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Summary
Serum testosterone levels decline slowly with normal ageing in men and, although all

men are not destined to become hypogonadal as they age, the prevalence of androgen

de®ciency in the older male is not insigni®cant. Over the past several decades, there has

been an increasing interest in evaluating whether testosterone therapy (male HRT)

might be bene®cial for certain older men in preventing or reversing some aspects of

ageing. The major androgen target organs of interest with regard to bene®cial effects of

male HRT include bone, muscle, adipose tissue, the cardiovascular system and the

central nervous system (libido and aspects of mood). At the same time, potential adverse

effects of male HRT on target organs such as the prostate continue to be evaluated. It is

the purpose of this review to summarize the information to date with regard to

testosterone replacement therapy in the older man and to discuss areas where more

research and clinical information need to be forthcoming.

Hormonal replacement therapy (HRT) for post-menopausal women has been studied

and discussed for many years. The idea of male HRT, however, is a relatively recent

development, with increasing interest in this area occurring only over the past two

decades. Reasons for this nascent enthusiasm include burgeoning evidence that

testosterone levels decline with normal male ageing (and with age-associated diseases)

and an interest in preventing age-related dysfunction and prolonging quality life among

an ever increasing population of older adults. The decline in testosterone with age often

parallels unfavourable changes in organs upon which androgens act and the goal of male

HRT would be to prevent, stabilize or even reverse some of these detrimental target-

organ changes.
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Change in androgen levels with male
ageing
Most (about 95%) of plasma testosterone in men is

produced by the Leydig cells of the testes and released into

the circulation in a pulsatile manner under stimulatory

control by luteinizing hormone (LH). The remainder of

plasma testosterone comes from conversion from adrenal

androgens, largely androstenedione. Nearly all testosterone,

which is the most plentiful androgen in the human male,

circulates in blood bound to two proteins, albumin and sex

hormone-binding globulin (SHBG); only about 1±2% of

testosterone circulates totally freely (Dunn et al., 1981).

Testosterone is tightly bound to SHBG, whereas its af®nity

for albumin is weak (Pardridge & Landaw, 1985). Because of

the strong af®nity of testosterone for SHBG, the portion of

plasma testosterone not bound to SHBG is often called

`bioavailable testosterone' (Manni et al., 1983). Whether

non-SHBG bound testosterone is truly the fraction that is

available to all androgen target tissues is not clear, however.
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Non-SHBG bound testosterone does appear to be the

portion available to the brain (Pardridge & Landaw, 1985)

and bone mineral density measurements in older men

correlate much better with bioavailable testosterone than they

do with total testosterone levels (Khosla et al., 1998). There are

data, however, to suggest that testosterone bound to SHBG

may be available to the prostate (Sakiyama et al., 1988).

Testosterone can be converted, via a 5a-reductase, to

dihydrotestosterone (DHT), which is the predominant

androgen in some organs, such as the prostate. Although

DHT is found in plasma, most of the effects of DHT at the

target organ level are felt to be due to its local tissue

formation from testosterone.

Although con¯icting data pertaining to this point are

found in the early medical literature, most studies within the

past two decades have demonstrated an age-related decline in

plasma levels of total testosterone, free testosterone and

bioavailable testosterone. (Nankin & Calkins, 1986; Gray

et al., 1991; Vermeulen, 1991; Morley et al., 1997). Levels of

SHBG increase with age and this age-related increase in

SHBG results in a steeper rate of decline in serum levels of

`bioavailable' testosterone than that seen for total testosterone

(Stearns et al., 1974; Nankin & Calkins, 1986; Tenover et al.,

1987). There are no consistent effects of age on serum levels

of DHT.

