreciated better, as
bioavailable testosterone declines even more rapidly
at a rate of nearly 1% per year(49). “Andropause” also
correlates well with a reduction in leydig cell number
and function.
Unlike women who eventually become
menopausal, not every man going through
this gradual physiological drop in testosterone
develops hypogonadism. Data estimates show that
between 30%-70% of males will become relatively
hypogonadal by the time they approach the 5th
decade and older. Harman et al reported the largest
longitudinal study done on testosterone in 900 men
followed over 30 years, and found that the prevalence
of hypogonadism using a total testosterone cutoff of
<325 ng/dL (<11.3 nmol/L) was 5% in those 20-29
years of age, but rose signiﬁcantly to 50% in men
older than 80 years of age(47). This estimate became
higher when free testosterone index was utilised. In
addition to the fall in absolute levels of testosterone,
another crucial feature of testosterone secretion
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Table III. Summary of evidence-based studies of testosterone replacement in the aged.
Study and design

Subjects

Treatment

Major end-points

Comments

Tenover. J Clin
Endocrinol Metab
1992(54) (n=13).

57-76 years, serum
testosterone
<400 ng/dL
(14 nmol/L).

Testosterone enanthate
IM 100 mg weekly
or placebo for
3 months.

1.8 kg gain in lean
mass, no change in
fat mass, no change
in grip strength.

Mild increase in PSA
and Hct, and decline
in total cholesterol
and LDL-C.

Urban et al. Am J
Physiol 1995(93).

Healthy, >65 years,
T <480 ng/dL
(16.7 nmol/L).

Testosterone enanthate
IM weekly for 4 weeks
to increase serum T
to young adult range
of 500-1,000 ng/dL.

Body composition
not reported, increase
in hamstring and
quadriceps strength.

2-fold increase
in muscle
protein
synthesis.

Sih R et al. J Clin
Endocrinol Metab
1997(53). Randomised
placebo-controlled
trial (n=32).

Healthy, 51-69 years,
Bioavailable T
<60 ng/dL
(2.1 nmol/L).

Testosterone cypionate
IM 200 mg or placebo
every 2 weeks
for 12 months.

No change in lean
body mass or fat
mass; 4-5 kg increase
in grip strength.

No change in PSA,
increase in Hct;
may have a role
in treatment of
physical frailty.

Snyder et al. J Clin
Endocrinol Metab
1999(52). Randomised
double-blind
placebo-controlled
study (n=108).

Healthy, >69 years,
serum T
<475 ng/dL
(16.5 nmol/L).

Scrotal patch
(Testoderm) 6 mg
daily to increase
serum T to mid-normal
range of young men,
or placebo for 3 years.

1.9 kg increase in
lean body mass, 3 kg
decrease in fat mass;
no change in knee
extension and ﬂexion
strength.

Improved perception
of physical function
in men with the
lowest serum T.

Kenny et al. J Gerontol
A Biol Sci Med Sci.
2002(62). Randomised
placebo-controlled
study (n=67).

Men aged 76 ± 4 years
with bioavailable
testosterone levels
<128 ng/dL
(4.4 nmol/L).

Testosterone patch
2-2.5 mg daily or
placebo for 1 year.

1 kg increase in
lean body mass
and 2% decrease
in fat mass, increase
in muscle strength.

Increase in BMD.

affected by ageing is circadian rhythmicity observed
in younger males, in which its characteristic morning
peaks and evening nadirs become blunted(51).
The target sites of androgen action include the
muscle, bone, sexual organ, prostate, haemopoietic
system, lipids and carbohydrates. Effects of
testosterone at certain end-organs such as the prostate
and androgen-dependent pilosebaceous units are
mediated through 5-dehydrotestosterone (DHT).
Yet, the variation of serum levels of DHT with age is
inconsistent, as levels may either be constant or even
increased(49). Clinical features of androgen deﬁciency
include a decline in libido, erectile dysfunction, loss
of androgen-dependent hair, reduced muscle mass
and endurance capacity, increased adiposity, higher
LDL-cholesterol and osteopenia. In tandem with
the decline in testosterone is the elevation of LH
and FSH, decreased testicular response to hCG and
diminished spermatogenesis. Estimates of reciprocal
increases in FSH and LH by the Massachusetts
Male Aging Study were reported as 1.2% and 1.9%
per year, respectively(49). Low testosterone is also
associated with depression, anxiety and decreased
energy level.
CLINICAL TRIALS OF TESTOSTERONE
REPLACEMENT
Pending evidence from large scale multicentre
clinical trials, smaller randomised studies will have

