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I. INTRODUCTION 

In 1889, the famous physiologist Brown-Sequard - then aged 72 - reported that 
self-administration of aqueous extracts of testes from dogs and guinea pigs was 
associated with striking functional improvement, including increased strength , 
intellectual capacity, and sexual potency (reviewed by Wilson, 1990). While one 
retrospective analysis indicates that the testosterone concentration in extracts 
prepared using his methods is four orders of magnitude below that needed to 
produce biological effects using modern preparations (Cussons et al., 2002), this 
report set the stage for a large body of reports - many either anecdotal or 
observational - claiming beneficial effects of hormonal supplementation in aging 
subjects. Life expectancy is increasing in developed nations and it is projected 
that more than 50 million people in the U.S. will be over 65 years old by 2020 ; 
therefore, both health care providers and the general public have increasingly 
sought potential therapeutic interventions that might alleviate the aging process. 
The similarities between manifestations of overt deficiencies of sex steroids and 
growth hormone in adults and the physiological changes seen with aging have 
led some experts to propose that the decreases in hormone levels relate causally 
to the aging process, such that hormone replacement to levels seen in young 
adults will ameliorate or even reverse the normal aging process. In the absence 
of conclusive scientific data, hormone replacement therapies in this setting have 
become very widely used, resulting in millions of dollars in health care expenses. 

Two recent events have prompted increased scrutiny of the use of hormone 
replacement therapies in otherwise healthy individuals. The first was the recent 
publication of results from the Women's Health Initiative (Writing Group for the 
Women's Health Initiative, 2002). Despite the widespread belief and promising 
data from observational studies that hormone replacement therapy in 
postmenopausal women exerted beneficial effects on cardiovascular health, this 
randomized, placebo-controlled trial raised serious questions about the efficacy 
of hormone replacement therapy to positively impact adverse cardiovascular 
events, and thus about the ability to extrapolate from smaller case-controlled 
studies. The second was an article in the New Yorker entitled "Hormones for 
Men : Is male menopause a question of medicine or of marketing"? In addition to 
questioning the validity of the data supporting androgen replacement therapy in 
aging males, this article suggested that drug companies played a major role in 
influencing the recommendations of physician experts in support of androgen 
replacement therapy (Groopman, 2002). 

During this Grand Rounds, I will first review the available evidence regarding 
age-related declines in androgens in men and growth hormone in both sexes. 
Next, I will review the evidence for or against beneficial effects of hormone 
replacement in normal aging subjects, comparing and contrasting these data with 
those in adult subjects who have overt deficiencies of testosterone or growth 



hormone. It is important to note at the outset that the number of review articles 
and consensus conference recommendations exceeds considerably the number 
of studies on which these recommendations are based; moreover, no studies to 
date have been sufficiently powered or of sufficient duration to provide definitive 
data. Finally, I will discuss emerging data with model systems that explore the 
molecular basis of aging, at least some of which raise concerns regarding the 
widespread use of hormonal replacement for aging. 

II. AGING AND TESTOSTERONE: ANDROPAUSE 

A. Age-related Declines in Testosterone 

While not nearly as dramatic as the decline in sex steroids seen in post
menopausal women, it is generally accepted that testosterone levels in men 
decline with age; in association with the appropriate symptom complex, this 
declining androgen function is termed andropause. An appreciation of this age
related decline was hampered in part by the fact that biologically active free 
testosterone comprises only a small percentage of the total circulating 
testosterone, with most studies measuring only total testosterone. However, both 
cross-sectional studies (Vermuelen 1991; Harman et al. 1980) and longitudinal 
studies (Morley et al., 1997; Zmuda et al., 1997; Harman et al., 2001, see figure) 
have documented age-related declines in total and free serum testosterone, and 
the consensus is that free testosterone decreases by ~1-2% per year after age 
30 even in otherwise healthy individuals. The concurrent age-related increase in 
the incidence of chronic diseases and obesity undoubtedly accelerates this 
decline. It is important to remember however, that most males, even the very 
old, are not overtly hypogonadal. 

Longitud inal Effects of Aging on Total T Longitudina l Effects of Aging on Free T Index 

20-

(l) 11] -

5::? 3 ~ Hi-

E § 1•-
<11-
Q) 

0.5 

-~ ~ 0.4 

c E 
;= ;:; O.J. 
<lJ 0 
<JJ E 

u:: .s 0.2 

(177) 

~ (151) 

~ (109) 

~~-.......... 
1- 12 -

~3) 
10-

30 
----------·---- ----- 0 . 1-l---~--~-~~-~~ 

40 50 GO 70 80 90 lO 40 50 GO 70 BO 

Age (yrs) Age (yrs ) 

This decrease reflects both increased sex hormone binding globulin (SHBG) and 
diminished testosterone production secondary to decreases in episodic and 
stimulated gonadotropin secretion and to decreases in the number and 
steroidogenic capacity of Leyd ig cells (Mulligan et al. 1997; Veldhuis 1999). 
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Thus, it often is not possible to identify a discrete lesion that is the cause of 
hypogonadism in elderly patients because their decreased androgen levels may 
be due to combined hypothalamic/pituitary and testicular abnormalities. 

