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Aging in men is accompanied by a progressive, but individu-
ally variable decline of serum testosterone production, more
than 20% of healthy men over 60 yr of age presenting with
serum levels below the range for young men. Albeit the clin-
ical picture of aging in men is reminiscent of that of hypogo-
nadism in young men and decreased testosterone production
appears to play a role in part of these clinical changes in at
least some elderly men, the clinical relevancy of the age-
related decline in sex steroid levels in men has not been un-
equivocally established. In fact, minimal androgen require-
ments for elderly men remain poorly defined and are likely to
vary between individuals. Consequently, borderline andro-
gen deficiency cannot be reliably diagnosed in the elderly, and
strict differentiation between “substitutive” and “pharmaco-
logical” androgen administration is not possible. To date, only

afew hundred elderly men have received androgen therapy in
the setting of a randomized, controlled study, and many of
these men were not androgen deficient. Most consistent ef-
fects of treatment have been on body composition, but to date
there is no evidence-based documentation of clinical benefits
of androgen administration to elderly men with normal or
moderately low serum testosterone in terms of diminished
morbidity or of improved survival or quality of life. Until the
long-term risk-benefit ratio for androgen administration to
elderly is established in adequately powered trials of longer
duration, androgen administration to elderly men should be
reserved for the minority of elderly men who have both clear
clinical symptoms of hypogonadism and frankly low serum
testosterone levels. (Endocrine Reviews 26: 833-876, 2005)
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I. Introduction

SINCE ANTIQUITY, THE importance of the testes for
maintenance of virility, physical force, and male be-
havior has been recognized. Two hundred years before
Christ, the Assyrians employed castration as a punishment
for sexual offenses, whereas from antiquity eunuchs were
employed by Orientals to take charge of their women. In the
8th century, the Chinese advocated the use of extracts of
testicles for treatment of impotence (1). Brown-Sequard (2, 3)
attributed the age-associated decline in physical and sexual
performance to a decline in testicular function and claimed
that he had experienced personally the evident beneficial
effects on virility and well-being of the injection of (watery)
extracts of guinea pig and dog testes” effects, which he re-
ported in 1889 before the Societé de Biologie de Paris. Al-
though the watery extract that Brown-Sequard used could
hardly have contained any androgens, these experiments
gave the impetus to research concerning testicular sub-
stances affecting sexual function, leading ultimately to the
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isolation by David et al. (4) in 1935 of the major testicular
androgen, testosterone.

Androgens are substances that determine the differentia-
tion of male internal and external genitalia as well as the
development and maintenance of male secondary sex char-
acteristics and male reproductive function. Besides, they
have important metabolic effects on protein, carbohydrate,
and fat metabolism, and as such they contribute to the de-
termination of muscle mass and strength and to that of bone
and fat mass, while they indirectly also influence insulin
sensitivity. Furthermore, androgens affect behavior and
cognition.

It is thus not surprising that age-associated phenomena
such as a decline in virility and sexual activity, a decrease in
muscle mass and strength, or an increased tendency to de-
velop atherosclerosis and impairment of glucose metabolism
have been related to an observed decline in testicular func-
tion in aging men.

II. Sex Steroids in Elderly Men
A. Sex steroids in the systemic circulation

Testosterone, dihydrotestosterone (DHT), androstenedi-
one, dehydroepiandrosterone (DHEA), and its sulfate
(DHEAS) are the major androgens in the systemic circula-
tion. Testosterone is secreted almost exclusively by the testes,
whereas only about 20% of circulating DHT originates from
direct testicular secretion, the remainder being derived from
S5a-reduction of testosterone in peripheral tissues (5). Fifteen
percent of plasma androstenedione originates from periph-
eral conversion of DHEA and testosterone, whereas 85% is
secreted directly in approximately equal parts by the testes
and the adrenals (6, 7); DHEA and DHEAS originate almost
exclusively from the adrenals.

Biologically, the most important plasma androgen is tes-
tosterone. It is largely bound to plasma proteins, only 1-2%
being free, 40-50% being loosely bound to albumin, and
50-60% being specifically and strongly bound to the SHBG
(8, 9). Unbound testosterone diffuses passively through the
cell membranes into the target cell, where it binds to the
specific androgen receptor (AR) (10). The serum free testos-
terone (FT) and the albumin-bound testosterone represent
the fractions readily available for biological action. Indeed,
albumin-bound testosterone dissociates during tissue transit,
whereas the strong binding of testosterone to SHBG will
usually not allow for substantial dissociation during the tis-
sue transit time (11). The non-SHBG-bound testosterone, i.e.,
the combined free and albumin-bound testosterone, is often
referred to as the “bioavailable testosterone” (bioT). How-
ever, the fraction actually available for biological action may
vary according to the considered tissue and pathophysio-
logical condition, and at present a reliable clinical or bio-
chemical marker of androgen activity at the level of the
tissues is still lacking.

The clinical significance of plasma DHT is very limited
because most DHT formed in peripheral tissue acts locally
(12), only a limited fraction escaping to the circulation where
DHT is strongly bound to SHBG, only 0.8% being free. An-
drostenedione and DHEA are loosely bound to albumin, the
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binding to SHBG being negligible; DHEAS on the other hand
is relatively strongly bound to albumin (13).

Androgenic actions of testosterone are mediated via bind-
ing to the AR, either directly or after 5a-reduction to DHT,
whereas part of the physiological actions of testosterone re-
sults from its aromatization to estradiol, which binds to es-
trogen receptors (ERs). The AR does not bind substantially
androstenedione, DHEA, or DHEAS, and it is assumed that
the androgenic effects of these steroids are attributable to
their transformation to testosterone in the tissues. Recently,
an endothelial plasma membrane DHEA binding site has
been described, which still requires, however, functional
proof of receptor activity (14). There is also evidence for
DHEA interaction with the y-aminobutyric acid receptor
(15).

Testosterone can also exert rapid, nongenomic effects, in
part via binding to a G protein-coupled membrane receptor
for the SHBG-testosterone complex that initiates a cAMP-
mediated, transcription-independent signaling pathway af-
fecting calcium channels (16-18). Recently, Braun and
Thomas (19) reported the presence of a high-affinity mem-
brane AR in the Atlantic croaker.

B. Influence of aging on blood concentrations

1. Testosterone. In healthy adult males, morning levels of
serum testosterone vary between around 315 and 1000 ng/dl
(11 and 35 nmol/liter) (20), the blood production rate [mean
concentration multiplied by metabolic clearance rate (MCR)]
ranging from 4 to 10 mg/d (14 to 35 umol/d) (21). Plasma
levels show circadian variations with amplitude of approx-
imately 35%, highest levels in the morning and lowest levels
in the late afternoon (22). Although there are also ultradian
variations in testicular secretion of testosterone as a conse-
quence of episodic stimulation by pulsatile pituitary secre-
tion of LH, discrete testosterone secretory episodes are usu-
ally not clearly identified in peripheral blood (23).

As early as 1958, Hollander and Hollander (24) reported
a decrease of spermatic vein testosterone concentration in
elderly men and, soon afterward, Kent and Acone (25) re-
ported an age-associated decline in blood production rate,
which was subsequently confirmed by several other authors
(26-28). However, this does not necessarily translate into
lower plasma levels because the MCR also decreases with
aging in men (27). Nevertheless, in the early seventies several
authors reported an age-associated decline of serum testos-
terone levels from the fourth or fifth decade of life on. Al-
though this has long been controversial, this decline has now
been confirmed both by a large series of cross-sectional stud-
ies (for review, see Ref. 29) and by several longitudinal stud-
ies (30-33) (Fig. 1). In fact, the age-associated decrease ap-
pears more important in the longitudinal than in cross-
sectional studies, which might be explained by a bias toward
healthier subjects in the former, whereas community-dwell-
ing elderly are more likely to show a deterioration than an
improvement of their health status during follow-up (33).

There is an age-associated increase of SHBG levels by
about 1.2% per year (33), so that the decrease of FT and bioT
serum levels is larger than that of total serum testosterone
(Figs. 2 and 3) (33-37). Moreover, in the elderly the amplitude
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Fic. 1. Longitudinal evolution of the morning bioT (to convert to
nanomoles per liter, multiply by 0.0347) in a population-based cohort
of 214 ambulatory men aged 75 *+ 4.0 yr at baseline and followed for
a mean of 3.4 (median, 4) yr. Longitudinal changes were studied
according to mixed effects modeling using SAS software (SAS Insti-
tute, Inc., Cary, NC) with additional adjustments for baseline age and
BMI. Shown are yearly averages and 95% confidence interval. A
highly significant systematic linear decrease was seen (P < 0.0001)
(J. Kaufman, S. Goemaere, and D. De Bacquer, unpublished results).
See Ref. 290 for details on study cohort and hormone assays.

of the circadian variation of serum testosterone, FT, and bioT
is reduced (34, 38-40).

Most recent studies (31-35) in ambulatory men in whom
sampling was performed in the morning show that at age 75
yr mean total serum testosterone level is about two thirds of
the levels at age 25, whereas the mean FT and bioT serum
levels are only about half of those in young men (Figs. 2 and
3). Nevertheless, there is at all ages an important between-
subject variability of serum FT or bioT levels (Fig. 4). In the
age group above 60 yr, about 20% have serum testosterone
levels in the upper normal range for young men, whereas
over 20% have testosterone levels below the range for young
males and an even larger proportion have levels below this
limit when considering FT or bioT (41) (Fig. 5). In the Bal-
timore Longitudinal Study of Aging (31), 19, 28, and 49% of
men over ages 60, 70, and 81 yr, respectively, had total
testosterone levels below the young reference range, whereas
34, 68, and 91% had subnormal levels when the FT index (FTL:
T/SHBG) was used. However, the latter index is not a valid
measure of FT in males, and reference values for young males
may not be applicable to the elderly (42, 43).

2. Other androgens. The concentration of DHT in plasma var-
ies between 23 and 73 ng/dl (0.8 and 2.5 nmol/liter). Only
15 to 20% is secreted by the testes, and 80% originates from
conversion of testosterone by 5Sa-reductase type 2 in the
peripheral target tissues, whereas DHT that is formed in the
liver under influence of 5a-reductase type 1 is not released
into the general circulation but is immediately glucurono-
conjugated (44, 45); 5a-reductase activity can be differentially
regulated in different target tissues (46). Cross-sectional
studies do not show substantial changes in serum levels of
DHT in aging men, although due to the increase in SHBG
there may be a modest decrease of the free fraction (35, 47).
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Nevertheless, there have also been reports of decreases (48,
49) as well as increases of serum DHT with age (33).

Plasma androstenedione levels vary between 60 and 230
ng/liter (2 and 8 nmol/liter) in adult males aged 20-30 yr
and significantly decline with age (50) (Fig. 2); the levels
show a circadian rhythm, with maximal concentrations in the
morning (51). The androgenic activity of androstenedione is
dependent upon biotransformation to testosterone (blood
conversion rate around 15%) (6); its MCR is about 2000 li-
ters/d (52), and its blood production rate lies around 1.5 to
2 mg/d.

Plasma DHEA and DHEAS are secreted almost exclu-
sively by the adrenals. Only about 10% of DHEA is derived
from the gonads, whereas about 50 to 70% derives from
desulfatation of DHEAS in peripheral tissues (53).

DHEA metabolism is very rapid, with a MCR around 2000
liters/d (7). Serum levels are highly age-dependent, with
mean levels of about 430 ng/dl (15 nmol/liter) at age 20 yr,
decreasing to 140 ng/dl (5 nmol/liter) at age 75 yr (35, 54-56)
(Fig. 2). The age-associated decline of serum DHEA contrasts
with maintained or even increased serum cortisol concen-
trations during aging. The serum levels are subject to a cir-
cadian rhythm with highest values in the morning; the daily
production rate amounts to 2 to 7 mg. The blood conversion
rate to testosterone is about 0.6%, and hence, its contribution
to plasma testosterone levels is negligible in adult men. How-
ever, because this conversion occurs in peripheral tissues
where testosterone may act locally, the conversion rate does
not reflect the contribution of DHEA to androgenic activity
in the tissues.

DHEAS is by far the most abundant androgen in plasma.
Its mean concentration in young males is about 220 ug/dl (6
umol/liter), i.e., 10 to 20 times the concentration of cortisol,
decreasing however rapidly with age (35, 54-56) (Fig. 2). Its
metabolism is slow (MCR around 15 liters/d), and the blood
production rate in young males lies as high as 25 to 30 mg/d
(57). Due to its slow metabolism, plasma DHEAS levels do
not show circadian variations. Its hormonal and metabolic
effects are probably essentially attributable to its transfor-
mation to testosterone and estrogens in the tissues (58). The
hormonal effects resulting from local biotransformation to
these active sex steroids can presently not be quantified, but
the contribution to the global androgenic and anabolic effects
in men is probably modest. Indeed, it can be noted that
glucocorticoid-substituted adrenal insufficiency in adult
men does not result in clinically manifest hypoandrogenism,
whereas conversely anorchid men have no substantial re-
sidual virilization.

3. Estrogens. There is a rapidly growing body of evidence that
a number of physiological actions of testosterone in men are
mediated by the ERs after its biotransformation by the aro-
matase cytochrome P450 enzyme in the tissues (59). Docu-
mented estrogen-mediated actions of testosterone in men
include a role in the feedback regulation of LH (60, 61), a role
in the regulation of skeletal homeostasis (62, 63), as well as
arole in lipid metabolism and cardiovascular physiology (64,
65); among other possible estrogen actions in men, there are
indications for a role in the brain (66) and in spermatogenesis
(67). These estrogenic actions in men can be exerted by blood-
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borne estrogens as well as through local aromatization of
testosterone in, or in close vicinity of, the target cell. The
expression of the CYP19 gene encoding the aromatase en-
zyme can be differentially regulated according to the tissue
(68, 69).

The conversion rate of testosterone to estradiol is around
0.2%. Up to 80% of plasma estradiol originates from aroma-
tization of testosterone and androstenedione, mainly in (sc)
fat and striated muscle, although aromatase activity is
present in many other tissues, including bone and the brain;
no more than 20% of estradiol in the circulation is secreted
by the testes. Estradiol serum concentration in the adult male
is around 20 to 30 pg/ml (70 to 110 pmol/liter), with a
production rate of around 45 ug/d. Plasma estradiol is also
bound to SHBG but with only half the affinity of testosterone.
Total plasma estradiol levels in adult men do not vary sig-
nificantly with age; indeed the decrease in precursor levels
(i.e., testosterone and androstenedione) is compensated by an
increase of fat mass and tissue aromatase activity with age
(36, 70, 71). As a consequence of the age-associated increase
in SHBG binding capacity, the serum concentrations of free

estradiol and non-SHBG-bound or “bioavailable” estradiol
do show a moderate age-associated decrease (36, 71, 72) (Fig.
3). It can be pointed out that estrogen serum levels in elderly
males are higher than those in postmenopausal women (63).

C. Mechanisms of the age-associated decline in blood
androgen levels

There are three different aspects to the changes in serum
testosterone levels in aging men: first, there are primary
testicular changes with a diminished testicular secretory ca-
pacity; second, there is an altered neuroendocrine regulation
of the Leydig cells with apparent failure of the feedback
mechanisms to fully compensate; and third, there is an in-
dependent increase of SHBG binding capacity (for review,
see Refs. 41 and 73).

1. Primary testicular changes. Stimulation with human chori-
onic gonadotropin (hCG) (74-78), with pulsatile adminis-
tration of GnRH (79), or with biosynthetic LH after down-
regulation of endogenous LH secretion with leuprolide (80)
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has consistently revealed a diminished secretory capacity of
the Leydig cells in the elderly compared with young men.
This decrease in testicular secretory reserve appears to in-
volve a reduction of the number of Leydig cells (81-84).

In old rats at least, all enzymes involved in the synthesis
of testosterone are decreased with aging, as is the steroido-
genic acute regulatory protein, which is involved in the trans-
port of cholesterol into mitochondria (85-87). There is also
evidence for a shift in testicular androgen biosynthesis fa-
voring the A, over the A5 steroids, analogous to the situation
for the adrenals (88). In healthy, community-dwelling men
over age 75 yr, mean testicular volume is reduced by about
30% relative to that in young men (89).

2. Altered neuroendocrine regulation of Leydig cell function. Con-
sistent with a primary testicular cause of decreased testos-
terone production, mean serum LH levels in the male pop-
ulation tend to increase with age (for review, see Refs. 29 and
90), but this increase is of modest amplitude and is incon-
sistent (30). Many elderly men with a serum testosterone
concentration below the range for young men do not have

elevated LH levels. Moreover, the modest increases in basal
serum LH in elderly men appear to result in part from a
slower plasma clearance rather than from increased pituitary
secretion (91, 92).

Aging in men is thus also accompanied by manifest al-
terations in the regulation of LH secretion, the regulation of
FSH secretion being better maintained (89, 93). This is con-
ceptually of significance. Indeed, albeit the testicular secre-
tory reserve is diminished in the elderly, there is a residual
secretory capacity that should allow many elderly men to
substantially raise their serum testosterone levels, provided
there is an adequate LH drive.

Assessment of the secretory capacity of the pituitary go-
nadotropes by in vivo challenge with small “near physiolog-
ical” doses of synthetic GnRH has revealed a maintained (79)
or, in accordance with a state of relative hypoandrogenism,
even a slightly increased LH response as measured by either
immunoassay or bioassay in the elderly compared with
young men (91). Given that the pituitary secretory capacity
is preserved in the elderly, the apparent failure of the feed-
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per liter, multiply by 34.67. [Adapted from Ref. 73 with permission
from Cambridge University Press.]

back regulatory mechanisms to produce an adequate rise of
serum LH must result from changes at the hypothalamic
level.

The pulsatile secretion of LH, governed by episodic release
of hypothalamic GnRH into the pituitary portal circulation,
has in the elderly an increased irregularity compared with
young men (94) with essentially unchanged (95-97) or
slightly increased (98) LH pulse frequency, but with a di-
minished frequency of large amplitude LH pulses and a
reduced mean LH pulse amplitude, which is a parameter of
the stimulating effect on the Leydig cells (95, 98). By infer-
ence, it can be assumed that the diminished amplitude of LH
pulses in the elderly reflects a reduced size of the GnRH bolus
intermittently released into the pituitary portal circulation,
which might in turn be the consequence of a reduced number
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Fic. 5. Proportion of healthy men with serum testosterone (T) and
FT below the laboratory reference range for young men, according to
data in Refs. 20 and 35. [Adapted from Ref. 41 with permission from
Elsevier.]
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of functional hypothalamic GnRH neurones, of a less effi-
cient intermittent recruitment and/or synchronization of
these neurones and/or of a down-regulation of their activity
by local or systemic factors. As to the latter, an important
observation is that elderly men have an increased respon-
siveness to the negative feedback effects of androgens (95, 96,
99, 100) (Fig. 6). It has been shown that this is not the con-
sequence of an increased hypothalamic opioid tone (101,
102), whereas the existence of a relative leptin deficiency has
also been excluded as a possible cause of the hypothalamic
changes in the regulation of LH secretion in the elderly (103).
The exact mechanisms underlying the decrease in hypotha-
lamic GnRH secretion in elderly men is yet to be fully
elucidated.

3. Increase of plasma SHBG binding capacity. The observation
that in aging men, the decline of the serum levels of FT and
bioT is accentuated relative to that of total serum testosterone
as a consequence of an age-associated increase of serum
SHBG might seem an unexpected finding. Indeed, in young
men such an increase of serum binding capacity will be
adjusted for through the testosterone feedback regulation
with increase of total serum testosterone and maintained FT,
as is seen for instance during thyrotoxicosis in young adult
men (104). In the healthy elderly, however, the increase in
plasma testosterone binding capacity is accompanied by a
decrease of the nonspecifically bound fractions of testoster-
one, because it occurs on the background of the aforemen-
tioned testicular and neuroendocrine alterations.

The substantial age-related increase of SHBG (about 1.2%/
yr) is remarkable because it occurs in the face of an increase
of fat mass and insulin levels, which are strong negative
determinants of SHBG levels (35, 105-108). It seems unlikely
that the decreased plasma testosterone or the associated de-
crease of the plasma testosterone over estradiol ratio would
per se be the cause, because the increase of SHBG seems to
begin at a younger age (35). Presently, the mechanisms re-
sponsible for the age-associated increase of serum SHBG are
yet to be uncovered. Involvement of the age-related decline
in the activity of the somatotropic axis is an attractive, but yet
tobe validated working hypothesis presently supported only
Plasma E2

Plasma LH Plasma T

young (n=11) elderly (n=8)

Fia. 6. Suppressing effect on serum levels of LH, testosterone (T),
and estradiol (E2) in young and elderly men of transdermal admin-
istration of DHT (125 mg/d for 10 d); P < 0.05 for difference in
percentage suppression of LH and testosterone between young and
elderly men, according to data from Ref. 95.
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by indirect evidence, such as the existence of a negative
association between serum levels of SHBG and IGF-I and the
normalization of elevated serum SHBG levels in adults with
GH deficiency or GH resistance during administration of
substitutive doses of GH or IGF-], respectively (35, 109, 110).

4. Mechanisms of decreased adrenal androgen secretion. The an-
drogen-selective decrease in plasma levels of adrenal ste-
roids with maintained or even increased serum cortisol levels
in aging men is not gender-specific, although there may be
some sexual dimorphism in the observed patterns of age-
related decline (111). The changes seem to be the conse-
quence of a selective decrease in functional zona reticularis
cells (112). It has been observed that after acute stimulation
with ACTH, the serum DHEA response is manifestly dimin-
ished in the elderly, whereas the cortisol response is similar
to that in young men (113, 114). During 3-d stimulation with
40 U of depot ACTH twice daily, increase of DHEAS in the
elderly was proportional to the decreased basal level (115),
which is compatible with the concept of a diminished mass
of responsive cells with maintained responsiveness of the
residual cells.

D. Factors affecting blood androgen levels in the
healthy elderly

Healthy males show a slow and steady age-associated
decline in plasma levels of testosterone and nonspecifically
bound testosterone with, however, at all ages large between-
subject variations. Although the mechanisms of this vari-
ability have not been completely elucidated, several physi-
ological and lifestyle-related factors appear to play a role.

1. Intrasubject variability and random effects. There have been
reports of circannual variations in plasma testosterone with
amplitude of up to 30% and maximum around October to
December for studies performed in the Western hemisphere
(116-118). But the reports are not consistent with some stud-
ies finding no significant variation or maximum levels rather
in spring or summer (for review, see Ref. 117). At present it
is also not possible to differentiate between potential con-
tributory factors such as latitude, climate, and/or diet. In any
case, the large between-subject variability in serum testos-
terone was also seen when the study design avoided seasonal
effects (73).

The circadian variation should not contribute substantially
to the interindividual variability of serum testosterone levels
as long as serum testosterone is being consistently evaluated
in the first part of the morning (around 0700 to 1000 h).
Moreover, although persisting to some extent, the circadian
variation of serum testosterone is markedly blunted in the
elderly (34, 38, 40, 63).

Because testosterone is being secreted episodically, one
could assume that part of the between-subject variability in
serum testosterone represents random effects underlined by
the moment-to-moment intraindividual variation in serum
testosterone. To some extent this is certainly the case, but
moment-to-moment variations in circulating testosterone are
rather limited and discrete pulses of testosterone are usually
not discernible, at least not during daytime (119). In any case,
in middle-aged men, single point measurements of testos-
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terone have been found to reflect rather well the long-term
hormonal levels (120), and we found that in 248 healthy
community-dwelling men over age 70 yr, two single point
measurements of total testosterone at a 1-yr interval were
strongly correlated (r = 0.82) (73). Therefore, to apply single
point measurements is an acceptable approach for the pur-
pose of epidemiological studies. Nevertheless, individual
elderly men have been reported to present week-to-week
variations in serum testosterone and bioT, which could result
in misclassification of men as having normal or low serum
levels relative to the reference range if based on a single time
point measurement (121).

2. Ethnicity and heredity. Heredity plays an important role as
shown by studies in twins by Meikle ef al. (122, 123), which
revealed that genes determine as much as 25-76% of the total
variation of plasma levels of gonadotropins, testosterone, FT,
estradiol, and estrone. In these studies, only 12% of the vari-
ation in serum DHT levels was explained by heredity, but
there appears to be a strong genetic influence (over 40%) in
the tissue formation and the production rate of DHT. Non-
genetic, familial factors may also substantially contribute to
the determination of plasma hormone levels, e.g. for SHBG
(124). The genetic basis underlying the heredity of testoster-
one and FT is presently unknown. Considering the complex-
ity of testosterone synthesis and the regulation of its secre-
tion, there obviously is a broad range of candidate genes
(125).

Ethnic variations in serum testosterone have been re-
ported, and in particular observations of slightly higher total
testosterone and SHBG levels in men of African origin com-
pared with Caucasian. These small differences of a few per-
cent tend to disappear when full adjustments are made for
body composition, including adjustment for some measure
of abdominal adiposity. There are generally no differences in
serum FT (126-128). No consistent differences are found in
serum testosterone levels between Caucasians and men of
Asian origin (129, 130); lower serum total testosterone,
SHBG, and FT has been reported in a group of Pakistani
compared with Caucasian and African-Caribbean men re-
siding in England, part of the observed difference being
again explained by differences in abdominal adiposity (131).

Recently, there has been considerable interest in a possible
role of an AR gene polymorphism. The AR gene contains in
exon 1 a polymorphic trinucleotide CAG-repeat, which en-
codes a functionally relevant polyglutamine tract of variable
length. A CAG-repeat length exceeding the normal range of
15-31 results in a diminished AR transactivation capacity
(132). In X-linked spinal and bulbar muscular atrophy
(Kennedy’s disease), the CAG-repeats in the AR exceed 40,
and the clinical picture includes signs of mild androgen
resistance (133-135). Evidence from in vitro studies indicates
that androgen activity might also be affected by variations in
AR CAG-repeat lengths within the normal range (136, 137).
Clinical studies have associated shorter repeat lengths with
higher prevalence of several androgen-sensitive diseases,
including prostate cancer (138), although this is not con-
firmed in all studies; a polymorphic GGC-repeat encoding a
polyglycine tract in the AR has also been associated with
prostate cancer (139). An association of shorter AR CAG-

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

840 Endocrine Reviews, October 2005, 26(6):833—876

repeat length with greater longitudinal decline of serum
testosterone and bioT levels has been reported for a sub-
group of middle-aged men in the Massachusetts Male Aging
Study (MMAS), although there was no association found
between CAG-repeat length and baseline serum levels of
either testosterone or FT, nor was there a consistent associ-
ation with follow-up hormone levels (140). No association
was found between the polymorphic AR CAG-repeat and
sex steroid serum levels in a cohort of community-dwelling
healthy men over age 70 yr in Belgium (141), in accordance
with the lack of association between this polymorphism and
serum testosterone levels in a study in Chinese and Austra-
lian men (142), in studies in German men (143-145), and in
a study in Finnish men (146). As to the LH levels, which
might be expected to vary according to differences in an-
drogen sensitivity at the hypothalamic-pituitary level, there
are no consistent findings with lack of association between
AR CAG-repeat length and LH levels in some studies (140,
141), weak positive associations between repeat length and
LH reported by others (125, 143), or even observations of a
negative association in a Finnish cohort, although no longer
significant after adjustment for age (146). From the whole of
these studies, it can be concluded that the AR CAG-repeat
polymorphism does not appear to contribute substantially to
the determination of androgen levels in elderly men. On the
other hand, as mentioned in other sections of this review,
there have been reports of associations of the AR CAG-repeat
polymorphism with clinical parameters modulated by an-
drogen action.

In a cohort of elderly men in The Netherlands, serum total
testosterone and bioT were not different in subjects with
wild-type LH and those heterozygous for a polymorphic
variant caused by point mutation-based substitutions of two
amino acids (Trp®Arg and Ile'*Thr) in the LH B-subunit (147).

3. Fat mass and its distribution. Adiposity as assessed by the
body mass index (BMI) [i.e., body weight (in kilograms)/
body height (in meters)?] is an important negative determi-
nant of total serum testosterone levels, mainly via its effects
on SHBG levels (105). The latter are in turn positively asso-
ciated with insulin sensitivity, as indicated by the consistent
finding of a negative correlation of SHBG with insulin serum
levels (35, 48, 106-108, 131, 148-151). Similarly, a negative
association of serum SHBG and total testosterone with leptin
levels was observed (103, 152), this negative association be-
ing (103) or not being (152) maintained after adjustment for
BMI. Overall, negative associations with serum testosterone
levels tend to be most pronounced for indices of abdominal
adiposity (48, 107, 108, 149, 153, 154).

Although in young and middle-aged men, moderate obe-
sity (BMI = 35 kg/m?) affects mostly the serum SHBG and
total testosterone levels, morbid obesity (BMI > 35 kg/m?),
and mainly abdominal fat accumulation, also affects FT lev-
els (106, 107, 148) as a consequence of alterations in the
neuroendocrine regulation of testosterone secretion, charac-
terized by a decreased mean amplitude of LH pulses (106).
Nevertheless, also within the normal variation of adiposity
in the population, negative associations with FT levels can be
observed, in particular in the elderly (48, 103, 108, 152).
Adiposity is also associated with lower DHEA and DHEAS
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(35), although a positive association between DHEAS and
BMI has been observed in the oldest-old (155).

When considering the effects of body composition on the
androgen status in elderly men, one should keep in mind the
caveat that the interrelation between androgen status and
body composition is probably bidirectional with, as dis-
cussed in later sections of this review, androgen deficiency
and androgen treatment, respectively, having substantial
and opposite effects on body composition and insulin
sensitivity.

4. Diet. As far as the influence of diet is concerned, reports
in the literature are rather divergent. In a study in elderly
monks (34), plasma testosterone and FT levels were similar
in vegetarian and nonvegetarian subjects. It has been re-
ported (156) that Chinese in Beijing had lower serum tes-
tosterone and SHBG levels, but testosterone MCR similar to
Chinese living in Pennsylvania and following a Western diet.
Other data strongly suggest that fiber, lignan, and diets rich
in isoflavone are associated with higher serum SHBG and
total testosterone levels compared with Western diets (157-
161), but FT levels may not be significantly different (159). In
1552 men aged 40-70 yr in the MMAS, fiber intake and
protein intake were significant independent positive and
negative determinants, respectively, of serum SHBG,
whereas neither total caloric intake, nor fat or carbohydrate
consumption contributed significantly; the lack of a signif-
icant role of carbohydrate and fat intake makes it unlikely
that the effects of diet would be mediated only by changes
in serum insulin levels (162). Interestingly, low protein intake
is known to be associated with low serum IGF-I levels (163),
which can be hypothesized to play a role in the age-related
increase of serum SHBG (35, 109, 110).

5. Stress. Stress evokes adaptive neuroendocrine reactions
with, on the one hand, activation of the stress-responsive
corticotropic, sympatho-adrenal, and somatotropic axes and,
on the other hand, suppression of the gonadal axis through
restraining of hypothalamic GnRH secretion (92, 164-167).
One of several possible mechanisms underlying the latter
inhibition of GnRH secretion may involve corticotropin-
stimulated secretion of endogenous opiates (168-171).
Acute fasting for 48 or 84 h has been reported to result in
a substantial reduction of serum testosterone in healthy men
through reduced LH pulse frequency and amplitude (92, 164,
172), which can be reversed by pulsatile administration of
GnRH (167) and may involve a specific metabolic signal
rather than a nonspecific reaction to stress (173). Interest-
ingly, elderly men appear to be relatively resistant to the
metabolic stress of fasting compared with young men (92).
For several types of acute physical stress (e.g., temperature,
pain, injury, strenuous exercise) or psychological stress, it
has been reported that they can inhibit gonadal function
(174-179). For these various forms of stress, there is little
information on whether the elderly may be less or more
susceptible. In a study of young and older athletes complet-
ing a triathlon (lasting 9-12 h in young men and 11-16 h in
older men), there were no differences in observed absolute
decrease in serum testosterone levels (180). As assessed in a
small group of subjects, insulin-induced hypoglycemia re-
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sulted in a significant decline of serum testosterone in
healthy young men but not in elderly men, although the
cortisol response was robust and even slightly greater than
in the young (34). It has also been reported that serum tes-
tosterone levels appear more affected in the acute phase after
myocardial infarction in middle-aged men with a mean age
of 49 yr compared with elderly men with mean age of 70 yr
(34). Overall, it does appear that in elderly men plasma
testosterone levels, albeit lower than in young men, may be
less susceptible to decrease in response to acute stress.

6. Other lifestyle-related factors. Serum total testosterone and
SHBG are reported to increase transiently during acute phys-
ical exercise of moderate intensity (181, 182), an effect that
appears to result from hemoconcentration and decreased
testosterone MRC (181, 183).

There is little information on the effects of dosed exercise
programs on circulating androgen levels in elderly men,
although such programs might have an effect on testosterone
levels, in particular through changes in body composition
and activity of the somatotropic axis. Deslypere and Ver-
meulen (34) found no consistent effect of a revalidation phys-
ical training program after myocardial infarction; Houmard
et al. (184) observed no effects on serum androgen levels in
middle-aged sedentary men of an exercise program that did
result in significantly improved insulin sensitivity. Kraemer
et al. (182) found a small increase of resting FT levels at the
end of a 10-wk heavy-resistance training program in a group
of eight men of 30 yr but not in men of 62 yr of age.

At all ages in adult men, serum testosterone and FT levels
are 5-15% higher in (actual) smokers compared with non-
smokers (34, 35, 185-187). Smoking is also associated with
higher DHEA and DHEAS serum levels (35, 187, 188).

Moderate alcohol consumption has no marked effect on
serum testosterone (49, 162). Alcohol abuse, also in the ab-
sence of cirrhosis of the liver, accelerates the age-associated
decline of serum testosterone and FT levels and is accom-
panied by increased estradiol levels (189-192).

A controversial issue is whether and how sexual activity
influences mean serum testosterone levels; the data available
is inconsistent and does not allow for a conclusion (193-196).

E. Contributory role of diseases and their treatment

As has been discussed in previous sections, aging per se
induces a slow progressive decrease in plasma total and
nonspecifically bound testosterone, with a substantial pro-
portion of men over 65 yr who are in apparently good health
presenting with serum levels below the reference range for
young men. However, at all ages serum testosterone levels
may be transiently or more permanently also affected by
diseases or their treatment (41, 197-200). Considering that the
incidence and prevalence of diseases and consumption of
medication with possible adverse effect on androgen status
increase with age, in daily practice age-related decline in
serum testosterone is not uncommonly accentuated by con-
comitant disease. An exhaustive inventory of the effects of
disease on the androgen status falls beyond the scope of this
review, and we limit the discussion to a few examples that
are potentially relevant to the situation in elderly men.
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1. Acute critical illness. Acute critical illness, such as in patients
with surgical trauma or myocardial infarction, is commonly
associated with temporary, but often profound and pro-
longed decrease of serum testosterone levels (197, 201-203).
The hypogonadism in critically ill men involves alteration in
all compartments of the hypothalamo-pituitary-testicular
axis, with observations of transient elevations of serum LH
in the initial phase and of a state of hypogonadotropic hy-
pogonadism during more prolonged illness (201, 202,
204-206).

2. Chronic systemic diseases. Both testosterone and SHBG tend
to decrease in elderly men with diabetes mellitus (207). Tes-
tosterone levels were found to be lower in men over 60 yr
with type II diabetes than in nondiabetic controls (154, 208),
which is in line with a negative association of serum testos-
terone with adiposity and insulin resistance in nondiabetic
men.