to be depended upon for the present to analyse its
applicability to physiological hypoandrogenism due
to ageing, an intriguing situation considering the
expanding range of testosterone replacement products
over the past decade. The more notable recent trials
relevant to this ﬁeld are summarised in Table III. The
main end-points of clinical interest with respect to
testosterone replacement are cardiovascular, mood
and cognition, bone health, body composition, sexual
function and muscle strength.
Snyder et al showed that with testosterone
replacement, fat mass decreased signiﬁcantly mainly
in the extremities while lean body mass increased
principally in the trunk(52). As for testosterone
replacement effects on muscle strength of the lower
extremities, another clinically meaningful end-point
in view of the correlation of lower limb power with
ability to ambulate independently by the elderly, this
group did not ﬁnd any signiﬁcant change in knee
ﬂexion and extension strength. Sih et al reported
that testosterone signiﬁcantly increased upper body
strength as measured by bilateral hand grip strength
compared to baseline strength at three, six, nine and
12 months. The limitations of this study are the small
study population and substantial subject drop-out rate
and lack of demonstrable increase in bioavailable
testosterone throughout the course of the study
although there is evidence of suppressed LH that
suggested increased testosterone(53). In yet another
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study in elderly men, testosterone therapy led to a
rise in lean body mass accompanied by a perception
of improved muscle function. However, this study
by Tenover et al did not correlate the subjective
improvement of muscle function with an objective
measure of muscle strength using a dynamometer or
an objective assessment of muscle function such as
walking or stair climbing(54).
Testosterone replacement studies on bone were
largely performed using biochemical markers of bone
turnover rather than bone mineral density (BMD).
Two studies evaluated effects of testosterone on BMD.
In Snyder et alʼs study using testosterone scrotal
patch, he did not ﬁnd any signiﬁcant beneﬁt when
compared to controls on calcium supplementation,
but that the magnitude of any increase in BMD at the
lumbar spine was inversely correlated to the serum
testosterone level prior to replacement therapy(52).
Tenover however found signiﬁcant increase in BMD
in those on intramuscular testosterone relative to
placebo(55). At least two reasons could account for this
discrepancy. The subjects recruited in Snyder et alʼs
study had higher baseline total testosterone (367 ±
80 ng/dL) (12.7 ± 2.8 nmol/L) [compared to those in
Tenoverʼs study (<350 ng/dL) (<12 nmol/L)]. Next,
while the placebo arm in Snyderʼs study received
calcium and vitamin D, no such supplementation
was administered to the control group in Tenoverʼs
study. The potential beneﬁts on BMD prompted
further research in this important area. One of the
most recent studies include a prospective randomised
placebo-controlled trial comparing testosterone
versus testosterone plus ﬁnasteride with placebo over
36 months on BMD in 70 elderly men aged 65 years
or older. The results demonstrated that testosterone
supplementation increased BMD at the vertebral
spine and hip in both treated groups compared to
placebo, though the arm on ﬁnasteride, a 5-alphareductase inhibitor, had less prostate effects and
lower PSA(56). Notwithstanding the above beneﬁts of
testosterone on BMD, there are to date no clinical
end-point data in terms of fracture rate reduction in
the elderly on testosterone therapy.
Healthy aged men receiving testosterone
replacement may experience an improvement
of sexual function in terms of libido, and it may
ameliorate erectile dysfunction given that the
physiology of erection is predominantly mediated
by generation of nitric oxide and its cyclic GMP
messenger and that testosterone functions in this
cascade by playing the role of inducing the nitric
oxide synthase (iNOS) enzyme(57). Although libido
and sexual function may be restored once a threshold
level of testosterone level in the lower normal limit