B. Etiology of Hypogonadism in Aging Males 

The etiology of hypogonadism in aging males is generally similar to that seen in 
younger subjects and will only be summarized briefly here (Tenover 1998). 
Although most elderly men diagnosed with hypogonadism have acquired 
disease, occasional patients with congenital disorders such as Klinefelter's 
syndrome may escape diagnosis until this age range. Hypogonadism can be 
divided into primary - caused by diseases of the testes-and 
secondary-resulting from pituitary or hypothalamic disorders. As noted above, 
hypogonadism in elderly men often reflects combined defects in both the testes 
and higher structures. Specific etiologies include trauma, mumps orchitis, 
history of chemotherapy or radiation therapy for malignancy, obesity, severe 
systemic illness (including HIV infection), medications (e.g ., narcotics for pain 
relief, systemic glucocorticoids, ketoconazole), and other endocrine disorders 
(e.g ., hyperprolactinemia, thyroid disease, or Cushing's syndrome), and it is 
important to consider potentially treatable causes even in older males. 

C. Signs and Symptoms of Hypogonadism in Aging Males 

The signs and symptoms of hypogonadism in aging men are generally the same 
as those seen in younger subjects, and include sexual dysfunction (loss of libido, 
erectile dysfunction), depression, loss of secondary sexual characteristics, 
osteoporosis (an increasing basis for endocrine evaluation as awareness of the 
frequency of osteoporosis in aging men is more widely disseminated), 
sarcopenia (loss of muscle mass), mild anemia, and increased adiposity 
(Anawalt and Merriam 2001 ). These manifestations are obviously very non
specific, and thus appropriate documentation of diminished testosterone with a 
reliable assay is essential to make the diagnosis (see below). Some experts 
routinely administer various questionnaires to older men in an effort to identify 
more subtle symptoms of andropause (for example, Morley et al. 2000), but the 
specificity of such questionnaire is only slightly better than 50%, and we do not 
routinely use them in the PMH Endocrinology Clinic. Even though erectile 
dysfunction in elderly men usually does not result from hypogonadism and most 
such patients do not improve following testosterone replacement therapy, the 
diagnosis of hypogonadism nonetheless should be considered in this population. 

D. Diagnosis of Hypogonadism in Aging Males 

Symptoms or signs of androgen deficiency at any age warrant appropriate 
laboratory evaluation, although the preferred diagnostic approach is subject to 



debate. Testosterone levels exhibit considerable circadian variation, at least in 
younger men (Bremner et al. 1983), so most experts recommend an early 
morning sample . Given the considerable variation in testosterone levels when 
sampled at frequent intervals in a given subject (Spratt et al. 1988), some 
authorities advocate measuring testosterone on a single sample pooled from 3 
separate bleeds 20 minutes apart. This approach is especially recommended 
when concurrent measurements of LH and FSH will be made, as gonadotropins 
exhibit even greater minute-to-minute variation than does testosterone . Others, 
based on published data that testosterone levels from a single subject are 
generally highly reproducible when multiple samples are analyzed (Vermuelen et 
al. 1992), believe that pooled samples are not necessary. 

The diagnosis of androgen deficiency is essentially excluded if the total 
testosterone exceeds 400 ng/dl, whereas a testosterone value of <150 ng/dl is 
highly suggestive of androgen deficiency. Such single measurements of total 
testosterone form the basis for most of the published clinical trials of androgen 
replacement therapy in older men. In light of the known age-related increases in 
SHBG in older men, other experts routinely measure bioavailable (i.e. non-SHBG 
bound and free testosterone) or free testosterone in subjects older than 55 years 
old. The available assays for measuring free testosterone vary considerably in 
their reliability, and those that use analogue displacement rather than equilibrium 
dialysis are especially suspect. Finally, some experts adopt an intermediate 
approach, initially measuring an AM total testosterone and then checking the 
bioactive or free testosterone if the total testosterone is between 200-400 ng/dl 

Once hypogonadism is confirmed, it is important to rule out potentially treatable 
causes. Any patient with a total testosterone <200 ng/dl should be evaluated for 
possible pituitary or hypothalamic disease by measuring LH, FSH, and prolactin. 
If the gonadotropins are clearly low or the prolactin is elevated, then a pituitary 
MRI is indicated. Other diagnostic evaluation may be indicated if signs or 
symptoms point to a specific diagnosis, such as hemochromatosis. 

E. Beneficial Effects of Testosterone Replacement Therapy 

Results from clinical trials of testosterone replacement therapy in aging men are 
still limited, involving relatively small numbers of patients, short durations of 
treatment, and surrogate markers such as bone mineral density or lipids instead 
of clinically significant end-points such as fractures or cardiovascular events. In 
this setting, testosterone replacement has been associated with improved mood, 
decreased fatigue, increased bone mineral density, and increased lean body 
mass. Other studies in normal younger men have shown that pharmacologic 
doses of androgens can induce increased muscle mass and improved strength 
(Bhasin et al. 1996). To the extent that these studies will also apply to elderly 



subjects, additional benefits of androgen replacement may ultimately be 
demonstrated. 