Most cross-sectional studies report lower or similar tes-
tosterone levels in patients with coronary artery disease
(CAD) compared with controls (209-211). Similarly, inverse
associations between serum testosterone levels and other
measures of atherosclerosis have been reported (212, 213). In
a longitudinal study, Zmuda et al. (32) found a more rapid
age-associated decline of testosterone levels in patients at
increased risk for CAD. However, in neither case-control
studies nor prospective cohort studies could an independent
association between endogenous testosterone levels and sub-
sequent development of fatal or nonfatal CAD be observed
(for review, see Ref. 214). An inverse correlation has been
reported between (F)T levels and blood pressure (215, 216),
possibly mediated by the abdominal obesity that is associ-
ated with atherosclerosis and increased blood pressure.

Chronic obstructive pulmonary disease (COPD) is often
accompanied by decreased serum testosterone concentra-
tions, also in the absence of systemic glucocorticoid treat-
ment, with normal or decreased gonadotropin levels point-
ing toward hypothalamo-pituitary dysfunction; this is
possibly the consequence of hypercapnea or of hypoxia (217-
220). It has been reported that men with obstructive sleep
apnea not uncommonly present with low morning testos-
terone levels, which can be reversed by treatment with nasal
continuous positive airways pressure (221-223).

Patients with chronic liver disease, with or without hepatic
cirrhosis, tend to present with hypogonadism characterized
by decreased FT levels and increased serum concentrations
of SHBG, androstenedione, and estrogens (224, 225); alcohol
has an additive effect on the hypogonadism of cirrhosis (226).
Hypogonadism is also a classical feature of hemochromato-
sis, which is predominantly the consequence of a pituitary
lesion caused by the iron overload (227).

Hypogonadism is a common sequel of chronic renal fail-
ure (228), which is underlied by a complex pathophysiology.
On the one hand, mean gonadotropin levels are usually
elevated, probably mainly a consequence of an increase of
plasma half-life (229). On the other hand, there are abnor-
malities in LH secretion resulting from altered GnRH release
(228, 229), and there is also evidence for the existence of
impaired Leydig cell function (229).

A variety of endocrine diseases are known to induce hy-
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pogonadism, which includes primary testicular lesions,
Cushing’s syndrome, prolactinoma as well as other secreting
or nonsecreting pituitary tumors. There is a broad overlap
between the symptomatology of normal aging, of hypogo-
nadism, and of hypothyroidism, the latter being itself a pos-
sible cause of hypogonadism (230). Thyrotoxicosis takes a
special position in that it is characterized, even in the absence
of evident clinical signs of thyrotoxicosis, by greatly in-
creased serum total testosterone levels, secondary to a
marked increase of SHBG levels, with generally normal lev-
els for FT (104, 230, 231).

As to diseases of more particular concern in some coun-
tries or ethnic groups, it can be mentioned that men with
sickle-cell disease can present with low serum testosterone
levels (232) and that in men previously treated for leprosy,
hypogonadism is not uncommon as a sequel of Mycobacte-
rium leprae-caused orchitis (233-235).

3. Drugs. In the elderly, there is a rather high prevalence of
use of medication and in particular frequent concomitant use
of multiple drugs. Age-related decline of Leydig cell func-
tion, which may already be worsened by intercurrent disease
may thus also be accentuated by use of drugs. A typical
example of the latter situation is systemic administration of
glucocorticoids in older men with COPD (236). Adverse drug
actions on adult Leydig cell function and their underlying
mechanisms have not been extensively studied. Here, we
discuss only a few examples of potential adverse drug effects.

If only as a reminder, one has to mention here that the
hormonal treatment of prostate cancer, the most common
nondermatological cancer in men in Western countries, con-
sists in suppression of endogenous testosterone production
with use of a GnRH-analog and/or blockade of androgen
effects by administration of an antiandrogen. As to the use
of inhibitors of the 5a-reductase in men with benign prostate
hypertrophy, treatment with finasteride results in slightly
elevated serum LH and testosterone levels (237), but the
treatment mitigates androgenic effects in those tissues that
are largely dependent on local production of DHT, which can
result in mild symptoms or signs of hypogonadism (238).
Chemotherapy with alkylating agents, which has major ef-
fects on spermatogenesis, can also result in mild Leydig cell
insufficiency (239, 240).

Systemic glucocorticoids have dose-dependent adverse ef-
fects on testosterone production, which may result from both
direct testicular effects and inhibition of gonadotropin se-
cretion (220, 236, 241, 242).

Opiates and cannabinoids suppress testosterone produc-
tion through inhibition of gonadotropin secretion (243, 244).
Similarly, LH secretion and Leydig cell function may be
adversely affected by hyperprolactinemia during chronic use
of neuroleptic drugs and related compounds (245). Ketokon-
azol inhibits the c17/c20 lyase, decreasing testosterone syn-
thesis (246), whereas spironolactone reduces the 17 hydrox-
ylase-lyase activity leading also to reduced testosterone
biosynthesis (247). Several classes of antihypertensive drugs,
including pB-blockers, can interfere with normal erectile func-
tion, and hypertensive patients under treatment may often
show a moderate reduction in serum testosterone levels (198,
248), but in view of the many confounding factors in these
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subjects, a drug effect on the testosterone levels cannot be
considered as established.

F. Tissue levels of androgens and androgenic action

Although testosterone itself exerts androgenic and ana-
bolic actions through binding to the nuclear AR in target
cells, it is essentially a prohormone, being reduced to the
more active androgen DHT in tissues expressing 5Sa-reduc-
tase (type II in the urogenital tract and hair follicles; type I
in skin and liver), whereas a fraction of testosterone can be
aromatized to estradiol in tissues expressing the cytochrome
P450 aromatase enzyme. Hence, action of testosterone is the
complex resultant of tissue availability and locally achieved
testosterone concentrations, of local testosterone metabo-
lism, of expression of AR and/or ERs, as well as the expres-
sion of a number of coactivators and repressors of these
receptors. Each of these determining factors of testosterone
action can be differentially regulated in the tissues, thus
offering a close to unlimited potential for differential regu-
lation of sex steroid action in the tissues. This complexity of
testosterone action should be kept in mind when discussing
clinical implications of declining androgen levels in aging
men and possible merits and risks of androgen treatment to
the elderly.

Both the AR and ER (ERa and/or ERp) are expressed in
a wide range of tissues. The AR is found in the highest
concentrations in male accessory sex organs (249) and in
some areas of the brain, whereas lower concentrations of AR
are measured in skeletal muscle (250), in the heart and vas-
cular smooth muscle (251), and in the bone (62). Testosterone
and DHT bind to the same receptor, but the affinity of DHT
for the AR is greater than that of testosterone and in many
tissues DHT mediates most androgenic effects of testoster-
one. In muscle, however, testosterone itself is the active an-
drogen, 5a-reductase activity being extremely low and no
DHT formed (252).

Androgen concentration in target tissues depends on
plasma concentration of bioavailable androgen, local andro-
gen metabolism, and the presence of AR. As expected, total
androgen (testosterone + DHT) concentration is highest in
the prostate and scrotal skin, and higher in pubic skin than
in striated muscle. In prostate and scrotal skin, DHT is quan-
titatively by far the major androgen, the DHT concentration
being 5-10 times higher than that of testosterone; in muscle
DHT levels are, as expected, extremely low (253) (Table 1).
In the prostate, induction by DHT of type 2 5a-reductase has
as a consequence that almost all androgenic effects are ex-
erted by DHT, enhancing the AR-mediated androgen effects
(254).

Few data are available on the influence of age on androgen
concentrations in the tissues, but available studies show the
expected age-associated decrease of androgen levels in dif-
ferent tissues, albeit not in scrotal skin (252, 255). Krieg et al.
(256) observed an age-related decrease of DHT concentration
in the epithelium in the prostate and a substantial increase
with age of estrogen levels and of the estrogen/androgen
concentration ratio, particularly in the stroma of the prostate.

The concentration of AR is influenced by androgens (in-
crease), estrogens (increase of AR in prostate), and aging,
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TABLE 1. Tissue levels of androgens and influence of age
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Tissue®? Age (yr) N T (ng/g) DHT (ng/g) Adiol (ng/g)
Scrotal skin 20-39 8 1.64 (0.56-2.92) 6.82 (2.41-13.85) 4.48 (1.38-8.83)
60-82 8 1.77 (0.39-2.89) 6.72 (1.28-9.09) 3.07 (1.17-4.41)
Pubis skin 20-39 8 1.75 (0.44-4.90) 1.96 (0.58-5.92) 2.16 (0.88-6.91)
60-82 8 0.83 (0.51-1.51) 0.88 (0.51-1.31) 0.83 (0.47-1.02)

Cardiac muscle 35 + 12 22 1.86 £ 0.17 0.49 + 0.08 0.51 = 0.07

74+ 8 16 1.01 = 0.12 0.47 = 0.08 0.36 = 0.09

Lung tissue 34 + 12 18 2.42 + 0.34 0.96 = 0.24 0.89 = 0.09

75+ 8 14 1.07 £ 0.15 0.53 = 0.09 0.44 = 0.07

Striated muscle 20-89 16 0.46 = 0.05 0.25 = 0.03 0.29 = 0.04

Prostate (BPH) 60-76 24 0.52 = 0.05 6.12 = 0.27 0.87 = 0.10

Data represent mean (range) or mean = SEM. Adiol, Androstanediol; T, testosterone. [Adapted from Refs. 252, 253, and 255.]

“ Postmortem samples.
® All values, nanograms per gram wet weight.

which has been reported to be accompanied by a decrease of
AR concentration in different tissues (257-261). Androgen
sensitivity could be modulated by functional AR receptor
polymorphisms, such as the aforementioned variation in
functionally important polyglutamine and polyglycline
tracts, encoded by a polymorphic trinucleotide CAG-repeat
and GGC-repeat, respectively, contained in exon 1 of the AR
gene (136-139).

G. Androgen metabolism

As discussed in Section IL.F, part of the metabolism of
testosterone is activating, consisting in its conversion to the
bioactive metabolites DHT and estradiol. Most testosterone
entering prostate tissue is biotransformed to DHT, and in
most tissues, with the important exception of muscle tissue,
DHT is the principal active androgen, which acts mainly
locally, only a small fraction escaping into the general cir-
culation. Blood production rates of DHT and estradiol are
lower than the total quantity of these steroids actually
formed in the organism, a large fraction of locally produced
hormone being further metabolized in situ.

Testosterone catabolism involves 5a/58 reduction of the
double bond between carbons 4 and 5, 3a/38 reduction in
ring A, and 178 hydroxyl oxidation, this enzymatic degra-
dation taking place to some extend in peripheral tissues and
for a large part in the liver.

DHEA is first metabolized to androstenedione, under
the influence of a 3B-hydroxysteroid dehydrogenase/A*>
isomerase, the subsequent metabolism being identical to that
of testosterone. The end metabolites of endogenous andro-
gens, i.e., androsterone, etiocholanolone, and 5a/53 andro-
stane-3a,17B diol are either glucuronidated under the influ-
ence of uridine diphosphate glucuronyltranferase or sulfated
under the influence of a sulfokinase, these hydrosoluble con-
jugates being excreted by the kidneys (262). Androstanediol
glucuronide (ADG) is considered by many as an important
parameter of androgen action in women (263, 264), but in
males its major precursor being testosterone (70%), with 30%
deriving from DHEAS (265), determination of ADG does not
offer much interest. The urinary excretion of ADG decreases
significantly with age (266); the ratio of urinary 5a/58 me-
tabolites decreases with age, a consequence of a decrease of
5a reductase type 2 activity (267).

III. Clinical Significance of the Age-Associated
Decrease in Androgen Levels

A. Introduction

In distinction from women, for whom the menopause
signs the irreversible end of reproductive life as well as the
end of cyclic ovarian activity, with as a consequence low sex
hormone levels in all postmenopausal women, in men fer-
tility persists until very old age and the age-associated de-
crease in testosterone levels is slowly progressive. Until the
eighth decade, a substantial proportion of men still have FT
and bioT levels within the normal range for young men.
Subnormal testosterone levels are thus not a generalized
feature of aging, and as a rule androgen deficiency is only
partial. Therefore, the terms partial androgen deficiency of
the aging male or late onset hypogonadism have been pro-
posed as more appropriate than the terms andropause or
male climacteric, which have the connotation of a general-
ized phenomenon and of permanent infertility.

Does the decrease of androgen levels translate clinically?
Arguments indicating such clinical significance could be
sought in similarities between the symptomatology of aging
and that of androgen deficiency in young hypogonadal men,
as well as in associations between (severity of) symptoms
and androgen levels. It should, however, be realized that
aging is accompanied by a decline of almost all physiological
functions such as cardiac output, pulmonary ventilatory ca-
pacity (both reducing work capacity), renal clearance, or GH
and melatonine secretion, which in conjunction with age-
associated changes in lifestyle such as retirement or relative
sedentarism, may all contribute to the symptomatology of
aging. The decrease in GH and IGF-I levels is associated with
changes in lean body mass, bone density, and abdominal
obesity, similar to the changes observed in hypogonadal
states, whereas the age-associated decrease in melatonin se-
cretion might play a role in the age-associated sleep
disorders.

B. Similarities between symptoms of aging and
hypogonadism in young men

Frequent clinical manifestations of aging in males are de-
creased libido and sexual activity or impotence; decreased
virility, with decreased sexual body hair and beard growth;
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decreased energy, work capacity and cognitive function
with, as objective signs, decreased muscle mass and strength;
decreased bone mineral density (BMD), with increased frac-
ture risk; increased (abdominal) obesity; and slightly de-
creased hematocrit. The latter changes are frequently accom-
panied by signs of altered tone of the autonomous nervous
system as manifested by nervousness, insomnia, and some-
times hot flushes. The analogy with the general symptom-
atology of hypogonadism in young males is striking: im-
paired virilization with poor development of sexual body
hair and beard growth, decreased bone and muscle mass
with decreased physical strength, weakness, decreased li-
bido, and often erectile dysfunction, abdominal obesity, and
difficulty with concentration.

This symptomatology in the elderly develops, however,
slowly and progressively, the symptoms being subtle, vari-
able, and not specific. Hence, the clinical symptomatology
does at best only suggest the possibility of a hypoandrogenic
state in the elderly.

C. Associations between clinical manifestations of aging
and sex steroid status

In view of the multifactorial origin of aging symptoms,
strong correlations with FT or bioT levels can hardly be
expected, whereas the multiplicity of contributing factors
renders meaningful multivariate regression analysis diffi-
cult. Furthermore, cross-sectional association cannot estab-
lish causality, whereas prospective observational studies are
rare.

1. Senile osteoporosis. Aging in men is associated with con-
tinuous loss of bone and an exponential increase of the in-
cidence of fractures of the hip (268, 269) and the spine (270,
271). Moreover, in older men the consequences of fractures
in terms of morbidity and mortality appear to be more severe
than in their female counterparts (272, 273). Acquired pro-
found hypogonadism in men induces high bone turnover
and accelerated bone loss (274), which has also been con-
firmed to be the case in the elderly (275, 276). However,
whether and in how far an age-related partial androgen
deficiency may be instrumental in senile osteoporosis in men
is not definitely established.

Although the complex role of testosterone in the regula-
tion of bone metabolism is yet to be fully elucidated, a large
body of evidence allows us to conclude that besides direct
androgen actions, aromatization to estrogen plays an impor-
tant role in the regulation of both the acquisition of adult
bone mass and the preservation of adult skeletal integrity (62,
63). Indeed, cross-sectional studies, in which age and BMI (or
body weight) are major confounders, have yielded inconsis-
tent results as to the association of serum testosterone levels
with prevalent BMD in elderly men, with some studies fail-
ing to show an independent association (277-279), whereas
others did show weak but significant positive correlations, in
particular with FT or bioT (72, 280-284). On the other hand,
in a series of recent cross-sectional studies, multivariate anal-
ysis consistently indicated that free or bioavailable estradiol
is a better predictor of prevalent BMD in elderly men than FT
or bioT (72, 283-291). Biochemical indices of bone turnover
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increase moderately with aging in men and are inversely
related to prevalent BMD in the elderly (292), with markers
of bone resorption more clearly (negatively) associated with
serum levels of estradiol than with those of testosterone (63,
284,289, 291, 292), although correlations are generally weak.

Cohort studies have shown that bioavailable estradiol is
negatively associated with prospectively assessed bone loss,
without independent association of serum (bioavailable) tes-
tosterone (284, 290, 293). Moreover, prospectively assessed
bone changes in elderly men were also found to be associated
with a polymorphism of the CYP19 gene that encodes the
aromatase enzyme, independently of serum estradiol levels,
suggesting indirectly that local aromatization of testosterone
in bone tissue might play a role (290). Although there has
been a report of association of a CAG-repeat polymorphism
of the AR with BMD assessed by ultrasound in men aged
20-50 yr (143), in community-dwelling men over age 70 yr,
no association was found between this polymorphism and
either BMD or biochemical indices of bone turnover (141).

The important role of aromatization of testosterone to es-
trogen in the regulation of bone metabolism in elderly men
has been further elegantly demonstrated in a short-term in-
tervention study with selective manipulation of testosterone
and estradiol levels (294). There is evidence indicating that
there may be a threshold level for the association of bio-
available estradiol with bone loss and indices of bone me-
tabolism (287, 293, 295-297), although other studies did not
demonstrate such a threshold (290).

As to the association of sex steroid levels with fracture risk
in elderly men, little data are available. In case-control stud-
ies, there was a higher prevalence of low serum testosterone
in men recruited after a hip fracture (298-300), but testos-
terone levels assessed after a traumatic event should be in-
terpreted with caution. In the Rancho Bernardo study, lower
estradiol levels, but not serum testosterone concentrations,
were associated with a higher prevalence of vertebral frac-
ture in older men (301). In a case-control study in men aged
67.7 * 6.8 yr as part of the Rotterdam Study, there was no
significant association between vertebral fracture and either
bioavailable estradiol or bioT (302). There was a preliminary
report from the Mr. OS study in 5995 community-dwelling
men 65 yr or older of an association of incident fracture risk
with both bioT and bioavailable estradiol, with only the latter
assocation being apparently mediated by a lower BMD (303).
In community-dwelling men over age 70 yr, an aromatase
gene polymorphism, associated with longitudinal changes in
BMD, was also significantly associated with self-reported
clinical fractures at the spine, hip, and/or wrist and with the
occurrence of these fractures in their first-degree relatives,
but there was no association of fracture history with circu-
lating bioavailable estradiol (290).

In summary, the evidence suggests that declining sex ste-
roid levels in the elderly may adversely affect the preserva-
tion of skeletal integrity and indicates that aromatization of
testosterone to estradiol is a major component of the regu-
lation of bone metabolism in the elderly, the skeletal effects
of arelative testosterone deficiency in the elderly being mod-
ulated by aromatase activity, which in turn is affected by
factors such as adiposity and heredity.
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2. Body composition. Aging is associated with important
changes in body composition (108, 304, 305). In healthy men,
fat mass was found to increase from around 22% of body
weight in young men to around 30% in the elderly, lean body
mass being 30% lower in the elderly group (108). Similar
changes with a decrease of lean body mass and increase in
fat mass are observed in hypogonadal men compared with
age- and BMI-matched controls (306). It thus seems logical to
suspect a role of the decreased androgen levels in the changes
in body composition seen in elderly men.

In healthy men, there is a negative correlation between
serum testosterone and FT with visceral fat (307), and in
a study involving 61 middle-aged men and 271 elderly
community-dwelling men aged 70-85 yr (108), BMI and fat
mass were found to be negatively correlated to FT and IGF-I
levels, the correlation of fat mass with FT persisting after
correction for IGF-I and age. Multivariate analysis revealed
that the negative correlation of FT with fat mass was deter-
mined primarily by abdominal fat mass. These findings are
in agreement with findings by others (72, 192, 305). Khaw and
Barrett-Connor (149) in a cohort study of 571 men aged 30-79
yr observed that low testosterone levels predict central obe-
sity in men as estimated 12 yr later. The negative correlation
of serum testosterone with abdominal fat might be related to
the inhibition by testosterone of triglyceride uptake and
lipoprotein-lipase activity in abdominal, but not in femoral,
sc fat (308). Moreover, testosterone stimulates lipolysis and
thus reduces fat storage in the fat cells (304).

The highly significant negative correlation between FT
and (abdominal) body fat may be both a cause and a con-
sequence of abdominal obesity in the elderly. Indeed, as
discussed in Section I1.D.3, increased adiposity is itself par-
tially responsible for a decrease of testosterone levels (35).
Moreover, decreased GH levels, as observed in elderly males
(309-313) may also play a role in the age-associated changes
in body composition, with GH substitution being possibly
more effective than testosterone administration to reduce
abdominal fat in elderly men (312).

The reduction of muscle mass by about 30% between ages
30 and 80 yr (313-315) is accompanied by a proportional
decrease of muscle strength (316). This decreased muscle
strength contributes to frailty and is a risk factor for falls, hip
fractures, and loss of independent living conditions.

Again, the similarity with the occurrence of low muscle
mass in hypogonadal young men raises the hypothesis that
the age-associated decrease in androgen levels may be in part
instrumental in the sarcopenia of elderly men. Few data
concerning the correlation between endogenous androgen
levels and muscle mass in elderly men are available, how-
ever. In an already mentioned study (108) involving middle-
aged and elderly community-dwelling men, no correlation
was found between testosterone or FT levels and lean mass.
Similar negative findings were reported by van den Beld et
al. (72) and by Roy et al. (317) in men aged 20-90 yr old, who
observed nevertheless a positive association of FT levels with
muscle strength. Szulc et al. (291) in a cross-sectional analysis
in men 51-85 yr found that low FT is associated with lower
muscle mass, functional impairment in the legs, and occur-
rence of falls in the past year. In institutionalized healthy
elderly men, Abbasi et al. (318) observed a correlation be-
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tween testosterone levels and severity of sarcopenia. Also,
Baumgartner et al. (319) observed a positive association of FT
with muscle mass, but not with muscle strength.

In summary, the literature indicates that the age-related
decline of androgen levels does affect body composition,
although the data on muscle mass and strength is limited and
not consistent. Indeed, in aging males the interrelations be-
tween FT and muscle mass or strength are obscured by
confounding effects of relative physical inactivity as well as
by the effects of the age-associated decrease of somatotropic
stimulation.

3. Atherosclerosis and CAD. Atherosclerosis and CAD increase
almost exponentially with age and are much more frequent in
men than in premenopausal women (320), the gender gap nar-
rowing after the age of 50 yr (321, 322). This gender gap with
male preponderance is observed in all countries, notwithstand-
ing widely divergent rates in cardiovascular mortality (322,
323). A gender difference is also observed in the plasma lipid
profile: before menopause, women have higher high-density
lipoprotein-associated cholesterol (HDL-C) and lower low-den-
sity lipoprotein-associated cholesterol (LDL-C) and lipoprotein
(@) levels than men, whereas women with hyperandrogenism
show a higher risk lipid profile (321, 324). In men, suppression
of plasma testosterone with GnRH analogs increases HDL-C
(325, 326), an effect that is abolished by coadministration of
testosterone (326, 327). All this has led to the common belief that
androgens are harmful and estrogens beneficial.

Review of the literature, however, does not provide con-
vincing evidence that the gender difference can be explained
by distinctive patterns of endogenous sex hormones (for
review, see Refs. 322 and 323). Indeed, of 32 cross-sectional
studies on the relationship between endogenous testosterone
levels and CAD (209), 16 showed lower testosterone levels
and 16 showed similar levels in patients with CAD compared
with controls. In more recent studies, Barrett-Connor (328),
English et al. (329), as well as Hak et al. (212) observed a
consistent inverse relationship between endogenous plasma
testosterone levels and CAD. In a study involving 403 men
aged 73-94 yr, van den Beld et al. (213) observed that serum
testosterone levels, adjusted for age, were inversely corre-
lated with intima media thickness (IMT) of the carotid artery
(213). Although many of the subjects in the latter study
suffered from angina pectoris, recent myocardial infarction,
or diabetes mellitus, which might be responsible for both the
decreased testosterone levels and CAD, the authors showed
nevertheless that the associations of IMT with testosterone
levels were as powerful in subjects free of CAD as in subjects
with prevalent CAD. In a subgroup of 195 of these men,
lower FT was also associated with greater progression of
IMT, independently of cardiovascular risk factors (330).

Prospective cohort studies (32, 212) and case-control stud-
ies (214, 331, 332) involving thousands of patients did not
show correlations of testosterone with CAD or a predictive
value of testosterone levels for CAD (for review, see Refs. 322
and 323).

As to the correlation of testosterone levels with risk factors
for CAD in men, data in the literature suggest an inverse
correlation between endogenous plasma FT or bioT and total
cholesterol as well as LDL-C, fibrinogen, and plasminogen
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activator type 1 (for review, see Refs. 322 and 323). Moreover,
most studies (333-335) suggest a highly significant positive
correlation between total testosterone and FT on the one
hand and serum HDL-C and apoprotein A on the other hand.
In a recent study involving a group of 526 men, aged 20 to
89 yr old, Schatzl et al. (336) found a negative correlation
between FT and total cholesterol, triglycerides, and glucose
levels, but this was not corrected for major confounders.

In a multivariate analysis of the association of both tes-
tosterone and estradiol levels with cardiovascular risk factors
in a cohort of 715 middle-aged men, Van Pottelbergh et al.
(337) observed that FT was significantly, positively associ-
ated with HDL-C and apoprotein B, whereas free estradiol
was a stronger predictor of apoprotein E.

Association of higher endogenous testosterone levels with
more favorable lipid profiles has been observed in men of
different ethnic origin: Ooi et al. (338) reported similar results
in Chinese men, whereas Miller et al. (339) reported a positive
correlation between testosterone and HDL-2 cholesterol in
Trinidadians of African or Indian descent.

There are, nevertheless, indications that the relationship
between serum testosterone, lipid profile, and CAD may be
modulated by genetically determined variation of androgen
sensitivity (145, 340), thus complicating the interpretation of
findings on association between endogenous androgen lev-
els and serum lipid profile.

Androgens, moreover, modulate vasoreactivity by endo-
thelium-dependent and -independent mechanisms involv-
ing genomic and nongenomic pathways. Physiological tes-
tosterone concentrations restrict vasodilatation via the
genomic pathway, whereas supraphysiological concentra-
tions may have nongenomic vasodilatatory effects on vas-
cular smooth muscle in all arterial beds, blocking membrane
calcium influx (341), but the high (micromolar) concentration
required for the latter effect casts some doubt about the
physiological significance of these responses. Androgen sub-
stitution in hypogonadal men was found to reduce vascular
reactivity (342).

As to blood pressure, epidemiological findings show that
testosterone and blood pressure are inversely correlated, but
it is not established whether hypertension is the cause or the
consequence of low testosterone levels (215, 216).

In conclusion, available data suggest that moderately low
testosterone levels as observed in elderly males are accom-
panied by an increased frequency of atherosclerosis and
CAD. Whether the decreased FT or bioT levels play a direct
causal role in this pathology is doubtful. In elderly males, low
testosterone levels could be a consequence of the increase in
abdominal fat, which is accompanied by increased insulin
levels, favoring the development of atherosclerosis and
CAD, and in some studies (343), but not in others (330), the
correlation between FT levels and cardiovascular risk or ath-
erosclerosis disappeared after correction for BMI or abdom-
inal fat.

It has been reported that low DHEA(S) levels, as found in
the elderly, are associated with increased cardiovascular
morbidity and mortality (344-351). However, several other
studies failed to detect such associations (214, 332, 352, 353)
and neither Baulieu et al. (354) nor van den Beld ef al. (213)
found supporting evidence for a potential cardioprotective
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role for DHEAS. In the Helsinki Heart Study of middle-aged
dyslipidemic men, higher DHEAS levels were associated
with increased risk of CAD (332). It should be realized that
DHEAS levels are highly population dependent: Japanese
men living in Japan have the lowest DHEAS levels and the
lowest risk of coronary heart disease. Again, interpretation
of these results is complicated by the strong age dependency
of plasma levels and the fact that overweight men have lower
DHEAS levels, whereas alcohol and smoking (55, 187) are
associated with higher DHEAS levels. Because low DHEAS
levels appear to be associated in males with mortality of all
causes (355), it could be considered that low DHEAS levels
are a nonspecific marker of poor health (356), but literature
data does not support the idea that DHEAS levels are pre-
dictors of CAD or that DHEA has a significant antiathero-
genic action.

4. Sexual function. Aging in men is accompanied by a decrease
in libido and sexual activity, mean coital frequency decreas-
ing from about four times a week at age 20-25 to two times
a month at age 75-80 yr (90). Nevertheless, only 15% of men
over 60 yr deny any sexual activity (357).

The role of androgens in sexual function is shown by the
effects of androgen withdrawal: within 3-4 wk there is a
decline in sexual interest, the most clear effect being a decline
in spontaneous erections during sleep [nocturnal penile tu-
mescence (NPT)] (358). However, whereas normal sexual
function requires adequate testosterone levels, there is good
evidence that the physiological range of testosterone levels
is higher than required for normal sexual function, the critical
testosterone level laying below 300 ng/dl (10.4 nmol/liter)
(358-360). Hence, it is not surprising that the correlation of
libido with plasma testosterone levels is rather poor (361,
362). Nevertheless, Tsitouras et al. (363) reported that a group
of elderly subjects with higher sexual activity had a higher
mean testosterone level than the men in a low-activity group,
whereas Schiavi et al. (364) reported that men with hypoac-
tive sexual desire had lower testosterone levels than controls,
and Pfeilschifter et al. (110) consider that the low androgen
levels may contribute to the age-related decline in male sex-
uality. In these studies there is, however, a broad overlap of
serum testosterone levels between sexually less and more
active elderly men. Moreover, other studies failed to find an
association between testosterone levels and the perception of
sexual functioning (365, 366).

Frequency of erectile dysfunction increases dramatically
with age. Androgens, which act centrally as well as periph-
erally (367), where testosterone stimulates nitric oxide syn-
thase in the corpora cavernosa (368), are essential for normal
penile erection. Possibly in relation to the stimulatory effect
of testosterone on nitric oxide synthase activity, a synergistic
effect between androgens and inhibitors of 5-phosphodies-
terase type 5 has been observed (369, 370). Nevertheless,
testosterone deficiency is rarely a major cause of impotence
in elderly males, although it might play a subsidiary role in
6-45% of cases (371), the most prevalent cause of erectile
dysfunction being atherosclerotic pelvic arterial insuffi-
ciency (372). There is good evidence that, whereas NPT is
androgen dependent (371), erections in response to erotic
fantasies or visual stimuli are largely androgen independent
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(362, 373, 374). Indeed, audiovisual sexual stimulation, such
as erotic movies can induce complete erectile responses in
young hypogonadal men. Nevertheless, both duration and
maximal rigidity are significantly increased after androgen
treatment, suggesting a partial androgen dependency of
“psychogenic” erections (362, 374). In men with marked hy-
pogonadism, frequency, amplitude, and rigidity of the erec-
tions are significantly reduced, but they remain normal at
moderately decreased androgen levels (375) and a threshold
level of 200 ng/dl has been suggested for sleep-related erec-
tions (360). This probably explains why in most studies in
elderly men no correlation was observed between erectile
dysfunction and serum testosterone levels (376 -378). Indeed,
few healthy elderly men have serum testosterone levels be-
low this value; in a group of 172 healthy men aged 5070 yr
we found that only 10 had a serum testosterone level below
250 ng/dl (A. Vermeulen, unpublished data).

The MMAS (376) in 1709 free-living men aged 40-70 yr at
baseline, failed to show a relationship between erectile dys-
function and FT, gonadotropins, or prolactin levels, in agree-
ment with observations by Rhoden et al. (377), whereas Ko-
renman et al. (378) observed that the age-associated decrease
in FT was not different in men with and without impotence.
Surprisingly, in the MMAS (376) a correlation between prev-
alence of severe erectile dysfunction and DHEAS levels was
observed, concentrations below 50 ug/dl being associated
with a prevalence of 16% of complete impotence, against
6.5% when DHEAS levels were above 50 ug/dl and 3.4% at
levels 100 ug/dl or higher, and this after correction for age;
moderate degrees of erectile dysfunction were independent
of DHEAS level. The latter findings in the MMAS might be
related to the fact that DHEAS is an aspecific marker of poor
health.

In summary, it is presently not established that age-
associated decline of testosterone in healthy men contributes
substantially to decreased libido and sexual activity in the
elderly male population. As to erectile function, it may be
concluded that, except for the few cases of erectile dysfunc-
tion due to pituitary or testicular pathology, erectile dys-
function in elderly men is largely nonhormonal in origin.
Indeed, besides hypoandrogenism and hyperprolactinemia,
many nonhormonal factors such as diabetes mellitus, athe-
romatosis, alcoholism, polyneuropathy, or renal insuffi-
ciency may be a cause of erectile dysfunction, whereas tran-
sient dysfunction may be caused by stressful situations,
socioeconomic problems, acute infections, and a variety of
drugs, in particular antihypertensive, psychotropic, and opi-
oid medications.

5. Erythropoiesis. Men have higher hemoglobin and red cell
mass than women (379), differences that only become ap-
parent after puberty (380) and are independent of menstru-
ation because they persist when considering young hyster-
ectomized women (380). Elderly men tend to have a similar
or slightly lower hematocrit than young men (381). An as-
sociation between endogenous serum androgen levels and
indices of erythropoiesis in elderly men has not been
documented.

6. Cognitive function. Recently, hormonal effects in the central
nervous system have become a focus of interest, with em-
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phasis on potential antiaging effects of hormonal replace-
ment therapy. Indeed, aging is associated with deterioration
of multiple aspects of cognitive performance. Studies in hu-
mans concerning the relationship between endogenous an-
drogen levels and cognitive performance have produced in-
consistent results, although there do exist striking sex
differences in spatial abilities (382).

In healthy young men, positive relationships have been
observed between endogenous plasma testosterone levels
and visual-spatial orientation (383, 384), but other studies
have failed to find such an association (385-387).

Patients with isolated hypogonadotropic hypogonadism
show an impairment of spatial abilities (387, 388), which is
improved by androgen treatment (389, 390).

As to the effects of endogenous testosterone levels on
cognitive functions in elderly males, Morley et al. (390) re-
ported a significant correlation of the endogenous testoster-
one levels with visual and verbal memory, whereas in the
Rancho Bernardo study (391), a higher bioT was significantly
associated with better long-term verbal memory and score
for a cognitive screening test. Yaffe ef al. (392) found in a
cross-sectional study in 310 community-dwelling men with
a mean age of 73 yr that a higher bioT was associated with
significantly better scores on three cognitive tests, i.e., the
Mini-Mental State Examination, the Trail Making B test, and
the Digit Symbol test. In the same study, cognitive function
was also found to be associated with the CAG-repeat poly-
morphism of the AR gene (393). In volunteers of the Balti-
more Longitudinal Study of Aging, a higher free androgen
index (FAI; ratio serum testosterone over SHBG) was asso-
ciated with better scores on visual and verbal memory, visuo-
spatial functioning, and visuomotor scanning, and with a
reduced rate of longitudinal decline in visual memory (394).
Recently, it has been reported from the same study that lower
values for FAI were associated with an increased incidence
of Alzheimer’s disease in 574 men aged 32 to 87 yr at baseline
and followed for a mean duration of 19.1 yr; an increase of
FAI with 10 nmol/nmol was associated with a 26% decrease
of risk of Alzheimer’s disease (395).