is achieved, there is no deﬁnite data suggesting
that sexual function can be augmented further by
increasing testosterone levels into the upper normal
range(58,59).
Important side effects of testosterone, in
particular, the cardiovascular system and prostate,
are areas of concern. The potential proatherogenic
lipid proﬁle, increased blood viscosity from
increased erythropoiesis and reduced plasminogen
activator inhibitor-1 (PAI-1) induced by exogenous
testosterone may theoretically contribute to an
increase in cardiovascular morbidity. However,
prospective epidemiological studies attempting
to clarify this have not conﬁrmed a deﬁnite
relationship between serum testosterone and the
development of ischaemic heart disease in middleaged and older men(60). Observational data(61) and
short-term studies of testosterone replacement(62)
have even suggested that hypogonadism may
confer greater cardiovascular risk than testosterone
replacement. Although testosterone replacement
can suppress HDL-C, it also has advantageous lipid
effects by reducing Lp(a)(63). Moreover, exogenous
testosterone can act as a coronary vasodilator in
men with established ischaemic heart disease(64).
This vasodilatation effect apparently occurs with
supraphysiological concentrations of testosterone,
but absent at physiological levels(65). Recent critical
literature reviews(65,66) acknowledge the divided
viewpoints of our current knowledge, but advocated
that the use of testosterone in androgen-deﬁcient
older men should not be limited by fear of increasing
cardiovascular risk(67).
As the prostate is an androgen-sensitive organ,
its proliferative susceptibility to testosterone is a
major concern, especially since ageing males are
already at higher risk of prostate hyperplasia and
cancer. Studies on rat models of prostate cancer had
supported the promotional effects of testosterone
on prostate carcinogenesis(68). This is a valid
concern as one clinical study had demonstrated that
testosterone replacement led to a signiﬁcant increase
in PSA levels(69). Yet, the theoretical risk of prostate
enlargement and prostate cancer is not borne out by
all clinical studies. Sih et al showed no increase in
PSA levels after a year of intramuscular testosterone
in men aged over 50 years(53). Those on testosterone
in Snyder et alʼs three-year study had a small but
signiﬁcant increase in PSA that remained within the top
normal range. Prostatism symptoms were unchanged
in both treated and placebo groups in the entire threeyear period(52). Another reassuring study on the issue
of testosterone replacement in hypogonadal men at
high risk of prostate cancer in view of background

Singapore
Singapore
Med
Med
J 2006;
J 2006;
47(7)
47(7)
: 575
: 8

prostate intraepithelial neoplasia showed that after a
year of testosterone replacement, these men had no
greater increase in PSA or signiﬁcantly increased
risk of prostate cancer than those without prostate
intraepithelial neoplasia, indicating that this high
grade prostate precancerous lesion is not an absolute
contraindication
to
testosterone
replacement
therapy(70). Statistically signiﬁcant polycythaemia
can also occur with testosterone replacement, but
this is dose-dependent and can be controlled by dose
reduction(71).
Overall, the studies to date on testosterone
replacement in healthy aged men have been limited
by the small number of subjects studied over a short
duration. Although they have been shown to improve
body composition in the healthy aged, the effects
on muscle strength and exercise endurance remain
uncertain and the effect on clinically relevant endpoints, such as fracture reduction, are lacking. Many
clinical trials of androgen replacement regimens are
ongoing to clarify the risk-beneﬁt ratio in elderly
men. Thus, we hold the view that the risks versus
beneﬁts of testosterone replacement for aged males
must be carefully weighed in each case and properly
discussed with the individual patient and documented
and monitored.
DHEA AND ADRENAL FUNCTION
Dehydro-3-epiandrosterone (DHEA) is the most
abundant steroid hormone. After adrenarche, it rises
to attain a peak at the age of roughly 20-30 years,
DHEA and its sulfate (DHEAS) then steadily decline
in a manner inversely correlated to age at 3.1% and
2.2% per year, respectively, leading to “adrenopause”
in the elderly whereby its level is less than a ﬁfth
of the peak level(49,72). Almost 95% of DHEA and its
sulfate (DHEAS) are secreted by the adrenal zona
reticularis. The adrenals constitute the main source
of DHEA/DHEAS in women, unlike men in which
25% of DHEA and 5% of DHEAS are secreted by the
testes(73). Apart from the gonads, the central nervous
system is another extra-adrenal source of DHEA
where it acts as an excitatory neurosteroid(74). Given
that both testosterone and estrogen are synthesised
downstream of DHEA, deﬁciency of this steroid can
itself lead to sex hormone deﬁciency.
Although the functions of DHEA are still not
fully known, a cluster of features associated with
DHEA deﬁciency suggests that DHEA could be
involved in libido(75), energy level and mood(76),
and insulin sensitivity(77). Evidence in the medical
literature suggests a correlation between a low
DHEAS level and psychosomatic symptoms(78). It
should be appreciated that whereas many studies on

