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Growing Use of Androgenic Products
The powerful demographic trend toward aging of popu-
lations in most countries has appropriately focused atten-
tion on the health problems of older men. Although there
is agreement that serum total, bioavailable, and free tes-
tosterone concentrations decline with advancing age
(Haffner et al, 1996; Kaufman and Vermeulen 1997; Mor-
ley et al, 1997; Zmuda et al, 1997; Smith et al, 2000;
Harman et al, 2001), there is considerable uncertainty
about the benefits and risks of testosterone replacement
in older men with low testosterone concentrations (Bhasin
and Buckwalter 2001; Matsumoto 2002). Initial random-
ized, placebo-controlled studies (Tenover 1992, 1998;
Morley et al, 1993; Sih et al, 1997; Snyder et al, 1999a,b;
Urban 1999; Kenny et al, 2001) have established the fea-
sibility of testosterone replacement in older men for up
to 3 years, and demonstrated that testosterone replacement
increases fat-free mass, sense of well-being, and bone
mineral density, and decreases fat mass in older men with
low or low-normal testosterone concentrations. However,
these initial studies (Tenover 1992, 1998; Morley et al,
1993; Sih et al, 1997; Snyder et al, 1999a,b; Urban 1999;
Kenny et al, 2001) were neither designed to determine
the effects of testosterone supplementation on health out-
comes such as fracture rates, falls, physical function, dis-
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ability, neurocognitive ability, and progression to demen-
tia, nor powered to evaluate the effects of androgen ad-
ministration on prostate and cardiovascular event rates.
Long-term studies of 1 to 3 years in duration (Sih et al,
1997; Tenover 1998; Snyder et al, 1999a,b; Kenny et al,
2001) have generally reported a greater increase in he-
matocrit with testosterone administration than that asso-
ciated with placebo administration. A few older men will
develop hematocrits .55% during testosterone adminis-
tration; increases in hematocrit to these high levels would
increase blood viscosity, decrease blood flow rates, and
might increase the risk of stroke. Androgen replacement
may also worsen or induce sleep apnea, and cause edema,
especially in older men with pre-existing heart disease.

In the context of this uncertainty about the long-term
risks of testosterone supplementation in older men, it is
notable that testosterone prescription sales have increased
1700% in the last 9 years, and have grown 460% just in
the last 3 years. Testosterone sales that had been stagnant
at about $18 million until 1988 are projected to reach
$400 million before the end of 2002 (IMS sales data,
Philadelphia, Pa; BMC Corporation sales data, Minne-
apolis, Minn). Whereas the greatest growth in testosterone
sales appears to be in men with hypogonadism and youn-
ger than 65 years of age, testosterone use is also growing
in older men. A growing interest in testosterone use is
reflected in greater media and public attention that this
topic has received.

Although prostate event rates have not been signifi-
cantly different between placebo- and testosterone-treated
men in the previously published studies of testosterone
replacement in older men (Sih et al, 1997; Tenover 1998;
Snyder et al, 1999a,b), it is important to recognize that
these studies did not have sufficient power to detect sig-
nificant differences in prostate event rates between the 2
groups. It has been estimated that in order to detect a 30%
difference in prostate cancer incidence rates between the
placebo- and testosterone-treated groups, it would require
randomization of approximately 6000 older men with low
testosterone levels to the placebo and testosterone groups
and treatment for an average of 5 years. Because such a
randomized clinical trial would likely include relatively
healthy older men with unequivocally low testosterone
levels who do not have prostate cancer or prostate-specific



300 Journal of Andrology · May/June 2003

antigen (PSA) levels .4 ng/mL, this would require
screening a significantly larger number of older men in
order to enroll 6000 eligible men. Accrual of sufficient
numbers of men in such a clinical trial would be a chal-
lenging task. At this time, no study of this size has been
funded; therefore, we will not know for several years
whether testosterone replacement increases the incidence
of clinically overt prostate cancer.

Because the baseline prevalence of benign as well as
malignant prostatic disorders is high (Berry et al, 1984;
Carter et al, 1990; Sakr et al, 1994; Coley et al, 1995;
Hsing et al, 2000; Jemal et al, 2002) in older men and
the risks of prostate problems during testosterone admin-
istration remain undefined, there is understandable anxi-
ety among health care providers who are facing increasing
pressure from patients to consider hormone replacement.
Therefore, the objectives of this commentary are to re-
view the available data on the effects of testosterone re-
placement on the risk of prostatic disease in older men,
and to present some recommendations for prostate mon-
itoring during androgen administration in older men.

This review should not be construed as our endorse-
ment of testosterone replacement in older men with low
testosterone concentrations. Our position is that at pre-
sent, insufficient data exist to warrant a general recom-
mendation for testosterone replacement of all older men
with low testosterone concentrations, but that in some pa-
tients with unequivocally low testosterone levels and clin-
ical and laboratory findings that can be attributed to an-
drogen deficiency, individualized testosterone replace-
ment might be justified after appropriate discussion of the
benefits and risks with the patient, and institution of a
standardized monitoring plan to maximize patient safety
and minimize risk.