It may therefore be concluded that the age-associated de-
crease in FT and bioT levels appears to contribute to the
impaired cognitive functions of elderly men.

Kalmijn et al. (396) observed in a group of elderly males
and females (mean age, 67.3 yr; range, 55-80 yr) a correlation
between the cortisol/DHEAS ratio and cognitive impair-
ment; the DHEAS level was inversely, but not significantly,
related to cognitive impairment and decline. Berr ef al. (355)
found in 266 men over 65 yr of age, of whom 123 were over
75 yr at inclusion, no association between baseline DHEAS
serum concentrations and incident cases of dementia during
a 4-yr prospective follow-up.

7. Depression. Depression is less prevalent in men than in
women. This had led to the hypothesis that sex hormones are
involved in the etiology of at least some types of depression.

Psychological and behavioral changes accompanying ag-
ing in males are lack of energy, decreased cognition, fatigue,
memory impairment, and sleep disturbances. Several au-
thors (397) reported depressive subjects to have lower tes-
tosterone levels than controls. Based on analysis of sub-
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groups of subjects from the MMAS study, Seidman et al. (398)
found lower serum testosterone levels in elderly men with
dysthymic disorder but not in those with major depressive
disorder, and they also reported that the relationship be-
tween testosterone levels and depression may be modulated
by the CAG-repeat length polymorphism of the AR gene
(398). From a review of the literature on testosterone and
depression in aging men it was concluded that the available
data suggest, but do not demonstrate that testosterone se-
cretion may be reduced in some men with major depression
(399). Recently, in a historical cohort study in a health care
setting for U.S. veterans, hypogonadism was associated with
increased incidence of depressive illness, which might relate
to comorbidity (400).

In 856 men aged 50-89 yr participating in the Rancho
Bernardo Study (401), bioT was significantly inversely asso-
ciated with a depressive mood score as assessed with the
Beck Depression Inventory, independently of age, weight, or
physical activity. The MMAS study, which included 1709
male subjects 39-70 yr old, showed that an androgen defi-
ciency pattern was accompanied by low dominance; more-
over, in 25 men with true depression, bioT was 17% lower
than in the rest of the group (402). In men 5070 yr old, who
participated in a screening program on prostate cancer and
“andropause,” FT was inversely correlated with depressive
symptoms score according to the Carol Rating Scale, but was
not related to threshold scores considered significant for
depression (403). Several other studies (404—407) failed to
find an association between FT or bioT and depressive scores,
whereas in contrast Perry et al. (365) even reported that
declining bioT levels were associated with lower levels of
depressive symptoms on the Hamilton Depression Scale in
men 55-75 yr old.

Taken together, available evidence does not indicate that
the age-related decline in testosterone is a risk factor for
clinically significant depression, although a role in depres-
sive mood cannot be excluded.

8. Quality of life. It is evident that aging is often associated
with a decrease of quality of life. However, so far the rare
available studies failed to show a relationship between FT or
bioT and quality of life in elderly men as assessed with the
SF-36 questionnaire (366, 408). Neurovegetative symptoms
such as hot flushes may be more common in elderly men than
generally suspected (409), but an association with the en-
dogenous sex steroid levels has not been established in oth-
erwise healthy elderly men.

D. Summary

Summarizing the data concerning the association of FT or
bioT levels with clinical signs and symptoms in elderly
males, it is manifest that the clinical significance of partial
androgen deficiency in elderly men remains unclear. Nev-
ertheless, in many instances there does exist a weak, but
statistically significant correlation between some of the aging
symptoms and plasma testosterone levels, which generally
tend to persist after correction for major confounders such as
age and obesity. In any case, it is evident that androgen levels
are only one of the many factors determining the symptom-
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atology of elderly men. Moreover, it may be questioned
whether a single point measurement may reliably reflect the
androgen status in preceding years as a possible determinant
of the prevailing clinical status of the subject at the time of
investigation. Anyway, the hormone blood levels are at best
imperfect parameters of testosterone action in the tissues.
Overall, it seems reasonable to assume that partial androgen
deficiency can be a contributory factor in some of the clinical
changes in aging men, although more investigation is obvi-
ously needed before this issue can be settled and the con-
tribution of androgen deficiency more precisely delineated.

IV. Diagnosis of Androgen Deficiency in the
Aging Male

A. Introduction

Given that the signs and symptoms suggestive of andro-
gen deficiency in aging males are not specific, diagnosis of
androgen deficiency should evidently not be based solely on
the clinical picture, and additional biochemical evidence is
required for its ascertainment. However, in view of the still
unresolved issue of what should be considered “physiolog-
ical” or “optimal” androgen levels in the elderly, in many
cases a margin of uncertainty will persist. Therefore, diag-
nosis should preferably be based on an appropriately con-
servative evaluation of the convergence between clinical and
biochemical findings.

B. Clinical evaluation

A number of questionnaires are being used in clinical or
epidemiological settings to help describe a variety of symp-
tom clusters that are clinically relevant to elderly men, such
as questionnaires on self-perceived health status, on depres-
sive mood or depression, on cognitive function, on urinary
symptoms, on erectile function or on coping with activities
of daily living. There are also several questionnaires that are
explicitly or implicitly proposed by their proponents as tools
to summarize or evaluate symptoms of androgen deficiency
in aging men. The Androgen Deficiency in Aging Males
(ADAM) questionnaire has been developed by Morley et al.
(410) as a screening tool for identifying middle-aged and
older males with testosterone deficiency. This simple self-
administrated questionnaire consists of a set of 10 questions
that are to be answered dichotomously by “yes” or “no” and
pertain to present or absent perception of decreased libido,
lack of energy, decrease in strength, loss of height, decrease
in enjoyment of life, feeling sad and/or grumpy, less strong
erections, deterioration in the ability to play sports, falling
asleep after dinner, and deterioration in work performance.
In a group of 316 volunteering Canadian physicians with
mean age of only 52 yr (range, 40 to 82 yr), the questionnaire
had a sensitivity of 88% and a specificity of 60% to identify
subjects with low serum bioT defined in this study as a level
below 70 ng/dl as seen in 25% of the study group. Legros and
Delhez (411), using a French translation of this questionnaire
in 754 men aged 50-70 yr (mean, 59.5 yr) who were taking
part in a prostate cancer screening and volunteered for an
additional andropause evaluation (participation rate, 25% of
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the men taking part in the cancer screening and 3% of the
total target population), observed a sensitivity of 80% but a
specificity of only 32% to identify FT below the range for
young men (i.e., 7 ng/dl). This questionnaire evidently lacks
specificity, with part of the false-positive tests being associ-
ated with symptoms of depression (403).

The Aging Male Symptoms scale, based on subjective eval-
uation of symptomatology, was developed by Heinemann ef
al. (412) to help describe and quantify the clinical syndrome
of andropause and was not intended as a screening tool for
androgen deficiency and was not validated against androgen
levels by the authors, but it has been proposed as an outcome
measure for treatment of androgen deficiency (413). Using
this scalein 161 healthy, ambulatory, elderly men aged 74 -89
yr, T’Sjoen et al. (366) failed to find any correlation of a global
score or of any subscore for the Aging Male Symptoms scale
with serum levels of either FT or bioT, in agreement with
findings by others (408, 414), suggesting that in community-
dwelling ambulatory elderly men male climacteric symp-
toms are not predictive of the prevailing androgen levels.
Whereas the latter scale is based on subjective symptom-
atology, Smith et al. (415) constructed a self-administered
eight-item screener for testosterone deficiency in aging men
thatis based on age, BMI, occurrence of diabetes, asthma, and
headache on sleep pattern, dominance preference, and smok-
ing. This questionnaire, which takes into account aspects of
comorbidity, has a similarly low specificity of only 49% for
a sensitivity of 75% (positive predictive value between 28 and
52%). It can thus be concluded that presently available ques-
tionnaires have a low specificity for predicting serum tes-
tosterone in elderly men and cannot contribute to the diag-
nosis of partial androgen deficiency in the elderly.
Furthermore, in the present state of the art, their widespread
use as a screening tool to direct men for additional biochem-
ical evaluation should probably be discouraged.

Although clinical examination may point toward specific
causes of hypogonadism, there are no pathognomonic find-
ings for age-related partial androgen deficiency. In a study
in healthy elderly men over age 70 yr, combined testicular
volume was decreased by about 20% with a combined tes-
ticular volume of 14.3 ml as best cut-off having a sensitivity
of 46% and a specificity of 79% to predict a bioT level below
the range for young men (89).

C. Biochemical evaluation

As to biochemical parameters of androgen deficiency in
elderly men, there is no clinically useful biochemical marker
of tissue androgen action, so that one has to rely upon mea-
surement of testosterone concentrations in the systemic cir-
culation. It is not known, however, whether androgen re-
quirements in the elderly are similar, lower or higher
compared with those in young men. There are indications of
a greater sensitivity of some tissues with, in particular,
greater responsiveness of the elderly to negative feedback
suppression of LH secretion by androgens (95, 96, 99, 100)
(Fig. 6). Findings in rodents and humans also indicate the
possibility of decreased androgen sensitivity in some tissues
as suggested by observations of age-related decreases of AR
concentrations (257, 258, 416). Moreover, there is clear evi-
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dence that testosterone requirements differ according to the
considered tissue. Finally, the large interindividual varia-
tions of FT and bioT levels represent another problem: might
a decrease of testosterone levels in an individual from, e.g.,
1000 ng/dl as a young adult to 500 ng/dl in old age, a value
still well within the normal range for the young, constitute
an androgen deficiency for this particular person? In other
words, is it at all possible to define a lower cut-off value of
normalcy that is applicable to all subjects? From the discus-
sions in previous sections (see Section I1.D.2), it is obvious that
there are individual differences in the relationship between
testosterone blood levels and androgen effects. Nevertheless,
ithas also been illustrated that for at least some physiological
actions of testosterone, such as those pertaining to sexual
function, there is a safety margin between the lower limit of
the physiological range of serum testosterone and the min-
imal requirements for normal functioning.

Among the proposed measurements of different fractions
of blood testosterone, i.e., total testosterone, FT or bioT, there
are in at least some clinical situations differences as to how
well they reflect the testosterone available to the tissues for
biological action. Nevertheless, none of the measurements of
circulating testosterone can claim to assess androgen action
in the tissues, which is modulated by complex cellular pro-
cesses. This limitation also holds true for the more recently
developed recombinant cell bioassays (417) that are highly
sensitive and may offer the advantage to integrate andro-
genic activity exerted by testosterone as well as other circu-
lating androgens.

In the absence of a clinically useful parameter of androgen
activity, it is difficult to determine a valid lower cut-off value
for serum FT and bioT to ascertain the diagnosis of partial
androgen deficiency and in the absence of convincing evi-
dence for clinically relevant changes in androgen require-
ment in the elderly it can be proposed, as a pragmatic interim
solution, to apply for the elderly the same reference range for
serum FT and bioT as in young men.

In this context, it is interesting to note that Swerdloff and
Wang (418), upon treatment with testosterone gel for 180 d,
observed a similar increase in lean body mass and BMD and
decrease in fat mass in 52 elderly men compared with 119
young men with serum testosterone level of less than 10.4
nmol/liter (300 ng/dl) at entry in the study.

Based on data obtained in large groups of healthy, nono-
bese men, the lower limit of the normal range is generally
considered to be around 315 ng/dl (11 nmol/liter) for total
testosterone and around 6.5 ng/dl (0.225 nmol/liter) for FT
(20), corresponding to a bioT of around 140 ng/dl (5 nmol/
liter) (89). Most authors use similar values (31, 280, 419, 420).
Using these limits, less than 1% of healthy men aged 20-40
yr but more than 20% of men over 60 yr old have subnormal
total testosterone levels, a percentage that is slightly higher
when using FT (Fig. 5). Interestingly, the biochemically de-
fined threshold of 315 ng/dl (11 nmol/liter) agrees well with
the threshold for androgen deficiency symptoms recently
reported by Kelleher et al. (421).

Although there is no objective reference point available to
help settle the issue, the alternative solution to use rather an
age-specific normal range as suggested by some authors (200,
336) would tend to imply that normal aging is by definition

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

850 Endocrine Reviews, October 2005, 26(6):833—876

not accompanied by hypogonadism, which is doubtful, and
poses both practical and conceptual problems as to the se-
lection criteria for inclusion of elderly subjects when estab-
lishing such an age-specific reference range. In this context,
it might be worthwhile for future validation to consider a
more objective and descriptive approach that aims to situate
the testosterone level in an individual relative both to men
of the same age group and young men; thus both as a Z-score,
i.e., the units of sp differences from the mean for age, and as
a T-score, i.e., the units of sp difference from the mean for
young men (e.g., between 20 and 40 yr). Although not solving
the issue of diagnostic threshold, such an objective descrip-
tive approach would allow us to more clearly define the
testosterone level of subjects that are included in controlled
(multicenter) intervention trials and thus to better identify
from results of clinical trials to what segment of the general
male population a proposed intervention might be applicable.

D. Practical approach to diagnosis

It is evident that in the absence of a reliable parameter of
androgen bioactivity the lower normal limit of serum tes-
tosterone remains more or less arbitrary. Therefore, the di-
agnosis of partial androgen deficiency in elderly males, and
certainly the decision to implement any potentially harmful
intervention, should be approached with pragmatism and
appropriate reserve.

Diagnosis should be based on the convergence of clinical
symptoms and subnormal testosterone levels. The latter
should be frankly low as measured in blood sampled in the
morning (before 1000 h) and confirmed on a second occasion,
preferably separated by a few weeks such as to allow for
recuperation after eventual transient causes of hypogonad-
ism. Although total testosterone will provide adequate in-
formation in many cases, assessment of FT or bioT should be
preferred in situations characterized by substantial changes
in SHBG levels. Taking into account the analytical interlabo-
ratory variation of serum FT or bioT, each laboratory should
assess its own lower limit of normal (422). As to the clinical
picture, in view of its low specificity and the high prevalence
of symptoms possibly associated with hypogonadism in the
elderly population, one should avoid suggesting or soliciting
symptoms, as may be the case with the use of screening
questionnaires. In fact, when applying a combined diagnos-
tic strategy based on a questionnaire and a lower cut-off for
serum FT in young men to the data from the MMAS study,
Araujo et al. (423) calculated a projected prevalence of an-
drogen-deficient men as high as 2.4 million among 40- to
69-yr-old U.S. males, with as many as 481,000 incident new
cases per year.

There is presently no evidence that the measurement of
serum concentrations of other androgens than testosterone,
including DHT, androstenedione, 3a-5a ADG, or DHEAS,
can contribute to the diagnosis. Finding of an elevated serum
LH together with a low serum FT or bioT should be con-
sidered as additional evidence in support of the diagnosis of
androgen deficiency. However, in view of the age-related
alterations in LH secretion, an elevated LH is not a prereq-
uisite for the diagnosis, whereas conversely the diagnosis of
androgen deficiency in elderly men cannot be based on an
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isolated elevation of LH without concomitant low serum
testosterone. Measurements of LH after stimulation with
GnRH may help to exclude secondary hypogonadism in
elderly men (424). Along the same lines, finding of a low
testicular volume can contribute to the diagnosis, but this
criterion has low sensitivity (89).

V. Androgen Treatment in Elderly Men
A. Introduction

When considering therapeutic trials with androgen ad-
ministration to elderly men, one can distinguish among three
major types of possible studies, depending on the therapeutic
goals. Firstly, short-term treatment (weeks or months) may
be intended to prevent or alleviate frailty in particular clinical
situations that are known to adversely affect general health
and may or may not be accompanied by transient hypogo-
nadism. A typical example would be androgen treatment in
elderly men undergoing surgery or after hip fracture. In a
second type of treatment, one may want to achieve longer-
term specific anabolic effects in elderly men that are not
necessarily hypogonadal, e.g., androgen treatment to prevent
or mitigate sarcopenia or senile osteoporosis. In a third type
of studies, longer-term androgen administration is intended
as “substitution therapy” in elderly men that have been se-
lected on the basis that they are judged to be androgen
deficient, with the goal to improve quality of life by pre-
venting and/or alleviating particular symptoms believed to
be at least in part the consequence of androgen deficiency.
The chosen endpoints for the latter studies might focus on
specific aspects such as sexual function, muscle mass and
function, bone mineral status, or cognitive function, and/or
can be some more general, composite measure of well-being
or health status.

Well-controlled studies that have assessed the risks and
benefits of androgen administration to elderly men are rel-
atively few, in particular those with duration of 1 yr or longer
and those having included substantial numbers of subjects.
Not uncommon limitations of the studies that have been
performed are a lack of clearly predefined principal effi-
ciency criteria and heterogeneity as to the age and/or the
initial androgen status of the study subjects. At present, there
is probably no single controlled study that is of sufficient size
and duration to allow for an evaluation of major clinical
endpoints, such as fracture rates, long-term functionality and
quality of life, long-term safety, or survival.

A point that deserves to be stressed before discussing the
literature data in more detail is that it has now been clearly
established that anabolic treatment effects can be obtained in
initially eugonadal young and older men by administration
of supraphysiological doses of androgens (425-427). Taken
that we are presently not able to precisely define “physio-
logical” androgen requirements for elderly men, observa-
tions of anabolic effects after androgen administration to
elderly men with low normal or only moderately low tes-
tosterone cannot be taken as a post hoc proof that these men
were initially androgen deficient. In other words, in the
present state of the art it is not possible to make a clear
distinction between “substitutive therapy” and “pharmaco-
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TABLE 2. Summary of controlled trials (duration 3 wk to <3 months) in elderly men of therapies with increased exposure to (endogenous

or exogenous) androgen

Study [first author,
year (ref.)]

Study protocol
Active treatment
Duration
No. of subjects

Main subject characteristics®

Main findings and remarks

Janowsky, 2000 (492)

Balkhshi, 2000 (480)

Reddy, 2000 (496)

Cherrier, 2001 (493)

and 2004 (528)

Amory, 2002 (479)

Liu, 2003 (467)

Parallel groups
T-enanthate im 150 mg/wk
1 month

Actn=10; PLn =9

Parallel groups

T-enanthate im 100 mg/2 wk
=8 wk

Actn=9;PLn =6

Parallel groups

T-enanthate im 200 mg/2 wk
8 wk

Actn=14;PLn =38

Parallel groups
T-enanthate im 100 mg/wk
6 wk

Actn = 13; PLn = 12

Parallel groups

T-enanthate im 600 mg/wk
(preoperatively)

4 wk

Actn = 10; PLn = 12

Crossover

T-esters im

Weekly injections: once 500 mg
and twice 150 mg

3 wk

n =17

Community-dwelling (by
advertisement)

Age, 61-75 (mean 67) yr

T “within age-specific reference”

Baseline mean FT 1.2 ng/dl (ref:
1.6—4.3 ng/dl)

Admitted for revalidation in
geriatric unit

65-90 yr

No T limit

Baseline T: ?

Healthy

= 65 (mean, 73) yr

No T limit

Baseline: T Act 408 *+ 88 ng/dl;
PL 289 = 129 ng/dl

Community-dwelling (by flyers)

50-80 (mean, 67.5) yr

No T limit

Baseline T: 576 + 180 ng/dl

Patients undergoing knee
replacement surgery

58—-86 (mean, 70) yr

No T limit

Baseline T 350 = 130 ng/dl

Healthy community-dwelling
>60 (mean, 67.5) yr

T = 430 ng/dl at screening
Mean baseline T > 430 ng/dl

Improved working memory; no
effect on mood state; no accurate
guess of treatment assignment

Functional Independence Measure
(FIM = 18 item Lickert rating-
scale) and handgrip strength
improved vs. baseline only in Act
group; Geriatric Depression
Scale improvement Act >PL

No effect on health-related quality
of life (SF-36 questionnaire);
significant difference in baseline
T between Act and PL group

Improved spatial memory (recall of
walking route), spatial ability
(block construction) and verbal
memory (recall short story);
improvement not evident for all
measures

Improved ability to stand at
postsurgery d 3; nonsignificantly
reduced hospital stay; increased
hematocrit preoperatively (trend
for higher postoperative
hematocrit in treated subjects)

Decreased total time slept;
increased duration of hypoxemia
and disrupted breathing during
sleep; no change in driving
ability, physical activity, mood,
quality of life (SF-36), sleepiness
or insulin sensitivity; decreased
fat mass; increased BW and lean
mass

All studies included are randomized, placebo-controlled, and double blind. Shown are only trials with at least 3-wk and less than 3-month
duration of active treatment and specifically including older men (i.e., with all men =50 yr old or mean age =60 yr) that have been published
as full papers. Six trials were identified, including a total of 120 study subjects of whom 73 received active treatment. ref, Reference range;
Act, active treatment; PL, placebo; n, number of subjects; BW, body weight; T, testosterone.

¢ Shown from top to bottom are: the type of subjects included, age, upper limit of serum T as inclusion criterion, and baseline T or FT.

logical treatment” because serum testosterone levels in the
mid or upper physiological range for young men may very
well be clearly supraphysiological for at least part of the
study population of elderly men. Consequently, indepen-
dently of the question whether such a treatment is useful,
when administrating testosterone to elderly men with low
normal or moderately low testosterone levels one cannot
claim that this is a substitutive therapy that reestablishes a
physiological situation. Moreover, several of the treatment
regimens commonly applied as androgen replacement ther-
apy result in androgen exposure that is at least transiently
supraphysiological, also for young men. The latter is not only
the case for intermittent im administration of testosterone
esters, known to induce largely supraphysiological levels
during the days immediately after the injection, but is also
true when testosterone levels are continuously maintained in

the upper range of the normal reference for young men (e.g.,
with use of a testosterone gel), because such a treatment yield
elevated mean testosterone levels compared with physio-
logical conditions with lower serum levels during the after-
noon and the first part of the night.

Although controlled data are for ethical reasons under-
standably scarce, endocrinologists would agree that andro-
gen replacement is indicated anyhow in young hypogonadal
men, and this is probably also the case for the rather limited
fraction of elderly men that are clinically and biochemically
frankly hypogonadal. On the other hand, if and when a
favorable long-term ratio between benefits and risks is being
established on the basis of clinically relevant endpoints, treat-
ment of elderly men with androgens might very well be
justifiable whether or not this constitutes a substitution
therapy.
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TABLE 3. Summary of controlled trials (duration 3 months to <1 yr) in elderly men of therapies with increased exposure to (endogenous or

exogenous) androgen

Study [first author,
year (ref.)]

Study protocol
Active treatment
Duration
No. of subjects

Main subject characteristics®

Main findings and remarks

Nankin, 1986 (489)

Tenover, 1992 (419)

Janowsky, 1994
(495)

Drinka, 1995 (507)

Clague, 1999 (478)

English, 2000 (481)
and Malkin, 2003
(482)

Ly, 2001 (470),
2002 (529)

Miinzer, 2001 (312);
Christmas, 2002
(460); Blackman,
2002 (471)

Kunelius, 2002
(491)

Crossover

T-cypionate im 200 mg/2 wk
12 wk

n = 10

Crossover

T-enanthate im 100 mg/wk
3 months

n =13

Parallel groups
Transdermally, scrotal
patch 15 ng 15 h/d

3 months

Actn = 27; PLn = 29

Parallel groups

T-esters im 150 mg/70 kg BW/
2 wk

6 months

Actn = 8; PLn = 10

Parallel groups

T-enanthate im 200 mg/2 wk

12 wk

Actn=7,PLn =717

Parallel groups

T transdermally (body patch)
5 mg/d

3 months

Actn = 22; PLn = 24

Parallel groups

DHT transdermally (gel) 70
mg/d 3 months

Actn = 17; PLn = 18

Parallel groups

T-enanthate im 100 mg/2 wk
6 months

Actn = 15 (to 21); PLn = 17

Parallel groups

DHT transdermally (gel) 125
mg/d initial 30 d, thereafter
125 to 250 mg/d according
to DHT level on d 20

6 months

Act n = 60; PL n = 60

Ambulatory; referred for
“impotence”

Age, 54-T71 yr

T < 420 ng/dl

Baseline T 320 + 81 ng/dl; FT
10 = 2.4 ng/dl (ref. 15-25)

Healthy community-dwelling (by
advertisement)

57-76 yr

Non-SHBG T < 46 ng/dl (ref.
46-121)

Baseline T 334 + 14 ng/dl; non-
SHBG T 19 =+ 3 ng/dl

Healthy men

60-75 (mean, 67) yr

No T limit

FT 1.6 ng/dl (ref: ?; “normal for
age”)

Long-term residents of nursing
home

60-90 yr

T < 320 ng/dl + FT < 1.2 ng/dl
(ref: ?)

Community-dwelling, healthy
> 60 (mean, 68) yr

T < 403 ng/dl

Baseline T 325 + 49 ng/dl

CAD (chronic stable angina
pectoris)

62 = 2 yr

No T limit

Baseline T 390 + 22 ng/dl

Baseline FT 4.6 = 0.2 ng/dl (ref.
0.7-13.9)

Community-dwelling, healthy
>60 (mean, 68) yr

T < 432 ng/dl

Baseline T 432 + 89 ng/dl

Community-dwelling, healthy
(by mailing/advertisement)
=65 (mean, 71) yr

T = 470 ng/dl (=1 sD below
mean for young)

Baseline T 440 * 23 ng/dl

NPT

=1/wk + at least one other
“andropause” symptom 50-70
(mean, 58) yr

T = 432 ng/dl or SHBG >30
nmol/liter

Baseline T 493 * 152 ng/dl

Improved score for 5 questions on sexual
activity treatment has helped? Sexual
activity? Urge for sex? Enjoyment?
Morning/sleep erection? 7 of 10 men
improved libido

Increased BW, lean mass; no change % body
fat, body circumference, waist/hip ratio,
handgrip strength or serum osteocalcin;
decreased excretion hydroxyproline,
decreased total-C, LDL-C; increased
hematocrit

Improved spatial cognition (block design);
no change verbal and visual memory, fine
motor dexterity and speed, trail making
test; mood. Treatment resulted in higher
peak T levels but lower trough T levels
and estradiol levels

Two of 8 T-treated subjects developed
erythrocytosis vs. none of 10 in PL group

Increased BW, hemoglobin, red blood cell
volume; no improvement strength
handgrip, knee flexor or extensor, or leg
extensor

Increased time to 1 mm ST depression on
ECG during treadmill test; improved
score for pain perception and role
limitation (SF-36); no change waist/hip
ratio, BMI, or mean blood pressure

Decreased skinfold thickness and fat mass;
nonsignificant increase lean mass; no
change waist/hip ratio; increased
isokinetic force knee flexor dominant side;
no change for 7 other measures muscle
force knee and shoulder; increased
hematocrit and hemoglobin; decrease
total-C and LDL-C; no effect on gait,
balance, mobility, cognition, or quality of
life

Trend for decreased abdominal sc fat; no
change waist/hip ratio, abdominal area, or
visceral fat; nonsignificant increase lean
mass; no effect muscle strength, markers
bone turnover, BMD hip, lumbar spine,
total body or radius

Significant improvement at 6 months for
score for a question on the ability to
maintain erections and at 3 months for
morning erections (out of 12 questions on
sexual function); no effect on mood, libido,
well-being, or vitality

B. Clinical trials with intervention to increase
androgen exposure

There have been several recent reviews of and commen-
taries on treatment of middle-aged and elderly men with
androgens (428-438), including two extensive systematic

reviews of clinical trials (428, 432). Tables 2—4 summarize the
essentials for selected reports of controlled clinical trials with
active treatment intended to increase androgen exposure in
elderly men either by androgen administration or by stim-
ulation of endogenous testosterone production; clinical trials
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TABLE 3. Continued
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Study [first author,
year (ref.)]

Study protocol
Active treatment
Duration
No. of subjects

Main subject characteristics®

Main findings and remarks

Lambert, 2003
(530), 2002 (531)

Ferrando, 2002
(472), 2003 (532)

Liu, 2002 (473),
2003 (485)

Schroeder, 2003
(474)

Malkin, 2003 (482)

Kenny, 2004 (494)

Dougherty, 2005
(487); Leder,
2004 (490)

Schroeder, 2004
(475 and 476)

Parallel groups
MA po 800 mg/d

+/— (RT)
+/— T-enanthate im 100
mg/wk

MA+Tn = 8 MA+PLn =7;
MA+T+RTn =17,
MA+PL+RTn = 6

Parallel groups

T-enanthate im 4 times
weekly, then every 2 wk

50-400 mg (variable dose to
maintain nadir serum T
= 490 and = 807 ng/dl)

24 wk

Actn=7,PLn =5

Parallel groups

Recombinant hCG sc

250 ug (5000 IU)/biweekly

3 months

Actn = 20; PLn = 20

Parallel groups

Oxymetholone po 50 or 100
mg/d

12 wk

Act 50 mg n = 11; Act 100 mg
n=9;,PLn=11

Parallel groups

T-esters im 100 mg/2 wk

12 wk

Actn = 10; PLn = 10

Parallel groups

T-enanthate 200 mg/3 wk

12 wk

Actn=6;PLn=5

Parallel groups

Aromatase inhibitor
anastrozole po 1 mg/d or
biweekly

12 wk

Act daily n = 12; Act biweekly
n = 11; PL (daily) n = 14

Parallel groups
Oxandrolone po

2 X 10 mg/d

12 wk

Actn = 20; PLn = 12

Healthy

60—85 (mean, 67) yr

No T-limit

Mean baseline T around 430—
500 ng/dl

Healthy

=60 (mean, 67) yr

T = 480 ng/dl

Baseline T 279-458 ng/dl

Community-dwelling, healthy
>60 (mean, 67.5) yr

T = 432 ng/dl

Baseline T 320 + 12 ng/dl; FT
5+ 0.1 ng/dl

Community-dwelling
65—80 (mean, 71) yr

No T limit

Baseline T 360-382 ng/dl

Congestive heart failure

62 = 3 yr

No T limit

Baseline T 455 *= 70 ng/dl

Mild to moderate cognitive
impairment

73—87 (mean, 80) yr

BioT < 128 ng/dl

Baseline T 410 + 112 ng/dl;
bioT 92 + 42 ng/dl

Generally healthy (by
advertisement)

62-74 (mean, 67) yr

150 = T = 350 ng/dl

Baseline T group means:
274 = 51 to 290 = 50 ng/dl

BioT group means, 99 = 31 to
115 = 37 ng/dl

Community-dwelling

=60 (mean, 72) yr

No T limit

Baseline T

Act, 369 = 147 ng/dl; PL,
357 + 153 ng/dl

T treatment compared to PL reduced total
body fat mass and thigh fat cross-
sectional area; no effect on muscle mass
or strength or total-C/HDL-C ratio

Decreased % body fat; increased protein
balance, total and leg lean mass, muscle
volume, leg and arm muscle strength (all
strength scores improved; no
improvement endurance)

Increased BW, lean mass; decreased fat
mass; nonsignificant increase muscle
strength knee and shoulder; no change
physical activity, sexual function, balance;
no change brachial artery size, vascular
function or pressure; decreased total-C,
LDL-C and triglycerides; no change
HDL-C

Decreased fat mass; increased BW, total
and upper extremity lean mass, muscle
strength (chest press); nonsignificant
increase leg press strength; no change
insulin sensitivity, total-C, LDL-C,
triglycerides; decreased HDL-C

Reduced QT dispersion on ECG (QT
dispersion = difference between
maximum and minimum QT across all 12
leads)

No changes in behavior, function, cognitive
performance, or score for the geriatric
depression scale

No effect on health-related quality of life
(SF-36), on International Index of Erectile
Function, or on American Urological
Association Symptom Index Score; no
changes inflammatory parameters, insulin
sensitivity, triglycerides, total-C, LDL-C;
significant decrease HDL-C in 2 X 1 mg/
wk only (no significant between group
differences); no change hematocrit or
hemoglobin; increase PSA

Increase lean mass; increase vs. placebo of leg
and chest press strength; reduced total and
trunk fat by DXA; decreased visceral
adipose tissue (VAT), sc abdominal adipose
tissue (SAT), VAT over SAT ratio, and
thigh sc fat by MRI; increased insulin
sensitivity; decreased HDL-C, increased
LDL-C, no change prostate symptomatology
or hematocrit; decrease PSA, serum
alkaline phosphatase; increase liver
transaminase (ALT; AST)

All studies included are randomized, placebo-controlled, and double blind. Shown are only trials with at least 3 months and less than 1-yr
duration of active treatment and specifically including older men (i.e., with all men = 50 yr old or mean age = 60 yr) that have been published
as full papers. Seventeen trials were identified, including a total of 561 study subjects of whom 306 received active treatment. ref, Reference
range; Act, active treatment; PL, placebo; po, orally; n, number of subjects; BW, body weight; T, testosterone; bioT, bioavailable (non-SHBG-
bound) testosterone; total-C, total cholesterol; MA, megestrol acetate; RT, resistance physical training; DXA, dual-energy x-ray absorptiometry.

¢ Shown from top to bottom are: the type of subjects included, age, upper limit of serum T, FT, or bioT as inclusion criterion, baseline T, FT,

or bioT.
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TABLE 4. Summary of controlled trials (duration 12-36 months) in elderly men of therapies with increased exposure to (endogenous or

exogenous) androgen

Study [first author,
year (ref.)]

Study protocol
Active treatment duration
No. of subjects

Main subject characteristics®

Main findings and remarks

Reid, 1996 (439)

Sih, 1997 (458)

Snyder, 1999 (461
and 468); 2001
(483)

Kenny, 2001 (462);
2002 (484 and
486)

Wittert, 2003 (477)

Crawford, 2003
(463)

Amory, 2004 (459);
Page, 2005 (469)

Crossover open label!
T-esters im 250 mg/month
12 months

n=15

Parallel groups

T-cypionate im 200 mg im/2 wk

12 months

Act n = 17; PL n = 15 (dropouts,
Actn =7;PLn = 3)

Parallel groups

T transdermally (scrotal patch)

6 mg/d (+ calcium and vitamin
D)

36 months

Act n = 54; PL n = 54 (dropouts,
Actn = 4; PLn = 8)

Parallel groups

T transdermally (body patch) 5
mg/d (+ calcium and vit D)

12 months

Act n = 34; PL n = 33 (dropouts,
Actn = 10; PL n = 13)

Parallel groups

T-undecanoate po 2 X 80 mg/d

12 months

Act n = 39; PL n = 37 (dropouts,
Actn =4; PLn = 5)

Parallel groups

T-esters or NAN im 200 mg/2 wk
(+ calcium PO)

12 months

Act Tn = 18; Act NAN n = 17,
PL n = 16 (dropout Act T n =
4; Act NANn =7;PLn = 3)

Parallel groups

T-enanthate im 200 mg/2 wk +/—
5 mg FIN po

T dose adjusted if hematocrit
>52%: mean actual dose/2 wk:
158 = 36 (T); 164 = 40 T +
FIN

36 months

Act Tn = 24;Act T + FINn =
22; PL n = 24 (dropouts, Act T
n="7ActT+ FINn = 7; PL
n=6)

Asthmatic men on long-term
glucocorticoid treatment

Age, 61 = 11 yr

No T limit

Baseline T 325 * 40 ng/dl

Community-dwelling, healthy

=50 (mean, 65) yr

BioT = 60 ng/dl (ref. 70-250)

Baseline T 294 + 26 ng/dl; BioT
42 = 5 ng/dl

Community-dwelling, healthy
(advertisement; mailing)

>65 (mean, 73) yr

T < 475 ng/dl (i.e., 1 SD below
mean for young men)

Lumbar spine BMD below mean
for healthy young men

Baseline T 367 *= 79 ng/dl

Community-dwelling (mailings,
flyers, lectures)

65—87 (mean, 76) yr

BioT < 128 ng/dl (ref. 128—-429)

Baseline T 388 + 173 ng/dl;
bioT 92 * 34 ng/dl

Community-dwelling, healthy
(advertisement)

60—-86 (mean, 69) yr

FAI (i.e., T/SHBG) = 0.3 to
= 0.5 (ref. young normal:
>0.5)

=2 symptoms on ADAM
questionnaire

Baseline T 490 + 130 ng/dl

Long-term glucocorticoid
therapy

60.3 * 1.9 yr

Baseline T 400 * 14 ng/dl

Community-dwelling, healthy
(mailings, advertisement)

65—83 (mean, 71) yr

T < 350 ng/dl

Baseline T 283 =+ 49 ng/dl

Increased lumbar spine BMD; nonsignificant

increase hip and total body BMD; decreased
hydroxyproline excretion and serum bone
alkaline phosphatase, fat mass; increased
lean mass

Increased bilateral handgrip strength, no

significant change fat mass, BMI, waist/hip
ratio, serum osteocalcin, alkaline
phosphatase, PSA; increased hematocrit and
hemoglobin; no effect on cognition or
depression

Increase lumbar spine BMD not significant vs.