animals using supraphysiologic doses of DHEA may
have shown that it can inﬂuence body composition,
carbohydrate and lipid metabolism, the studies in
man are done on physiological doses. Due to the
majority of such studies being done on women more
than in men and that most are not randomised, the
available data have been controversial and difﬁcult
to extrapolate to the normal aged population.
CLINICAL RESULTS OF DHEA
SUPPLEMENTATION
Possibly, DHEA could be utilised as an alternative
form of androgen supplementation for elderly men
with “andropause”. As for its salutary effects on
ageing, further prospective, randomised clinical
trials on large numbers of the aged population will
be required to clarify any beneﬁts and risks of longterm replacement for the healthy elderly. Although
many other claims have been made for DHEA as an
anti-ageing hormone, very few well-designed clinical
trials have clearly substantiated the utility and safety
of long-term DHEA supplementation.
A study on DHEA found that a dose of 50 mg daily
was capable of raising the plasma levels to young
adults(79). However, the androgen levels in women
were doubled, associated with a reduction in HDLC, while there was no demonstrable change in men.
This was associated with a subjective improvement
of physical and psychological well-being, though
there was no improvement in libido. Baulieu et al
investigated a group of healthy elderly men and
women on DHEA, and found that BMD (especially
at trabecular bone areas including the femoral neck
and distal radius) and libido increased selectively for
elderly women above 70 years old, but this was not
observed in either men or younger women(80). Studies
using body composition and muscle strength for endpoints yielded inconsistent results, probably due to
the lack of statistical power. While the research group
of Morales et al observed a decrease in adipose mass
and an increase in muscular strength using DHEA
of 100 mg daily, its effect on lean body mass either
increased or remained unchanged(81).
Intriguingly, Flynn et al, in an independent study
using a similar dose of DHEA for three months,
failed to demonstrate any changes in the same endpoints(82). The more recent randomised controlled trial
on 280 men and women older than 60 years old did
not reveal any adverse effect of DHEA 50 mg daily,
but neither did it confer signiﬁcant improvement in
muscle strength or muscle cross-sectional areas(83).
In another recent but smaller randomised, doubleblinded, cross-over, placebo-controlled study, DHEA
did not alter fat distribution, serum insulin, glucose
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Table IV. Summary of evidence-based studies of DHEA replacement in the aged.
Study and design

Subjects

Intervention

Major results

Clinical end-points

Morales et al.
Clin Endocrinol
1998(81). Randomised
double-blind
placebo-controlled
cross-over trial (n=19).

Healthy non-obese
men 50-65 years (n=9)
and women (n=10).

1 year study of
6 months of placebo
and 6 months
of 100 mg oral
DHEA daily.

Serum DHEA
restored to levels of
young adults and
serum DHEAS to
levels at or slightly
above the young
adult range.

In men, fat mass decreased
1.0 ± 0.4 kg and muscle
strength increased
15.0 ± 3.3%. In women,
increase in body mass
of 1.4 ± 0.4 kg occurred.