The decline in testosterone with age is due to a decrease

in testosterone production; testosterone clearance actually

slows with age (Vermeulen et al., 1972). Young adult men

exhibit a circadian rhythm in their plasma levels of

testosterone, with peak levels occurring in the morning

then falling slowly by about 35% during the day. This daily

¯uctuation in serum testosterone is attenuated in older men

(Bremner et al., 1983). The physiological causes for a decline

in testosterone production with age are multifactorial. The

predominant change appears to be at the level of the testes,

where there is a decline in Leydig cell number and in the

activity of the enzymes in the metabolic pathway governing

testosterone production (Neaves et al., 1984; Takahashi

et al., 1983). The ability of the testes to increase testosterone

production in response to increased gonadotrophin stimu-

lation also is attenuated in older men (Tenover, 1992). There

is additional evidence that age-related alterations in hypo-

thalamic-pituitary function also contribute to the decline in

testosterone. An overview of available data supports the view

that older men fail to demonstrate an appropriate increase in

LH secretion in response to a hypo-androgenic state. Most

older men with low testosterone levels have gonadotrophin

levels (especially LH levels) that are within the normal young

male adult range, resulting in a relative hypogonadotrophic

hypogonadism.

The decline in serum testosterone with age is not

universal. Most cross-sectional or longitudinal studies eval-

uating testosterone levels with age have been undertaken in a

population of predominantly Caucasian men; little data are

available as regards other ethnic groups. In addition, the rate

of testosterone decline among individual men can vary

greatly, is impacted by disease and medications and does not

inevitably result in hypogonadism. The prevalence of true

hypogonadism in the older male population is uncertain,

largely because there is no agreement on how to de®ne it in

this age group. There is no target-organ change, physiolog-

ical ®nding or symptom that readily assists with this

de®nition. It also may be that there will be no single plasma

level of testosterone to de®ne all older men as hypogonadal;

the desired level of testosterone that maximizes target-organ

effects may vary according to the androgen target organ of

interest, as well as being different among individuals.

Currently, rather than de®ning what level of testosterone

makes the average older man testosterone de®cient, replace-

ment studies have recruited older men with baseline

testosterone levels at or below the lower limit of the normal

range for young adult men and then evaluated androgen

target-organ responses to testosterone therapy. This strategy

allows testosterone to be raised to levels that are 100±200%

above baseline, yet maintained within the normal physio-

logical young adult range. Table 1 gives some examples of

the prevalence in older men of various levels of testosterone

de®ciency, as de®ned by some of these studies.

Androgen target organ changes with age
Accompanying the male ageing process are a number of

clinically detrimental physiological changes in organs and

functions that, at least in the younger adult hypogonadal

male, can be positively in¯uenced by testosterone replace-

ment (Table 2). Among these changes seen with age are: (1)

a decrease in muscle tissue mass and a decline in muscle

strength; (2) an increase in adipose mass, particularly in

Table 1. Examples of prevalence of testosterone de®ciency in older
men

Ref

Age
range
(years)

Number
of men
evaluated

Serum total
testosterone
(ng/mL)

Percent of
population

A 20±100 300 < 32 22% (60±80 years)
36% (80±100 years)

B 50±87 817 < 30 11.4%
C 75±101 77 < 25 33%
D 65±83 360 < 35 19% (> 65 years)

37% (> 70 years)
< 30 11% (> 65 years)

22% (> 70 years)
E 40±69 1017 < 25 4.7% (40±49 years)

5.7% (50±59 years)
8.3% (60±69 years)

Ref: A, Vermeulen & Kaufman (1996); B, Lunglmayr (1997); C, Morley et al.,
1997; D, Tenover, unpublished data; E, McKinlay, J.B., from the Massa-
chusetts Male Aging Study, unpublished data.
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intra-abdominal fat; (3) a decline in bone mass and an

increased incidence of osteoporosis and minimal trauma

fractures; (4) a decline in the quality and quantity of sexual

thoughts and enjoyment; (5) an increase in erectile dysfunc-

tion; and (6) a decreased sense of well-being.