PL (negative correlation % change BMD vs.
basal T); no change hip BMD, markers bone
turnover; decreased fat mass; increased lean
mass, hematocrit, hemoglobin, PSA; no
change BW, BMI, muscle strength; no
change energy, sexual function, lipoprotein
profile, respiratory distress index, urinary
flow; less decline perception of physical
functioning (i.e., 1 of 8 scores SF-36)

Prevented decrease BMD femoral neck

compared to PL; no significant effect for
BMD lumbar spine, hip trochanter or whole
body; no change markers bone turnover;
decreased fat mass, trend increase lean
mass, no effect muscle strength, total-C,
LDL-C, triglycerides, brachial artery
vascular function; no effect cognition, health
perception (SF-36), hematocrit, hemoglobin,
PSA

Decreased fat mass; increased lean mass; no

change handgrip, quadriceps, or calf
strength; no change BW, LDL-C,
triglycerides; decreased HDL-C, increased
hematocrit; no change blood pressure, PSA

Increased muscle mass and strength with

decreased fat mass (both T and NAN);
increased lumbar spine BMD (only T); no
effect hip and total body BMD, markers bone
turnover; improved overall quality of life
(only T) (Qualeffo-41 dedicated questionnaire
for osteoporosis patients)

Increased lumbar spine and hip BMD (T and T

+ FIN); decreased serum bone-specific
alkaline phosphates and urinary
deoxypyrridinolines; no effect on serum
osteocalcin; increased hematocrit (T and T +
FIN), PSA (only T); increased prostate
volume T > T + FIN; improved performance
in timed functional test, increased lean mass
and handgrip strength and decreased fat
mass and waist/hip ratio (T and T + FIN);
no improvement low leg strength (T and T +
FIN); decreases in serum leptin, total-C,
LDL-C and triglycerides; unchanged HDL-C

All included studies are randomized, placebo-controlled, and double-blind (unless indicated otherwise). Shown are only trials with at least
1-yr duration of active treatment and specifically including older men (i.e., with all men = 50 yr old or mean age = 60 yr) that have been published
as full papers. Seven trials were identified, including a total of 419 study subjects of whom 240 received active treatment. ref, Reference range;
Act, active treatment; PL, placebo; vit, vitamin; po, orally; n, number of subjects; BW, body weight; T, testosterone; bioT, bioavailable
(non-SHBG-bound) testosterone; total-C, total cholesterol; FIN, finasteride; NAN, nandrolone-decanoate.

¢ Shown from top to bottom are: the type of subjects included, age, upper limit of serum T, FT or bioT as inclusion criterion, and baseline

T, FT or bioT.
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with administration of DHEA are discussed separately in
Section V.D. We have included only those trials that were
randomized, that have addressed endpoints of clinical rel-
evancy, and that have included specifically (or allowed to
analyze separately) elderly men. As to the latter, the arbitrary
criterion for inclusion of the study was that all men in the
study were at least 50 yr old or that the mean age was at least
60 yr. Unless otherwise specified (439), all trials were pla-
cebo-controlled and double-blinded. Arbitrarily, we have
considered only trials with at least 3-wk duration of the
active treatment period.

A systematic search resulted in the identification of six
such trials with duration of active treatment from at least 3
wk to less than 3 months, having included a total of 120 men
of whom 73 received active treatment (Table 2); identification
of 17 trials with at least 3 months to less than 12 months of
active treatment, having included a total of 561 men of whom
306 were on active medication (Table 3); and identification of
seven trials with 1- to 3-yr duration of active treatment and
a total of 419 participants, of whom 240 received active med-
ication (Table 4). Thus, in these 28 considered trials, a total
of 576 elderly men have received active androgenic treatment
of 3-wk to 36-month duration under controlled conditions.
There is great heterogeneity as to the type of treatment, the
characteristics of the study subjects, the considered end-
points, and the initial androgen status of the men. As to the
latter, a substantial proportion of the men included in these
studies did not have biochemically documented hypogo-
nadism at baseline. Reasons for noninclusion of trials in this
summary were lack of direct clinical implications (e.g., Refs.
308, 440, and 441), availability of the data only in abstract
form, inclusion of a substantial proportion of younger men
(e.g., Refs. 224, 369, and 442-447), nonrandomized study
design, or related methodological issues interfering with the
evaluation of androgen treatment effects (e.g., Refs. 440, 441,
445, and 447-457).

1. Skeletal effects

a. Bone turnover. The observed effects of treatment on bio-
chemical markers of bone turnover have been inconsistent.
In response to im injection of testosterone esters, Tenover
(419) observed an increase of serum osteocalcin with de-
creased urinary excretion of hydroxyproline in a small cross-
over study in 13 men with initially low bioT, and Sih et al.
(458) found an increase of serum osteocalcin and alkaline
phosphatase in 10 men compared with 12 placebo-treated
subjects, whereas Amory et al. (459) observed no effect on
serum osteocalcin but a decrease of serum bone-specific al-
kaline phosphatase and urinary deoxypyridinoline after 6
months of treatment in 24 men compared with 22 placebo-
treated subjects, and Reid et al. (439) described a decrease of
both serum bone specific alkaline phosphatase and urinary
excretion of hydroxyproline in a crossover study in 15 glu-
cocorticoid-treated elderly men. On the other hand, testos-
terone-ester injections (n = 19) had no significant effect vs.
placebo (n = 17) in a study by Christmas et al. (460), and no
significant treatment effect compared with placebo-treated
controls was observed by Snyder et al. (461) in 50 men treated
during 3 yr with testosterone by scrotal patch, by Kenny et
al. (462) in 24 men receiving testosterone by transdermal
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route for 1 yr with body patches, or by Crawford et al. (463)
in long-term glucocorticoid-treated elderly men during 1-yr
treatment with injections of either testosterone-esters (n =
14) or nandrolone-ester (n = 10). These overall largely neg-
ative findings might reflect the facts that age-related changes
of the markers of bone turnover in untreated healthy elderly
men are only limited anyhow (292), that the men in both the
active and the placebo treatment groups have received cal-
cium and vitamin D supplements, and that testosterone treat-
ment exerts complex androgenic and estrogenic influences
on bone metabolism (62, 294).

b. BMD. As to the effects on BMD, the findings are also
rather mixed. In the study by Christmas et al. (460), 100 mg
testosterone enanthate im every 2 wk was without effect on
BMD at any skeletal site in community-dwelling elderly men
with normal serum testosterone, but the study is inconclu-
sive considering the small number of subjects and the treat-
ment duration of only 6 months. In the study by Snyder et
al. (461) in elderly men with low normal or moderately low
serum testosterone, lumbar spine BMD increased in both the
placebo group (n = 46) and the testosterone-treated group
(n = 50), both receiving calcium and vitamin D supplements,
without significant treatment effect vs. placebo over the 3-yr
duration of the treatment; there were no significant effects for
hip BMD. Interestingly, in the testosterone-treated men,
BMD response at the lumbar spine was inversely correlated
to the baseline serum testosterone levels, a significant treat-
ment effect being observed only in the study subjects with
initially low serum testosterone, i.e., with a pretreatment
serum testosterone between 100 and 300 ng/dl (Fig. 7).
Kenny et al. (462) observed a maintained femoral neck BMD
during 1-yr testosterone administration to elderly men with
initially moderately low bioT compared with a small signif-
icant decrease in the placebo group, resulting in an overall
positive treatment effect of 1.9%, both treatment arms re-
ceiving calcium and vitamin D supplementation; there was
no treatment effect for BMD at the hip trochanter, at the
lumbar spine, or for the whole skeleton. In elderly men
selected on the basis of low pretreatment serum testosterone
butnot of a prevalent low BMD, during 3 yr of treatment with
200 mg testosterone enanthate im every 2 wk either alone
(n = 17) or in combination with daily oral administration of
5 mg finasteride (n = 15), a 5a-reductase inhibitor, Amory et
al. (459) observed a significant progressive increase of BMD
at the lumbar spine and at the total hip region, but not at the
femoral neck, compared with unchanged BMD values in the
placebo-treated controls, no calcium or vitamin D supple-
ments being provided. In this study, the observed treatment
effects were positively correlated with the magnitude of in-
crease of serum levels of both testosterone and estradiol, but
not with baseline hormone levels. Finally, in elderly men
under chronic systemic treatment with glucocorticoids,
Crawford et al. (463) observed that 12-month treatment with
testosterone-esters (n = 14) resulted in an increase of lumbar
spine BMD of 4.0% wvs. placebo-treated subjects (n = 13)
without significant effect at the femoral neck or for the total
skeleton, whereas treatment with the minimally aromatiz-
able androgenic compound nandrolone (n = 10) failed to
significantly affect BMD at any of the measurement sites.
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Fic. 7. Testosterone treatment effect on percentage change in BMD
(A) and score for perception of physical function (B) determined by the
MOS SF-36 questionnaire as a function of pretreatment serum tes-
tosterone concentration in men over 65 yr of age. The lower the
pretreatment serum testosterone levels, the greater the testosterone
treatment effect; P < 0.001 for testosterone treatment effect for both
considered endpoints. To convert testosterone to nanomoles per liter,
multiply by 0.0347. [Adapted from P. J. Snyder et al.: J Clin Endo-
crinol Metab 84:1966, 1999 (461), and 84:2647, 1999 (468) with per-
mission from The Endocrine Society.]

Previously, Reid et al. (439) observed in elderly men under
chronic glucocorticoid administration a positive treatment
effect of 5% compared with controls for lumbar spine BMD
after 1 yr of treatment with testosterone esters; for BMD at
the femoral neck and hip trochanter, the treatment effect
amounted to 0.3 and 2.7%, respectively.

c. Fractures. Data on effects of androgen administration to
elderly men on fracture rates are not available.

In conclusion, the data do not indicate a beneficial skeletal
effect of testosterone administration to elderly men with
normal or borderline serum testosterone. But, in agreement
with the findings of the observational studies suggesting that
declining sex steroid levels may adversely affect the main-
tenance of bone mass in the elderly, the intervention studies
do indicate favorable effects of treatment on BMD in those
men with pretreatment serum testosterone clearly below the
range for young men, as well as the possibility of favorable
effects on BMD in elderly men under chronic treatment with
glucocorticoids.

The observations of positive effects of testosterone on
BMD when used in combination with a 5a-reductase inhib-
itor (459) and of relative inefficacy compared with testoster-
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one of a nonaromatizable androgen (463) tend to support the
suggestion from the observational studies that aromatization
is important for full expression of beneficial testosterone
effects on bone in elderly men and thus that, as far as the
skeletal effects are concerned, use of testosterone is the most
physiological approach to androgen treatment in elderly hy-
pogonadal men. Alternative compounds may not ensure ad-
equate skeletal protection even if they are aromatizable as
suggested by data in young hypogonadal men treated with
the more potent androgen 7a-methyl-19-nortestosterone
(464), because at the dosages usually administrated the es-
trogenic metabolites are not able to maintain BMD.

Although the data do support the view that favorable
effects on BMD are a benefit of testosterone administration
to elderly men who are hypogonadal or to glucocorticoid-
treated elderly men, the clinical relevancy in terms of re-
duced fracture risk remains to be established. With the in-
formation presently available, increase of bone mass or
prevention of fractures should not as such be regarded as
indications for testosterone administration to elderly men. In
this context, it can be noted that in the study showing the
most convincing treatment effects of testosterone in elderly
men (459) these men not only had low initial serum testos-
terone levels but also did not receive calcium or vitamin D
supplementation. Moreover, for oral alendronate (465) and
for daily sc injections of recombinant (1-34)PTH (466), two
drugs presently available for treatment of men with low
BMD, it has been documented that, combined with calcium
and vitamin D supplements, these drugs have beneficial
effects on BMD independent of age and androgen status of
the patients.

2. Effects on body composition

a. Lean and fat mass. In trials on androgen administration
to elderly men, the effects on body composition and muscle
strength have been the most extensively studied efficacy
criteria. Studies of 3-wk (467) to 3-yr (468, 469) duration have
consistently indicated that androgen administration to el-
derly men tends to decrease fat mass and increase lean mass.

Using the hydrostatic weighing technique, Tenover (419)
observed a 1.8-kg increase of lean body mass in elderly men
with low initial bioT after 3 months of weekly injections of
100 mg testosterone enanthate compared with placebo, with-
out significant change in percentage body fat or in waist to
hip body circumference ratio. In the study by Liu et al. (467),
short-term administration of largely supraphysiological
doses of 800 mg testosterone esters over a 3-wk period in-
duced a 3-kg increase of apparent lean body mass and a 1-kg
decrease of fat mass as estimated by bioelectrical impedance
measurements. Administration of 70 mg DHT daily by trans-
dermal route for 3 months in men with borderline low serum
testosterone (470) resulted in reduced skin fold thickness and
in a decrease of total body fat by about 2 kg with nonsig-
nificant increase of body lean mass as assessed by bioelec-
trical impedance; there was no change in waist to hip ratio.
After 6 months of administration of 100 mg testosterone
enanthate every 2 wk to elderly men with normal baseline
serum testosterone (471), there was a nonsignificant 1.4-kg
increase of total lean mass and a 1.2-kg decrease of fat mass
assessed by dual-energy x-ray absorptiometry (DEXA) with
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areduction by 7% of abdominal sc fat without change in total
abdominal area or visceral fat as assessed by magnetic res-
onance imaging (MRI) and no change in waist to hip ratio.
Ferrando et al. (472) treated elderly men with normal to
borderline low testosterone levels for 6 months according to
a flexible treatment regimen with testosterone enanthate
aimed at maintaining testosterone within the upper physi-
ological range for young men, which in reality undoubtedly
resulted in supraphysiological mean testosterone levels in
most study subjects, and observed a substantial 6.2-kg mean
gain of total lean mass and 4% decrease of fat mass relative
to placebo treatment as assessed by DEXA. Liu ef al. (473)
stimulated endogenous testosterone production by biweekly
injections of recombinant hCG in elderly men with border-
line low serum testosterone and observed after 3 months a
modest but significant decrease of fat mass and increase of
lean mass measured by bioelectrical impedance. Schroeder et
al. (474), on the other hand, obtained substantial 3.3- and
4.2-kg increases of total lean mass in healthy elderly men
treated for 12 wk with a daily oral dose of 50 or 100 mg of
the 17-methylated androgen oxymetholone, respectively,
which was accompanied by a 2.6- and 2.5-kg decrease of fat
mass as estimated by DEXA. In a study with daily oral
administration of 20 mg of the 17-methylated androgen ox-
androlone for 12 wk (475, 476), total lean mass increased by
a mean of 3.0 kg and total fat mass decreased by 1.9 kg as
assessed by DEXA; the changes in fat mass but not in lean
mass were still different from baseline 12 wk after treatment
discontinuation.

As to studies of longer duration, Sih et al. (458) in a small-
scaled study found no change in percentage body fat by
bioelectrical impedance, but there was a significant reduction
in serum leptin levels during 1-yr treatment with 200 mg
testosterone cypionate every 2 wk (n = 10) compared with
placebo treatment (n = 12), whereas Kenny ef al. (462) ob-
served by DEXA at the end of 12 months of treatment with
transdermal testosterone (n = 24) in men with moderately
low bioT a mean decrease of 1.7% of fat mass and a 1-kg
increase of lean mass, only the former being significantly
different from changes under placebo (n = 20). In the study
by Wittert ef al. (477) in elderly men with low FAI receiving
an oral daily dose of 160 mg testosterone undecanoate for 1
yr (n = 35), there was a mean treatment gain of 1.7 kg lean
body mass by DEXA compared with the placebo group (n =
32), with a mean decrease of fat mass by 1.1% compared with
an increase of 4.6% in the placebo-treated subjects. Snyder et
al. (468) assessed by DEXA changes in body composition over
36 months in elderly men with normal or low serum testos-
terone treated with testosterone by scrotal patches (n = 50)
and observed a 1.7-kg positive difference in mean treatment
effects compared with placebo (n = 46) for lean mass,
whereas there was a 2.3-kg negative mean difference for fat
mass. After 36 months of treatment of men with moderately
low bioT with 200 mg testosterone enanthate im every 2 wk
alone (n = 17) or combined with 5 mg oral finasteride daily
(n = 15), Page et al. (469) observed a mean 3.7-kg increase of
lean mass as assessed by DEXA with no changes in the
placebo group (n = 18); testosterone treatment with or with-
out finasteride resulted in a mean decrease of fat mass with
5.5 and 6.3%, respectively.
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In glucocorticoid-treated elderly men (n = 15), Reid et al.
(439) observed a 0.9-kg upward trend in lean body mass
during a 12-month treatment with testosterone esters com-
pared with a 1.4-kg decrease during the control period and
a 0.8-kg downward trend of fat mass compared with a 2.1-kg
increase in the control period. Again in glucocorticoid-
treated men, Crawford ef al. (463) observed that both testos-
terone and nandrolone esters increased lean body mass by
1.8 and 2.8 kg, respectively, compared with a 0.5-kg decrease
in the placebo group.

b. Functional correlates. The picture is less consistent when
considering the body composition-related functional
changes under androgen treatment. Tenover (419) observed
no effect of treatment on hand grip strength, and Clague et
al. (478) in their small-scaled study also found no significant
improvement of hand grip or leg strength. Ly et al. (470)
observed a positive effect of transdermal DHT treatment on
peak torque developed during isokinetic dynamometry for
dominant knee flexion, but there was no significant treat-
ment effect for seven other measures of isokinetic contraction
at knee and shoulder; there was also no change in gait,
balance, or the results for mobility tests. Blackman et al. (471)
found no effect of testosterone administration on either a
total body strength assessment based on four upper body
and two lower body strength measures or on maximum
aerobic capacity. In the study by Liu et al. (473), increase of
endogenous testosterone levels during treatment with hCG
failed to significantly affect shoulder and knee strength,
physical activity, gait, or balance. Oral administration of 160
mg testosterone undecanoate daily failed to significantly af-
fect hand grip, quadriceps or calf strength compared with
placebo in the study of Wittert et al. (477), however the
authors did note for the treatment group a significant pos-
itive association between augmentation of lean body mass
and increase of quadriceps strength. No effect on leg exten-
sion strength in men treated for 1 yr with testosterone body
patches was observed compared with the changes under
placebo in the study of Kenny et al. (462), and, similarly, 3-yr
testosterone administration by scrotal patches increased lean
mass mainly in the trunk rather than in the limbs and failed
to improve relative to placebo the hand grip, knee flexion, or
knee extension strength as reported by Snyder et al. (468).

There were also positive reports, however. In the study by
Ferrando et al. (472), the increase of total lean mass, induced
by a relatively high testosterone dose, was accompanied by
increase of muscle protein synthesis, leg lean mass, and mus-
cle volume and by increased muscle strength for all per-
formed arm and leg measurements. Schroeder et al. (474) in
a study with oxymetholone observed a dose-dependent in-
crease of chest press and lateral pull-down strength, posi-
tively associated with changes in upper limb lean body mass,
but there was only a nonsignificant trend for improved leg
strength. In a study with oxandrolone (476), there was after
12 wk an increased strength for leg flexion, leg press, and
chest press with no residual treatment effect 12 wk after
discontinuation of treatment. Sih ef al. (458) observed an
increase of grip strength after 3 months of testosterone in-
jections, which was maintained during the 1-yr total duration
of the treatment. In glucocorticoid-treated elderly men,
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Crawford et al. (463) noted that both testosterone and nan-
drolone esters improved knee muscle strength. Amory et al.
(479) reported that short-term high-dose administration of
600 mg testosterone enanthate weekly to elderly men in
preparation of knee replacement surgery resulted in an im-
proved ability to stand on postsurgery d 3 and nonsignifi-
cantly shortened hospital stay, whereas Bakhshi et al. (480)
described an improvement of hand grip strength and of the
Functional Independence Measure in testosterone-treated
geriatric patients admitted for revalidation. In men with
moderately low baseline testosterone levels, Page et al. (469)
observed that testosterone injections, with or without finas-
teride, improved performance in a timed functional test as
well as handgrip strength. These effects, parallel to the in-
creases in lean mass, were significant at 6 months (first
follow-up measurement) and maintained for the rest of the
36 months of treatment; there were, however, no effects of
treatment on isokinetic lower extremity strength measured at
both ankle and knee.

In summary, overall the trials indicate that interventions
resulting in augmented androgen exposure increase lean
body mass and reduce body fat mass in elderly men similarly
to what has been reported for younger men (426) and in
agreement with the observations of Bhasin et al. (427) that
older men are as responsive as young men to the anabolic
effects of testosterone on skeletal muscles. With commonly
used androgen dosages, the amplitude of the effects is rather
modest; the effects are usually evident within the first
months of treatment and plateau thereafter. Unfortunately,
these clear-cut findings for body composition have so far not
been matched by a similarly convincing demonstration of
functional clinical benefits. A majority of available studies
failed to demonstrate improved muscle strength, in partic-
ular in the legs, and there is presently no convincing docu-
mentation of immediate clinical benefits such as improved
mobility or functional autonomy or reduced risk of falls.
There is, a fortiori, no documentation of beneficial functional
effects above what might be achieved with nonpharmaco-
logical intervention such as exercise programs. Still, some
studies did reveal improved muscle strength, albeit this may
require administration of supraphysiological androgen
doses, and it has been suggested that failure to demonstrate
beneficial effects of androgen treatment on functionality
might to a large extent be due to the use of inappropriate
methodology (433). Furthermore, the few available reports
pertaining to elderly men that are frail or at risk of frailty,
such as those under chronic treatment with glucocorticoids
and those admitted for revalidation or for major surgery, did
yield encouraging findings that seem to warrant investiga-
tion of potential applications of anabolic androgen treatment
in elderly men in clinical trials that should be adequately
powered, should include well-defined patient groups, and
should assess predefined and clinically relevant efficacy and
safety criteria. In the present state of the art, improved body
composition should be viewed as a potential benefit of an-
drogen treatment to elderly men with hypogonadism, but
the anabolic effects should not per se be considered an indi-
cation for androgen administration to elderly men.
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3. Atherosclerosis and CAD. Few studies focused specifically
on cardiovascular efficacy criteria. English et al. (481) re-
ported that 3-month administration of testosterone by trans-
dermal route to men with CAD (n = 22) improved the time
to ST-segment depression on electrocardiogram (ECG) dur-
ing exercise compared with placebo-treated patients, the
testosterone-treated men having also a better score for self-
perceived pain and role limitation resulting from physical
problems in the Short Form 36 quality-of-life questionnaire.
The same group described how testosterone treatment re-
duced the difference between maximum and minimum QT
across the 12 leads of an ECG, i.e., the QT-segment disper-
sion, a measure of impaired conduction and repolarization in
elderly men with congestive heart failure (482). However,
there is no study in the elderly that was powered for assess-
ment of hard cardiovascular clinical endpoints. In the study
of 3-yr duration by Snyder et al. (483), clinically manifest
cardiovascular events were reported for nine of 54 men in the
testosterone group compared with five of 54 in the placebo-
treated men (relative risk, 1.8; 95% confidence interval, 0.7—
5.0); in the 3-yr study by Amory et al. (459), a case of cerebral
hemorrhage in one of the testosterone-treated men was the
only reported severe cardiovascular adverse event for all
treatment groups.

In many of the studies on androgen administration to
elderly men, variables associated with cardiovascular risk
have been measured, and the findings have generally been
rather neutral. In elderly men with low normal to moderately
low initial serum testosterone levels, neither increase of en-
dogenous testosterone by injections of recombinant hCG
(473) nor transdermal testosterone administration (484) re-
sulted in significant alterations of brachial artery vascular
reactivity, and for none of the treatment studies in elderly
men were treatment-related changes in blood pressure re-
ported. Many studies assessed some parameter of regional
fat distribution, but they failed to observe relevant treatment
effects. In none of the several studies assessing the waist
circumference and/or the waist to hip circumference ratio
was there a significant reduction (312, 458, 463, 470, 481, 485);
in the study by Snyder et al. (468), the decrease of fat mass
was not significant for trunk fat as assessed by DEXA; in the
study by Miinzer et al. (312), testosterone treatment failed to
affect abdominal area and visceral fat as assessed by MRI. A
decrease of trunk fat was observed under treatment of el-
derly men with oral synthetic androgens (474, 475). Page et
al. (469) observed a decrease of trunk fat during testosterone
treatment, however, accompanied by an increase of the waist
over hip circumference ratio.

As to the blood lipid profile, some studies observed no
changes when assessing total cholesterol, LDL-C, HDL-C,
and/or triglycerides (458, 463, 472, 478, 483), apolipoprotein
Al or B, or lipoprotein (a) (483); several studies revealed
unchanged levels for total cholesterol, LDL-C, and triglyc-
erides with decreased values for HDL-C (439, 474, 477, 486,
487) or a decreased HDL-C with increased LDL-C (475),
whereas in other studies there was a decrease of total cho-
lesterol and LDL-C with unchanged HDL-C (419, 474, 477,
484). In no study was an increase in HDL-C reported, in
apparent contrast with reports of positive associations of
serum testosterone and HDL-C in epidemiological studies
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(333-335, 337). No treatment effect on insulin sensitivity was
observed in the study of Liu ef al. (485) with stimulation of
endogenous testosterone production by administration of
hCG, in a study by Dougherty et al. (487) with stimulation
of testosterone production with an aromatase inhibitor, or in
the study of Schroeder et al. (474) with use of the androgenic
compound oxymetholone. Insulin sensitivity was reported to
be improved under oral treatment with 20 mg oxandrolone
daily (475).

In conclusion, although in observational studies moder-
ately low serum testosterone levels as seen in aging men are
associated with an increased risk of atherosclerosis and CAD
(see Section III.C.3), there is presently no evidence that an-
drogen administration to elderly men may prevent the oc-
currence or improve the outcome of cardiovascular diseases.
Treatment with moderate doses of testosterone appears to
have rather neutral or mixed effects on cardiovascular risk
factors in elderly men.

4. Sexual function. Whereas several studies that have indi-
cated that androgen treatment improves sexual function of
hypogonadal men have included some older patients (369,
420, 443, 445, 488), information from controlled trials spe-
cifically on sexual function in the elderly remains scarce. In
a small double-blind study with crossover design in 10 aging
men with erectile dysfunction of at least 6-month duration
and moderately low serum testosterone levels, administra-
tion of 200 mg testosterone cypionate im every 2 wk for 12
wk significantly improved the patients” perception of sexual
function compared with placebo treatment (489). In the study
by Snyder et al. (468), 3-yr testosterone administration by
scrotal patch to elderly men with normal or moderately low
serum testosterone was without effect on an average score for
four questions on sexual function. Similarly, in elderly men
with borderline low testosterone levels, Liu et al. (473) ob-
served no treatment effect of stimulated testosterone secre-
tion by recombinant hCG administration for 3 months on the
patients” perception of sexual activity. Also, stimulation of
endogenous testosterone secretion by administration of an
aromatase inhibitor was without measured effect on sexual
function in men with moderately low pretreatment serum
testosterone (490). In older men with low frequency of NPT
and normal baseline serum testosterone, Kunelius ef al. (491)
observed that 6 months of treatment with DHT gel compared
with placebo was without effect on libido and improved a
score for early morning erection only during the first 3
months of treatment, whereas there was an improved score
over the 6 months of DHT administration for ability to main-
tain erection during intercourse.

These limited and disparate findings do not constitute
adequate clinical documentation to support the use of an-
drogen treatment with the specific aim to improve sexual
function in elderly men. Many of the aforementioned studies
have used rather crude instruments to evaluate (the percep-
tion of) sexual function so that additional studies are needed
to allow for conclusions on the effects of androgen admin-
istration on sexual function in elderly men. Nevertheless,
whereas the design of the more numerous trials that have
included hypogonadal men in a broader age range does not
allow for confirmation of the efficacy of androgen treatment
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on sexual function specifically in the subgroup of older study
subjects, it can be noted that they provided also no manifest
indication that frankly hypogonadal elderly cannot respond
to the treatment.

5. Cognitive function. Janowsky et al. (492) in a small-scaled
study observed in elderly men with low FT an improved
working memory after 1 month of im administration of tes-
tosterone (n = 10) compared with placebo (n = 9) using the
Subject Ordered Pointing Test for which the authors found
in the absence of treatment a worse performance in the el-
derly as compared with the young but no gender effect. The
same group reported that in elderly men with FT “normal for
age,” administration of testosterone by scrotal patch (n = 27)
enhanced compared with placebo (n = 29) spatial cognition
assessed by the block design subset of the Wechsler Adult
Intelligence Scale, but was without effect on verbal and vi-
sual memory, cognitive flexibility, or fine motor dexterity. In
community-dwelling older men not selected on the basis of
their androgen status, Cherrier ef al. (493) found that 6 wk of
im testosterone treatment (n = 13) improved compared with
placebo (n = 12) several aspects of cognition, although treat-
ment effects were not evident for all performed measures;
positive effects were observed for spatial ability according to
block construction testing, spatial memory according to re-
call of a walking route, and verbal memory according to the
recall of a short story. Three months of DHT administration
to elderly men with borderline low serum testosterone (n =
17) was not different from placebo treatment (n = 18) for
performance on a battery of cognitive tests in the study of Ly
et al. (470). In a small study in elderly men with mild cog-
nitive deficit and moderately low serum bioT, Kenny et al.
(494) observed no effect on cognitive performance of 12-wk
im testosterone (n = 6) compared with placebo (n = 5).

As to trials of longer duration, Sih et al. (458) failed to
observe in older men with moderately low androgen levels
an effect of 12 months of im testosterone administration (n =
17) vs. placebo (n = 15) for a battery of cognitive function
tests. In the study by Kenny et al. (486), treatment of elderly
men with moderately low bioT for 12 months with testos-
terone patches did not result in significant treatment effect vs.
placebo for cognitive tests including the Digit Symbol, the
Digit Span, and the Trailmaking A and B; there was for
Trailmaking B an improved score compared with baseline in
the testosterone-treated group and an association of the post-
treatment scores with serum testosterone levels in the com-
bined active treatment and placebo groups.

Overall, it can be concluded that there are limited obser-
vations of beneficial effects of testosterone treatment on cog-
nitive function in elderly men, which warrant further inves-
tigation. However, presently the limited information
available with essentially negative findings for the longer
duration studies does not allow us to claim clinical benefits
on cognition of testosterone administration to elderly men.

6. Mood and quality of life

a. Mood and depression. Several trials with androgen treat-
ment included questionnaires on mood and/or depression.
These studies failed to demonstrate a treatment effect on
either mood (467, 491, 492, 495) or scores for geriatric de-
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pression scales (458, 494), with the single exception of the
observation in the small study by Bakhshi et al. (480) of a
larger improvement of the score for a geriatric depression
scale in the active treatment group (n = 9) than in the placebo
group (n = 6) in male geriatric patients admitted for
revalidation.

b. Quality of life. In a small study, elderly men with mod-
erately low serum androgens treated for 1 month with tes-
tosterone failed to accurately guess treatment assignment
(492), whereas in another study 6-month treatment with
DHT gel failed to improve the score of a questionnaire on
general well-being (491). Several studies assessed health-
related perception of quality of life using the Medical Out-
come Survey (MOS) Short Form 36 (SF-36) questionnaire
(467, 468, 470, 481, 486, 490, 496). The findings in the latter
studies were mostly negative (467, 470, 486, 490, 496). One
exception was the report of significantly less worsening of
the perception of physical function in elderly men treated for
3 yr by testosterone scrotal patches compared with placebo-
treated subjects in the study by Snyder et al. (468). Interest-
ingly, improvement of the score for perception of physical
health during active treatment was inversely correlated to
pretreatment serum testosterone levels (Fig. 7), but it should
also be noted that physical health perception is only one of
eight dimensions assessed by the SF-36 questionnaire. The
only other exception was the finding by English et al. (481)
of improved scores on pain perception and role limitation
resulting from physical problems during testosterone ad-
ministration to elderly men with CAD. In men requiring
long-term systemic glucocorticoid treatment, Crawford et al.
(463) found that treatment with testosterone, but not with
nandrolone, improved overall quality of life as assessed
with the Qualeffo 41, a dedicated questionnaire for patients
with osteoporosis.

In summary, the findings for treatment effects on mood,
depression, and quality of life in elderly men are mostly
negative. It remains to be established in how far the failure
to demonstrate beneficial effects may have resulted from the
use of instruments that are insufficiently sensitive to detect
changes in study populations consisting of men with rather
good general health status. Nevertheless, it can be noted that
the few positive results were all obtained in men with im-
paired health (463, 480, 481) or in a subset of men with
manifestly low serum testosterone (468).

C. Risks of androgen treatment

Stimulation of androgen-sensitive tissues raises safety
concerns about possible side effects of androgen treatment.
These may include increased risk of prostatic carcinoma,
benign prostatic hyperplasia, polycythemia, sleep apnea, gy-
necomastia and breast carcinoma, fluid retention, hyperten-
sion, lipid alterations, and atherosclerosis (428, 431).

Except for short-term anabolic treatment in situations with
(risk of) frailty such as in elderly men undergoing major
surgery, where use of high doses of testosterone has been
reported (479), proposed use of androgens in the elderly
usually aims at so-called “substitutive treatment” resulting
in sex steroid levels approaching or mimicking physiological
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androgen and estrogen levels in younger men. Therefore, we
discuss here possible side effects of chronic treatment with
“near physiological” doses of testosterone or DHT only,
keeping in mind however that many of the proposed treat-
ment regimens might in fact result in moderately supra-
physiological mean serum sex steroid levels or in intermit-
tently markedly elevated levels in particular relative to what
might be the physiological requirements for the elderly,
which is still poorly defined.

1. Prostate. Of all the side effects, possible stimulation of
prostatic cancer growth causes the most concern. So far, there
is no evidence that testosterone initiates the development of
prostatic carcinoma (497), but, because almost all prostatic
carcinomas are androgen sensitive (498, 499), it is evident
that the presence of a clinical carcinoma is an absolute con-
traindication for androgen substitution.