Percheron et al.
Arch Intern Med
2003(83). Randomized
double-blind
placebo-controlled
cross-over trial (n=280).

Healthy ambulatory
and independent
men and women
aged 60-80 years.

1-year administration
of DHEA 50 mg/d,
orally administered.

Restored DHEAS
serum concentrations
to the normal
range for young
adults.

No signiﬁcant change
in muscle strength or
in muscle and fat
cross-sectional areas.

Baulieu et al. Proc
Natl Acad Sci USA
2000(80). Randomised
double-blind
placebo-controlled
study (n=280).

Healthy individuals
(women and men
60-79 years old).

DHEA, 50 mg, or
placebo, orally, daily
for a year.

Increase in DHEAS,
No adverse consequences
a small increase
of chronic DHEA
of testosterone
supplementation noted;
and oestradiol
replacement therapy
particularly in women;
normalised some
increase in BMD in
effects of ageing.
women >70years.

Flynn et al. J Clin
Endocrinol Metab
1999(82). Randomised,
double blind,
placebo-controlled,
cross-over trial (n=39).

Healthy men,
aged 60-84 years,
from the Longitudinal
Aging Study.

Oral DHEA 50 mg
twice daily for
3 months, then
3 months of
placebo, then
another 3 months
of washout.

Increase in DHEA,
DHEAS, free
testosterone and
oestradiol, but no
signiﬁcant change
in total testosterone
or PSA.

Despite surrogate
endocrine effects,
no improvement
well-being or improved
sexual function.

Jedrzejuk et al.
Aging Male 2003(84).
Randomised,
double-blind,
placebo-controlled,
cross-over trial (n=12).

Healthy males,
aged 59 ± 4.8 years,
recruited from
university employees.

Oral DHEA 50 mg
daily or placebo for
3 months, then
cross-over for
3 months.

Signiﬁcant increase
in DHEAS level
with therapy of
active agent.

No change in body
fat distribution and
indices of insulin
sensitivity and
resistance.

and lipids and indices of insulin sensitivity and
resistance(84). The available scientiﬁc evidence for
DHEA supplementation are summarised in Table IV.
Despite the optimism generated by animal studies
on DHEA, current literature from randomised
clinical trials does not support the use of DHEA
supplementation in the healthy elderly population,
since the beneﬁts predicted were not realised and the
theoretical risks of provoking hormonally-sensitive
tumours cannot be entirely discounted.
MELATONIN AND THE PINEAL GLAND
The pineal gland, otherwise called the “epiphysis”, is a
small vestigial endocrine gland located in the midbrain
and has a diverse variety of functions, ranging from
sleep, immunostimulatory mood, and possibly the
ageing process itself. The chief hormone of the pineal
gland is N-acetyl-5-methoxytryptamine, or melatonin.
Melatonin is secreted in a circadian rhythm according
to the dark-light cycle. Maximal secretion occurs in
the dark at night, and light exposure of the retina leads

to rapid breakdown of melatonin to very low levels.
In human plasma, the mean + SD concentrations in
the darkness period were 23.18 ± 7.44 pg/ml for free
melatonin and 82.5 ± 36.48 pg/ml for total melatonin,
while the lowest concentrations detected during
daytime were 2.23 ± 2.22 and 7.40 ± 5.68 pg/ml,
respectively(85).
It is likely that the pineal gland regulates
neuroendocrine functions to a diurnal rhythm, thereby
implying the existence of a potential ʻepiphysishypophysisʼ feedback axis(86). The secretory dynamics
of melatonin attenuates gradually with age, resulting
in a shorter duration and lower nocturnal amplitude(87).
Deterioration of its secretion may then impair the
efﬁciency of sleep, which in turn can reduce the
reparative and anabolic activities of growth hormone
maximally secreted during stage 4 delta wave sleep(88).
It remains to be established if ageing is linked to a
chaotic pineal gland-dependent neuroendocrine
program that causes a desynchronisation of gonadal,
thyroid and adrenal functions.
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Table V. Summary of major evidence-based studies of melatonin replacement in the aged.
Study and design

Subjects

Intervention

Major results

Conclusions

Peck et al. Am J
Geriatr Psychiatry.
2004. Double-blind
placebo-controlled
randomised clinical
trial(94).