Testosterone replacement therapy in older
men
Although there have been a number of studies involving

male HRT over the past decade, large, well-designed

evaluations are limited and the data available with regard

to male HRT is at least 20 years behind that for HRT in the

post-menopausal female. Nonetheless, by evaluating studies

that are available and grouping results on the basis of target

organ responses, some sense can be gained of where

knowledge in the ®eld currently stands.

Bene®cial effects
The potential bene®ts of male HRT are listed in Table 3.

Bone
There have been at least six published studies to date that

have reported on the effects of testosterone therapy in older

men with regard to either biochemical parameters of bone

turnover or bone mineral density (Jackson et al., 1987;

Greenspan et al., 1989; Tenover, 1992; Morley et al., 1993;

Katznelson et al., 1996; Reid et al. 1996). These studies have

lasted from 3 to 18 months, with the shorter-term studies

evaluating only bone turnover parameters. Some, but not all,

of the studies enrolled older men who were osteoporotic at

baseline and one evaluated testosterone therapy in men

undergoing chronic treatment with glucocorticoids. In

general, the rate of bone degradation was shown to be

slowed by testosterone therapy, whereas bone mineral

density seemed to increase (Table 4). Whether positive

effects on bone density can be maintained over longer

periods of time than have been studied, what might be the

optimal level of testosterone replacement to achieve maximal

bene®t for bone and whether testosterone therapy would

ultimately lower the rate of osteoporotic fractures in older

men are all unknown at this time.

Body composition and strength
There have been at least ®ve published trials of

testosterone therapy in older men that have evaluated body

composition changes; three of these trials, along with one

additional trial, have evaluated some aspect of strength

(Tenover, 1992; Morley et al., 1993; Marin et al., 1993;

Urban et al., 1995; Katznelson et al., 1996; Sih et al., 1997).

Table 5 is a summary of the body composition and strength

changes that have occurred in these trials. Consistently there

have been changes in body composition with testosterone

therapy, either a decline in body fat, an increase in lean body

mass, or both. The magnitude of the fat mass changes in

older men, when they occur, appears similar to that seen

with testosterone replacement in young hypogonadal men,

whereas the lean body mass changes produced are usually less

dramatic. Whether this implies that the muscles of older men

are less responsive to the anabolic effects of testosterone than

are the muscles of young men is not yet known. A small

number of studies have suggested that insulin sensitivity may

increase with testosterone therapy in the older man, but

whether this is due to the therapy-related decline in fat mass

is uncertain.

In terms of strength changes seen with testosterone HRT

in older men, most, but not all studies have demonstrated a

statistically signi®cant increase in strength with therapy

(Table 5). Most of these studies have been blinded and

placebo controlled, but most have also used only grip

strength as the primary strength measure. Only one of these

studies has evaluated the effects of testosterone on lower

extremity (LE) strength.

While the principal aim of improving muscle mass in the

older man would be to maintain or improve muscle

strength so that mobility and function are maximized and

Table 2. Androgen target organs: change with age and with tes-
tosterone replacement in hypogonadal young adult men

Change with

Target organ or function Age
Testosterone
replacement

Muscle mass ) +
Muscle strength ) +
Adipose mass + )
Bone mass ) +
Libido ) +
Erectile dysfunction + )
Mood; sense of well-being NC/± +

+ = increase; ± = decrease; NC = no change.

Table 3. Potential bene®ts and risks of testosterone therapy in
older men

Bene®ts Risks

Preserve or improve bone mass Fluid retention
and prevent fractures

Increase muscle mass
Precipitate or worsen sleep

apnoea
Increase strength and stamina Develop gynaecomastia
Improve physical function Produce polycythemia
Improve libido Hasten development of benign
Improve well-being and mood or malignant prostate disease
Decrease cardiovascular risk Increase cardiovascular

disease risk
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preserved, no testosterone replacement studies to date have

evaluated the effects on functional performance. In addi-

tion, all studies to date have been in generally healthy older

men. Whether male HRT would be bene®cial for muscle

mass, strength and function in more frail men has not yet

been addressed.