The crux of the problem, however, constitutes the clini-
cally and biochemically occult subclinical carcinoma, which
appears to be present in the majority of subjects over 60 yr
old (500). Only a small percentage will evolve during lifetime
into a clinical carcinoma, but one has to consider the possi-
bility that androgen substitution might stimulate this evo-
lution. Prospective epidemiological studies, however, did
not reveal large differences in circulating hormone levels
between men who subsequently developed prostate cancer
and those who did not (501, 502), and so far the very limited
data from the few studies involving treatment of at least 1-yr
duration did not yield alarming findings (439, 458, 459, 461—
463, 477). However, in the informative trials including spe-
cifically elderly men that we have identified (Table 4), no
more than 201 elderly men actually received active testos-
terone treatment intended to last for at least 1 yr and, inev-
itably, even among these rather few men there were occa-
sional cases of prostate cancer diagnosed during treatment
(459, 461). Data on the effects of long-term treatment are not
available. It has been calculated that to detect a 30% differ-
ence in prostate cancer incidence between placebo- and tes-
tosterone-treated subjects, 6000 older men with low testos-
terone would need to be randomized to each treatment group
and would require treatment for an average of 5 yr (430). In
any case, vigilance about the risk of prostate cancer is re-
quired even in men with low basal testosterone level, any
increase of prostate-specific antigen (PSA) levels greater than
expected in healthy men necessitating urology consultation
and eventually a prostate biopsy. Most studies show a slight
increase of PSA levels, which usually remain within the
normal range (419, 446, 459, 461, 462, 478, 490, 503). Never-
theless, some men with initially normal clinical findings and
serum PSA do show pathological increases requiring further
investigation. Although the cut-off value for PSA increment
velocity that should trigger additional diagnostic steps varies
according to authors (430), it seems logical to be particularly
attentive to changes that exceed the expected interassay vari-
ability and a cut-off value of 0.75 ng/ml per year seems
reasonable (504).

As to benign prostatic hyperplasia (BPH), a highly prev-
alent finding in elderly men, although androgen substitution
causes a small increase of prostate volume in particular in
hypogonadal men, no increase in voiding symptoms or re-
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sidual urine volume has been reported (419, 458, 461-463,
477,479, 490). Although in men with BPH causing only mild
symptoms, androgens can be administered safely, obstruc-
tive BPH is a contraindication for treatment (430, 505).
There is evidence that 7a-methyl-19-nortestosterone,
which is not being 5a-reduced, acts more selectively and
might stimulate less prostate tissue (464, 506). On the other
hand, because estrogens are considered to play a role in the
development of BPH, it has been suggested that use of DHT,
which is not aromatized, might be advantageous as far as
prostate side effects are concerned (461, 491). Nevertheless,
increase of endogenous testosterone production with low-
ering of estrogen synthesis by administration of an aro-
matase inhibitor did result in increased PSA levels (490).
In conclusion, when considering testosterone administra-
tion to elderly men, digital rectal examination of the prostate
and PSA determination are required, and whenever clinical
abnormalities or PSA levels above 4 ng/ml are found, ad-
ditional urological exploration is mandatory. After initiation
of therapy, control of the prostate with digital rectal exam-
ination and PSA determination after 3, 6, and 12 months and
annually thereafter is being recommended (430, 431, 505).

2. Erythropoiesis. Androgens stimulate erythropoiesis, and in
most studies hematocrit increased by 2-5% over baseline
values during treatment, 6-25% of subjects developing
erythrocytosis with hematocrit over 50% (419, 454, 458, 459,
461, 462, 470, 477-479, 507). Erythrocytosis might increase
the risk of stroke and requires corrective measures, i.e., tem-
porary interruption of treatment, dose adaptation, and/or
phlebotomy. Testosterone treatment by im injection might be
associated more frequently with eryhtrocytosis than the
transdermal route of administration, most likely because tra-
ditionally applied treatment regimens with im injection of
testosterone esters at biweekly to monthly intervals result in
serum testosterone levels that are transiently, but markedly
supraphysiological after each injection (458, 508).
Hematocrit or hemoglobin blood concentration should be
determined at initiation of treatment and at follow-up visits
(431), with close monitoring of men at higher risk of eryth-
rocytosis such as those with chronic pulmonary disease.

3. Cardiovascular risk. Although androgen action has tradi-
tionally been associated with increased risk of atherosclerosis
and CAD, it is becoming increasingly clear that the relation-
ship between exposure to endogenous and exogenous sex
steroids and cardiovascular risk is complex and not fully
clarified. As has been discussed in Sections II1.C.3 and V.B.3
and has been reviewed extensively by others (322, 323, 431),
when considering variations within or close to the physio-
logical range, higher serum testosterone levels cannot be
equated to a higher risk of atherosclerosis and CAD. The
trials with androgen treatment aiming at near-physiological
levels revealed neither worrying effects on cardiovascular
risk factors such as lipid levels nor an increased incidence of
cardiovascular or cerebrovascular adverse events. However,
the number of elderly men treated in a controlled setting is
very small, with an only short duration of observation.

In conclusion, the data from observational and interven-
tional studies do not indicate major reasons for concern, but
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the safety of androgen therapy in elderly men should not be
considered as established before an adequately powered pro-
spective study with major cardiac and vascular events as
endpoint has been performed. The significance of the latter
hiatus in our understanding of the risks and benefits of
androgen administration for its potential widespread clinical
application should in no way be minimized considering that
cardiovascular disease is the leading cause of morbidity and
mortality in elderly men.

4. Sleep apnea. There have been rather anecdotal reports that
androgen treatment can induce or exacerbate sleep apnea
(509, 510), which might be especially the case in obese sub-
jects, patients with COPD, and smokers. Liu et al. (467) ob-
served that short-term administration of rather high doses of
testosterone to healthy older men resulted in decrease of time
slept and disruption of breathing pattern during sleep with
prolongation of periods of hypoxemia, although for the short
duration of the study there were no manifest consequences
in terms of functionality and well-being. In the study by
Snyder et al. (461) in elderly men with low normal to mod-
erately low serum testosterone, monitoring of sleep apnea
did not reveal differences between the men treated with
testosterone by scrotal patches and the placebo controls (458).
Nevertheless, it seems advisable to inquire about symptoms
of sleep apnea both before treatment and at follow-up visits
(479).

5. Other adverse effects. Clinically significant fluid retention
and hypertension are seldom observed with moderate doses
of testosterone (431), but caution is advisable in patients with
preexisting congestive heart failure, hypertension, or renal
insufficiency.

Gynaecomastia is a benign complication occurring occa-
sionally during testosterone treatment (431) as a consequence
of peripheral aromatization of testosterone, which takes
place mainly in fat tissue and is increased in elderly males.
Clinical examination at initiation of treatment and during
follow-up should include assessment of the presence of
breast tissue, and adaptation of treatment regimen may be
considered in case of development of gynaecomastia. Car-
cinoma of the breast in males is rare and constitutes an
absolute contraindication for androgen administration.

Hepatotoxicity is a problem essentially limited to the oral
use of alkylated testosterone derivatives. Local tenderness at
the site of im injection of testosterone esters and skin irrita-
tion with use of preparation for transdermal administration
are not uncommon, the latter being more frequent with tes-
tosterone patches than with gel (431).

6. Comment. Finally, it should be pointed out that the risk of
side effects is greater in elderly than in young hypogonadal
men. Indeed, the high frequency of BPH, subclinical prostatic
carcinoma, atherosclerosis, and hypertension makes the el-
derly more prone than young men to many of the above-
mentioned adverse effects. Recently, in a comparative dose-
ranging study in young and older men with suppressed
endogenous testosterone secretion by administration of a
long-acting GnRH agonist, Bhasin et al. (427) observed a
higher incidence of erythrocytosis, leg edema, and prostate
events in the elderly, whereas the young had more frequently
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acnea. Moreover, as illustrated in the latter study, identical
treatment regimens can result in higher plasma levels in the
elderly compared with the young, a consequence of age-
related decrease in MCR (27, 511).

D. DHEA treatment

The impressive age-associated decline of plasma DHEA
and DHEAS levels as well as a broad array of reported
beneficial effects of (pharmacological doses) DHEA in lab-
oratory animals have raised the hope that DHEA supple-
mentation in elderly men might have favorable effects on
sexual, vascular, metabolic, immune, and cognitive func-
tions. In fact, DHEA supplementation has been advertised in
the media as an antiaging, rejuvenating medication without,
however, much scientific justification.

Few large-scale placebo-controlled studies on the effects of
DHEA supplementation in males are available. In 1994, Mo-
rales ef al. (512), in a randomized, placebo-controlled, cross-
over trial with 50 mg/d DHEA administered orally for 6
months to 13 men aged 40-70 yr (mean, 53.7 = 2.5 yr),
observed a “remarkable increase in perceived physical and
psychological well-being,” without change in libido or li-
poprotein profile; they observed an increase in plasma IGF-I
and a decrease in IGF binding protein (IGFBP)-1 levels. In a
more recent randomized, placebo-controlled, crossover trial
with administration of 100 mg/d DHEA for 6 months, which
involved only nine men (mean age, 55.6 * 1.9 yr), the same
authors observed a small decline of fat body mass (by 1 = 0.4
kg) and an increase of knee and back muscle strength; IGF-I
levels increased, but IGFBP-1 levels remained unchanged
(5613). In another small-scaled study that was not randomized
and involved eight men 72 * 2 yr old receiving 50 mg of
DHEA daily for 6 months, a decrease in fat mass and an
increase of spine and total body BMD was observed with
increase of serum IGF-I without change in IGFBP-3 levels
(514). However, a series of well-conducted trials failed to
confirm these reports of beneficial effects.

In a randomized, double-blind, placebo-controlled cross-
over study over 9 months with 3 months of treatment with
50 mg micronised DHEA twice daily in 39 men aged 60-84
yr, Elynn et al. (515) did not observe any significant change
in physical or psychological well-being, perceived satisfac-
tion in activities of daily life, libido, or sexual function. Nei-
ther were there significant changes in body composition;
there was a small increase in total cholesterol and HDL-C.
Besides the expected rise in serum DHEA(S) concentrations,
treatment resulted in a clear increase of estradiol and FT
levels without change in serum total testosterone. The latter
findings are in agreement with the observations of Arlt ef al.
(516) that administration of 50 or 100 mg/d of DHEA to 14
volunteers aged 58.8 = 5.1 yr resulted in increased serum
concentrations of FT, androstenedione, and estradiol without
significant alteration of total testosterone levels; in another
pharmacokinetic study, administration of 50 mg/d DHEA to
12 elderly men aged 67.8 * 4.3 yr resulted is nonsignificant
changes in serum total testosterone and estradiol with
marked increase of estrone levels (517).

Arlt et al. (518) found that administration of 50 mg DHEA
daily for 4 months to 22 elderly men aged 50 to 69 yr in a
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randomized, placebo-controlled, crossover trial had no effect
on mood, sexuality, serum lipids, biochemical markers of
bone turnover, body composition, or exercise capacity. Bau-
lieu et al. (354) reported the results of the largest double-
blind, placebo-controlled study, which involved 140 men
60-80 yr old, 66 of whom received 50 mg of DHEA daily for
1 yr. They did not observe any effect on BMD or biochemical
markers of bone turnover, nor did they observe any effect on
libido, sexual activity, or vascular properties. They observed
only an increase in sebum production and skin surface hy-
dration. Other recent studies gave similar negative results.
Kahn and Halloran (519), administering in a randomized,
placebo-controlled, double-blind, crossover study design 90
mg of DHEA daily for 6 months to 43 men (56—-80 yr old),
did not find any evidence for an effect of DHEA on bone
turnover.

As to the effects of DHEA on cognitive functions, Wolf et
al. (520) in a short-term randomized, placebo-controlled,
crossover trial of 2-wk duration involving 25 men (mean age,
69.4 = 1.2 yr) receiving 50 mg/d of DHEA, did not see any
beneficial effects on measured psychological or cognitive
parameters, whereas van Niekerk ef al. (521), after 13 wk of
treatment with 50 mg micronised DHEA daily in 41 men
(60-80 yr old) according to a double-blind, placebo-con-
trolled, crossover study design, did not observe significant
differences for any of the outcomes (object location, mood,
well-being) between the DHEA and the placebo phase, in
agreement with data of Kudielka ef al. (522). Because DHEA
is aneuroactive neurosteroid (523), it has been suggested that
DHEA might be of clinical usefulness in age-related demen-
tia, but treatment of Alzheimer’s disease with 100 mg/d
DHEA for 6 months in 28 patients (14 men) aged 75.5 + 8.4
yr yielded disappointing results and was not associated with
significant improvements in cognitive performance com-
pared with the placebo-treated subjects (n = 30) in a ran-
domized, double-blind study (523).

Liu and Dillon (14) described recently an endothelial
plasma membrane receptor for DHEA, which could suggest
that DHEA supplementation can influence endothelial func-
tion. Kawano et al. (524) in a study that involved 24 men aged
54 + 1 yr with hypercholesterolemia observed that 25 mg/d
of DHEA for 12 wk induced an improvement of flow-
mediated vasodilatation dependent on endothelium-derived
nitric oxide; concomitantly, a decrease of the plasma level of
plasminogen-activator-inhibitor, a factor regulating fibrino-
lysis, was observed with suggestive evidence of improved
insulin sensitivity. The latter observation is in contradiction
with the data of Morales et al. (512) and Flynn et al. (515) who
did not observe any effect of DHEA on insulin sensitivity.

On the basis of the effects observed in laboratory animals,
favorable effects of DHEA on the immune response have
been postulated (525, 526), but whereas Araneo et al. (525)
observed in 67 elderly men (<65 yr old) a trend for improve-
ment of immunization to influenza vaccine by treatment with
DHEA (2 X 50 mg/d for 4 d), Danenberg et al. (526) after a
4-d short-term treatment of elderly men (age, >60 yr; n = 71)
with 50 mg DHEA daily could not demonstrate any im-
provement of the age-associated decline of response to im-
munization against influenza.

In summary, the data on DHEA supplementation of
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healthy elderly males do not show convincing evidence for
any beneficial effect on any physical or psychological pa-
rameter. In the biological findings, besides increases in serum
estrogens and FT, only IGF-I levels showed a consistent
increase, the clinical significance of the latter finding being
questionable. Nevertheless, DHEA supplementation might
have some beneficial effect in males with Addison’s disease,
who lack DHEA secretion. Indeed, DHEA substitution in
these patients was reported to induce improvement of mood,
fatigue, and general well-being, but no effects were seen on
cognitive or sexual functions, body composition, BMD, or
lipids and separate data for male patients have not been
reported in detail (527). As to safety of DHEA treatment,
significant side effects were not observed with up to 100 mg
DHEA/d for 1 yr.

VI. Summary and Conclusions

In this review, we briefly summarized the physiological
framework for changes in sex steroid hormone production in
elderly men and reviewed the present state of knowledge on
the extent, the modulating factors, the mechanisms, and the
possible clinical consequences of such changes. We discussed
the diagnosis of androgen deficiency in elderly men and
reviewed the data obtained in controlled clinical trials of
androgen administration and related pharmacological inter-
ventions in elderly men.

It is now well established that aging in healthy men is
accompanied by a progressive, albeit individually variable,
decline of serum testosterone with steeper decrease of the
serum fractions that are not bound to SHBG and are readily
available for biological action, which is in turn accompanied
by a modest decline of non-SHBG-bound serum levels of its
aromatization product estradiol and is paralleled by a sharp
drop in production of the adrenal androgen DHEA(S). The
age-related changes in sex steroid production in healthy el-
derly men are of mixed testicular and neuroendocrine origin
and can be accentuated by disease or its treatment. However,
although many factors that can modulate androgen produc-
tion in elderly men have been identified, the basis for the
large interindividual variation in serum testosterone at all
ages remains poorly understood and deserves to be identi-
fied as one of the major knowledge deficits in the field of
andrology.

A large body of observational data has been accumulated
on the question of the possible clinical consequences of the
decline of sex steroid hormone production in elderly men,
although most studies have limitations inherent to a cross-
sectional design and prospective observational studies re-
main scarce. It is fair to conclude that the whole of the
evidence indicates that these age-related hormonal changes
are likely to play at least in some men a contributory role in
part of the clinical alterations that accompany aging, with
some of the most convincing documentation pertaining to
age-related changes in body composition and senile bone
loss. Itis also clear, however, that for many clinical signs and
symptoms in elderly men that are reminiscent of the clinical
picture in young hypogonadal men, the data remain incon-
clusive as to a role of age-related partial androgen deficiency.
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Overall, there is presently little if any conclusive evidence for
a role of “physiological” age-related decline of sex steroid
production on morbidity or deterioration of quality of life in
elderly men; nevertheless this does not mean that elderly
men cannot suffer “pathological” hypogonadism with mark-
edly subnormal testosterone serum levels.

A major limitation in our ability to assess the clinical im-
pact of the changes in androgen production in the elderly is
the lack of a reliable and practical marker of androgen action
in the tissues and our consequent relative ignorance as to
physiological androgen requirements in elderly men in gen-
eral and a fortiori as to individualized androgen needs. In this
context, diagnosis of hypogonadism in elderly men is diffi-
cult and in borderline cases always uncertain. In view of
these diagnostic limitations and the inconclusive evidence
that modest age-related androgen deficits really matter clin-
ically, it is advisable to reserve the diagnosis of hypogonad-
ism, with its implication of considering testosterone admin-
istration, for those elderly men with manifest hypogonadism
as established by the presence of both clear clinical symptoms
and serum testosterone levels frankly below the range for
young men.

Given the yet-unresolved issues of the exact androgen
requirements in elderly men and of the real clinical signifi-
cance of the age-associated decrease of serum testosterone
levels, it seems wise not to label androgen administration or
related pharmacological interventions in clinical trials in the
elderly as “substitutive treatment.” Indeed, the latter implies
that a hormonal deficit has been established, that the hor-
monal treatment reestablishes physiological sex steroid hor-
mone exposure and by doing so corrects or prevents docu-
mented clinical consequences of such a deficit. Clearly, to
date we lack the knowledge base to fulfil these criteria. Many
of the performed trials have included substantial proportions
of men with serum testosterone levels well within the normal
range for young men. Finally, given the lessons from expe-
rience in the field of hormone replacement therapy in meno-
pausal women, the not uncommon inexplicit view that clin-
ical introduction of a substitutive treatment is acceptable
with a lower level of clinical documentation than would be
required for any classical pharmacological treatment should
be vigorously combated in the present context. Indeed, un-
less the elderly men considered for treatment are frankly
hypogonadal they should be considered as healthy subjects
even if they have borderline low serum testosterone levels
relative to those in young men, the implication being that
they should not be treated with testosterone or related com-
pounds as long as the clinical efficacy and safety has not been
established with the highest level of evidence. Although
some of the performed controlled clinical trials have pro-
vided interesting results on intermediary endpoints suggest-
ing the possibility of clinical benefits, at present there is no
demonstration of benefits in terms of hard clinical outcomes.
Clearly, the scale of the studies that have been performed to
date would not allow for establishing clinical benefit and,
even less so, long-term safety. To perform the large-scaled
studies needed to establish the risk-benefit profile of andro-
gen administration to elderly men will require a major col-
laborative effort of scientists, the pharmaceutical industry,
and funding agencies. Meanwhile, androgen treatment
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should be strictly reserved for elderly men with clear hypo-
gonadism, who deserve equal access to treatment as their
younger counterparts, be it that in the elderly the criteria for
diagnosis should be more conservative and the follow-up
more stringent. In elderly as in young hypogonadal men,
once initiated testosterone treatment will usually be lifelong.
A detailed discussion of treatment modalities falls beyond
the scope of this review. Evidently, in view of the higher risk
for adverse events in the elderly, careful follow-up of treat-
ment is mandatory with particular attention for erythrocy-
tosis, prostate disease, arterial hypertension, and fluid re-
tention, practical recommendations having been reviewed
elsewhere (428, 430, 431, 438).

Acknowledgments

We are grateful to our many colleagues who over the years have
directly contributed to studies of our group on this topic. Our special
thanks go to Jean-Paul Deslypere, Vito Giagulli, Stefan Goemaere, Rob-
ert Rubens, José Van Hoecke, Inge Van Pottelbergh, and Lieve Verdonck.
We gratefully acknowledge the secretarial help of Mrs. Veronique
Volkaert.

Address all correspondence and requests for reprints to: Prof. Dr. Jean
M Kaufman, Department of Endocrinology 9K12, De Pintelaan 185,
Ghent, B-9000, Belgium. E-mail: jean.kaufman@ugent.be

This work was supported in part by Grant G.0331.02 of the Flemish
fund for Scientific Research.

References

1. Greenblatt RB 1976 Some historic and biblical aspects of endocri-
nology. In: Givens JR, ed. Gynecologic endocrinology. Chicago,
London: Yearbook Medical Publishers; 313-324

2. Brown-Sequard CE 1889 Effects in man of subcutaneous injections
of freshly prepared liquid from guinea pig and dog testes. CR
Seances Soc Biol Ger 9:415-419

3. Brown-Sequard CE 1889 Note on the effects produced on man by
subcutaneous injections of a liquid obtained from the testicles of
animals. Lancet 2:105-107

4. David K, Dingemanse E, Freud J, Laqueur E 1935 Uber krystalli-
nisches ménnliches Hormon aus Hoden (Testosteron), wirksamer
als aus Harn oder aus Cholesterin bereitetes Androsteron. Hoppe
Seyler Z Physiol Chem 233:281-282

5. Hammond GL, Ruokonen A, Kontturi M, Koskela E, Vihko R
1977 Simultaneous radioimmunoassay of 7 steroids in human sper-
matic and peripheral venous-blood. ] Clin Endocrinol Metab 45:
1624

6. Horton R, Tait] 1966 Androstenedione production, and conversion
rates in peripheral blood and studies on the possible site of its
interconversion to testosterone. J Clin Invest 45:301-307

7. Horton R, Tait J 1967 The in vivo conversion of dehydroisoandro-
sterone to plasma androstenedione and testosterone. ] Clin Endo-
crinol Metab 27:79

8. Vermeulen A, Verdonck L 1968 Studies on the binding of testos-
terone to human plasma. Steroids 11:609-635

9. Dunn JF, Nisula BC, Rodbard D 1981 Transport of steroid-hor-
mones-binding of 21 endogenous steroids to both testosterone-
binding globulin and corticosteroid-binding globulin in human
plasma. J Clin Endocrinol Metab 53:58—-68

10. Giorgi EP, Stein WD 1981 The transport of steroids into animal
cells in culture. Endocrinology 108:688-697

11. Pardridge WM 1986 Serum bioavailability of sex steroid hormones.
Clin Endocrinol Metab 15:259-278

12. Toorians AWFT, Kelleher S, Gooren L], Jimenez M, Handelsman
DJ 2003 Estimating the contribution of the prostate to blood di-
hydrotestosterone. ] Clin Endocrinol Metab 88:5207-5211

13. Plager JE 1965 The binding of androsterone sulfate, etiochol-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

anolone sulfate and dehydroisoandrosterone sulfate to human
plasma protein. J Clin Invest 44:1234-1239

Liu DM, Dillon JS 2002 Dehydroepiandrosterone activates endo-
thelial cell nitric-oxide synthase by a specific plasma membrane
receptor coupled to G «(i2,3). ] Biol Chem 277:21379-21388
Baulieu EE, Robel P, Schumacher M 2001 Neurosteroids: begin-
ning of the story. Int Rev Neurobiol 46:1-32

Rosner W, Hryb DJ, Khan MS, Nakhla AM, Romas NA 1992 Sex
hormone-binding globulin. Binding to cell membranes and gen-
eration of a second messenger. ] Androl 13:101-106

Porto CS, Abreu LC, Gunsalus GL, Bardin CW 1992 Binding of
sex-hormone-binding globulin (SHBG) to testicular membranes
and solubilized receptors. Mol Cell Endocrinol 89:33-38

Benten WPM, Lieberherr M, Giese G, Wrehlke C, Stamm O,
Sekeris CE, Mossmann H, Wunderlich F 1999 Functional testos-
terone receptors in plasma membranes of T cells. FASEB J 13:123-
133

Braun AM, Thomas P 2004 Biochemical characterization of a mem-
brane androgen receptor in the ovary of the Atlantic croaker (Mi-
cropogonias undulatus). Biol Reprod 71:146-155

Vermeulen A 2001 Androgen replacement therapy in the aging
male. A critical evaluation. ] Clin Endocrinol Metab 86:2380-2390
Vermeulen A 2003 Secretion rates of androgens in human subjects.
Progress in endocrinology. Excerpta Medica International Con-
gress Series 863—870

Resko JA, Eik-Nes KA 1966 Diurnal testosterone levels in periph-
eral plasma of human male subjects. ] Clin Endocrinol Metab 26:
573-576

Veldhuis JD, King JC, Urban R]J, Rogol AD, Evans WS, Kolp LA,
Johnson ML 1987 Operating characteristics of the male hypo-
thalamo-pituitary-gonadal axis. Pulsatile release of testosterone
and follicle-stimulating-hormone and their temporal coupling with
luteinizing hormone. J Clin Endocrinol Metab 65:929-941
Hollander N, Hollander VP 1958 The microdetermination of tes-
tosterone in human spermatic vein blood. J Clin Endocrinol Metab
19:966-970

Kent JZ, Acone AB 1966 Plasma androgens and aging. In: Ver-
meulen A, Exley D, eds. Androgens in normal and pathological
conditions. Amsterdam: Excerpta Medica Foundation; 31-35
Baker HWD, Burger HG, de Kretser DM, Hudson B, Endocrinol-
ogy of aging: pituitary testicular axis. In: James VHT, ed. Proc 5th
International Congress of Endocrinology, Amsterdam, Holland,
1977, Excerpta Medica Foundation, 179-183

Vermeulen A, Verdonck L, Rubens R 1972 Testosterone secretion
and metabolism in male senescence. ] Clin Endocrinol Metab 34:
730-735

Giusti G, Gonnelli P, Borrelli D, Fiorelli G, Forti G, Pazzagli M,
Serio M 1975 Age-related secretion of androstenedione, testoster-
one and dihydrotestosterone by human testis. Exp Gerontol 10:
241-245

Vermeulen A 1991 Androgens in the aging male. ] Clin Endocrinol
Metab 73:221-224

Morley JE, Kaiser FE, Perry 3rd HM, Patrick P, Morley PMK,
Stauber PM, Vellas B, Baumgartner RN, Garry PJ 1997 Longitu-
dinal changes in testosterone, luteinizing hormone, and follicle-
stimulating hormone in healthy older men. Metabolism 46:410-413
Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR 2001
Longitudinal effects of aging on serum total and free testosterone
levels in healthy men. J Clin Endocrinol Metab 86:724-731
Zmuda JM, Cauley JA, Kriska A, Glynn NW, Gutai JP, Kuller LH
1997 Longitudinal relation between endogenous testosterone and
cardiovascular disease risk factors in middle-aged men. A 13-year
follow-up of former Multiple Risk Factor Intervention Trial par-
ticipants. Am ] Epidemiol 146:609-617

Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB,
Coviello AD, Bremner WJ, McKinlay JB 2002 Age trends in the
level of serum testosterone and other hormones in middle-aged
men: longitudinal results from the Massachusetts Male Aging
Study. J Clin Endocrinol Metab 87:589-598

Deslypere JP, Vermeulen A 1984 Leydig-cell function in normal
men. Effect of age, life-style, residence, diet, and activity. ] Clin
Endocrinol Metab 59:955-962

Vermeulen A, Kaufman JM, Giagulli VA 1996 Influence of some

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

biological indexes on sex hormone-binding globulin and androgen
levels in aging or obese males. ] Clin Endocrinol Metab 81:1821-
1826

Ferrini RL, Barrett-Connor E 1998 Sex hormones and age: a cross-
sectional study of testosterone and estradiol and their bioavailable
fractions in community-dwelling men. Am ] Epidemiol 147:750-
754

Simon D, Preziosi P, Barrettconnor E, Roger M, Saintpaul M,
Nahoul K, Papoz L 1992 The influence of aging on plasma sex-
hormones in men. The Telecom-study. Am ] Epidemiol 135:783-791
Bremner WJ, Vitiello MV, Prinz PN 1983 Loss of circadian rhyth-
micity in blood testosterone levels with aging in normal men. J Clin
Endocrinol Metab 56:1278-1281

Plymate SR, Tenover JS, Bremner WJ 1989 Circadian variation in
testosterone, sex hormone-binding globulin, and calculated non-
sex hormone-binding globulin bound testosterone in healthy
young and elderly men. ] Androl 10:366-371

Diver M]J, Imtiaz KE, Ahmad AM, Vora JP, Fraser WD 2003
Diurnal rhythms of serum total, free and bioavailable testosterone
and of SHBG in middle-aged men compared with those in young
men. Clin Endocrinol (Oxf) 58:710-717

Kaufman JM, Vermeulen A 1997 Declining gonadal function in
elderly men. Baillieres Clin Endocrinol Metab 11:289-309
Vermeulen A, Verdonck L, Kaufman JM 1999 A critical evaluation
of simple methods for the estimation of free testosterone in serum.
J Clin Endocrinol Metab 84:3666-3672

Kapoor P, Luttrell BM, Williams D 1993 The free androgen index
is not valid for adult males. ] Steroid Biochem Mol Biol 45:325-326
Ishimaru T, Edmiston WA, Pages L, Horton R 1978 Splanchnic
extraction and conversion of testosterone and dihydrotestosterone
in man. J Clin Endocrinol Metab 46:528-533

Ishimaru T, Edmiston A, Pages L, Horton R 1978 Direct conversion
of testosterone to dihydrotestosterone glucuronide in man. J Clin
Endocrinol Metab 47:1282-1286

Russell DW, Wilson JD 1994 Steroid 5 a-reductase: two genes/two
enzymes. Annu Rev Biochem 63:25-61

Gray A, Feldman HA, McKinlay JB, Longcope C 1991 Age, dis-
ease, and changing sex hormone levels in middle-aged men. Re-
sults of the Massachusetts Male Aging Study. ] Clin Endocrinol
Metab 73:1016-1025

Couillard C, Gagnon J, Bergeron J, Leon AS, Rao DC, SkinnerJS,
Wilmore JH, Despres JP, Bouchard C 2000 Contribution of body
fatness and adipose tissue distribution to the age variation in
plasma steroid hormone concentrations in men: The HERITAGE
family study. ] Clin Endocrinol Metab 85:1026-1031

Sparrow D, Bosse R, Rowe JW 1980 The influence of age, alcohol
consumption, and body build on gonadal function in men. J Clin
Endocrinol Metab 51:508-512

Vermeulen A 1995 Dehydroepiandrosterone sulfate and aging.
Ann NY Acad Sci 774:121-127

Sjoberg B, de 1a Torre B, Hedman M, Falkay G, Diczfalusy E 1979
Circadian variation in systemic hormone levels in healthy men. J
Endocrinol Invest 2:131-137

Baird DT, Horton R, Longcope C, Tait JF 1969 Steroid dynamics
under steady-state conditions. Recent Prog Horm Res 28:611-644
Longcope C 1986 Adrenal and gonadal androgen secretion in nor-
mal females. Clin Endocrinol Metab 15:213-228

Vermeulen A 1980 Adrenal androgens and aging. In: Genazzani
AR, Thyssen JHH, Siiteri P, eds. Adrenal androgens. London: Ac-
ademic Press; 201-207

Zumoff B, Rosenfeld RS, Strain GW, Levin J, Fukushima DK 1980
Sex differences in the 24-hour mean plasma concentrations of de-
hydroisoandrosterone (Dha) and dehydroisoandrosterone sulfate
(Dhas) and the Dha to Dhas ratio in normal adults. ] Clin Endo-
crinol Metab 51:330-333

Orentreich N, Brind JL, Vogelman JH, Andres R, Baldwin H 1992
Long-term longitudinal measurements of plasma dehydroepi-
androsterone sulfate in normal men. ] Clin Endocrinol Metab 75:
1002-1004

Wang DY, Bulbrook RD, Sneddon A, Hamilton T 1967 The met-
abolic clearance rates of dehydroepiandrosterone, testosterone and
their sulphate esters in man, rat and rabbit. ] Endocrinol 38:307-318
Labrie F, Belanger A, Cusan L, Candas B 2003 Physiological

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Endocrine Reviews, October 2005, 26(6):833—-876 865

changes in dehydroepiandrosterone are not reflected by serum
levels of active androgens and estrogens but of their metabolites:
intracrinology. ] Clin Endocrinol Metab 82:2403-2409

Gooren LJG, Toorians AWFT 2003 Significance of oestrogens in
male (patho)physiology. Ann Endocrinol 64:126-135

Hayes FJ, Seminara SB, Decruz S, Boepple PA, Crowley WF 2000
Aromatase inhibition in the human male reveals a hypothalamic
site of estrogen feedback. ] Clin Endocrinol Metab 85:3027-3035
Finkelstein JS, Odea LSL, Whitcomb RW, Crowley WF 1991 Sex
steroid control of gonadotropin-secretion in the human male. 2.
Effects of estradiol administration in normal and gonadotropin-
releasing hormone-deficient men. ] Clin Endocrinol Metab 73:621-
628

Riggs BL, Khosla S, Melton LJ 2002 Sex steroids and the con-
struction and conservation of the adult skeleton. Endocr Rev 23:
279-302

Khosla S, Melton III LJ, Riggs BL 2002 Clinical review 144: es-
trogen and the male skeleton. ] Clin Endocrinol Metab 87:1443-1450
Sudhir K, Komesaroff PA 1999 Cardiovascular actions of estro-
gens in men. ] Clin Endocrinol Metab 84:3411-3415
Faustini-Fustini M, Rochira V, Carani C 1999 Oestrogen defi-
ciency in men: where are we today? Eur ] Endocrinol 140:111-129
Mcewen BS, Alves SE 1999 Estrogen actions in the central nervous
system. Endocr Rev 20:279-307

Lindzey ], Korach KS 2003 Estrogen action in males. Insights
through mutations in aromatase and estrogen-receptor genes. In:
Bagatell CS, Bremner WJ, eds. Androgens in health and disease.
Totowa, NJ: Humana Press; 89-102

Simpson ER, Mahendroo MS, Means GD, Kilgore MW, Hinshel-
wood MM, Grahamlorence S, Amarneh B, Ito Y], Fisher CR,
Michael MD, Mendelson CR, Bulun SE 1994 Aromatase cyto-
chrome-P450, the enzyme responsible for estrogen biosynthesis.
Endocr Rev 15:342-355

Kamat A, Hinshelwood MM, Murry BA, Mendelson CR 2002
Mechanisms in tissue-specific regulation of estrogen biosynthesis
in humans. Trends Endocrinol Metab 13:122-128

Hemsell DI, Grodin JM, Brenner P, Siiteri PK, McDonald PC 1974
Plasma precursors of estrogens. Correlation of the extent of con-
version of plasma androstenedione to estrone with age. J Clin
Endocrinol Metab 34:476-479

Vermeulen A, Kaufman JM, Goemaere S, Van Pottelberg I 2003
Estradiol in elderly men. Aging Male 5:98-102

van den Beld AW, de Jong FH, Grobbee DE, Pols HA, Lamberts
SW 2000 Measures of bioavailable serum testosterone and estradiol
and their relationships with muscle strength, bone density, and
body composition in elderly men. J Clin Endocrinol Metab 85:
3276-3282

Kaufman JM, T'Sjoen G, Vermeulen A 2004 Androgens in male
senescence. In: Nieschlag E, Behre HM, eds. Testosterone, action,
deficiency, substitution. 3rd ed. Cambridge, UK: Cambridge Uni-
versity Press; 497-541