Body Composition: There is general agreement that testosterone replacement 
in hypogonadal elderly men decreases adiposity and increases lean body mass, 
including muscle. What remains to be seen, however, is whether this increased 
muscle mass will trans late into improved strength, or more importantly, 
decreased falls or disability. One randomized trial suggested that testosterone 
therapy of older men admitted to a rehabilitation unit at a VA Hospital was 
associated with improved functional performance (Bakhshi et al. , 2000), although 
this study has not yet been confirmed in any other publications to date. 

Snyder and colleagues studied 1 08 men age 65 or older with total testosterone < 
4 75 ng/dl who received either testosterone by scrotal patch (6 mg/day) or 
placebo patch for three years (Snyder et al. 1999). Testosterone treatment was 
associated with increased lean body mass and decreased adiposity (see Figure), 
but they did not observe any changes in strength. In contrast, Tenover and 
colleagues studied only elderly men with total testosterone <350 ng/dl, and 
administered either placebo or intramuscular testosterone (150-200 mg every 2 
weeks). They again noted increases in lean body mass with decreased 
adiposity, in this case associated with increased handgrip strength. 
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Bone Mineral Density: Again, there is general agreement that testosterone 
replacement therapy is associated with increased bone density in younger 
hypogonadal men. However, only limited clinical trials provide information about 
the effect of testosterone replacement in older patients. Snyder and colleagues 
followed bone mineral density for 3 years in men >65 years of age whose total 
testosterone was <475 ng/dl (Snyder et al. 1999). All men also received calcium 
and vitamin D. Both control and testosterone-treated groups showed significant 
increases in bone mineral density, such that there were no significant differences 
in the placebo and testosterone groups. As shown below, when the subjects with 



the lowest testosterone levels were analyzed separately, there was a sign ificant 
response to testosterone. In contrast, using the regimen described above, 
Tenover and colleagues noted that the testosterone-treated group achieved a 
bone mineral density significantly greater that the placebo group, and that the 
concurrent inhibition of Sa-reductase had no effect on bone density. 
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Collectively, these stud ies suggest that testosterone treatment of hypogonadal 
older males can increase bone mineral density by ,....,4-6% over a 2-3 year period, 
with the greatest benefit seen in the most severely hypogonadal subjects, but 
there are no data dealing with the clinically relevant end-point of fractures. 

Lipids and Cardiovascular Risk: Based at least partly on the relatively higher 
incidence of atherosclerosis in men relative to pre-menopausal females and on 
the known propensity of oral androgens to increase LDL cholesterol, there is a 
general perception that testosterone is associated with deleterious effects on 
plasma lipids. The available data do not support this model (Aiexandersen et al. 
1996), and most epidemiologic stud ies have found an inverse relationship 
between serum testosterone and card iovascular disease (Bagatel and Bremner, 
1995). In particu lar, the beneficial effects of testosterone on ad iposity might be 
expected to improve the lipid profile . Again , further stud ies are needed to define 
the long-term effect of testosterone on these parameters. As noted below, 
however, major adverse effects of testosterone replacement on lipid profiles or 
card iovascular events have not been noted to date. 

F. Therapeutic Options for Testosterone Replacement. 

Several different options are now availab le for testosterone replacement, and 
additional forms are under development (Wang 2002). It should be noted that all 
of these preparations have received FDA approval for use in hypogonadal men, 
and there is no approved indication for their use in older patients with normal 
testosterone levels . This has not prevented the enthus iastic advocacy of 
testosterone replacement by both patients and physicians. 



Hypogonadal men traditionally have received testosterone esters injected 
intramuscularly every 2 weeks. At standard doses, this modality often induces 
supraphysiologicallevels of serum testosterone in the days immediately following 
the injection, and low levels immediately before the next dose, often associated 
with symptoms due to androgen excess or deficiency. The higher testosterone 
levels are associated with a higher frequency of certain side effects such as 
polycythemia and increases in PSA, but intramuscular injections are well
tolerated by many patients and are the least expensive modality. 

In an effort to achieve more consistent testosterone levels and to avoid 
injections, several transdermal testosterone preparations are now approved. The 
first such preparation was a scrotal patch, which was associated with minimal 
skin irritation but did not meet with great enthusiasm by patients and has largely 
disappeared from the market. Newer formulations are now available that are 
applied topically once daily, either as a transdermal patch (Androderm®) or gel 
(AndroGel®). At least when used as currently approved, there are differences in 
the levels of circulating testosterone provided by these formulations (Swerdloff et 
al. 2000), with the higher 10 g/day dose of Androgel® (which is estimated to 
deliver 10 mg/day of testosterone) producing significantly higher levels of serum 
testosterone. The clinical significance of these differences and the optimal 
regimens have not been established. 

Newer preparations for testosterone replacement currently under development 
include the use of dihydrotestosterone, which may have a lower incidence of 
certain side effects. The preponderance of evidence indicates that the major 
regulator of bone density in men is estrogen rather than testosterone (Khosla S 
et al. 1998), and dihydrotestosterone, which is not subject to aromatization, may 
have less beneficial effects on bone mineral density . A number of 
pharmaceutical companies are actively trying to develop compounds - selective 
androgen response modulators or SARMs-that will act differentially in different 
androgen-responsive tissues, potentially dissociating the beneficial effects of 
androgens in certain tissues from the deleterious side effects. Some progress 
along these lines has been reported with ?n-methyl-19-nortestosterone, a 
synthetic androgen that is a substrate for aromatization but cannot be 5o.
reduced. This compound has been reported to have relatively greater activity in 
vivo in exerting androgenic effects on the pituitary and prostate, with less effect 
on the prostate (Cummings et al. 1998). 