Sexual function and mood
There are no clinical trials that have evaluated the effect

of testosterone therapy on aspects of sexual function in

healthy older men with low or low-normal testosterone

levels. There are, however, some studies that have

evaluated the effects of raising plasma testosterone levels

in older men with various types of sexual dysfunction. In

general, men with low libido have shown improvement,

whereas erectile dysfunction is only occasionally improved

by such therapy (O'Carroll & Bancroft, 1984; Carani et al.,

1990; Guay et al., 1995). Several blinded, placebo-

controlled testosterone replacement studies in older men

have evaluated effects on `sense of well-being' or other

aspects of mood. Although these studies are small, they

have shown that older men on testosterone report an

improved or higher sense of well-being when compared

with a similar group receiving placebo (Tenover, 1992;

Marin et al., 1993).

Cardiovascular system
Compared with pre-menopausal women, men have a

higher incidence of cardiovascular disease and cardiovascular

mortality. Whether this is due largely to the bene®cial effect

of oestrogens or lifestyle patterns for women, or whether

there is also the possibility that androgens in men play a

deleterious role in this sexual dichotomy, is unknown. Most

epidemiological studies have shown that higher serum

testosterone levels correlate with lower, rather than higher,

cardiovascular disease risk in men (Bagatell & Bremner,

1995).

Cardiovascular disease risk factors that might be affected

by sex steroids include serum lipoprotein pro®les, vascular

tone, platelet and red blood cell clotting parameters, and the

direct process of atherogenesis. There are no data as yet on

the effects of testosterone therapy in older men on most of

these parameters. Several preliminary studies have suggested

that testosterone therapy may decrease platelet aggregation or

decrease vascular tone, but these data need to be expanded.

Effects on serum lipoprotein levels in older men are the one

area where testosterone therapy has been more extensively

evaluated. In general, parenteral testosterone therapy (by

intramuscular injections or scrotal or transdermal patch) in

older men has led to a decrease in total or low density

lipoprotein-cholesterol levels, with no change or a small

decrease in high-density lipoprotein-cholesterol levels

(Bagatell & Bremner, 1995). These lipoprotein changes

with testosterone therapy are modest and the ultimate impact

on cardiovascular disease is unknown.

Adverse effects
The only absolute contra-indications to male HRT at this

current time are the concomitant diagnosis of prostate or

Table 4. Testosterone therapy effects on
bone in older men

Treatment Study
Parameters of bone turnover Bone density

Ref (months) N Formation Degradation Spine Other

A 7±14 6 ± ±
B 12 4 + +
C 3 13 NC ±
D 3 8 +
E 18 29 ± ± +
F 12 15 ± + NC

) = decrease; + = increase; NC = no change.
Ref: A, Jackson et al., 1987; B, Greenspan et al., 1989; C, Tenover, 1992; D, Morley et al., 1993; E,
Katznelson et al., 1996; F, Reid et al., 1996.

Table 5. Testosterone replacement and body composition and
strength in older men

Treatment Study Lean body
Ref (months) N Body fat* mass* Strength

A 3 13 NC + (3.2%) NC (grip)
B 3 8 NC + (grip)
C 9 31 ) (6.4%) NC ±
D 1 6 + (LE)
E 18 29 ) (14%) + (5%)
F 12 17 NC + (grip)

*Numbers in parenthesis are percentage change from baseline.
+ = increase; ) = decrease; NC = no change.
Ref: A, Tenover, 1992; B, Morley et al., 1993; C, Marin et al., 1993; D,
Urban et al., 1995; E, Katznelson et al., 1996; F, Sih et al., 1997.
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breast carcinoma. Other potential risks of male HRT have

either been reported in studies of replacement in older men

or inferred from studies involving either physiological

replacement therapy in young hypogonadal men or from

pharmacological (supraphysiological) therapy in young

eugonadal men.