Nieschlag E, Kley KH, Wiegelman W, Solback HG, Kriiskemper
HC 1973 Lebensalter und endokrine Funktion der Testes des erw-
achsenen Mannes. Deutsche Medizinische Wochenschrift 78:1282—
1284

Longcope C 1973 Effect of human chorionic gonadotropin on
plasma steroid levels in young and old men. Steroids 21:583-590
Rubens R, Dhont M, Vermeule A 1974 Further studies on Leydig
cell function in old-age. ] Clin Endocrinol Metab 39:40-45
Harman SM, Tsitouras PD 1980 Reproductive hormones in aging
men. 1. Measurement of sex steroids, basal luteinizing hormone,
and Leydig cell response to human chorionic-gonadotropin. J Clin
Endocrinol Metab 51:35-40

Nankin HR, Lin T, Murono EP, Osterman ] 1981 The aging Leydig
cell. 3. Gonadotropin stimulation in men. ] Androl 2:181-189
Mulligan T, Iranmanesh A, Kerzner R, Demers LW, Veldhuis JD
1999 Two-week pulsatile gonadotropin releasing hormone infusion
unmasks dual (hypothalamic and Leydig cell) defects in the healthy
aging male gonadotropic axis. Eur ] Endocrinol 141:257-266
Mulligan T, Iranmanesh A, Veldhuis JD 2001 Pulsatile iv infusion
of recombinant human LH in leuprolide-suppressed men unmasks
impoverished Leydig-cell secretory responsiveness to midphysi-

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

866

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Endocrine Reviews, October 2005, 26(6):833—-876

ological LH drive in the aging male. ] Clin Endocrinol Metab
86:5547-5553

Sniffen RC 1950 The testes. I. The normal testis. Arch Pathol (Chic)
50:259-284

Harbitz TB 1973 Morphometric studies of Leydig cells in elderly
men with special reference to histology of prostate. An analysis in
an autopsy series. Acta Pathol Microbiol Scand [A] 81:301-314
Neaves WB, Johnson L, Porter JC, Parker CR, Petty CS 1984
Leydig cell numbers, daily sperm production, and serum gonado-
tropin-levels in aging men. | Clin Endocrinol Metab 59:756-763
Neaves WB, Johnson L, Petty CS 1985 Age-related change in
numbers of other interstitial cells in testes of adult men. Evidence
bearing on the fate of Leydig cells lost with increasing age. Biol
Reprod 33:259-269

Zirkin BR, Chen HL 2000 Regulation of Leydig cell steroidogenic
function during aging. Biol Reprod 63:977-981

Luo L, Chen H, Zirkin BR 2001 Leydig cell aging : steroidogenic
acute regulatory protein (StAR) and cholesterol side chain cleavage
enzyme. ] Androl 22:149-156

Culty M, Luo LD, Yao ZX, Chen HL, Papadopoulos V, Zirkin BR
2002 Cholesterol transport, peripheral benzodiazepine receptor,
and steroidogenesis in aging Leydig cells. ] Androl 23:439-447
Vermeulen A, Deslypere JP 1986 Intratesticular unconjugated ste-
roids in elderly men. J Steroid Biochem Mol Biol 24:1079-1083
Mahmoud AM, Goemaere S, El-Garem Y, Van Pottelbergh I,
Combhaire FH, Kaufman JM 2003 Testicular volume in relation to
hormonal indices of gonadal function in community-dwelling el-
derly men. J Clin Endocrinol Metab 88:179-184

Tsitouras PD, Bulat T 1995 The aging male reproductive system.
Endocrinol Metab Clin North Am 24:297-315

Kaufman JM, Giri M, Deslypere JM, Thomas G, Vermeulen A
1991 Influence of age on the responsiveness of the gonadotrophs to
luteinizing-hormone-releasing hormone in males. ] Clin Endocri-
nol Metab 72:1255-1260

Bergendahl M, Aloi JA, Iranmanesh A, Mulligan TM, Veldhuis
JD 1998 Fasting suppresses pulsatile luteinizing hormone (LH)
secretion and enhances orderliness of LH release in young but not
older men. J Clin Endocrinol Metab 83:1967-1975

Mahmoud AM, Goemaere S, De Bacquer D, Comhaire FH, Kauf-
man JM 2000 Serum inhibin B levels in community-dwelling el-
derly men. Clin Endocrinol (Oxf) 53:141-147

Pincus SM, Veldhuis JD, Mulligan T, Iranmanesh A, Evans WS
1997 Effects of age on the irregularity of LH and FSH serum con-
centrations in women and men. Am ] Physiol 273:E989-E995
Deslypere JP, Kaufman JM, Vermeulen T, Vogelaers D, Van-
dalem JL, Vermeulen A 1987 Influence of age on pulsatile lutein-
izing-hormone release and responsiveness of the gonadotrophs to
sex-hormone feedback in men. ] Clin Endocrinol Metab 64:68-73
Winters SJ, Sherins R], Troen P 1984 The gonadotropin-suppres-
sive activity of androgen is increased in elderly men. Metabolism
33:1052-1059

Urban RJ, Veldhuis JD, Blizzard RM, Dufau ML 1988 Attenuated
release of biologically active luteinizing hormone in healthy aging
men. ] Clin Invest 81:1020-1029

Veldhuis JD, Urban R]J, Lizarralde G, Johnson ML, Iranmanesh
A 1992 Attenuation of luteinizing hormone secretory burst ampli-
tude as a proximate basis for the hypoandrogenism of healthy
aging in men. J Clin Endocrinol Metab 75:707-713

Mulligan T, Iranmanesh A, Johnson ML, Straume M, Veldhuis
JD 1997 Aging alters feed-forward and feedback linkages between
LH and testosterone in healthy men. Am J Physiol 273:R1407-R1413
Winters SJ, Atkinson L 1997 Serum LH concentrations in hypogo-
nadal men during transdermal testosterone replacement through
scrotal skin: further evidence that ageing enhances testosterone
negative feedback. Clin Endocrinol (Oxf) 47:317-322

Mikuma N, Kumamoto Y, Maruta H, Nitta T 1994 Role of the
hypothalamic opioidergic system in the control of gonadotropin
secretion in elderly men. Andrologia 26:39-45

Vermeulen A, Deslypere JP, Kaufman JM 1989 Influence of an-
tiopioids on luteinizing hormone pulsatility in aging men. J Clin
Endocrinol Metab 68:68-72

Van den Saffele JK, Goemaere S, De Bacquer D, Kaufman JM
1999 Serum leptin levels in healthy ageing men: are decreased

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Kaufman and Vermeulen ¢ Androgen Decline in Elderly Men

serum testosterone and increased adiposity in elderly men the
consequence of leptin deficiency? Clin Endocrinol (Oxf) 51:81-88
Vermeulen A, Stoica T, Verdonck L 1971 The apparent free tes-
tosterone concentration, an index of androgenicity. J Clin Endo-
crinol Metab 33:759-767

Demoor P, Goossens JV 1970 An inverse correlation between body
weight and the activity of the steroid binding globulin in human
plasma. Steroidologia 1:129-136

Giagulli VA, Kaufman JM, Vermeulen A 1994 Pathogenesis of the
decreased androgen levels in obese men. ] Clin Endocrinol Metab
79:997-1000

Haffner SM, Valdez RA, Stern MP, Katz MS 1993 Obesity, body-
fat distribution and sex hormones in men. Int ] Obes 17:643-649
Vermeulen A, Goemaere S, Kaufman JM 2003 Sex hormones,
body composition and aging. Aging Male 2:8-16

Erfurth EMT, Hagmar LE, Saaf M, Hall K 1996 Serum levels of
insulin-like growth factor I and insulin-like growth factor-binding
protein 1 correlate with serum free testosterone and sex hormone
binding globulin levels in healthy young and middle-aged men.
Clin Endocrinol (Oxf) 44:659-664

Pfeilschifter J, Scheidt-Nave C, Leidig-Bruckner G, Woitge HW,
Blum WF, Wuster C, Haack D, Ziegler R 1996 Relationship be-
tween circulating insulin-like growth factor components and sex
hormones in a population-based sample of 50- to 80-year-old men
and women. ] Clin Endocrinol Metab 81:2534-2540

Laughlin GA, Barrett-Connor E 2000 Sexual dimorphism in the
influence of advanced aging on adrenal hormone levels: the Rancho
Bernardo Study. ] Clin Endocrinol Metab 85:3561-3568

Endoh H, Kristiansen SB, Casson PR, Buster JE, Hornsby PJ 1966
The zona reticularis is the site of biosynthesis of dehydropepi-
androsterone sulphate in the adult human adrenal cortex resulting
from its low expression of 3B-hydroxysteroid dehydrogenase.
J Clin Endocrinol Metab 81:3558-3565

Vermeulen A, Deslypere JP, Schelfhout W, Verdonck L, Rubens
R 1982 Adrenocortical function in old age: response to acute ad-
renocorticotropin stimulation. ] Clin Endocrinol Metab 54:187-191
Parker L, Gral T, Perrigo V, Skowksy R 1981 Decreased adrenal
androgen sensitivity to ACTH during aging. Metabolism 30:601-
604

Yamaji T, Ibayashi H 1969 Plasma dehydroepiandrosterone sulfate
in normal and pathological conditions. ] Clin Endocrinol Metab
29:273-278

Smals AGH, Kloppenborg PWC, Benraad TJ 1976 Circannual
cycle in plasma testosterone levels in man. ] Clin Endocrinol Metab
42:979-982

Svartberg J, Jorde R, Sundsfjord J, Bonaa KH, Barrett-Connor E
2003 Seasonal variation of testosterone and waist to hip ratio in
men: the Tromso study. ] Clin Endocrinol Metab 88:3099-3104
Dabbs JrJM 1990 Age and seasonal variation in serum testosterone
concentration among men. Chronobiol Int 7:245-249

Spratt DI, O’Dea LS, Schoenfeld D, Butler J, Rao PN, Crowley Jr
WF 1988 Neuroendocrine-gonadal axis in men: frequent sampling
of LH, FSH, and testosterone. Am ] Physiol 254:E658-E666
Vermeulen A, Verdonck G 1992 Representativeness of a single
point plasma testosterone level for the long term hormonal milieu
in men. J Clin Endocrinol Metab 74:939-942

Morley JE, Patrick P, Perry III HM 2002 Evaluation of assays
available to measure free testosterone. Metabolism 51:554-559
Meikle AW, Bishop DT, Stringham JD, West DW 1986 Quanti-
tating genetic and nongenetic factors that determine plasma sex
steroid variation in normal-male twins. Metabolism 35:1090-1095
Meikle AW, Stringham ]JD, Bishop DT, West DW 1988 Quanti-
tating genetic and nongenetic factors influencing androgen pro-
duction and clearance rates in men. ] Clin Endocrinol Metab 67:
104-109

Handelsman DJ 1997 Estimating familial and genetic contributions
to variability in human testicular function: a pilot twin study. Int
J Androl 20:215-221

Ukkola O, Rankinen T, Gagnon J, Leon AS, Skinner JS, Wilmore
JH, Rao DC, Bouchard C 2002 A genome-wide linkage scan
for steroids and SHBG levels in black and white families: the
HERITAGE Family Study. ] Clin Endocrinol Metab 87:3708-3720
Ellis L, Nyborg H 1992 Racial/ethnic variations in male testoster-

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

one levels: a probable contributor to group differences in health.
Steroids 57:72-75

Gapstur SM, Gann PH, Kopp P, Colangelo L, Longcope C, Liu K
2002 Serum androgen concentrations in young men: a longitudinal
analysis of associations with age, obesity, and race. The CARDIA
male hormone study. Cancer Epidemiol Biomarkers Prev 11:1041-
1047

Winters SJ, Brufsky A, Weissfeld J, Trump DL, Dyky MA,
Hadeed V 2001 Testosterone, sex hormone-binding globulin, and
body composition in young adult African American and Caucasian
men. Metabolism 50:1242-1247

Lookingbill DP, Demers LM, Wang C, Leung A, Rittmaster RS,
Santen RJ 1991 Clinical and biochemical parameters of androgen
action in normal healthy Caucasian versus Chinese subjects. ] Clin
Endocrinol Metab 72:1242-1248

Santner SJ, Albertson B, Zhang GY, Zhang GH, Santulli M, Wang
C, Demers LM, Shackleton C, Santen RJ 1998 Comparative rates
of androgen production and metabolism in Caucasian and Chinese
subjects. ] Clin Endocrinol Metab 83:2104-2109

Heald AH, Ivison F, Anderson SG, Cruickshank K, Laing I, Gib-
son JM 2003 Significant ethnic variation in total and free testos-
terone concentration. Clin Endocrinol (Oxf) 58:262-266
Chamberlain NL, Driver ED, Miesfeld RL 1994 The length and
location of CAG trinucleotide repeats in the androgen receptor
N-terminal domain affect transactivation function. Nucleic Acids
Res 22:3181-3186

La Spada AR, Wilson EM, Lubahn DB, Harding AE, Fischbeck
KH 1991 Androgen receptor gene mutations in X-linked spinal and
bulbar muscular atrophy. Nature 352:77-79

Lumbroso S, Lobaccaro JM, Vial C, Sassolas G, Ollagnon B, Belon
C, Pouget J, Sultan C 1997 Molecular analysis of the androgen
receptor gene in Kennedy’s disease. Report of two families and
review of the literature. Horm Res 47:23-29

Sobue G, Doyu M, Morishima T, Mukai E, Yasuda T, Kachi T,
Mitsuma T 1994 Aberrant androgen action and increased size of
tandem CAG repeat in androgen receptor gene in X-linked reces-
sive bulbospinal neuropathy. ] Neurol Sci 121:167-171

Irvine RA,MaH, Yu MC, Ross RK, Stallcup MR, Coetzee GA 2000
Inhibition of p160-mediated coactivation with increasing androgen
receptor polyglutamine length. Hum Mol Genet 9:267-274
Kazemiesfarjani P, Trifiro MA, Pinsky L 1995 Evidence for a
repressive function of the long polyglutamine tract in the human
androgen receptor: possible pathogenetic relevance for the
(CAG)(n)-expanded neuronopathies. Hum Mol Genet 4:523-527
Giovannucci E, Stampfer MJ, Krithivas K, Brown M, Dahl D,
Brufsky A, Talcott J, Hennekens CH, Kantoff PW 1997 The CAG
repeat within the androgen receptor gene and its relationship to
prostate cancer. Proc Natl Acad Sci USA [Erratum (1997) 94:8272]
94:3320-3323

Nelson WG, De Marzo AM, Isaacs WB 2003 Prostate cancer.
N Engl ] Med 349:366-381

Krithivas K, Yurgalevitch SM, Mohr BA, Wilcox CJ, Batter SJ,
Brown M, Longcope C, McKinlay JB, Kantoff PW 1999 Evidence
that the CAG repeat in the androgen receptor gene is associated
with the age-related decline in serum androgen levels in men. |
Endocrinol 162:137-142

Van Pottelbergh I, Lumbroso S, Goemaere S, Sultan C, Kaufman
JM 2001 Lack of influence of the androgen receptor gene CAG-
repeat polymorphism on sex steroid status and bone metabolism
in elderly men. Clin Endocrinol (Oxf) 55:659-666

Jin B, Beilin J, Zajac J, Handelsman DJ 2000 Androgen receptor
gene polymorphism and prostate zonal volumes in Australian and
Chinese men. ] Androl 21:91-98

Zitzmann M, Brune M, Kornmann B, Gromoll J, Junker R, Ni-
eschlag E 2001 The CAG repeat polymorphism in the androgen
receptor gene affects bone density and bone metabolism in healthy
males. Clin Endocrinol (Oxf) 55:649-657

Zitzmann M, Gromoll J, Von Eckardstein A, Nieschlag E 2003 The
CAG repeat polymorphism in the androgen receptor gene modu-
lates body fat mass and serum concentrations of leptin and insulin
in men. Diabetologia 46:31-39

Zitzmann M, Brune M, Kornmann B, Gromoll J, von Eckardstein
S, Von Eckardstein A, Nieschlag E 2001 The CAG repeat poly-

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Endocrine Reviews, October 2005, 26(6):833—876 867

morphism in the AR gene affects high density lipoprotein choles-
terol and arterial vasoreactivity. ] Clin Endocrinol Metab 86:4867—
4873

Harkonen K, Huhtaniemi I, Makinen J, Hubler D, Irjala K, Ko-
skenvuo M, Oettel M, Raitakari O, Saad F, Pollanen P 2003 The
polymorphic androgen receptor gene CAG repeat, pituitary-tes-
ticular function and andropausal symptoms in ageing men. Int J
Androl 26:187-194

van den Beld AW, Huhtaniemi IT, Pettersson KS, Pols HA,
Grobbee DE, de Jong FH, Lamberts SW 1999 Luteinizing hormone
and different genetic variants, as indicators of frailty in healthy
elderly men. J Clin Endocrinol Metab 84:1334-1339

Zumoff B, Strain GW, Miller LK, Rosner W, Senie R, Seres DS,
Rosenfeld RS 1990 Plasma-free and non-sex-hormone-binding-
globulin-bound testosterone are decreased in obese men in pro-
portion to their degree of obesity. ] Clin Endocrinol Metab 71:929—
931

Khaw KT, Barrett-Connor E 1992 Low endogenous androgens
predict central obesity in men. Ann Epidemiol 2:675-682
Plymate SR, Matej LA, Jones RE, Friedl KE 1988 Inhibition of sex
hormone-binding globulin production in the human hepatoma
(Hep-G2) cell-line by insulin and prolactin. ] Clin Endocrinol Metab
67:460-464

Simon D, Preziosi P, Barrett-Connor E, Roger M, Saint-Paul M,
Nahoul K, Papoz L 1992 Interrelation between plasma testosterone
and plasma insulin in healthy adult men: the Telecom Study. Dia-
betologia 35:173-177

Haffner SM, Miettinen H, Karhapaa P, Mykkanen L, Laakso M
1997 Leptin concentrations, sex hormones, and cortisol in nondi-
abetic men. ] Clin Endocrinol Metab 82:1807-1809

Korbonits M, Trainer PJ, Nelson ML, Howse I, Kopelman PG,
Besser GM, Grossman AB, Svec F 1996 Differential stimulation of
cortisol and dehydroepiandrosterone levels by food in obese and
normal subjects: relation to body fat distribution. Clin Endocrinol
(Oxf) 45:699-706

Chang TC, Tung CC, Hsiao YL 1994 Hormonal changes in elderly
men with non-insulin-dependent diabetes-mellitus and the hor-
monal relationships to abdominal adiposity. Gerontology 40:260—
267

Ravaglia G, Forti P, Maioli F, Boschi F, Bernardi M, Pratelli L,
Pizzoferrato A, Gasbarrini G 1996 The relationship of dehydro-
epiandrosterone sulfate (DHEAS) to endocrine-metabolic param-
eters and functional status in the oldest-old. Results from an Italian
study on healthy free-living over-ninety-year-olds. ] Clin Endocri-
nol Metab 81:1173-1178

Santner SJ, Albertson B, Zhang GY, Zhang GH, Santulli M, Wang
C, Demers LM, Shackleton C, Santen RJ 1998 Comparative rates
of androgen production and metabolism in Caucasian and Chinese
subjects. ] Clin Endocrinol Metab 83:2104-2109

Reed MJ, Cheng RW, Simmonds M, Richmond W, James VHT
1987 Dietary lipids: an additional regulator of plasma levels of sex
hormone binding globulin. ] Clin Endocrinol Metab 64:1083-1085
Belanger A, Locong A, Noel C, Cusan L, Dupont A, Prevost J,
Caron S, Sevigny J 1989 Influence of diet on plasma steroid and sex
plasma-binding globulin levels in adult men. ] Steroid Biochem
Mol Biol 32:829-833

Key TJA, Roe L, Thorogood M, Moore JW, Clark GMG, Wang DY
1990 Testosterone, sex hormone-binding globulin, calculated free
testosterone, and estradiol in male vegans and omnivores. Brit ]
Nutr 64:111-119

Adlercreutz H 1990 Western diet and Western diseases: some hor-
monal and biochemical mechanisms and associations. Scand J Clin
Lab Invest 201:3-23

Hamalainen EK, Adlercreutz H, Puska P, Pietinen P 1983 De-
crease of serum total and free testosterone during a low-fat high-
fiber diet. J Steroid Biochem Mol Biol 18:369-370

Longcope C, Feldman HA, McKinlay JB, Araujo AB 2000 Diet and
sex hormone-binding globulin. ] Clin Endocrinol Metab 85:293-296
Thissen JP, Ketelslegers JM, Underwood LE 1994 Nutritional reg-
ulation of the insulin-like growth-factors. Endocr Rev 15:80-101
Bergendahl M, Veldhuis JD 1995 Altered pulsatile gonadotropin
signaling in nutritional deficiency in the aging male. Trends En-
docrinol Metab 61:145-159

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

868

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Endocrine Reviews, October 2005, 26(6):833—876

Bergendahl M, Vance ML, Iranmanesh A, Thorner MO, Veldhuis
JD 1996 Fasting as a metabolic stress paradigm selectively amplifies
cortisol secretory burst mass and delays the time of maximal nyc-
tohemeral cortisol concentrations in healthy men. J Clin Endocrinol
Metab 81:692-699

Hartman ML, Veldhuis JD, Johnson ML, Lee MM, Alberti KG,
Samojlik E, Thorner MO 1992 Augmented growth hormone (GH)
secretory burst frequency and amplitude mediate enhanced GH
secretion during a two-day fast in normal men. J Clin Endocrinol
Metab 74:757-765

AloiJA, Bergendahl M, Iranmanesh A, Veldhuis JD 1997 Pulsatile
intravenous gonadotropin-releasing hormone administration
averts fasting-induced hypogonadotropism and hypoandrogen-
emia in healthy, normal weight men. J Clin Endocrinol Metab
82:1543-1548

Gambacciani M, Yen SSC, Rasmussen DD 1986 GnRH release
from the mediobasal hypothalamus—in vitro regulation by oxy-
tocin. Neuroendocrinology 42:181-183

Olster DH, Ferin M 1987 Corticotropin-releasing hormone inhibits
gonadotropin-secretion in the ovariectomized rhesus monkey.
J Clin Endocrinol Metab 65:262-267

Petraglia F, Vale W, Rivier C 1986 Opioids act centrally to mod-
ulate stress-induced decrease in luteinizing hormone in the rat.
Endocrinology 119:2445-2450

Xiao E, Luckhaus J, Niemann W, Ferin M 1989 Acute inhibition of
gonadotropin secretion by corticotropin-releasing hormone in the
primate: are the adrenal glands involved. Endocrinology 124:1632—
1637

Cameron JL, Weltzin TE, Mcconaha C, Helmreich DL, Kaye WH
1991 Slowing of pulsatile luteinizing hormone secretion in men
after 48 hours of fasting. ] Clin Endocrinol Metab 73:35-41
Knobil E 1993 Inhibition of luteinizing hormone secretion by fast-
ing and exercise: “stress” or specific metabolic signals? Endocri-
nology 132:1879-1880

Christiansen K, Knussmann R, Couwenbergs C 1985 Sex hor-
mones and stress in the human male. Horm Behav 19:426-440
Francis KT 1981 The relationship between high and low trait psy-
chological stress and serum indicators of stress. Experientia 37:
1086-1087

Hellhammer DH, Hubert W, Schurmeyer T 1985 Changes in saliva
testosterone after psychological stimulation in men. Psychoneu-
roendocrinology 10:77-81

Nilsson PM, Moller L, Solstad K 1995 Adverse effects of psycho-
social stress on gonadal function and insulin levels in middle-aged
males. ] Int Med 237:479-486

Opstad PK 1992 Androgenic hormones during prolonged physical
stress, sleep, and energy deficiency. ] Clin Endocrinol Metab 74:
1176-1183

Kujala UM, Alen M, Huhtaniemi IT 1990 Gonadotrophin-releas-
ing hormone and human chorionic gonadotrophin tests reveal that
both hypothalamic and testicular endocrine functions are sup-
pressed during acute prolonged physical exercise. Clin Endocrinol
(Oxf) 33:219-225

Malarkey WB, Hall JC, Rice Jr RR, O'Toole ML, Douglas PS,
Demers LM, Glaser R 1993 The influence of age on endocrine
responses to ultraendurance stress. ] Gerontol 48:M134-M139
Zmuda JM, Thompson PD, Winters SJ 1996 Exercise increases
serum testosterone and sex hormone binding globulin levels in
older men. Metabolism 45:935-939

Kraemer WJ, Hakkinen K, Newton RU, Nindl BC, Volek ]JS,
McCormick M, Gotshalk LA, Gordon SE, Fleck SJ, Campbell
WW, Putukian M, Evans W] 1999 Effects of heavy resistance train-
ing on hormonal response patterns in younger vs. older men. ] Appl
Physiol 87:982-992

Cadoux-Hudson TA, Few JD, Imms FJ 1985 The effect of exercise
on the production and clearance of testosterone in well trained
young men. Eur ] Appl Physiol Occup Physiol 54:321-325
Houmard JA, McCulley C, Shinebarger MH, Bruno NJ 1994 Ef-
fects of exercise training on plasma androgens in men. Horm Metab
Res 26:297-300

Dai WS, Gutai JP, Kuller LH, Cauley JA 1988 Cigarette-smoking
and serum sex hormones in men. Am J Epidemiol 128:796-805

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

Barrett-Connor E, Khaw KT 1987 Cigarette smoking and serum sex
hormones in men. Am ] Epidemiol 128:796-805

Field AE, Colditz GA, Willett WC, Longcope C, McKinlay JB 1994
The relation of smoking, age, relative weight, and dietary intake to
serum adrenal steroids, sex hormones, and sex hormone-binding
globulin in middle-aged men. ] Clin Endocrinol Metab 79:1310-
1316

Salvini S, Stampfer MJ, Barbieri RL, Hennekens CH 1992 Effects
of age, smoking and vitamins on plasma DHEAS levels: a cross-
sectional study in men. ] Clin Endocrinol Metab 74:139-143
Cicero TJ 1982 Alcohol-induced deficits in the hypothalamic-pi-
tuitary-luteinizing hormone axis in the male. Alcohol Clin Exp Res
6:207-215

Irwin M, Dreyfus E, Baird S, Smith TL, Schuckit M 1988 Testos-
terone in chronic-alcoholic men. Br ] Addict 83:949-953

Ida Y, Tsujimaru S, Nakamaura K, Shirao I, Mukasa H, Egami H,
Nakazawa Y 1992 Effects of acute and repeated alcohol ingestion
on hypothalamic-pituitary-gonadal and hypothalamic-pituitary-
adrenal functioning in normal males. Drug Alcohol Depend 31:
57-64

Muller M, den Tonkelaar I, Thijssen JHH, Grobbee DE, van der
Schouw YT 2003 Endogenous sex hormones in men aged 40—-80
years. Eur ] Endocrinol 149:583-589

Jannini EA, Screponi E, Carosa E, Pepe M, Lo GF, Trimarchi F,
Benvenga S 1999 Lack of sexual activity from erectile dysfunction
is associated with a reversible reduction in serum testosterone. Int
J Androl 22:385-392

Exton MS, Kruger TH, Bursch N, Haake P, Knapp W, Sched-
lowski M, Hartmann U 2001 Endocrine response to masturbation-
induced orgasm in healthy men following a 3-week sexual absti-
nence. World ] Urol 19:377-382

Christiansen K 1998 Behavioural correlates of testosterone. In:
Nieschlag E, Behre HM, eds. Testosterone, action, deficiency, sub-
stitution. 2nd ed. New York: Springer; 107-142

Stoleru SG, Ennaji A, Cournot A, Spira A 1993 LH pulsatile
secretion and testosterone blood levels are influenced by sexual
arousal in human males. Psychoneuroendocrinology 18:205-218
Vandenberghe G, de Zegher F, Lauwers P, Veldhuis JD 1994
Luteinizing hormone secretion and hypoandrogenaemia in criti-
cally ill men: effect of dopamine. Clin Endocrinol (Oxf) 41:563-569
Turner HE, Wass JAH 1997 Gonadal function in men with chronic
illness. Clin Endocrinol (Oxf) 47:379-403

Handelsman DJ 1994 Testicular dysfunction in systemic disease.
Endocrinol Metab Clin North Am 23:839-856

Mohr BA, Guay AT, O’Donnell AB, McKinlay JB 2005 Normal,
bound and nonbound testosterone levels in normally ageing men:
results from the Massachusetts Male Aging Study. Clin Endocrinol
(Oxf) 62:64-73

Wang C, Chan V, Yeung RTT 1978 Effect of surgical stress on
pituitary-testicular function. Clin Endocrinol (Oxf) 9:255-266
Woolf PD, Hamill RW, McDonald JV, Lee LA, Kelly M 1985
Transient hypogonadotropic hypogonadism caused by critical ill-
ness. ] Clin Endocrinol Metab 60:444—450

Impallomeni M, Kaufman BM, Palmer AJ 1994 Do acute diseases
transiently impair anterior pituitary function in patients over the
age of 75? A longitudinal study of the TRH test and basal gonad-
otropin levels. Postgrad Med ] 70:86-91

Vandenberghe G, de Zegher F, Bouillon R 1998 Clinical review 95:
acute and prolonged critical illness as different neuroendocrine
paradigms. ] Clin Endocrinol Metab 83:1827-1834

Spratt DI, Bigos ST, Beitins I, Cox P, Longcope C, Orav ] 1992 Both
hyper- and hypogonadotropic hypogonadism occur transiently in
acute illness: bio- and immunoactive gonadotropins. J Clin Endo-
crinol Metab 75:1562-1570

Vandenberghe G, Weekers F, Baxter RC, Wouters P, Iranmanesh
A, Bouillon R, Veldhuis JD 2001 Five-day pulsatile gonadotropin-
releasing hormone administration unveils combined hypothalam-
ic-pituitary-gonadal defects underlying profound hypoandro-
genism in men with prolonged critical illness. ] Clin Endocrinol
Metab 86:3217-3226

Barrett-Connor E, Khaw KT, Yen SS 1990 Endogenous sex hor-
mone levels in older adult men with diabetes mellitus. Am J Epi-
demiol 132:895-901

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ¢ Androgen Decline in Elderly Men

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

Andersson B, Vermeulen A, Marin P, Bjorntorp P, Lissner L 1994
Testosterone concentrations in women and men with NIDDM.
Diabetes Care 17:405-411

Alexandersen P, Haarbo J, Christiansen C 1996 The relationship
of natural androgens to coronary heart disease in males: a review.
Atherosclerosis 125:1-13

Phillips GB, Pinkernell BH, Jing TY 1994 The association of hy-
potestosteronemia with coronary artery disease in men. Arterio-
scler Thromb 14:701-706

Swartz CM, Young MA 1987 Low serum testosterone and myo-
cardial infarction in geriatric male inpatients. ] Am Geriatr Soc
35:39-44

Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A, Pols
HA 2002 Low levels of endogenous androgens increase the risk of
atherosclerosis in elderly men: the Rotterdam study. J Clin Endo-
crinol Metab 87:3632-3639

van den Beld AW, Bots ML, Janssen JA, Pols HA, Lamberts SW,
Grobbee DE 2003 Endogenous hormones and carotid atheroscle-
rosis in elderly men. Am ] Epidemiol 157:25-31

Contoreggi CS, Blackman MR, Andres R, Muller DC, Lakatta EG,
Fleg JL, Harman SM 1990 Plasma levels of estradiol, testosterone,
and DHEAS do not predict risk of coronary artery disease in men.
J Androl 11:460-470

Khaw KT, Barrett-Connor E 1988 Blood pressure and endogenous
testosterone in men: an inverse relationship. ] Hypertens 6:329-332
Hughes GS, Mathur RS, Margolius HS 1989 Sex steroid hormones
are altered in essential hypertension. ] Hypertens 7:181-187
Semple PD, Beastall GH, Watson WS, Hume R 1981 Hypotha-
lamic-pituitary dysfunction in respiratory hypoxia. Thorax 36:605-
609

Semple PD, Beastall GH, Brown TM, Stirling KW, Mills R],
Watson WS 1984 Sex hormone suppression and sexual impotence
in hypoxic pulmonary fibrosis. Thorax 39:46-51

Aasebo U, Gyltnes A, Bremnes RM, Aakvaag A, Slordal L 1993
Reversal of sexual impotence in male patients with chronic ob-
structive pulmonary disease and hypoxemia with long-term oxy-
gen therapy. ] Steroid Biochem Mol Biol 46:799-803

Reid IR, Ibbertson HK, France JT, Pybus J 1985 Plasma testos-
terone concentrations in asthmatic men treated with glucocorti-
coids. Br Med ] 291:574

Santamaria JD, Prior JC, Fleetham JA 1988 Reversible reproduc-
tive dysfunction in men with obstructive sleep-apnea. Clin Endo-
crinol (Oxf) 28:461-470

Grunstein RR, Handelsman DJ, Lawrence SJ, Blackwell C, Ca-
terson ID, Sullivan CE 1989 Neuroendocrine dysfunction in sleep
apnea: reversal by continuous positive airways pressure therapy.
J Clin Endocrinol Metab 68:352-358

Luboshitzky R, Aviv A, Hefetz A, Herer P, Shen-Orr Z, Lavie L,
Lavie P 2002 Decreased pituitary-gonadal secretion in men with
obstructive sleep apnea. J Clin Endocrinol Metab 87:3394-3398
Baker HWG, Burger B, de Kretser DM, Dulmanis A, Hudson B,
O’Connor S, Paulson CA, Purcell N, Rennie GC, Seah CS, Taft
HP, Wang C 1979 A study of the endocrine manifestations of
hepatic cirrhosis. Q ] Med 177:145-178

Elewaut A, Barbier F, Vermeulen A 1979 Testosterone metabolism
in normal males and male cirrhotics. Z Gastroenterol 17:402—-405
Bannister P, Oakes J, Sheridan P, Losowsky MS 1987 Sex hormone
changes in chronic liver disease: a matched study of alcoholic
versus non-alcoholic liver disease. Q ] Med 63:305-313
Duranteau L, Chanson P, Blumberg-Tick ], Thomas G, Brailly S,
Lubetzki J, Schaison G, Bouchard P 1993 Non-responsiveness of
serum gonadotropins and testosterone to pulsatile GnRH in hemo-
chromatosis suggesting a pituitary defect. Acta Endocrinol
(Copenh) 128:351-354

Handelsman DJ, Dong Q 1993 Hypothalamo-pituitary gonadal
axis in chronic renal failure. Endocrinol Metab Clin North Am
22:145-161

Veldhuis JD, Wilkowski MJ, Zwart AD, Urban RJ, Lizarralde G,
Iranmanesh A, Bolton WK 1993 Evidence for attenuation of hy-
pothalamic gonadotropin-releasing hormone (GnRH) impulse
strength with preservation of GnRH pulse frequency in men with
chronic renal failure. ] Clin Endocrinol Metab 76:648-654

Brenta G, Schnitman M, Gurfinkiel M, Damilano S, Pierini A,

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

Endocrine Reviews, October 2005, 26(6):833—-876 869

Sinay I, Pisarev MA 1999 Variations of sex hormone-binding glob-
ulin in thyroid dysfunction. Thyroid 9:273-277

Ford HC, Cooke RR, Keightley EA, Feek CM 1992 Serum levels
of free and bound testosterone in hyperthyroidism. Clin Endocrinol
(Oxf) 36:187-192

Landefeld CS, Schambelan M, Kaplan SL, Embury SH 1983
Clomiphene-responsive hypogonadism in sickle cell anemia. Ann
Intern Med 99:480-483