G. Contraindications/Side Effects of Androgen Therapy 

Just as the benefits of androgen therapy in older men have not been conclusively 
documented, we also lack definitive data regarding potential risks of therapy. 
Based on the concern that it may stimulate increased tumor growth, testosterone 
treatment is absolutely contraindicated in patients with prostate or breast cancer 



and all patients should have careful evaluation (e.g. physical examination, PSA 
measurement) to exclude a pre-ex isting lesion . Given the known effect of 
testosterone replacement to increase hematocrit (see below), most authorities 
also consider a hematocrit of >54 as an absolute contraindication. 

Well -documented side effects of androgen replacement therapy include : 
gynecomastia (due to the peripheral conversion of testosterone to estrogen), fluid 
retention, polycythemia, induction or exacerbation of obstructive sleep apnea, 
elevation of PSA, and skin irritation (seen with transdermal preparations, esp. 
with patches containing permeation enhancers) . One comparative study 
suggested that the frequency of side-effects such as polycythemia and elevated 
PSA relates directly to the level of testosterone that is achieved, such that 18% of 
subjects using the 1 Og/day dose testosterone gel exhibited polycythemia versus 
2.8% of subjects using the transdermal patch (Wang et al. 2000). 

Based on studies using supraphysiologic doses of testosterone in younger males 
and epidemiologic differences in prevalence of coronary heart disease in males 
and females, there has been concern that testosterone therapy may worsen the 
lipid profile (especially lowering HDL) . Other studies, however, suggest that 
testosterone therapy has beneficial effects on the lipid profile, perhaps related to 
decreased adiposity. Although the studies have not involved large numbers of 
subjects, there are no data supporting any significant adverse effect of 
testosterone therapy on the lipid profile . Thus, it is not anticipated that androgen 
replacement therapy will have major deleterious cardiovascular effects, although 
additional clinical trials are needed to resolve this issue. 

Of greater potential concern is the possible impact of testosterone to stimulate 
either the initiation or growth of prostate cancer. Prostate development is 
androgen-dependent, treatments that decrease androgen levels diminish 
prostate volume in normal subjects, and hormonal therapy to remove androgen is 
a key component of therapy for prostate cancer. Despite this, there are no data 
which support the possibility that testosterone replacement can "causell prostate 
cancer. Nonetheless, the concern that testosterone replacement therapy in older 
men may cause a latent prostate cancer to become clinically apparent is an 
important issue that needs to be addressed in sufficiently powered trials. In 
addition, the potential medical expense related to laboratory tests and evaluation 
of these patients is an unresolved issue that can only be addressed in large, 
prospective clinical trials. 

H. Patient Monitoring 

Current protocols to monitor elderly patients on testosterone replacement therapy 
derive from the known and potential side effects of androgen replacement and 
are largely empirical rather than based on evidence-based outcomes 



(Andropause Consensus Conference, 2002) . After breast examination and digital 
rectal examination, baseline laboratory measurements include hematocrit and 
PSA. Thereafter, ORE, PSA, and hematocrit should be evaluated at 3, 6, and 12 
months after the initiation of therapy, and annually thereafter. An increase in 
hematocrit to >54 is grounds to decrease the dose of androgen replacement or to 
consider discontinuing the therapy. An increase in PSA of >1.4 ng/ml between 
two individual measurements or an increase of > 1.5 ng/ml over 2 years is an 
indication for urologic evaluation to rule out prostate cancer. 

There is no consensus regarding the need to follow testosterone levels in 
patients receiving testosterone replacement therapy, although most experts do 
check testosterone levels to ensure that the dosing has not resulted in 
supraphysiologic levels. An improved understanding of the threshold doses for 
various beneficial effects of androgen therapy would facilitate a more rational 
approach to therapy. For increasing sexual function in hypogonadal younger 
men, clinical response is seen with total testosterone values in the range of 300 
ng/dl, but there may be a different thresholds for beneficial effects on bone 
density, muscle mass, etc. (see Bhasin et al., 2001 for a consideration of the 
dose-response of different parameters to testosterone in healthy young men) . In 
the absence of such data, many experts have advocated titrating the dose of 
testosterone to ensure that the patient is not overmedicated, shooting for 
testosterone levels in the mid-normal range for young healthy men. It should be 
noted that less cautious approaches to dosing are advocated by some of the 
anti -aging enthusiasts, who will often push therapy until limited by side effects. 