Potential risks of male HRT in older men are listed in

Table 3. Many of these adverse effects can be predicted by

pretreatment medical history, examination, or laboratory

testing and others are easily manageable if they arise during

therapy. Several of the potential adverse effects, however,

such as long-term effects on the prostate, are virtually

unknown. Because of the uncertainty regarding the effect of

male HRT on cardiovascular disease, this category is also

mentioned in the potential risk list.

Modest, usually transient, ¯uid retention (up to several

kilograms in weight gain) is possible, especially within the

®rst few months of HRT, but is not as dramatic with

testosterone as it is with the use of oral anabolic steroids such

as oxandrolone. No studies of male HRT with testosterone

have yet reported problems with peripheral oedema or

exacerbation of hypertension or congestive heart failure, but

studies to date have only involved relatively healthy older

men. In the chronically ill or more frail older man, ¯uid

retention might pose a concern.

Sleep apnoea has been reported to contribute to low

serum testosterone levels and testosterone therapy has been

reported to exacerbate sleep apnoea (Sandblom et al., 1983;

Santamaria et al., 1988). Although the reports are limited,

because sleep apnoea is prevalent in the middle-aged and

older man, evaluation for this condition by history prior to

initiation of male HRT and throughout treatment is

recommended.

Development of breast tenderness occurs in a small

number of older men on HRT, and frank gynaecomastia also

can develop, although this is even more uncommon. Since

many older men, when given testosterone replacement,

demonstrate a relatively greater percentage increase in serum

oestradiol levels, when compared to serum testosterone

levels, this may contribute to the breast changes reported.

Often times this side-effect can be overcome with a

downward adjustment in HRT replacement1 dose.

Testosterone replacement therapy in older men often can

result in a signi®cant increase in red blood cell mass and

haemoglobin levels. The increases reported are much larger

than those usually seen when young hypogonadal men are

given testosterone replacement. In some cases, in which

polycythemia has developed with male HRT, it has been

necessary to either terminate therapy or decrease the dose of

testosterone used for replacement (Tenover, 1996; Sih et al.,

1997). While the coexistence of sleep apnoea and elevated

body mass index may contribute to the development of

polycythemia in certain cases, this has not been true for many

men studied (Krauss et al., 1991; Drinka et al., 1995). The

method of testosterone replacement may affect the magni-

tude of the change in red blood cell mass, with those

methods that give a more uniform level of testosterone

within the physiological range throughout the dosing period

showing less of an effect on red blood cell mass.

Both benign prostatic hyperplasia (BPH) and prostate

cancer are diseases common to older men and both are

promoted by androgens; androgen deprivation therapy has

been used for the treatment of both of these processes. What

is unknown is whether male HRT places an older man at

increased risk of developing clinically signi®cant prostate

disease from pre-existing, but subclinical, disease. A number

of testosterone replacement studies in men aged 40±89 years

have evaluated serum levels of prostate speci®c antigen

(PSA), prostate size or functional parameters such as urine

¯ow rates or urinary bladder residual volumes (for review,

see Tenover, 1996). The vast majority of these studies have

reported no signi®cant change in PSA, prostate size, or

urinary functions with testosterone therapy, nor has there

been a reported increase in the incidence of detectable

prostate cancer. However, since both prostate cancer and

BPH are diseases with long natural histories, and the

observation time to date with testosterone therapy in older

men is limited to less than 800 man-years, the long-term

effects of male HRT on the prostate of older men is still of

concern.

Given the possible adverse effects of testosterone therapy

in the older adult man, screening for parameters related to

potential risks of androgen therapy should be performed

prior to the initiation of treatment. Such evaluation should

include a history for potential sleep apnoea, signi®cant

symptoms of BPH, or personal or family history of prostate

carcinoma; a physical examination, including a digital rectal

examination of the prostate; and screening laboratory tests,

including haemoglobin and PSA levels. To decrease the

likelihood of pre-existing prostate cancer in an older man, if

the digital rectal examination is abnormal or if an elevated

PSA level is found, the man should be referred for ultrasound

and biopsy of the prostate prior to initiation of androgen

therapy.