Morley JE, Distiller LA, Sagel J, Kok SH, Kay G, Carr P, Katz M
1977 Hormonal changes associated with testicular atrophy and
gynaecomastia in patients with leprosy. Clin Endocrinol (Oxf)
6:299-303

Kannan V, Vijaya G 1984 Endocrine testicular functions in leprosy.
Horm Metab Res 16:146-150

Ishikawa A, Ishikawa S, Hirakawa M 2001 Osteoporosis, bone
turnover and hypogonadism in elderly men with treated leprosy.
Lepr Rev 72:322-329

Kamischke A, Kemper DE, Castel MA, Luthke M, Rolf C, Behre
HM, Magnussen H, Nieschlag E 1998 Testosterone levels in men
with chronic obstructive pulmonary disease with or without glu-
cocorticoid therapy. Eur Respir | 11:41-45

Vermeulen A, Giagulli VA, De Schepper P, Buntinx A, Stoner E
1989 Hormonal effects of an orally active 4-azasteroid inhibitor of
5 a-reductase in humans. Prostate 14:45-53

Thompson IM, Goodman PJ, Tangen CM, Lucia MS, Miller GJ,
Ford LG, Lieber MM, Cespedes RD, Atkins JN, Lippman SM,
Carlin SM, Ryan A, Szczepanek CM, Crowley JJ, Coltman Jr CA
2003 The influence of finasteride on the development of prostate
cancer. N Engl ] Med 349:215-224

Howell SJ, Radford JA, Adams JE, Smets EM, Warburton R,
Shalet SM 2001 Randomized placebo-controlled trial of testoster-
one replacement in men with mild Leydig cell insufficiency fol-
lowing cytotoxic chemotherapy. Clin Endocrinol (Oxf) 55:315-324
Friedman NM, Plymate SR 1980 Leydig cell dysfunction and
gynaecomastia in adult males treated with alkylating agents. Clin
Endocrinol (Oxf) 12:553-556

Doerr P, Pirke KM 1976 Cortisol-induced suppression of plasma
testosterone in normal adult males. ] Clin Endocrinol Metab 43:
622-629

MacAdams MR, White RH, Chipps BE 1986 Reduction of serum
testosterone levels during chronic glucocorticoid therapy. Ann In-
tern Med 104:648-651

Smith CG 1982 Drug effects on male sexual function. Clin Obstet
Gynecol 25:525-531

Rajagopal A, Vassilopoulou-Sellin R, Palmer JL, Kaur G, Bruera
E 2004 Symptomatic hypogonadism in male survivors of cancer
with chronic exposure to opioids. Cancer 100:851-858

Bixler EO, Santen R]J, Kales A 1977 Inverse effects of thioridazine
(Melleril) on serum prolactin and testosterone concentrations in
normal men. In: Troen P, Nankin HR, eds. The testis in normal and
infertile men. New York: Raven; 405-409

Pont A, Williams PL, Azhar S, Reitz RE, Bochra C, Smith ER,
Stevens DA 1982 Ketoconazole blocks testosterone synthesis. Arch
Intern Med 142:2137-2140

Stripp B, Taylor AA, Bartter FC, Gillette JR, Loriaux DL, Easley
R, Menard RH 1975 Effect of spironolactone on sex hormones in
man. J Clin Endocrinol Metab 41:777-781

Rosen RC, Kostis JB, Jekelis AW 1988 Beta-blocker effects on
sexual function in normal males. Arch Sex Behav 17:241-255
Wilson EM, French FS 1976 Binding properties of androgen re-
ceptors. Evidence for identical receptors in rat testis, epididymis,
and prostate. ] Biol Chem 251:5620-5629

Snochowski M, Dahlberg E, Gustafsson JA 1980 Characterization
and quantification of the androgen and glucocorticoid receptors in
cytosol from rat skeletal muscle. Eur ] Biochem 111:603-616
McGill Jr HC, Anselmo VC, Buchanan JM, Sheridan PJ 1980 The
heart is a target organ for androgen. Science 207:775-777
Deslypere JP, Vermeulen A 1985 Influence of age on steroid con-
centrations in skin and striated muscle in women and in cardiac
muscle and lung tissue in men. ] Clin Endocrinol Metab 61:648-653
Deslypere JP, Sayed A, Verdonck L, Vermeulen A 1980 Androgen
concentrations in sexual and non-sexual skin as well as in striated
muscle in man. ] Steroid Biochem 13:1455-1458

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

870

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

Endocrine Reviews, October 2005, 26(6):833—-876

George FW, Russell DW, Wilson JD 1991 Feed-forward control of
prostate growth: dihydrotestosterone induces expression of its own
biosynthetic enzyme, steroid 5 a-reductase. Proc Natl Acad Sci
USA 88:8044-8047

Deslypere JP, Vermeulen A 1981 Aging and tissue androgens.
] Clin Endocrinol Metab 53:430—434

Krieg M, Nass R, Tunn S 1993 Effect of aging on endogenous level
of 5 a-dihydrotestosterone, testosterone, estradiol, and estrone in
epithelium and stroma of normal and hyperplastic human prostate.
J Clin Endocrinol Metab 77:375-381

Rajfer J, Namkung PC, Petra PH 1980 Identification, partial char-
acterization and age-related changes of a cytoplasmic androgen
receptor in the rat penis. | Steroid Biochem 13:1489-1492
Roehrborn CG, Lange JL, George FW, Wilson JD 1987 Changes in
amount and intracellular distribution of androgen receptor in hu-
man foreskin as a function of age. J Clin Invest 79:44-47
Blondeau JP, Baulieu EE, Robel P 1982 Androgen-dependent reg-
ulation of androgen nuclear receptor in the rat ventral prostate.
Endocrinology 110:1926-1932

Moore RJ, Gazak JM, Wilson JD 1979 Regulation of cytoplasmic
dihydrotestosterone binding in dog prostate by 17 B-estradiol.
] Clin Invest 63:351-357

Roth GS, Hess GD 1982 Changes in the mechanisms of hormone
and neurotransmitter action during aging: current status of the role
of receptor and post-receptor alterations. A review. Mech Ageing
Dev 20:175-194

Griffin JE, Wilson JD 1980 The testis. In: Bondy PK, Rosenberg LE,
eds. Metabolic control and disease. Philadelphia: W. B. Saunders;
1535-1538

Horton R, Hawks D, Lobo R 1982 3«,173-Androstanediol gluc-
uronide in plasma. A marker of androgen action in idiopathic
hirsutism. J Clin Invest 69:1203-1206

Paulson RJ, Serafini PC, Catalino JA, Lobo RA 1986 Measure-
ments of 3a,17B-androstanediol glucuronide in serum and urine
and the correlation with skin 5 a-reductase activity. Fertil Steril
46:222-226

Deslypere JP, Sayed A, Punjabi U, Verdonck L, Vermeulen A
1982 Plasma 5a-androstane-3a,17p-diol and urinary 5a-andro-
stane-3q,17B-diol glucuronide, parameters of peripheral androgen
action: a comparative study. ] Clin Endocrinol Metab 54:386-391
Vermeulen A, Giagulli VA 1991 Physiopathology of plasma an-
drostanediol-glucuronide. J Steroid Biochem Mol Biol 39:829-833
Kuttenn F, Mowszowicz I, Schaison G, Mauvais-Jarvis P 1977
Androgen production and skin metabolism in hirsutism. ] Endo-
crinol 75:83-91

Oden A, Dawson A, Dere W, Johnell O, Jonsson B, Kanis JA 1998
Lifetime risk of hip fractures is underestimated. Osteoporos Int
8:599-603

Cooper C, Campion G, Melton L] 1992 Hip fractures in the elderly:
a worldwide projection. Osteoporos Int 2:285-289

Felsenberg D, Silman AJ, Lunt M, Armbrecht G, Ismail AA, Finn
JD, Cockerill WC, Banzer D, Benevolenskaya LI, Bhalla A, Bruges
AJ, Cannata JB, Cooper C, Dequeker J, Eastell R, Felsch B, Gowin
W, Havelka S, Hoszowski K, Jajic I, Janott J, Johnell O, Kanis JA,
Kragl G, Lopes VA, Lorenc R, Lyritis G, Masaryk P, Matthis C,
Miazgowski T, Parisi G, Poor G, Raspe HH, Reid DM, Reisinger
W, Scheidt-Nave C, Stepan JJ, Todd CJ, Weber K, Woolf AD,
Yershova OB, Reeve J, O’Neill TW 2002 Incidence of vertebral
fracture in Europe: results from the European Prospective Osteo-
porosis Study (EPOS). ] Bone Miner Res 17:716-724

Van der Klift M, De Laet CEDH, McCloskey EV, Hofman A, Pols
HAP 2002 The incidence of vertebral fractures in men and women:
the Rotterdam Study. ] Bone Miner Res 17:1051-1056

Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA
1999 Mortality after all major types of osteoporotic fracture in men
and women: an observational study. Lancet 353:878-882

Poor G, Atkinson EJ, Lewallen DG, O’Fallon WM, Melton L] 1995
Age-related hip fractures in men: clinical spectrum and short-term
outcomes. Osteoporos Int 5:419-426

Stepan JJ, Lachman M, Zverina J, Pacovsky V, Baylink DJ 1989
Castrated men exhibit bone loss: effect of calcitonin treatment on
biochemical indices of bone remodeling. ] Clin Endocrinol Metab
69:523-527

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

Kaufman and Vermeulen ¢ Androgen Decline in Elderly Men

Stoch SA, Parker RA, Chen LP, Bubley G, Ko Y], Vincelette A,
Greenspan SL 2001 Bone loss in men with prostate cancer treated
with gonadotropin-releasing hormone agonists. ] Clin Endocrinol
Metab 86:2787-2791

Mittan D, Lee S, Miller E, Perez RC, Basler JW, Bruder JM 2002
Bone loss following hypogonadism in men with prostate cancer
treated with GnRH analogs. ] Clin Endocrinol Metab 87:3656-3661
Meier DE, Orwoll ES, Keenan EJ, Fagerstrom RM 1987 Marked
decline in trabecular bone mineral content in healthy men with age:
lack of association with sex steroid levels. ] Am Geriatr Soc 35:
189-197

Drinka PJ, Olson J, Bauwens S, Voeks SK, Carlson I, Wilson M
1993 Lack of association between free testosterone and bone density
separate from age in elderly males. Calcif Tissue Int 52:67-69
Clarke BL, Ebeling PR, Jones JD, Wahner HW, O’Fallon WM,
Riggs BL, Fitzpatrick LA 1996 Changes in quantitative bone his-
tomorphometry in aging healthy men. ] Clin Endocrinol Metab
81:2264-2270

Rudman D, Drinka PJ, Wilson CR, Mattson DE, Scherman F,
Cuisinier MC, Schultz S 1994 Relations of endogenous anabolic
hormones and physical activity to bone mineral density and lean
body mass in elderly men. Clin Endocrinol (Oxf) 40:653-661
Murphy S, Khaw KT, Cassidy A, Compston JE 1993 Sex hormones
and bone mineral density in elderly men. Bone Miner 20:133-140
Kenny AM, Gallagher JC, Prestwood KM, Gruman CA, Raisz LG
1998 Bone density, bone turnover, and hormone levels in men over
age 75. ] Gerontol A Biol Sci Med Sci 53:M419-M425

Greendale GA, Edelstein S, Barrett-Connor E 1997 Endogenous
sex steroids and bone mineral density in older women and men: the
Rancho Bernardo Study. ] Bone Miner Res 12:1833-1843

Khosla S, Melton III L], Atkinson EJ, O’Fallon WM, Klee GG,
Riggs BL 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. ] Clin Endocrinol Metab 83:
22662274

Slemenda CW, Longcope C, Zhou LF, Hui SL, Peacock M,
Johnston CC 1997 Sex steroids and bone mass in older men. Pos-
itive associations with serum estrogens and negative associations
with androgens. | Clin Invest 100:1755-1759

Center JR, Nguyen TV, White CP, Eisman JA 1997 Male osteo-
porosis predictors: sex hormones and calcitropic hormones. ] Bone
Miner Res 12:F569

Ongphiphadhanakul B, Rajatanavin R, Chanprasertyothin S,
Piaseu N, Chailurkit L 1998 Serum oestradiol and oestrogen-re-
ceptor gene polymorphism are associated with bone mineral den-
sity independently of serum testosterone in normal males. Clin
Endocrinol (Oxf) 49:803-809

Amin S, Zhang YQ, Sawin DT, Evans SR, Hannan MT, Kiel DP,
Wilson PWEF, Felson DT 2000 Association of hypogonadism and
estradiol levels with bone mineral density in elderly men from the
Framingham Study. Ann Inter Med 133:951-963

Szulc P, Munoz F, Claustrat B, Garnero P, Marchand F, Duboeuf
F, Delmas PD 2001 Bioavailable estradiol may be an important
determinant of osteoporosis in men: the MINOS study. J Clin En-
docrinol Metab 86:192-199

Van Pottelbergh I, Goemaere S, Kaufman JM 2003 Bioavailable
estradiol and an aromatase gene polymorphism are determinants
of bone mineral density changes in men over 70 years of age. ] Clin
Endocrinol Metab 88:3075-3081

Szulc P, Claustrat B, Marchand F, Delmas PD 2003 Increased risk
of falls and increased bone resorption in elderly men with partial
androgen deficiency: the MINOS study. J Clin Endocrinol Metab
88:5240-5247

Goemaere S, Van Pottelbergh I, Zmierczak H, Toye K, Daems M,
Demuynck R, Myny H, De Bacquer D, Kaufman JM 2001 Inverse
association between bone turnover rate and bone mineral density
in community-dwelling men >70 years of age: no major role of sex
steroid status. Bone 29:286-291

Khosla S, Melton L], Atkinson EJ, O’Fallon WM 2001 Relation-
ship of serum sex steroid levels to longitudinal changes in bone
density in young versus elderly men. ] Clin Endocrinol Metab
86:3555-3561

Falahati-Nini A, Riggs BL, Atkinson EJ, O’Fallon WM, Eastell R,

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

Khosla S 2000 Relative contributions of testosterone and estrogen
in regulating bone resorption and formation in normal elderly men.
J Clin Invest 106:1553-1560

Doran PM, Riggs BL, Atkinson EJ, Khosla S 2001 Effects of ralox-
ifene, a selective estrogen receptor modulator, on bone turnover
markers and serum sex steroid and lipid levels in elderly men.
] Bone Miner Res 16:2118-2125

Center JR, Nguyen TV, Sambrook PN, Eisman JA 1999 Hormonal
and biochemical parameters in the determination of osteoporosis
in elderly men. J Clin Endocrinol Metab 84:3626-3635

Gennari L, Merlotti D, Martini G, Gonnelli S, Franci B, Cam-
pagna$S, Lucani B, Dal Canto N, Valenti R, Gennari C, Nuti R 2003
Longitudinal association between sex hormone levels, bone loss,
and bone turnover in elderly men. J Clin Endocrinol Metab 88:
5327-5333

Stanley HL, Schmitt BP, Poses RM, Deiss WP 1991 Does hypo-
gonadism contribute to the occurrence of a minimal trauma hip
fracture in elderly men? ] Am Geriatr Soc 39:766-771

Boonen S, Vanderschueren D, Cheng XG, Verbeke G, Dequeker
J, Geusens P, Broos P, Bouillon R 1997 Age-related (type II) fem-
oral neck osteoporosis in men: biochemical evidence for both hy-
povitaminosis D- and androgen deficiency-induced bone resorp-
tion. ] Bone Miner Res 12:2119-2126

Jackson JA, Riggs MW, Spiekerman AM 1992 Testosterone defi-
ciency as a risk factor for hip fractures in men: a case-control study.
Am ] Med Sci 304:4-8

Barrett-Connor E, Mueller JE, von Muhlen DG, Laughlin GA,
Schneider DL, Sartoris DJ 2000 Low levels of estradiol are asso-
ciated with vertebral fractures in older men, but not women: the
Rancho Bernardo Study. ] Clin Endocrinol Metab 85:219-223
Goderie-Plomp HW, Van der Klift M, de Ronde W, Hofman A,
de Jong FH, Pols HAP 2004 Endogenous sex hormones, sex hor-
mone-binding globulin, and the risk of incident vertebral fractures
in elderly men and women: the Rotterdam Study. ] Clin Endocrinol
Metab 89:3261-3269

Orwoll E, Lambert L, Marshall L, Cauley J, Nevitt M, Bauer D,
Barrett-Connor E, Cummings S 2004 A tale of two steroids: tes-
tosterone and estradiol are related to incident fracture risk in older
men. Proc of the 26th Annual Meeting of the American Society for
Bone and Mineral Research, Seattle, WA, 2004, p S160 (Abstract
1019)

Tenover JS 1994 Androgen administration to aging men. Endo-
crinol Metab Clin North Am 23:877-892

Swerdloff RS, Wang C 1993 Androgens and aging in men. Exp
Gerontol 28:435-446

Katznelson L, Rosenthal DI, Rosol MS, Anderson EJ, Hayden DL,
Schoenfeld DA, Klibanski A 1998 Using quantitative CT to assess
adipose distribution in adult men with acquired hypogonadism.
AJR Am ] Roentgenol 170:423-427

Seidell JC, Bjorntorp P, Sjostrom L, Kvist H, Sannerstedt R 1990
Visceral fat accumulation in men is positively associated with in-
sulin, glucose, and C-peptide levels, but negatively with testoster-
one levels. Metabolism 39:897-901

Marin P, Oden B, Bjorntorp P 1995 Assimilation and mobilization
of triglycerides in subcutaneous abdominal and femoral adipose
tissue in vivo in men: effects of androgens. ] Clin Endocrinol Metab
80:239-243

Vermeulen A 1987 Nyctohemeral growth hormone profiles in
young and aged men: correlation with somatomedin-C levels.
J Clin Endocrinol Metab 64:884—888

Iranmanesh A, Lizarralde G, Veldhuis JD 1991 Age and relative
adiposity are specific negative determinants of the frequency and
amplitude of growth hormone (GH) secretory bursts and the half-
life of endogenous GH in healthy men. ] Clin Endocrinol Metab
73:1081-1088

Jorgensen JO, Vahl N, Hansen TB, Thuesen L, Hagen C, Chris-
tiansen JS 1996 Growth hormone versus placebo treatment for one
year in growth hormone deficient adults: increase in exercise ca-
pacity and normalization of body composition. Clin Endocrinol
(Oxf) 45:681-688

Munzer T, Harman SM, Hees P, Shapiro E, Christmas C, Bellan-
toni MF, Stevens TE, O’Connor KG, Pabst KM, St Clair C, Sorkin
JD, Blackman MR 2001 Effects of GH and/or sex steroid admin-

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

Endocrine Reviews, October 2005, 26(6):833—876 871

istration on abdominal subcutaneous and visceral fat in healthy
aged women and men. ] Clin Endocrinol Metab 86:3604-3610
Tzankoff SP, Norris AH 1977 Effect of muscle mass decrease on
age-related BMR changes. ] Appl Physiol 43:1001-1006

Forbes GB, Reine JC 1970 Adult lean body mass declines with age:
some longitudinal observations. Metabolism 19:653-667

Bross R, Javanbakht M, Bhasin S 1999 Anabolic interventions for
aging-associated sarcopenia. ] Clin Endocrinol Metab 84:3420-3430
Larsson L, Grimby G, Karlsson J 1979 Muscle strength and speed
of movement in relation to age and muscle morphology. ] Appl
Physiol 46:451-456

Roy TA, Blackman MR, Harman SM, Tobin JD, Schrager M,
Metter EJ 2002 Interrelationships of serum testosterone and free
testosterone index with FFM and strength in aging men. Am ]
Physiol Endocrinol Metab 283:E284 -E294

Abbasi AA, Drinka PJ, Mattson DE, Rudman D 1993 Low circu-
lating levels of insulin-like growth factors and testosterone in
chronically institutionalized elderly men. ] Am Geriatr Soc 41:975-
982

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

Lerner DJ, Kannel WB 1986 Patterns of coronary heart disease
morbidity and mortality in the sexes: a 26-year follow-up of the
Framingham population. Am Heart ] 111:383-390

Mattsson LA, Cullberg G, Hamberger L, Samsioe G, Silfverstolpe
G 1984 Lipid metabolism in women with polycystic ovary syn-
drome: possible implications for an increased risk of coronary heart
disease. Fertil Steril 42:579-584

Liu PY, Death AK, Handelsman DJ 2003 Androgens and cardio-
vascular disease. Endocr Rev 24:313-340

Wu FC, Von Eckardstein A 2003 Androgens and coronary artery
disease. Endocr Rev 24:183-217

Conway GS, Agrawal R, Betteridge DJ, Jacobs HS 1992 Risk
factors for coronary artery disease in lean and obese women with
the polycystic ovary syndrome. Clin Endocrinol (Oxf) 37:119-125
Goldberg RB, Rabin D, Alexander AN, Doelle GC, Getz GS 1985
Suppression of plasma testosterone leads to an increase in serum
total and high density lipoprotein cholesterol and apoproteins A-I
and B. ] Clin Endocrinol Metab 60:203-207

Moorjani S, Dupont A, Labrie F, Lupien PJ, Brun D, Gagne C,
Giguere M, Belanger A 1987 Increase in plasma high-density li-
poprotein concentration following complete androgen blockage in
men with prostatic carcinoma. Metabolism 36:244-250

Bagatell CJ, Knopp RH, Vale WW, Rivier JE, Bremner W] 1992
Physiological testosterone levels in normal men suppress high-
density-lipoprotein cholesterol levels. Ann Int Med 116:967-973
Barrett-Connor E 1996 Testosterone, HDL-cholesterol and cardio-
vascular disease. In: Bhasin S, Gabelnick HC, Spieler JM, Swerdloff
RS, Wang C, Kelly C, eds. Pharmacology, biology and clinical
applications of androgens: current status and future prospects.
New York: Wiley-Liss; 215-223

English KM, Mandour O, Steeds RP, Diver MJ, Jones TH, Chan-
ner KS 2000 Men with coronary artery disease have lower levels
of androgens than men with normal coronary angiograms. Eur
Heart ] 21:890-894

Muller M, van den Beld AW, Bots ML, Grobbee DE, Lamberts
SWJ, van der Schouw YT 2004 Endogenous sex hormones and
progression of carotid atherosclerosis in elderly men. Circulation
109:2074-2079

Cauley JA, Gutai JP, Kuller LH, Dai WS 1987 Usefulness of sex
steroid hormone levels in predicting coronary artery disease in
men. Am ] Cardiol 60:771-777

Hautanen A, Manttari M, Manninen V, Tenkanen L, Huttunen
JK, Frick MH, Adlercreutz H 1994 Adrenal androgens and tes-
tosterone as coronary risk factors in the Helsinki heart study. Ath-
erosclerosis 105:191-200

Hamalainen E, Adlercreutz H, Ehnholm C, Puska P 1986 Rela-
tionships of serum lipoproteins and apoproteins to sex hormones
and to the binding capacity of sex hormone binding globulin in
healthy Finnish men. Metabolism 35:535-541

Freedman DS, O’Brien TR, Flanders WD, DeStefano F, Barboriak
JJ 1991 Relation of serum testosterone levels to high density li-

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

872

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

Endocrine Reviews, October 2005, 26(6):833—876

poprotein cholesterol and other characteristics in men. Arterioscler
Thromb 11:307-315

Haffner SM, Mykkanen L, Valdez RA, Katz MS 1993 Relationship
of sex hormones to lipids and lipoproteins in nondiabetic men.
J Clin Endocrinol Metab 77:1610-1615

Schatzl G, Madersbacher S, Temml C, Krenn-Schinkel K, Nader
A, Sregi G, Lapin A, Hermann M, Berger P, Marberger M 2003
Serum androgen levels in men: impact of health status and age.
Urology 61:629-633

Van Pottelbergh I, Braeckman L, De Bacquer D, De Backer G,
Kaufman JM 2003 Differential contribution of testosterone and
estradiol in the determination of cholesterol and lipoprotein profile
in healthy middle-aged men. Atherosclerosis 166:95-102

Ooi LS, Panesar NS, Masarei JR 1996 Urinary excretion of testos-
terone and estradiol in Chinese men and relationships with serum
lipoprotein concentrations. Metabolism 45:279-284

Miller GJ, Wheeler M], Price SG, Beckles GL, Kirkwood BR,
Carson DC 1985 Serum high density lipoprotein subclasses, tes-
tosterone and sex-hormone-binding globulin in Trinidadian men of
African and Indian descent. Atherosclerosis 55:251-258
Alevizaki M, Cimponeriu AT, Garofallaki M, Sarika HL,
Alevizaki CC, Papamichael C, Philippou G, Anastasiou EA, Le-
kakis JP, Mavrikakis M 2003 The androgen receptor gene CAG
polymorphism is associated with the severity of coronary artery
disease in men. Clin Endocrinol (Oxf) 59:749-755

English KM, Jones RD, Jones TH, Morice AH, Channer KS 2002
Testosterone acts as a coronary vasodilator by a calcium antago-
nistic action. ] Endocrinol Invest 25:455-458

Zitzmann M, Brune M, Nieschlag E 2002 Vascular reactivity in
hypogonadal men is reduced by androgen substitution. ] Clin En-
docrinol Metab 87:5030-5037

Hergenc G, Schulte H, Assmann G, Von Eckardstein A 1999
Associations of obesity markers, insulin, and sex hormones with
HDL-cholesterol levels in Turkish and German individuals. Ath-
erosclerosis 145:147-156

Khaw KT 1996 Dehydroepiandrosterone, dehydroepiandros-
terone sulphate and cardiovascular disease. ] Endocrinol 150 Suppl:
5149-S153

Mitchell LE, Sprecher DL, Borecki IB, Rice T, Laskarzewski PM,
Rao DC 1994 Evidence for an association between dehydroepi-
androsterone sulfate and nonfatal, premature myocardial infarc-
tion in males. Circulation 89:89-93

Barrett-Connor E, Khaw KT, Yen SS 1986 A prospective study of
dehydroepiandrosterone sulfate, mortality, and cardiovascular
disease. N Engl ] Med 315:1519-1524

Mazat L, Lafont S, Berr C, Debuire B, Tessier JF, Dartigues JF,
Baulieu EE 2001 Prospective measurements of dehydroepiandro-
sterone sulfate in a cohort of elderly subjects: relationship to gen-
der, subjective health, smoking habits, and 10-year mortality. Proc
Natl Acad Sci USA 98:8145-8150

Herrington DM 1995 Dehydroepiandrosterone and coronary ath-
erosclerosis. Ann NY Acad Sci 774:271-280

Barrett-Connor E, Goodman-Gruen D 1995 The epidemiology of
DHEAS and cardiovascular disease. Ann NY Acad Sci 774:259-270
Feldman HA, Johannes CB, Araujo AB, Mohr BA, Longcope C,
McKinlay JB 2001 Low dehydroepiandrosterone and ischemic
heart disease in middle-aged men: prospective results from the
Massachusetts Male Aging Study. Am ] Epidemiol 153:79-89
LaCroix AZ, Yano K, Reed DM 1992 Dehydroepiandrosterone
sulfate, incidence of myocardial infarction, and extent of athero-
sclerosis in men. Circulation 86:1529-1535

Newcomer LM, Manson JE, Barbieri RL, Hennekens CH,
Stampfer MJ 1994 Dehydroepiandrosterone sulfate and the risk of
myocardial infarction in US male physicians: a prospective study.
Am ] Epidemiol 140:870-875

Kiechl S, Willeit J, Bonora E, Schwarz S, Xu Q 2000 No association
between dehydroepiandrosterone sulfate and development of ath-
erosclerosis in a prospective population study (Bruneck Study).
Arterioscler Thromb Vasc Biol 20:1094-1100

Baulieu EE, Thomas G, Legrain S, Lahlou N, Roger M, Debuire
B, Faucounau V, Girard L, Hervy MP, Latour F, Leaud MC,
Mokrane A, Pitti-Ferrandi H, Trivalle C, de Lacharriere O, Nou-
veau S, Rakoto-Arison B, Souberbielle JC, Raison J, Le Bouc Y,

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.
372.

373.

374.

375.

376.

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

Raynaud A, Girerd X, Forette F 2000 Dehydroepiandrosterone
(DHEA), DHEA sulfate, and aging: contribution of the DHEAge
Study to a sociobiomedical issue. Proc Natl Acad Sci USA 97:4279—
4284

Berr C, Lafont S, Debuire B, Dartigues JF, Baulieu EE 1996 Re-
lationships of dehydroepiandrosterone sulfate in the elderly with
functional, psychological, and mental status, and short-term mor-
tality: a French community-based study. Proc Natl Acad Sci USA
93:13410-13415

Tilvis RS, Kahonen M, Harkonen M 1999 Dehydroepiandros-
terone sulfate, diseases and mortality in a general aged population.
Aging (Milano) 11:30-34

Verwoerdt A, Pfeiffer E, Wangh AS 1969 Sexual behaviour in
senescence. Geriatrics 24:137-154

Bagatell CJ, Heiman JR, Rivier JE, Bremner WJ 1994 Effects of
endogenous testosterone and estradiol on sexual-behavior in nor-
mal young men. ] Clin Endocrinol Metab 78:711-716

Gooren L] 1987 Androgen levels and sex functions in testosterone-
treated hypogonadal men. Arch Sex Behav 16:463-473

Buena F, Swerdloff RS, Steiner BS, Lutchmansingh P, Peterson
MA, Pandian MR, Galmarini M, Bhasin S 1993 Sexual function
does not change when serum testosterone levels are pharmaco-
logically varied within the normal male range. Fertil Steril 59:1118 -
1123

Schiavi R 1996 Androgens and sexual function in men. In: Oddens
B, Vermeulen A, eds. Androgens and the aging male. London:
Parthenon Publishing Group; 111-128

Davidson JM, Chen JJ, Crapo L, Gray GD, Greenleaf W], Catania
JA 1983 Hormonal changes and sexual function in aging men. J Clin
Endocrinol Metab 57:71-77

Tsitouras PD, Martin CE, Harman SM 1982 Relationship of serum
testosterone to sexual activity in healthy elderly men. ] Gerontol
37:288-293

Schiavi RC, Schreiner-Engel P, White D, Mandeli ] 1988 Pituitary-
gonadal function during sleep in men with hypoactive sexual de-
sire and in normal controls. Psychosom Med 50:304-318

Perry PJ, Lund BC, Arndt S, Holman T, Bever-Stille KA, Paulsen
J, Demers LM 2001 Bioavailable testosterone as a correlate of cog-
nition, psychological status, quality of life, and sexual function in
aging males: implications for testosterone replacement therapy.
Ann Clin Psychiatry 13:75-80

T’Sjoen G, Goemaere S, De Meyere M, Kaufman JM 2004 Per-
ception of males” aging symptoms, health and well-being in elderly
community-dwelling men is not related to circulating androgen
levels. Psychoneuroendocrinology 29:201-214

Mills TM, Reilly CM, Lewis RW 1996 Androgens and penile
erection: a review. ] Androl 17:633—-638

Lugg JA, Rajfer J, Gonzalez-Cadavid NF 1995 Dihydrotestoster-
one is the active androgen in the maintenance of nitric oxide-
mediated penile erection in the rat. Endocrinology 136:1495-1501
Aversa A, Isidori AM, Spera G, Lenzi A, Fabbri A 2003 Androgens
improve cavernous vasodilation and response to sildenafil in pa-
tients with erectile dysfunction. Clin Endocrinol (Oxf) 58:632—-638
Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H 2004 Ran-
domized study of testosterone gel as adjunctive therapy to silde-
nafil in hypogonadal men with erectile dysfunction who do not
respond to sildenafil alone. J Urol 172:658-663

Morley JE 1986 Impotence. Am ] Med 80:897-905

Sullivan ME, Keoghane SR, Miller MA 2001 Vascular risk factors
and erectile dysfunction. BJU Int 87:838—-845

Bancroft ] 1984 Androgens, sexuality and the aging male. In: Labrie
F, Proulx L, eds. Proc of the 7th International Congress of Endo-
crinology. Amsterdam: Elsevier; 913-916

Kwan M, Greenleaf W], Mann J, Crapo L, Davidson JM 1983 The
nature of androgen action on male sexuality: a combined labora-
tory-self-report study on hypogonadal men. ] Clin Endocrinol
Metab 57:557-562

Carani C, Zini D, Bamdini A, Della Casa L, Ghizzani A, Marrama
P 1995 Testosterone and prolactine: behavioural and psychophys-
iological approaches in men. In: Bancroft J, ed. The pharmacology
of sexual function and dysfunction. Esteve Foundation Symposia.
Amsterdam: Elsevier; 145-150

Feldman HA, Goldstein I, Hatzichristou DG, Krane R], McKinlay

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

JB 1994 Impotence and its medical and psychosocial correlates:
results of the Massachusetts Male Aging Study. ] Urol 151:54-61
Rhoden EL, Teloken C, Mafessoni R, Souto CA 2002 Is there any
relation between serum levels of total testosterone and the severity
of erectile dysfunction? Int ] Impot Res 14:167-171

Korenman SG, Morley JE, Mooradian AD, Davis SS, Kaiser FE,
Silver AJ, Viosca SP, Garza D 1990 Secondary hypogonadism in
older men: its relation to impotence. ] Clin Endocrinol Metab 71:
963-969

Hawkins WW, Speck E, Leonard VG 1954 Variation of the he-
moglobin level with age and sex. Blood 9:999-1007

Vahlquist B 1950 The cause of sexual differences in erythrocyte
hemoglobin and serum iron levels in human adults. Blood 5:874—
875

Garry PJ, Goodwin JS, Hunt WC 1983 Iron status and anemia in
the elderly: new findings and a review of previous studies. ] Am
Geriatr Soc 31:389-399

Kimura D 1996 Sex, sexual orientation and sex hormones influence
human cognitive function. Curr Opin Neurobiol 6:259-263
Gordon HW, Lee PA 1986 A relationship between gonadotropins
and visuospatial function. Neuropsychologia 24:563-576
McKeever WF, Deyo RA 1990 Testosterone, dihydrotestosterone
and spatial task performances of males. B Psychonomic Soc 28:
305-308

Kampen DL, Sherwin BB 1996 Estradiol is related to visual mem-
ory in healthy young men. Behav Neurosci 110:613-617
McKeever WF, Rich DA, Deyo RA, Connor RI 1987 Androgens
and spatial ability: failure to find a relationship between testos-
terone and ability measures. B Psychonomic Soc 25:440

Hier DB, Crowley Jr WF 1982 Spatial ability in androgen-deficient
men. N Engl ] Med 306:1202-1205

Buchsbaum MS, Henkin RI 1980 Perceptual abnormalities in pa-
tients with chromatin negative gonadal dysgenesis and hypogo-
nadotropic hypogonadism. Int ] Neurosci 11:201-209

Cherrier MM, Craft S, Bremner WJ 1988 Cognitive effects of ex-
ogenous testosterone administration in eugonadal and hypogo-
nadal men. Int ] Neuropsychol Soc 4:16-20

Morley JE, Kaiser F, Raum WJ, Perry III HM, Flood JF, Jensen J,
Silver AJ, Roberts E 1997 Potentially predictive and manipulable
blood serum correlates of aging in the healthy human male: pro-
gressive decreases in bioavailable testosterone, dehydroepiandro-
sterone sulfate, and the ratio of insulin-like growth factor 1 to
growth hormone. Proc Natl Acad Sci USA 94:7537-7542
Barrett-Connor E, Goodman-Gruen D, Patay B 1999 Endogenous
sex hormones and cognitive function in older men. J Clin Endo-
crinol Metab 84:3681-3685