Ill. AGING AND GROWTH HORMONE: SOMATOPAUSE 

Although physicians traditionally believed that GH had no significant biological 
role in adults, the first case report suggesting an important function of GH in 
adults was published more than 40 years ago (Raben MS 1962). The explosion 
of interest in hormonal therapy to alleviate aging largely was triggered by a study 
by Daniel Rudman published in 1990 (Rudman et al. 1990). In an open-label trial 
of normal elderly men, he reported that 6 months of therapy with recombinant 
hGH was associated with significant changes in body composition, including 
increased muscle mass, increased bone mineral density, and decreased 
adiposity . The paper proposed that "The effects of six months of growth 
hormone and lean body mass and adipose tissue-mass were equivalent in 
magnitude to the changes incurred during 10 to 20 years of aging." This paper 
and others have stimulated the enthusiastic advocacy (Kiatz 1997) and 
development of a large network of suppliers of growth hormone, as well as 
"growth hormone releasers" that are purported to stimulate the release of 
endogenous growth hormone from the somatotropes (see below) . 



A. Age-related Declines in the Growth Hormone Axis 

GH secretion and IGF-1 levels are highest during the pubertal growth spurt and 
then decline progress ively thereafter (see Figure be low from cross-sectional 
studies of healthy contro l population). Studies have shown that the GH 
response to either growth hormone releasing hormone (GHRH) and arginine 
(Ghigo et al. 1990 or to GHRH plus a growth hormone secretogogue is normal in 
healthy older subjects, ind icating that somatotropes can still respond with 
increased growth hormone secretion and that the major defect is a central one 
with decreased GHRH and increased somatostatin). Moreover, one study 
suggests that the GH secretion profile is re latively we ll -maintained in healthy 
elderly subjects (Vah l et al. 1996)), such that the associated conditions of 
increased adiposity and decreased physical activity may play key ro les in the 
epidemiological observations of decreased levels of IGF-1. 
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B. Etiology of Adult GH Deficiency 

Overt GH deficiency in adults most frequently resu lts from pituitary tumors or the 
consequences of surgical or radiation treatment of these tumors. Based on this 
fact, most experts do not investigate the diagnosis of adult GH deficiency in the 
absence of documented deficits of other pituitary hormones. In contrast, GH 
deficiency in children is most commonly idiopathic and often is not associated 
with other pituitary hormone deficiencies. 



C. Signs and Symptoms of Adult Growth Hormone Deficiency 

The signs and symptoms of adult GH deficiency again are relatively non-specific 
and mimic many of those normally associated with aging. Proposed components 
of the adult GH deficiency syndrome include: reduced lean body mass with 
increased adiposity, reduced strength and exercise capacity, decreased bone 
mineral density, depressed mood, emotional lability, increased social isolation, 
and dyslipidemia. As with andropause, these symptoms and signs are 
remarkably similar to those associated with aging, leading to the proposal that 
GH therapy may have beneficial effects in GH-deficient adults as well as in 
otherwise healthy aging subjects. 

D. Diagnosis of Adult Growth Hormone Deficiency 

GH secretion is pulsatile and levels fluctuate considerably during the day, with 
the three major physiological stimuli for secretion being sleep, exercise, and 
stress. A better indicator of integrated GH secretion is insulin-like growth factor-1 
(IGF-1), which is secreted by the liver in response to GH and mediates 
many - but not all - biological effects of GH. As discussed further below, a very 
low IGF-1 leve l in the setting of deficiencies of other anterior pituitary hormones 
strongly suggests GH deficiency, but many adults with GH deficiency have IGF-1 
levels that fall within the normal range. Thus, dynamic testing of somatotrope 
function generally is needed in diagnosing GH deficiency. It also is important to 
note that not all assays for IGF-1 are of equal quality, and the use of a sensitive 
and reliable immunoassay is essential. 

The traditional gold standard test at academic centers has been the insulin 
tolerance test. Following the adminstration of insulin (0.1 U/kg by IV bolus) to 
decrease blood glucose to <40 mg/dl, a peak GH response of <5 ng/ml 
(polyclonal radioimmunoassay) or <2.5 ng/ml (immunochemiluminometric assay) 
is considered indicative of an impaired response . This procedure is very labor 
intensive, as the physician must be in attendance throughout the test, and is 
contraindicated in patients with coronary artery or cerebrovascular disease or a 
seizure disorder. The coexistence of these disorders in elderly patients (e.g. 
age>60-65 years old) is sufficiently high that many experts do not use the insulin 
tolerance test in this population. Therefore, endocrinologists have sought 
alternative tests with similar diagnostic utility. Recent studies suggest that 
combined stimu lation with GHRH and arginine has similar sensitivity and 
specificity (Biller et al. 2002). To perform this test, GEREF (a synthetic GHRH 
analog is administered at a dose of 1pg/kg, followed by an infusion of 30 g of 
arginine over 30 minutes. The normal response is a peak GH of >9-1 0 ng/ml 
using a radioimmunoassay or 4-5 ng/ml with chemiluminescent assay. 



Based on the observation that the GH axis is often affected before other 
components of the anterior pituitary, some experts have proposed strategies for 
diagnosing adult GH deficiency without provocative testing. According to one 
report (Hartman et al. 2002), the combination of a very low IGF-1 level (<84 J.lg/L 
with the Esoterix assay) and impairment of at least three other components of 
pituitary function (hypogonadotrophic hypogonadism, secondary hypothyroidism, 
secondary adrenal insufficiency, central diabetes insipidus) provides a positive 
predictive value of 95% (89% specificity and 69% sensitivity) for GH deficiency 
(Hartman et al. 2002) . Given the expense of GH replacement and the current 
lack of published corroboration of this approach, we continue to perform 
provocative testing in nearly all patients before making a diagnosis of GH 
deficiency in adults. 