Concluding remarks
Within the past two decades, knowledge of the potential

bene®ts and risks of male HRT has increased signi®cantly,

although the data are perhaps 20 years behind what is

available for female HRT. While larger and longer term

studies of male HRT are needed, a composite of currently

published trials suggest that male HRT may have bene®t in

terms of improving bone mineral density, increasing muscle

mass and strength, and, in some men, improving libido and

mood. Whether these effects translate, however, into

decreased long-term fracture risk, functional improvements

or stabilization, and improvement in overall quality of life are

uncertain. In the short term (up to three years), the adverse

effects of male HRT seem predictable and manageable, but

the longer term effects on target organs such as the

Ó 1999 Blackwell Science Ltd, International Journal of Andrology, 22, 300±306
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cardiovascular system and the prostate are yet to be

determined. Thus, although there may be a strong push by

the lay media and/or the pharmaceutical industry to initiate

male HRT, men interested in such therapy should be

counselled that the risk/bene®t ratio for the therapy is yet to

be determined.

References
Bagatell, C. J. & Bremner, W. J. (1995) Androgen and progestagen

effects on plasma lipids. Progress in Cardiovascular Disease 38, 255±

71.

Bremner, W. J., Vitiello, M. V. & Prinz, P. N. (1983) Loss of

circadian rhythmicity in blood testosterone levels with aging in

normal men. Journal of Clinical Endocrinology and Metabolism 56,

1278±81.

Carani, C. M., Zini, D. & Baldini, A. (1990) Effects of androgen

treatment in impotent men with normal and low levels of free

testosterone. Archives of Sexual Behavior 19, 223±34.

Drinka, P. J., Jochen, A. L., Cuisinier, M., Bloom, R., Rudman, I. &

Rudman, D. (1995) Polycythemia as a complication of

testosterone replacement therapy in nursing home men with

low testosterone levels. Journal of the American Geriatrics Society

43, 899±901.

Dunn, J. F., Misula, B. C. & Rodbard, D. (1981) Transport of

steroid hormones: binding of 21 endogenous steroids to both

testosterone-binding globulin and corticosteroid-binding glob-

ulin in human plasma. Journal of Clinical Endocrinology and

Metabolism 53, 58±68.

Gray, A., Berlin, J. A., McKinlay, J. B. & Longcope, C. (1991) An

examination of research design effects on the association of

testosterone and male aging: Results of a meta-analysis. Journal of

Clinical Epidemology 44, 671±84.

Greenspan, S. L., Oppenheim, D. S. & Klibanski, A. (1989)

Importance of gonadal steroids to bone mass in men with

hyperprolactinemic hypogonadism. Annals of Internal Medicine

110, 526±31.

Guay, A. T., Bansal, S. & Heatley, G. J. (1995) Effect of raising

endogenous testosterone levels in impotent men with secondary

hypogonadism: double blind placebo-controlled trial with

clomiphene citrate. Journal of Clinical Endocrinology and Metabo-

lism 80, 3546±52.

Jackson, J. A., Kleerekoper. M., Par®tt, A. M., Rao, D. S.,

Villanueva, A. R. & Frame, B. (1987) Bone histomorp-

hometry in hypogonadal and eugonadal men with spinal

osteoporosis. Journal of Clinical Endocrinology and Metabolism 65,

53±58.

Katznelson, L., Finkelstein, J. S., Schoenfeld, D. A., Rosenthal, D. I.,

Anderson, E. J. & Klibanski, A. (1996) Increase in bone density

and lean body mass during testosterone administration in men

with acquired hypogonadism. Journal of Clinical Endocrinology and

Metabolism 81, 4358±65.

Khosla, S., Melton, L. J., Atkinson, E. J., OõÂFallon, W. M., Klee,

G. G. & Riggs, L. (1998) Relationship of serum sex steroid

levels and bone turnover markers with bone mineral density in

men and women: a key role for bioavailable estrogen. Journal of

Clinical Endocrinology and Metabolism 83, 2266±74.