26 healthy
elderly subjects.

Oral melatonin
1 mg or placebo
nightly for 4 weeks.

Improved sleep latency
after nocturnal
awakening, and
improved scores on
the California Verbal
Learning Test.

Effective in certain
aspects of cognition
and sleep in the
elderly. May beneﬁt
age-related cognitive
decline.

Pawlikowski et al.
Neuro Endocrinol
Lett 2002. Open
pilot study(95).

14 women (volunteers),
aged from
64 to 80 years
(mean age
71 ± 4.6 years).

Melatonin (2 mg
daily at 19:00 h)
was administered
for 6 months.

Signiﬁcant increase
in IGF-1 and DHEA,
and decrease in
oestradiol; no change
in cortisol.

Melatonin administration
may be beneﬁcial
for elderly subjects
on the basis of
its hormonal effects.

Garﬁnkel et al. Lancet
1995. Randomised,
double-blind,
crossover study(96).

12 elderly subjects
(aged 76 ± 8 years).
with insomnia.

Controlled release
melatonin 2 mg
per night for
3 weeks.

Greater sleep efﬁciency
after melatonin
versus placebo, shorter
wake time after
sleep onset.

Effectively improves
sleep quality in
the elderly.

CLINICAL RESULTS OF MELATONIN
SUPPLEMENTATION
Melatonin is currently used to treat sleep rhythm
disorders, such as those manifested in jet lag, shift
work or during spaceﬂight(89). Studies are underway
in evaluating its beneﬁcial effects on the immune
system, its oncostatic properties and its purported
actions on longevity, given its ability to extend the
lifespan of laboratory mice by up to 25%(90). As the
amplitude of melatonin secretion decreases with
age, pharmacological replacement of melatonin may
mitigate the ageing process by supplementing the
background of the lowered amplitude of melatonin.
This could in turn act on the melatonin receptors of
the hypothalamic suprachiasmatic nuclei that serve,
together with the pineal gland, as the biological
clock in mammals(91). In human studies, melatonin
ampliﬁed the antitumoural activity of interleukin2(92). Some notable randomised clinical trials of
melatonin are highlighted in Table V. Other than its
more proven beneﬁcial effects on sleep, the present
available data do not allow us to recommend the use
of melatonin supplementation for the healthy elderly
to improve the quality of life until more extensive
studies support that view.
CONCLUSIONS
Growing interest in anti-ageing medicine, both
among the lay public and medical professionals
and scientists, is understandable given the graying
population on a global scale, and the desire of
nearly every ageing individual and healthy aged to
remain youthful. In terms of the use of hormones
such as GH, IGF-1, GHRH, GH-releasing peptides,
testosterone, DHEA and melatonin in healthy aged
individuals, there are relatively few randomised

placebo-controlled clinical trials. Also, such studies,
if at all available, were largely conducted over a
short term, with the longest extending only to a few
years. These were also mainly conducted on small
numbers of subjects. Hence, the jury is still out on the
beneﬁt-risk of endocrine replacement for the elderly.
Much of the literature on such hormone studies are
gleaned from animal models and on patients with
hypopituitarism, as well as on younger patients, and
thus may not necessarily extrapolate relevantly to
the healthy aged population. Long-term safety data
on the chronic use of various hormone replacement
therapies in this group are currently still limited.
Furthermore, the majority of elderly who might
beneﬁt from hormone therapy in reality suffer from
at least one or more chronic illnesses that could have
an impact on the modality of hormonal replacement
chosen. Physicians should exercise caution and
prudence in the assessment of patients who seek
hormonal replacement carefully, bearing in mind
the current limited data of the risk-beneﬁt equation.
Any decision for intervention should be made on an
individualised basis under a research protocol.
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