E. Beneficial Effects of GH Therapy in Adults 

As with androgen therapy in men, the largest body of evidence relates 
specifically to GH deficiency rather than the issue of possible benefits of GH in 
healthy aging subjects. Due to the ethical considerations in clinical trials, studies 
with GH treatment in the elderly population have generally been restricted to 
those who are in good health - possibly by definition the population that stands to 
benefit the least from any beneficial effects. 

Mortality: There remains considerable debate among endocrinologists about the 
benefits of GH replacement, even in patients with documented GH deficiency 
(Frohman 2002). One side in this argument-- contends that patients with GH 
deficiency have increased morbidity and mortality associated with diminished 
quality of life, at least partly due to the consequences of growth hormone 
deficiency. Moreover, GH replacement causes beneficial changes in parameters 
such as adiposity, bone density, and psychosocial well -being (reviewed by 
Carroll et al., 1998). Based on these facts, many experts argue that GH 
replacement should be routinely offered to GH deficient adults (Cook 2002). 

Others argue that most GH-deficient patients in these studies have had other 
pituitary hormone deficiencies, such that the increased mortality may at least 
partly reflect overmedication with thyroid hormone or glucocorticoids or under
replacement with sex steroids. In addition, many of the patients may have 
received radiation therapy for pituitary tumors or craniopharyngiomas, treatment 
which is known to have deleterious vascular effects. Finally, these experts argue 
that the long-term side effects of GH therapy have not been fully documented 
and that it may be more cost-effective to treat GH deficient patients with drugs 
such as bisphosphonates and statins for complications such as decreased bone 
density and dyslipidemia (lslay et al. 2002). 



In balance, there is a pressing need for additional studies to define the potential 
benefits and risks of GH therapy in GH-deficient adults. Given that many 
endocrinologists contend that the benefits of GH replacement are definitively 
proven, such that it would be unethical to withhold therapy in this setting, these 
important studies will be very difficult to perform, 

Body Composition: Studies in GH-deficient adults show that GH replacement 
is associated with increased lean body mass and decreased adiposity, 
particularly central adiposity. In the healthy elderly, the initial observation by 
Rudman was largely responsible for the surge of interest in GH as an anti-aging 
therapy (Rudman et al. 1990). Several well-controlled trials have supported the 
ability of GH to decrease adiposity and increase lean body mass in elderly 
subjects (Papadakis et al. 1996; Thompson et al. 1995). However, efforts to 
show clear-cut benefits in strength have been mixed at best, and the effect of GH 
on falls or rehabilitation have not been established. 

Bone Mineral Density: As with androgen replacement, there are no published 
data defining any benefits of GH therapy on clinically relevant aspects of bone 
mineral density such as fractures. Nonetheless, the data in GH-deficient adults 
support a significant increase in bone mineral density (Carroll et al. 1998), 
although there initially may actually be a transient decrease in bone mass due to 
initial bone resorption, followed by a sustained increase reflecting increased bone 
formation. The data from one appropriately controlled trial for 18 months are 
shown below (Baum et al., 1996). An important caveat is that no studies to date 
have compared the beneficial effects of GH versus more established (and 
cheaper) agents such as bisphosphonates. 
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Despite the probable positive effect of GH replacement in GH-deficient adults, 
the evidence for positive effects of GH on bone mineral density in normal elderly 
subjects is much less striking. There have been a few studies looking at small 
numbers of subjects with osteoporosis, some of which have shown benefits of 
GH therapy, but this is an area that needs further investigation. 

Again, the available evidence derives largely from stud ies of GH-deficient adu lts 
rather than elderly subjects. In this setting, the preponderance of evidence 
supports a beneficial effect of GH therapy to lower LDL cholesterol, whereas 
most stud ies suggest that HDL cholesterol and triglycerides are not significantly 
affected. On the other hand, GH replacement causes increased levels of 
lipoprotein (a), an independent risk factor for the development of atherosclerosis. 

Psychological Well-being and Quality of Life: With more widespread attention 
to possible effects of GH deficiency in adults, it has become apparent that these 
patients perceive problems with depressed mood, social isolation, and decreased 
energy (Carroll et al. 1998). There is evidence from double-blinded, placebo 
controlled trials that GH replacement can lead to significant improvement in 
mood and energy level (McGauley, 1989), although this has not been universally 
observed (Baum et al. 1998) and there clearly is a large placebo effect with GH 
therapy. 