Krauss, D. J., Taub, H. A. & Lantinga, L. J. (1991) Risks of blood,

changes in hypogonadal men treated with testosterone enanthate

for erectile impotence. Journal of Urology 146, 1566±70.

Lunglmayr, G. (1997) Trial on androgen supplementation in aging

men. In: Current Advances in Andrology (Eds G. M. H. Waites,

J. Frick, G. W. H. Baker), pp. 289±92, Monduzzi Editore,

Bologna.

Manni,A.,Pardridge,W.M.,Cefalu,M.,Nisula,B.C.,Bardin,C.W.,

Santner, S. J. & Santen, R. J. (1983) Bioavailability of albumin-

bound testosterone. Journal of Clinical Endocrinology and Metabo-

lsim 61, 705±10.

Marin, P., Holmang, S., Gustafsson, E., Jonsson, L., Kvist, H.,

Elander, A., Eldh, J., Sjostrom, L., Holm, G. & Bjorntorp, P.

(1993) Androgen treatment of abdominally obese men. Obesity

Research 1, 245±51.

Morley, J. E., Kaiser, F. E., Perry, H. M., Patrick, P., Morley, P. M.

K., Stauber, P. M., Vellas, B., Baumgartner, R. N. & Garry, P.

J. (1997) Longitudinal changes in testosterone, luteinizing

hormone, and follicle-stimulating hormone in healthy older

men. Metabolism 46, 410±13.

Morley, J. E., Perry, H. M., Kaiser, F. E., Kraenzle, D., Jensen, J.,

Houston, K., Mattammal, M. & Perry, H. M. (1993) Effects of

testosterone replacement therapy in old hypogonadal males: a

preliminary study. Journal of the American Geriatrics Society 41,

129±52.

Nankin, H. R. & Calkins, J. H. (1986) Decreased bioavailable

testosterone in aging normal and impotent men. Journal of

Clinical Endocrinology and Metabolism 63, 1418±20.

Neaves, W. B., Johnson, L., Porter, J. C., Parker, C. R. & Petty, C.

S. (1984) Leydig cell numbers, daily sperm production, and

serum gonadotrophin levels in aging men. Journal of Clinical

Endocrinology and Metabolism 55, 756±63.

O'Carroll, R. & Bancroft, J. (1984) Testosterone therapy for low

sexual interest and erectile dysfunction in men: a controlled

study. British Journal of Psychiatry 145, 146±51.3

Pardridge, W. M. & Landaw, E. M. (1985) Testosterone transport

in brain: Primary role of plasma protein-bound hormone.

American Journal of Physiology 249, E534±E542.

Reid, I. R., Wattie, D. J., Evans, M. C. & Stapleton, J. C. (1996)

Testosterone therapy in gluco-corticoid treated men. Archives of

Internal Medicine 156, 1173±77.4

Sakiyama, R., Pardridge, W. M. & Musto, N. A. (1988) In¯ux of

testosterone-binding globulin (TeBG) and TeBG-bound sex

steroid hormones into rat testis and prostate. Journal of Clinical

Endocrinology and Metabolism 67, 98±103.

Sandblom, R. E., Matsumoto, A. M., Schoene, R. B., Lee, K. A.,

Giblin, E. C., Bremner, W. J. & Pierson, D. J. (1983)

Obstructive sleep apnea syndrome induced by testosterone

administration. New England Journal of Medicine 308, 508±10.

Santamaria, J. D., Prior, J. C. & Fleetham, J. A. (1988) Reversible

reproductive dysfunction in men with obstructive sleep apnoea.

Clinical Endocrinology (Oxford) 28, 461±70.

Sih, R., Morley, J. E., Kaiser, F. E., Perry, H. M., Patrick, P. &

Ross, C. (1997) Testosterone replacement in older hypogonadal

men: a 12-month randomized controlled trial. Journal of Clinical

Endocrinology and Metabolsim 82, 1661±67.