Yaffe K, Lui LY, Zmuda J, Cauley J 2002 Sex hormones and cog-
nitive function in older men. ] Am Geriatr Soc 50:707-712

Yaffe K, Edwards ER, Lui LY, Zmuda JM, Ferrell RE, Cauley JA
2003 Androgen receptor CAG repeat polymorphism is associated
with cognitive function in older men. Biol Psychiatry 54:943-946
Moffat SD, Zonderman AB, Metter EJ, Blackman MR, Harman
SM, Resnick SM 2002 Longitudinal assessment of serum free tes-
tosterone concentration predicts memory performance and cogni-
tive status in elderly men. ] Clin Endocrinol Metab 87:5001-5007
Moffat SD, Zonderman AB, Metter EJ, Kawas C, Blackman MR,
Harman SM, Resnick SM 2004 Free testosterone and risk for Alz-
heimer disease in older men. Neurology 62:188-193

Kalmijn S, Launer L], Stolk RP, de Jong FH, Pols HA, Hofman A,
Breteler MM, Lamberts SW 1998 A prospective study on cortisol,
dehydroepiandrosterone sulfate, and cognitive function in the el-
derly. J Clin Endocrinol Metab 83:3487-3492

Schweiger U, Deuschle M, Weber B, Korner A, Lammers CH,
Schmider J, Gotthardt U, Heuser I 1999 Testosterone, gonadotro-
pin, and cortisol secretion in male patients with major depression.
Psychosom Med 61:292-296

Seidman SN, Araujo AB, Roose SP, McKinlay JB 2001 Testoster-
one level, androgen receptor polymorphism, and depressive symp-
toms in middle-aged men. Biol Psychiatry 50:371-376

Seidman SN, Walsh BT 1999 Testosterone and depression in aging
men. Am | Geriatr Psychiatry 7:18-33

Shores MM, Sloan KL, Matsumoto AM, Moceri VM, Felker B,

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

Endocrine Reviews, October 2005, 26(6):833—876 873

Kivlahan DR 2004 Increased incidence of diagnosed depressive
illness in hypogonadal older men. Arch Gen Psychiatry 61:162-167
Barrett-Connor E, von Muhlen DG, Kritz-Silverstein D 1999 Bio-
available testosterone and depressed mood in older men: the Ran-
cho Bernardo Study. ] Clin Endocrinol Metab 84:573-577

Gray A, Jackson DN, McKinlay JB 1991 The relation between
dominance, anger, and hormones in normally aging men: results
from the Massachusetts Male Aging Study. Psychosom Med 53:
375-385

Delhez M, Hansenne M, Legros JJ 2003 Andropause and psycho-
pathology: minor symptoms rather than pathological ones. Psy-
choneuroendocrinology 28:863-874

Levitt AJ, Joffe RT 1988 Total and free testosterone in depressed
men. Acta Psychiatr Scand 77:346-348

Rubin RT, Poland RE, Lesser IM 1989 Neuroendocrine aspects of
primary endogenous depression VIII. Pituitary-gonadal axis activ-
ity in male patients and matched control subjects. Psychoneuroen-
docrinology 14:217-229

Kaneda Y, Fujii A 2002 No relationship between testosterone levels
and depressive symptoms in aging men. Eur Psychiatry 17:411-413
T’Sjoen GG, De Vos S, Goemaere S, Van Pottelbergh I, Dierick
M, Van Heeringen C, Kaufman JM 2005 Sex steroid level, andro-
gen receptor polymorphism, and depressive symptoms in healthy
elderly men. ] Am Geriatr Soc 53:636—-642

Dunbar N, Gruman C, Reisine S, Kenny AM 2001 Comparison of
two health status measures and their associations with testosterone
levels in older men. Aging Male 4:1-7

Spetz ACE, Fredriksson MG, Hammar ML 2003 Hot flushes in a
male population aged 55, 65, and 75 years, living in the community
of Linkoping, Sweden. Menopause 10:81-87

Morley JE, Charlton E, Patrick P, Kaiser FE, Cadeau P, McCready
D, Perry III HM 2000 Validation of a screening questionnaire for
androgen deficiency in aging males. Metabolism 49:1239-1242
Legros JJ, Delhez M 2002 Détection de la déficience androgénique
chez I'homme de plus de 50 ans: utilisation d"une version francaise
du test ADAM. Médecine et hygiene 60:1490-1495

Heinemann LA]J, Zimmerman T, Vermeulen A, Thiel C, Hummel
W 1999 A new ‘aging males’ symptoms rating scale. Aging Male
2:105-114

Moore C, Huebler D, Zimmermann T, Heinemann LAJ, Saad F,
Thai DM 2004 The Aging Males” Symptoms scale (AMS) as out-
come measure for treatment of androgen deficiency. Eur Urol 46:
80-87

Tsujimura A, Matsumiya K, Miyagawa Y, Takao T, Fujita K,
Takada S, Koga M, Iwasa A, Takeyama M, Okuyama A 2005
Comparative study on evaluation methods for serum testosterone
level for PADAM diagnosis. Int ] Impot Res 17:259-263

Smith KW, Feldman HA, McKinlay JB 2000 Construction and field
validation of a self-administered screener for testosterone defi-
ciency (hypogonadism) in ageing men. Clin Endocrinol (Oxf) 53:
703-711

Greenstein BD 1979 Androgen receptors in the rat brain, anterior
pituitary gland and ventral prostate gland: effects of orchidectomy
and ageing. ] Endocrinol 81:75-81

Raivio T, Palvimo JJ, Dunkel L, Wickman S, Janne OA 2001 Novel
assay for determination of androgen bioactivity in human serum.
J Clin Endocrinol Metab 86:1539-1544

Swerdloff RS, Wang C 2003 Three year follow-up of androgen
treatment in hypogonadal men: preliminary report with testoster-
one gel. Aging Male 6:207-211

Tenover JS 1992 Effects of testosterone supplementation in the
aging male. ] Clin Endocrinol Metab 75:1092-1098

Wang C, Swedloff RS, Iranmanesh A, Dobs A, Snyder PJ, Cun-
ningham G, Matsumoto AM, Weber T, Berman N 2000 Trans-
dermal testosterone gel improves sexual function, mood, muscle
strength, and body composition parameters in hypogonadal men.
Testosterone Gel Study Group. ] Clin Endocrinol Metab 85:2839—
2853

Kelleher S, Conway AJ, Handelsman DJ 2004 Blood testosterone
threshold for androgen deficiency symptoms. J Clin Endocrinol
Metab 89:3813-3817

Wang C, Catlin DH, Demers LM, Starcevic B, Swerdloff RS 2004
Measurement of total serum testosterone in adult men: comparison

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

874

423.

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

440.

441.

442.

443.

Endocrine Reviews, October 2005, 26(6):833—876

of current laboratory methods versus liquid chromatography-tan-
dem mass spectrometry. ] Clin Endocrinol Metab 89:534-543
Araujo AB, O’Donnell AB, Brambilla DJ, Simpson WB, McKin-
lay JB 2004 Prevalence and incidence of androgen deficiency in
middle-aged and older men: estimates from the Massachusetts
Male Aging Study. ] Urol 171:426—-427

Christ-Crain M, Meier C, Huber P, Zimmerli L, Mueller B 2005
Value of gonadotropin-releasing hormone testing in the differential
diagnosis of androgen deficiency in elderly men. J Clin Endocrinol
Metab 90:1280-1286

Bhasin S, Storer TW, Berman N, Callegari C, Clevenger B, Phil-
lips J, Bunnell TJ, Tricker R, Shirazi A, Casaburi R 1996 The
effects of supraphysiologic doses of testosterone on muscle size and
strength in normal men. N Engl ] Med 335:1-7

Bhasin S, Woodhouse L, Casaburi R, Singh AB, Bhasin D, Ber-
man N, Chen XH, Yarasheski KE, Magliano L, Dzekov C, Dzekov
J, Bross R, Phillips J, Sinha-Hikim I, Shen RQ, Storer TW 2001
Testosterone dose-response relationships in healthy young men.
Am ] Physiol Endocrinol Metab 281:E1172-E1181

Bhasin S, Woodhouse L, Casaburi R, Singh A, Mac RP, Lee MI,
Yarasheski KE, Sinha-Hikim I, Dzekov C, Dzekov J, Magliano L,
Storer TW 2005 Older men are as responsive as young men to the
anabolic effects of graded doses of testosterone on the skeletal
muscle. ] Clin Endocrinol Metab 90:678—688

Gruenewald DA, Matsumoto AM 2003 Testosterone supplemen-
tation therapy for older men: potential benefits and risks. ] Am
Geriatr Soc 51:101-115

Jain P, Rademaker AW, McVary KT 2000 Testosterone supple-
mentation for erectile dysfunction: results of a meta-analysis. ] Urol
164:371-375

Bhasin S, Singh AB, Mac RP, Carter B, Lee MI, Cunningham GR
2003 Managing the risks of prostate disease during testosterone
replacement therapy in older men: recommendations for a stan-
dardized monitoring plan. ] Androl 24:299-311

Rhoden EL, Morgentaler A 2004 Medical progress: risks of tes-
tosterone-replacement therapy and recommendations for monitor-
ing. N Engl ] Med 350:482-492

Liverman C, Blazer D 2004 Testosterone and aging: clinical re-
search directions. Washington DC: The National Academic Press
Bhasin S 2003 Testosterone supplementation for aging-associated
sarcopenia. ] Gerontol A Biol Sci Med Sci 58:1002-1008

Basaria S, Dobs AS 2001 Hypogonadism and androgen replace-
ment therapy in elderly men. Am ] Med 110:563-572

Snyder PJ 2001 Effects of age on testicular function and conse-
quences of testosterone treatment. J Clin Endocrinol Metab 86:
2369-2372

Tan RS, Culberson JW 2003 An integrative review on current
evidence of testosterone replacement therapy for the andropause.
Maturitas 45:15-27

Vastag B 2003 Many questions, few answers for testosterone re-
placement therapy. JAMA 289:971-972

Liu PY, Swerdloff RS, Veldhuis JD 2004 The rationale, efficacy
and safety of androgen therapy in older men: future research and
current practice recommendations. ] Clin Endocrinol Metab 89:
4789-4796

Reid IR, Wattie DJ, Evans MC, Stapleton JP 1996 Testosterone
therapy in glucocorticoid-treated men. Arch Intern Med 156:1173—
1177

Gentili A, Mulligan T, Godschalk M, Clore J, Patrie J, [Iranmanesh
A, Veldhuis JD 2002 Unequal impact of short-term testosterone
repletion on the somatotropic axis of young and older men. J Clin
Endocrinol Metab 87:825-834

Zgliczynski S, Ossowski M, Slowinska-Srzednicka J, Brzezinska
A, Zgliczynski W, Soszynski P, Chotkowska E, Srzednicki M,
Sadowski Z 1996 Effect of testosterone replacement therapy on
lipids and lipoproteins in hypogonadal and elderly men. Athero-
sclerosis 121:35-43

Benkert O, Witt W, Adam W, Leitz A 1979 Effects of testosterone
undecanoate on sexual potency and the hypothalamic-pituitary-
gonadal axis of impotent males. Arch Sex Behav 8:471-479
Steidle C, Schwartz S, Jacoby K, Sebree T, Smith T, Bachand R
2003 AA2500 testosterone gel normalizes androgen levels in aging

444.

445.

446.

447.

448.

449.

450.

451.

452.

453.

454.

455.

456.

457.

458.

459.

460.

461.

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

males with improvements in body composition and sexual func-
tion. ] Clin Endocrinol Metab 88:2673-2681

Pope HG, Cohane GH, Kanayama G, Siegel AJ, Hudson JI 2003
Testosterone gel supplementation for men with refractory depres-
sion: a randomized, placebo-controlled trial. Am J Psych 160:105-
111

McNicholas TA, Dean JD, Mulder H, Carnegie C, Jones NA 2003
A novel testosterone gel formulation normalizes androgen levels in
hypogonadal men, with improvements in body composition and
sexual function. BJU Int 91:69-74

Holmang S, Marin P, Lindstedt G, Hedelin H 1993 Effect of long-
term oral testosterone undecanoate treatment on prostate volume
and serum prostate-specific antigen concentration in eugonadal
middle-aged men. Prostate 23:99-106

Behre HM, Kliesch S, Leifke E, Link TM, Nieschlag E 1997 Long-
term effect of testosterone therapy on bone mineral density in
hypogonadal men. J Clin Endocrinol Metab 82:2386-2390
Uyanik BS, Ari Z, Gumus B, Yigitoglu R, Arslan T 1997 Beneficial
effects of testosterone undecanoate on the lipoprotein profiles in
healthy elderly men. A placebo-controlled study. Jpn Heart J 38:
73-82

Morley JE, Perry HM, Kaiser FE, Kraenzle D, Jensen J, Houston
K, Mattammal M, Perry HM 1993 Effects of testosterone replace-
ment therapy in old hypogonadal males—a preliminary study.
J Am Geriatr Soc 41:149-152

Cherrier MM, Craft S, Matsumoto AH 2003 Cognitive changes
associated with supplementation of testosterone or dihydrotestos-
terone in mildly hypogonadal men: a preliminary report. ] Androl
24:568-576

Brill KT, Weltman AL, Gentili A, Patrie JT, Fryburg DA, Hanks
JB, Urban RJ, Veldhuis JD 2002 Single and combined effects of
growth hormone and testosterone administration on measures of
body composition, physical performance, mood, sexual function,
bone turnover, and muscle gene expression in healthy older men.
] Clin Endocrinol Metab 87:5649 -5657

Hong JH, Ahn TY 2002 Oral testosterone replacement in Korean
patients with PADAM. Aging Male 5:52-56

LiJY, Zhu JC, Dou JT, Bai WJ, Deng SM, Li M, Huang W, Jin H
2002 Effects of androgen supplementation therapy on partial an-
drogen deficiency in the aging male: a preliminary study. Aging
Male 5:47-51

Hajjar RR, Kaiser FE, Morley JE 1997 Outcomes of long-term
testosterone replacement in older hypogonadal males: a retrospec-
tive analysis. ] Clin Endocrinol Metab 82:3793-3796

Perry PJ, Yates WR, Williams RD, Andersen AE, MacIndoe JH,
Lund BC, Holman TL 2002 Testosterone therapy in late-life major
depression in males. ] Clin Psych 63:1096-1101

Kenny AM, Prestwood KM, Raisz LG 2000 Short-term effects of
intramuscular and transdermal testosterone on bone turnover,
prostate symptoms, cholesterol, and hematocrit in men over age 70
with low testosterone levels. Endocr Res 26:153-168

Marin P, Holmang S, Jonsson L, Sjostrom L, Kvist H, Holm G,
Lindstedt G, Bjorntorp P 1992 The effects of testosterone treatment
on body composition and metabolism in middle-aged obese men.
Int J Obes 16:991-997

Sih R, Morley JE, Kaiser FE, Perry HM, Patrick P, Ross C 1997
Testosterone replacement in older hypogonadal men: a 12-month
randomized controlled trial. ] Clin Endocrinol Metab 82:1661-1667
Amory JK, Watts NB, Easley KA, Sutton PR, Anawalt BD, Ma-
tsumoto AM, Bremner WJ, Tenover JL 2004 Exogenous testoster-
one or testosterone with finasteride increases bone mineral density
in older men with low serum testosterone. ] Clin Endocrinol Metab
89:503-510

Christmas C, O’Connor KG, Harman SM, Tobin JD, Munzer T,
Bellantoni MF, Clair CS, Pabst KM, Sorkin JD, Blackman MR
2002 Growth hormone and sex steroid effects on bone metabolism
and bone mineral density in healthy aged women and men. J
Gerontol A Biol Sci Med Sci 57:M12-M18

Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Holmes JH,
Dlewati A, Staley J, Santanna J, Kapoor SC, Attie MF, Haddad ]G,
Strom BL 1999 Effect of testosterone treatment on bone mineral
density in men over 65 years of age. ] Clin Endocrinol Metab
84:1966-1972

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

462.

463.

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

475.

476.

477.

Kenny AM, Prestwood KM, Gruman CA, Marcello KM, Raisz LG
2001 Effects of transdermal testosterone on bone and muscle in
older men with low bioavailable testosterone levels. ] Gerontol A
Biol Sci Med Sci 56:M266-M272

Crawford BAL, Liu PY, Kean MT, Bleasel JF, Handelsman DJ
2003 Randomized placebo-controlled trial of androgen effects on
muscle and bone in men requiring long-term systemic glucocor-
ticoid treatment. ] Clin Endocrinol Metab 88:3167-3176
Anderson RA, Wallace AM, Sattar N, Kumar N, Sundaram K 2003
Evidence for tissue selectivity of the synthetic androgen 7 a-meth-
yl-19-nortestosterone in hypogonadal men. J Clin Endocrinol
Metab 88:2784-2793

Orwoll E, Ettinger M, Weiss S, Miller P, Kendler D, Graham J,
Adami S, Weber K, Lorenc R, Pietschmann P, Vandormael K,
Lombardi A, Adachi JD, Bell N, Body JJ, Castro A, Daifotis A,
Felsenberg D, Gilchrist N, Hoffman A, Maricic M, Rizzoli R,
Silverman S, Valeriano J 2000 Alendronate for the treatment of
osteoporosis in men. N Engl ] Med 343:604-610

Orwoll E, Scheele W, Paul S, Adami S, Syversen U, Diez-Perez
A, Kaufman JM, Clancy A, Gaich G 2003 The effect of teriparatide
[human parathyroid hormone (1-34)] therapy on bone density in
men with osteoporosis. ] Bone Miner Res 18:9-17

Liu PY, Yee B, Wishart SM, Jimenez M, Jung DG, Grunstein RR,
Handelsman DJ 2003 The short-term effects of high-dose testos-
terone on sleep, breathing, and function in older men. J Clin En-
docrinol Metab 88:3605-3613

Snyder PJ, Peachey H, Hannoush P, Berlin JA, Loh L, Lenrow DA,
Holmes JH, Dlewati A, Santanna J, Rosen CJ, Strom BL 1999 Effect
of testosterone treatment on body composition and muscle strength
in men over 65 years of age. ] Clin Endocrinol Metab 84:2647-2653
Page S, Amory JK, Dubois Bowman F, Anawalt BD, Matsumoto
AH, Bremner W, Tenover JL 2005 Exogenous testosterone (T) alone
or with finasteride increases physical performance, grip strength,
and lean body mass in older men with low serum T. J Clin Endo-
crinol Metab 90:1502-1510

Ly LP, Jimenez M, Zhuang TN, Celermajer DS, Conway A]J,
Handelsman DJ 2001 A double-blind, placebo-controlled, random-
ized clinical trial of transdermal dihydrotestosterone gel on mus-
cular strength, mobility, and quality of life in older men with partial
androgen deficiency. ] Clin Endocrinol Metab 86:4078-4088
Blackman MB, Sorkin JD, Munzer T, Bellantoni MF, Busby-
Whitehead J, Stevens TE, Jayme J, O’Connor KG, Christmas C,
Tobin JD, Stewart KJ, Cottrell E, St Clair C, Pabst KM, Harman
SM 2002 Growth hormone and sex steroid administration in
healthy aged women and men. A randomized controlled trial.
JAMA 288:2282-2292

Ferrando AA, Sheffield-Moore M, Yeckel CW, Gilkison C, Jiang
J, Achacosa A, Lieberman SA, Tipton K, Wolfe RR, Urban RJ 2002
Testosterone administration to older men improves muscle func-
tion: molecular and physiological mechanisms. Am ] Physiol En-
docrinol Metab 282:E601-E607

Liu PY, Wishart SM, Handelsman DJ 2002 A double-blind, pla-
cebo-controlled, randomized clinical trial of recombinant human
chorionic gonadotropin on muscle strength and physical function
and activity in older men with partial age-related androgen defi-
ciency. ] Clin Endocrinol Metab 87:3125-3135

Schroeder ET, Singh A, Bhasin S, Storer TW, Azen C, Davidson
T, Martinez C, Sinha-Hikim I, Jaque SV, Terk M, Sattler FR 2003
Effects of an oral androgen on muscle and metabolism in older,
community-dwelling men. Am ] Physiol Endocrinol Metab 284:
E120-E128

Schroeder ET, Zheng L, Ong MD, Martinez C, Flores C, Stewart
Y, Azen C, Sattler FR 2004 Effects of androgen therapy on adipose
tissue and metabolism in older men. J Clin Endocrinol Metab 89:
4863-4872

Schroeder ET, Zheng L, Yarasheski KE, Qian DJ, Stewart Y, Flores
C, Martinez C, Terk M, Sattler FR 2004 Treatment with oxan-
drolone and the durability of effects in older men. ] Appl Physiol
96:1055-1062

Wittert GA, Chapman IM, Haren MT, Mackintosh S, Coates P,
Morley JE 2003 Oral testosterone supplementation increases mus-
cle and decreases fat mass in healthy elderly males with low-
normal gonadal status. ] Gerontol A Biol Sci Med Sci 58:618—-625

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

493.

494.

495.

496.

497.

498.

Endocrine Reviews, October 2005, 26(6):833—876 875

Clague JE, Wu FCW, Horan MA 1999 Difficulties in measuring the
effect of testosterone replacement therapy on muscle function in
older men. Int J Androl 22:261-265

Amory JK, Chansky HA, Chansky KL, Camuso MR, Hoey CT,
Anawalt BD, Matsumoto AM, Bremner WJ 2002 Preoperative
supraphysiological testosterone in older men undergoing knee re-
placement surgery. ] Am Geriatr Soc 50:1698-1701

Bakhshi V, Elliott M, Gentili A, Godschalk M, Mulligan T 2000
Testosterone improves rehabilitation outcomes in ill older men.
J Am Geriatr Soc 48:550-553

English KM, Steeds RP, Jones TH, Diver M], Channer KS 2000
Low-dose transdermal testosterone therapy improves angina
threshold in men with chronic stable angina. A randomized, dou-
ble-blind, placebo-controlled study. Circulation 102:1906-1911
Malkin CJ, Morris PD, Pugh PJ, English KM, Channer KS 2003
Effect of testosterone therapy on QT dispersion in men with heart
failure. Am J Cardiol 92:1241-1243

Snyder PJ, Peachey H, Berlin JA, Rader D, Usher D, Loh L,
Hannoush P, Dlewati A, Holmes JH, Santanna J, Strom BL 2001
Effect of transdermal testosterone treatment on serum lipid and
apolipoprotein levels in men more than 65 years of age. Am ] Med
111:255-260

Kenny AM, Prestwood KM, Gruman CA, Fabregas G, Biskup B,
Mansoor G 2002 Effects of transdermal testosterone on lipids and
vascular reactivity in older men with low bioavailable testosterone
levels. ] Gerontol A Biol Sci Med Sci 57:M460-M465

Liu PY, Wishart SM, Celermajer DS, Jimenez M, Di Pierro I,
Conway AJ, Handelsman DJ 2003 Do reproductive hormones
modify insulin sensitivity and metabolism in older men? A ran-
domized, placebo-controlled clinical trial of recombinant human
chorionic gonadotropin. Eur ] Endocrinol 148:55-66

Kenny AM, Bellantonio S, Gruman CA, Acosta RD, Prestwood
KM 2002 Effects of transdermal testosterone on cognitive function
and health perception in older men with low bioavailable testos-
terone levels. ] Gerontol A Biol Sci Med Sci 57:M321-M325
Dougherty RH, Rohrer JL, Hayden D, Rubin SD, Leder BZ 2005
Effect of aromatase inhibition on lipids and inflammatory markers
of cardiovascular disease in elderly men with low testosterone
levels. Clin Endocrinol (Oxf) 62:228-235

Snyder PJ, Peachey H, Berlin JA, Hannoush P, Haddad G, Dle-
wati A, Santanna J, Loh L, Lenrow DA, Holmes JH, Kapoor SC,
Atkinson LE, Strom BL 2000 Effects of testosterone replacement in
hypogonadal men. J Clin Endocrinol Metab 85:2670-2677
Nankin HR, Lin T, Osterman J 1986 Chronic testosterone cypi-
onate therapy in men with secondary impotence. Fertil Steril 46:
300-307

Leder BZ, Rohrer JL, Rubin SD, Gallo J, Longcope C 2004 Effects
of aromatase inhibition in elderly men with low or borderline-low
serum testosterone levels. ] Clin Endocrinol Metab 89:1174-1180
Kunelius P, Lukkarinen O, Hannuksela ML, Itkonen O, Tap-
anainen JS 2002 The effects of transdermal dihydrotestosterone in
the aging male: a prospective, randomized, double-blind study.
J Clin Endocrinol Metab 87:1467-1472

Janowsky JS, Chavez B, Orwoll E 2000 Sex steroids modify work-
ing memory. ] Cogn Neurosci 12:407-414

Cherrier MM, Asthana S, Plymate S, Baker L, Matsumoto AM,
Peskind E, Raskind MA, Brodkin K, Bremner W, Petrova A,
LaTendresse S, Craft S 2001 Testosterone supplementation im-
proves spatial and verbal memory in healthy older men. Neurology
57:80-88

Kenny AM, Fabregas G, Song CW, Biskup B, Bellantonio S 2004
Effects of testosterone on behavior, depression, and cognitive func-
tion in older men with mild cognitive loss. ] Gerontol A Biol Sci Med
Sci 59:75-78

Janowsky JS, Oviatt SK, Orwoll ES 1994 Testosterone influences
spatial cognition in older men. Behav Neurosci 108:325-332
Reddy P, White CM, Dunn AB, Moyna NM, Thompson PD 2000
The effect of testosterone on health-related quality of life in elderly
males —a pilot study. ] Clin Pharm Ther 25:421-426

Nomura A, Heilbrun LK, Stemmermann GN, Judd HL 1988 Pre-
diagnostic serum hormones and the risk of prostate cancer. Cancer
Res 48:3515-3517

Goldenberg SL, Bruchovsky N, Gleave ME, Sullivan LD,

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

876 Endocrine Reviews, October 2005, 26(6):833—876

499.

500.

501.

502.

503.

504.

505.

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517

Akakura K 1995 Intermittent androgen suppression in the treat-
ment of prostate-cancer. A preliminary report. Urology 45:839-844
Fowler JE, Whitmore WF 1981 The response of metastatic adeno-
carcinoma of the prostate to exogenous testosterone. ] Urol 126:
372-375

Guileyardo JM, Johnson WD, Welsh RA, Akazaki K, Correa P
1980 Prevalence of latent prostate carcinoma in two U.S. popula-
tions. ] Natl Cancer Inst 65:311-316

Eaton NE, Reeves GK, Appleby PN, Key TJ 1999 Endogenous sex
hormones and prostate cancer: a quantitative review of prospective
studies. Br ] Cancer 80:930-934

Mohr BA, Feldman HA, Kalish LA, Longcope C, McKinlay JB
2001 Are serum hormones associated with the risk of prostate
cancer? Prospective results from the Massachusetts Male Aging
Study. Urology 57:930-935

Urban RJ, Bodenburg YH, Gilkison C, Foxworth J, Coggan AR,
Wolfe RR, Ferrando A 1995 Testosterone administration to elderly
men increases skeletal muscle strength and protein synthesis. AmJ
Physiol Endocrinol Metab 32:E820-E826

Smith DS, Catalona WJ 1994 Rate of change in serum prostate-
specific antigen levels as a method for prostate-cancer detection.
J Urol 152:1163-1167

Morales A 1999 Andropause, androgen therapy and prostate
safety. Eur Urol 2:81-86

Cummings DE, Kumar N, Bardin CW, Sundaram K, Bremner WJ
1998 Prostate-sparing effects in primates of the potent androgen 7
a-methyl-19-nortestosterone: a potential alternative to testosterone
for androgen replacement and male contraception. J Clin Endo-
crinol Metab 83:4212-4219

Drinka PJ, Jochen AL, 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. ] Am
Geriatr Soc 43:899-901

Dobs AS, Meikle AW, Arver S, Sanders SW, Caramelli KE, Mazer
NA 1999 Pharmacokinetics, efficacy, and safety of a permeation-
enhanced testosterone transdermal system in comparison with bi-
weekly injections of testosterone enanthate for the treatment of
hypogonadal men. J Clin Endocrinol Metab 84:3469-3478
Matsumoto AM, Sandblom RE, Lee KA, Giblin EC, Schoene RB,
Pierson DJ, Bremner WJ 1983 Obstructive sleep-apnea induced by
testosterone administration. ] Androl 4:32

Matsumoto AM, Sandblom RE, Schoene RB, Lee KA, Giblin EC,
Pierson DJ, Bremner WJ 1985 Testosterone replacement in hy-
pogonadal men: effects on obstructive sleep-apnea, respiratory
drives, and sleep. Clin Endocrinol (Oxf) 22:713-721

Wang C, Catlin DH, Starcevic B, Leung A, DiStefano E, Lucas G,
Hull L, Swerdloff RS 2004 Testosterone metabolic clearance and
production rates determined by stable isotope dilution/tandem
mass spectrometry in normal men: influence of ethnicity and age.
J Clin Endocrinol Metab 89:2936-2941

Morales AJ, Nolan JJ, Nelson JC, Yen SSC 1994 Effects of replace-
ment dose of dehydroepiandrosterone in men and women of ad-
vancing age. ] Clin Endocrinol Metab 78:1360-1367

Morales AJ, Haubrich RH, Hwang JY, Asakura H, Yen SSC 1998
The effect of six months treatment with a 100 mg daily dose of
dehydroepiandrosterone (DHEA) on circulating sex steroids, body
composition and muscle strength in age-advanced men and
women. Clin Endocrinol (Oxf) 49:421-432

Villareal DT, Holloszy JO, Kohrt WM 2000 Effects of DHEA
replacement on bone mineral density and body composition in
elderly women and men. Clin Endocrinol (Oxf) 53:561-568
Flynn MA, Weaver-Osterholtz D, Sharpe-Timms KL, Allen S,
Krause G 1999 Dehydroepiandrosterone replacement in aging hu-
mans. J Clin Endocrinol Metab 84:1527-1533

Arlt W, Haas J, Callies F, Reincke M, Hubler D, Oettel M, Ernst
M, Schulte HM, Allolio B 1999 Biotransformation of oral dehy-
droepiandrosterone in elderly men: significant increase in circu-
lating estrogens. ] Clin Endocrinol Metab 84:2170-2176

. Legrain S, Massien C, Lahlou N, Roger M, Debuire B, Diquet B,

518.

519.

520.

521.

522.

523.

524.

525.

526.

527.

528.

529.

530.

531.

532.

Kaufman and Vermeulen ® Androgen Decline in Elderly Men

Chatellier G, Azizi M, Faucounau V, Porchet H, Forette F, Baulieu
EE 2000 Dehydroepiandrosterone replacement administration:
pharmacokinetic and pharmacodynamic studies in healthy elderly
subjects. ] Clin Endocrinol Metab 85:3208-3217

Arlt W, Callies F, Koehler I, van Vlijmen JC, Fassnacht M, Stras-
burger CJ, Seibel MJ, Huebler D, Ernst M, Oettel M, Reincke M,
Schulte HM, Allolio B 2001 Dehydroepiandrosterone supplemen-
tation in healthy men with an age-related decline of dehydroepi-
androsterone secretion. J Clin Endocrinol Metab 86:4686-4692
Kahn AJ, Halloran B 2002 Dehydroepiandrosterone supplemen-
tation and bone turnover in middle-aged to elderly men. J Clin
Endocrinol Metab 87:1544-1549

Wolf OT, Neumann O, Hellhammer DH, Geiben AC, Strasburger
CJ, Dressendorfer RA, Pirke KM, Kirschbaum C 1997 Effects of
a two-week physiological dehydroepiandrosterone substitution on
cognitive performance and well-being in healthy elderly women
and men. J Clin Endocrinol Metab 82:2363-2367

van Niekerk JK, Huppert FA, Herbert J 2001 Salivary cortisol and
DHEA: association with measures of cognition and well-being in
normal older men, and effects of three months of DHEA supple-
mentation. Psychoneuroendocrinology 26:591-612

Kudielka BM, Hellhammer J, Hellhammer DH, Wolf OT, Pirke
KM, Varadi E, Pilz J, Kirschbaum C 1998 Sex differences in en-
docrine and psychological responses to psychosocial stress in
healthy elderly subjects and the impact of a 2-week dehydroepi-
androsterone treatment. J Clin Endocrinol Metab 83:1756-1761
Wolkowitz OM, Kramer JH, Reus VI, Costa MM, Yaffe K, Walton
P, Raskind M, Peskind E, Newhouse P, Sack D, De Souza E,
Sadowsky C, Roberts E 2003 DHEA treatment of Alzheimer’s
disease: a randomized, double-blind, placebo-controlled study.
Neurology 60:1071-1076

Kawano H, Yasue H, Kitagawa A, Hirai N, Yoshida T, Soejima H,
Miyamoto S, Nakano M, Ogawa H 2003 Dehydroepiandrosterone
supplementation improves endothelial function and insulin sen-
sitivity in men. J Clin Endocrinol Metab 88:3190-3195

Araneo B, Dowell T, Woods ML, Daynes R, Judd M, Evans T 1995
DHEAS as an effective vaccine adjuvant in elderly humans: proof-
of-principle studies. Ann NY Acad Sci 774:232-248

Danenberg HD, Ben-Yehuda A, Zakay-Rones Z, Gross DJ, Fried-
man G 1997 Dehydroepiandrosterone treatment is not beneficial to
the immune response to influenza in elderly subjects. J Clin En-
docrinol Metab 82:2911-2914

Hunt PJ, Gurnell EM, Huppert FA, Richards C, Prevost AT, Wass
JAH, Herbert J, Chatterjee VKK 2000 Improvement in mood and
fatigue after dehydroepiandrosterone replacement in Addison’s
disease in a randomized, double-blind trial. J Clin Endocrinol
Metab 85:4650-4656

Cherrier MM, Plymate S, Mohan S, Asthana S, Matsumoto AM,
Bremner W, Peskind E, Raskind M, LaTendresse S, Haley AP,
Craft S 2004 Relationship between testosterone supplementation
and insulin-like growth factor-1 levels and cognition in healthy
older men. Psychoneuroendocrinology 29:65-82

Ly LP, Handelsman DJ 2002 Muscle strength and ageing: meth-
odological aspects of isokinetic dynamometry and androgen ad-
ministration. Clin Exp Pharmacol Physiol 29:39-47

Lambert CP, Sullivan DH, Evans W] 2003 Effects of testosterone
replacement and/or resistance training on interleukin-6, tumor
necrosis factor «, and leptin in elderly men ingesting megestrol
acetate: a randomized controlled trial. ] Gerontol A Biol Sci Med Sci
58:165-170

Lambert CP, Sullivan DH, Freeling SA, Lindquist DM, Evans W]
2002 Effects of testosterone replacement and/or resistance exercise
on the composition of megestrol acetate stimulated weight gain in
elderly men: arandomized controlled trial. ] Clin Endocrinol Metab
87:2100-2106

Ferrando AA, Sheffield-Moore M, Paddon-Jones D, Wolfe RR,
Urban RJ 2003 Differential anabolic effects of testosterone and
amino acid feeding in older men. ] Clin Endocrinol Metab
88:358-362

Endocrine Reviews is published bimonthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society
serving the endocrine community.

Downloaded from edrv.endojournals.org by on November 17, 2009


http://edrv.endojournals.org