F. Therapeutic Options for Growth Hormone Replacement 

The availability of recombinant human GH identical in sequence to that released 
by the pituitary made it possible to treat a much larger group of patients than the 
severely GH-deficient children treated initially with cadaveric growth hormone. 
As noted by one endocrinologist, this resulted in a shift from "too many patients 
chasing too little hormone to too much hormone chasing too few patients" (cited 
by Jorgensen and Christ iansen 2002) . As a peptide hormone, however, 
recombinant GH is subject to proteolysis following oral administration, and all 
approved GH preparations are administered parenterally. There are no 
significant differences in the pharmacology of the various GH preparations, 
although varying injection devices, preservatives, etc. may influence patient 
preference. All are injected subcutaneous ly, generally at night to mimic the 
normal nocturnal secretion of GH, and all require daily injections for maximal 
effect. An encapsulated form of GH that is injected subcutaneously once or twice 
per month (Nutropin Depot®) is also approved by the FDA and is now under 
evaluation as a more convenient agent for long-term GH replacement (Cook et 
al. 2002). 

Sermorelin (GEREF®), a synthetic derivative of GHRH, also is FDA-approved for 
GH replacement. It is somewhat less expensive than GH, but has also been less 
effective in clinical trials. Given the high frequency of pituitary disease in adult 



GH deficient patients, it obviously is mandatory to document a response to a test 
dose of sermorelin before initiating therapy. As noted above, sermorelin also is 
used diagnostically in provocative testing for GH deficiency. Although there have 
been a few reports using intranasal administration of GHRH (for example, 
Khalfallah et al. 1990), such preparations have not found widespread clinical use. 

The concept of "growth hormone secretogogues" arose from the observation that 
peptide derivatives of enkephalins stimulated growth hormone secretion. Further 
exploration of these compounds led to the demonstration of a specific G-protein 
coupled receptor-termed the growth hormone secretogue receptor - expressed 
by somatotropes and growth hormone releasing hormone (GHRH) neurons in the 
arcuate nucleus. Most recently, an endogenous ligand for the growth hormone 
secretogue receptor was cloned and shown to encode an acylated peptide made 
primarily in the stomach termed ghrelin (Kojima et al., 1999). In addition to its 
potent induction of GH secretion, Ghrelin also induces lactotrope and 
corticotrope secretion, stimulates appetite (Nazakato et al., 2001 ), and exerts 
potent metabolic, cardiovascular and anti-proliferative effects (Broglio et al. 
2002). These pleiotropic actions of Ghrelin raise some concerns that growth 
hormone secretogogues may not be the selective, orally active inducers of GH 
secretion that they initially seemed, and several pharmaceutical companies have 
decreased their focus on these agents as therapeutic agents to increase GH 
secretion. 

G. Contraindications/Side Effects of Growth Hormone Therapy 

Absolute contraindications to GH treatment include: active malignancy, benign 
intracranial hypertension, carpal tunnel syndrome, and proliferative or pre
proliferative diabetic retinopathy. Although an increased incidence of malignancy 
with GH therapy has not been observed in large-scale trials of GH-deficient 
subjects, the contraindication to GH use in patients with active malignancy is 
based on the potential growth promoting effects of IGF-1, as well as the fact that 
epidemiologic studies have found a positive association between IGF-I Ievels and 
breast cancer (Hankinson et al., 1998) and prostate cancer (Chan et al., 1998). 

Current GH preparations are identical in sequence to GH released from the 
somatotropes and the side effects therefore reflect those associated with normal 
actions of GH. Most of these reflect GH action to cause fluid retention, and 
therefore include edema, arthralgias, myalgias, and carpal tunnel syndrome. 
Initial studies with GH replacement in GH deficient adults used doses similar to 
those use in pediatrics, and the incidence of side effects was as high as 33%. 
Obese and elderly subjects were especially likely to develop symptoms when 
using dosing regimens based on body weight. At least at these higher doses, the 
anti-insulin action of GH also has been associated with worsened glucose 
tolerance or the precipitation of overt diabetes mellitus in some subjects. As 



noted above, lower starting doses are now employed, and the frequency of side 
effects has diminished considerably . It is important to keep in mind that many of 
the studies that have shown benefits of growth hormone have employed 
relatively high doses that likely provide pharmacologic, rather than physiologic, 
effects. 

H. Patient Monitoring with GH Replacement 

Not surprisingly, there also is no consensus regarding the optimal dosing for 
patients with adult GH deficiency. Based on the relatively high frequency of side 
effects with regimens used previously, especially in elderly subjects, many 
experts favor a lower starting dose (150-300 JJg/day) with gradual titration of dose 
based on patient tolerance and IGF-1 levels at monthly intervals until side-effects 
develop or until IGF-1 levels are in the mid-normal range adjusted for age and 
sex. Very rarely will this dose exceed 1 mg/day in patients age 35 or older. 
Once the appropriate dose has been established, it is reasonable to monitor IGF-
1 levels at least twice yearly (AACE Clinical Practice Guidelines for growth 
hormone use in adults and children 1 998). Women who are taking oral 
estrogens often exhibit a less robust stimulation of IGF-1 levels and diminished 
improvement in body mass parameters, presumably secondary to first pass 
effects on hepatocytes (O'Sullivan et al. 1 998). 

Given the lack of consensus about the ability of GH replacement to impact 
clinically-relevant endpoints such as cardiovascular disease and fractures, it 
seems prudent to base decisions about long-term therapy on objective 
parameters (e.g. lipids, bone mineral density, etc.) as well as the subjective well 
being of the patient. If the patient doesn't feel that the GH is having a significant 
effect, then the expense and inconvenience of the therapy will often lead them to 
stop the therapy. 