Stearns, E. L., MacDonnell, J. A., Kaufman, B. J., Padua, R.,

Lucman, T. S., Winter, J. S. D. & Faiman, C. (1974) Declining

testicular function with age: hormonal and clinical correlates.

American Journal of Medicine 57, 761±66.

Takahashi, J., Higashi, Y., LaNasa, J. A., Yoshida, K.-I., Winters, S. J.,

Oshima, H. & Troen, P. (1983) Studies of the human testis.

Ó 1999 Blackwell Science Ltd, International Journal of Andrology, 22, 300±306

Testosterone in older men 305



XVIII. Simultaneous measurement of nine intratesticular steroids:

Evidence for reduced mitochondrial function in testis of elderly

men. Journal of Clinical Endocrinology and Metabolism 56, 1178±87.

Tenover, J. S. (1992) Effects of testosterone supplementation in the

aging male. Journal of Clinical Endocrinology and Metabolism 75,

1092±98.5

Tenover, J. S. (1992) Male hormonal changes with aging. In:

Endocrinology and Metabolism in the Elderly (Eds J. E. Morley, S.

G. Korenman), pp. 243±261, Blackwell Scienti®c, Boston.

Tenover, J. L. (1996) Effects of androgen supplementation in the

aging male. In: Androgens and the Aging Male (Eds J. B. Oddens,

A. Vermeulen), pp. 191±204, Parthenon Publishing Group,

New York.

Tenover, J. S., Matsumoto, A. M., Plymate, S. R. & Bremner, W. J.

(1987) The effects of aging in normal men on bioavailable

testosterone and luteinizing hormone secretion: Response to

clomiphene citrate. Journal of Clinical Endocrinology and Metabo-

lism 65, 1118±26.

Urban, R. J., Bodenburg, Y. H., Gilkison, C., Foxworth, J.,

Coggan, A. R., Wolfe, R. R. & Ferrando, A. (1995)

Testosterone administration to elderly men increases skeletal

muscle strength and protein synthesis. American Journal of

Physiology 269, E820±E826.

Vermeulen, A. (1991) Clinical review 24: androgens in the aging

male. Journal of Clinical Endocrinology and Metabolism 73, 221±4.

Vermeulen, A. & Kaufman, J. M. (1996). In: Androgens and the

Aging Male (Eds B. Oddens, A. Vermeulen), p. 202, Parthenon

Publishing, New York.

Vermeulen, A., Rubens, R. & Verdonck, L. (1972) Testosterone

secretion and metabolism in male senescence. Journal of Clinical

Endocrinology and Metabolism 34, 730±35.

1. 25th Annual Meeting of the American Society of Andrology

Royal Sonesta Hotel Boston, Cambridge, Massachusetts, USA

Sunday 9 April ±Tuesday 11 April 2000

(Postgraduate course: 8 April 2000. Laboratory workshop: 7 April 2000

Abstracts are due 15 October 1999

2. VII International Congress of Andrology, hosted by the American Society of Andrology

(also the 26th Annual Meeting of the ASA)

Montreal, Quebec, Canada

Friday 15 June 2001 ± Tuesday 19 June 2001

3. 27th Annual Meeting of the American Society of Andrology

Sheraton Seattle Hotel and Towers, Seattle, Washington, USA

Thursday 26 April ± Saturday 29 April

(Postgraduate course: 29 April 2002. Laboratory workshop: 24 April 2002

For more information on all meetings or to request a 2000 abstract submission form please contact:

American Society of Andrology

74 New Montgomery, Suite 230

San Francisco, CA 94105

USA

phone: (415) 764 4823

fax: (415) 764 4915

email: asa@hp-assoc.com

homepage: www.cvm.uiuc.edu/HomePages/rhess/asa/front

Ó 1999 Blackwell Science Ltd, International Journal of Andrology, 22, 300±306

306 J. Lisa Tenover