IV. COMBINATION THERAPY 

Despite the absence of definitive evidence supporting the use of growth hormone 
or androgens alone in aging subjects, several groups have initiated studies to 
explore the effects of combination therapy (Blackman et al., 2002; Chrismas et 
al., 2002; Munzer et al., 2001; Brill et al., 2002) . In a placebo-controlled trial in 
which healthy elderly individuals were treated with GH, sex steroids, or a 
combination for 6 months (Munzer et al., 2001; Blackman et al., 2002), GH 
therapy was associated with increased lean body mass and decreased adiposity 
in men and women and a borderline improvement in strength in men, but no 
change in bone mineral density in either sex. Of note, the doses of GH were 
pharmacologic rather than physiologic, so that edema and arthralgias were seen 
in - 30-40 percent of subjects receiving GH and diabetes/glucose intolerance 



were also seen in a significant percentage of men. Veldhuis and colleagues also 
gave elderly subjects a combination of sex steroids and GH (Brill et al. 2002), 
examining the effects of different regimens for one month/intervention. Given the 
short duration of therapy, it is not surprising that they found no significant 
changes in strength, or percent body fat, but they did note significant increases in 
some functional tests such as stair-climbing. Although the data from studies 
examining the effects of different hormone supplements in combination are only 
in their infancy, such combination regimens are already widely used by many of 
the "Aging" clinics, and further studies are therefore clearly indicated to guide 
future therapeutic decisions. 

E. CONCLUSIONS AND A NOTE OF CAUTION 

As summarized here, the levels of testosterone and GH decline with age, and 
many of the features of aging resemble those exhibited by patients with 
deficiencies of androgen and GH. Moreover, emerging data from clinical 
trials-albeit limited in scope and duration - indicate that at least some of the 
deleterious effects seen in aging individuals can be improved by hormone 
replacement therapy. In light of the WHI CHD data, however, a number of 
important questions need to be addressed in randomized, placebo-controlled 
trials of sufficient duration and number of subjects before we can define the 
precise role of these drugs in aging individuals. Does androgen replacement to 
the range normally seen in younger men increase the risk of prostate cancer or 
its rate of progression to clinical significance? What are the consequences of 
diagnostic evaluation for PSA elevations in these men, both in health care 
expenses and emotional and physical complications? How effective will 
testosterone and GH be in improving clinically significant endpoints (e.g. 
fractures, falls, cognitive performance) as opposed to intermediate markers such 
as bone mineral density? Is testosterone or GH treatment more cost-effective for 
osteoporosis and cardiovascular risk than more standard interventions such as 
bisphosphonates or statins? Given the known adverse effects of GH and IGF-1 
excess in acromegaly, are there any deleterious effects of long term GH 
replacement? Finally, in view of the known ability of physical activity to induce 
GH secretion, to diminish adiposity (and thereby diminish the aromatization of 
testosterone) and to , might it not be more efficacious to encourage exercise in 
aging subjects rather than routinely employ expensive drugs? 

It is apparent that the data currently available are woefully inadequate to make 
definitive recommendations about the roles of hormone replacement therapy in 
the elderly, despite the tremendous enthusiasm for hormonal replacement. 
Although a relatively large clinical trial of androgen replacement therapy in elderly 
men was approved for funding, it was canceled due to concerns that it was 
unethical to subject men to a therapy that might induce prostate cancer in a 
manner akin to estrogens and breast cancer (A. Matsumoto, personal 



communication) . With respect to patients who have demonstrable deficiencies 
of testosterone or GH, it is apparent that the patients who benefit most from 

A final reason for caution - at least with GH replacement - derives from animal 
models of aging, which have linked increased longevity with defects in the 
GH/IGF-1 axis. One such model is caloric restriction from early life, which is 
known to decrease insulin and IGF-1 levels (Weindruch et al. 1986). Other 
monogenic disorders that impair GH secretion (i .e., hypothalamic or pituitary 
defects, Bartke et al. 2001) or action (i.e ., disruption of the GH receptor, 
Coschigano et al. 2000) also are associated with decreased growth, infertility, 
and increased longevity. Finally, studies in Caenorhabditis elegans and 
Drosophila melanogaster have identified genes whose loss-of-function is 
associated with increased longevity (Kenyon 2001 ). Many of these are homologs 
of the IGF-1 receptor or components of its downstream signaling pathway, raising 
the unsettling possibility that diminished signaling via IGF-1 is associated with 
increased longevity. Consistent with this model, analyses of IGF-1 knockout mice 
have shown that haploinsufficiency for the IGF-1 receptor is associated with 
significantly increased longevity in mice without associated growth retardation or 
infertility (Holzenberger et al. 2003). This study raises the possibility that insights 
gained from model organisms will apply also to aging in mammals, while the 
entire body of work raises the possibility that signaling via the IGF-1 pathway is 
deleterious for lifespan (Lithgow GJ, Gill MS, 2003). Although the practical 
relevance of these studies for aging human beings remains to be established, 
they raise some concern that increasing IGF-1 levels via GH replacement may 
not necessarily be advantageous in alleviating aging . 
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