Issues Associated With Prostate Risks and Monitoring in
Older Men
Most but not all authorities believe that testosterone does
not cause prostate cancer. Also, there is no consistent re-
lationship between endogenous serum testosterone levels
and the risk of prostate cancer. However, there are a num-
ber of areas of concern.

1) Prostate cancer is a common, androgen–dependent tu-
mor, and androgen administration promotes tumor
growth in patients with metastatic prostate cancer
(Fowler and Whitmore 1981; Manni et al, 1988; San-
ten et al, 1990). Therefore, testosterone administration
is absolutely contraindicated in men with a clinical
prostate cancer.

2) PSA levels increase with age in men who do not have
clinical prostate cancer (Oesterling et al, 1993), and
levels are higher in blacks than in whites (Morgan et
al, 1996).

3) Some men with PSA ,4.0 ng/mL will have or will
develop clinical prostate cancer. The risk of develop-
ing a clinical prostate cancer is related to the baseline
PSA value (Gann et al, 1995; Fang et al, 2001).

4) Many older men have occult, microscopic foci of can-
cer in their prostates (Guileyardo et al, 1980; Carter
et al, 1990; Sakr et al, 1994). We do not know whether
testosterone administration will make these subclinical
foci of cancer grow and become clinically overt.

5) Older men with low testosterone levels may have oc-
cult or clinical prostate cancer (Morgentaler, 1996;
Schatzl et al, 2001). Because PSA levels may be lower
in men with androgen deficiency than in men with
eugonadism, PSA levels in men with low testosterone
levels may not accurately reflect the presence of pros-
tate cancer.

6) Serum PSA levels may be lower in men with testos-
terone deficiency and are restored to levels seen in
age-matched controls following testosterone replace-
ment (Sasagawa, 1990; Behre, 1994; Cooper et al,
1996; Meikle et al, 1997; Svetec et al, 1997). There-
fore, in men receiving testosterone replacement, it is
important to determine whether the increments in PSA
levels are greater than what is expected after testos-
terone administration in men without prostate cancer.
Increased PSA levels can be caused by prostatitis, as-
say variability, differences between PSA assays, bio-
logical variability, testosterone replacement, benign
prostatic hyperplasia (BPH), as well as prostate cancer.
When PSA levels in men with androgen deficiency
and a testosterone replacement regimen show a change
from baseline or from a previously measured value,
the clinician must consider each of these factors before
suggesting that the patient undergo prostate biopsies.

7) More intensive PSA screening and follow-up of men
receiving testosterone replacement might lead to great-
er numbers of prostate biopsies and detection of sub-
clinical prostate cancers that would have otherwise re-
mained undetected. Therefore, it is important to set
criteria for monitoring PSA changes during testoster-
one supplementation. Criteria that use very low thresh-
olds for performing prostate biopsy relative to test-
retest variability will likely result in an excessive num-
ber of biopsies with their associated costs, psycholog-
ical trauma, and morbidity. On the other hand, criteria
that use unreasonably high thresholds for performing
prostate biopsies may fail to detect clinical prostate
cancers at an early stage.

Testosterone and Prostate Cancer Risk
Many Clinically Overt Prostate Cancers are Androgen-

Responsive—Pioneering observations by Huggins (1941)
demonstrated that many metastatic prostate cancers re-
gress after surgical orchiectomy. Since then, androgen ab-
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lation has been shown to induce temporary remission in
approximately 80% of patients with metastatic prostate
cancer, and has become a widely used treatment modality
for this common disorder (Denis 1989; Neri et al, 1989;
Beland et al, 1990; Schmitt et al, 2000). Suppression of
testosterone concentrations, or action by surgical castra-
tion, or by administration of a gonatotropin-receptor hor-
mone (GnRH) agonist, GnRH antagonist, antiandrogen,
or estrogen is determined the basis of hormonal therapy
of metastatic prostate cancer. Conversely, a study (Fowler
and Whitmore 1981) of patients with metastatic prostate
cancer documented tumor progression in 33 of 34 patients
who received testosterone supplementation, and whose
disease had relapsed prior to testosterone treatment. Thus,
androgen ablation initially causes a remission in most
men with prostrate cancer, and androgen supplementation
causes metastatic prostate cancer to flare.

The Effect of Testosterone Supplementation on the
Course of Subclinical Prostate Cancers Is Unknown—
Many aging men with normal serum levels of testosterone
will have occult prostate cancers that never become clin-
ical prostate cancers (Guileyardo et al, 1980; Carter et al,
1990; Sakr et al, 1994). The percentage of men with oc-
cult prostate cancers at autopsy increases with age and is
.50% in the latter decades of life. The prevalence of
occult prostate cancer is similar in American and Japanese
men living in Japan (Carter et al, 1990). However, the
incidence of clinical prostate cancer was 137.0 and 100.8
per 100 000 in American blacks and whites, respectively,
and 9.0 per 100 000 in Japanese men living in Japan
(Hsing and Devesa 2001). Available data do not indicate
a significant difference in serum levels of testosterone
among older men of different ethnic groups. It has been
hypothesized that greater transcriptional activity of an-
drogen receptor due to polymorphisms of the polygluta-
mine tract length in exon 1 of the receptor protein (Hardy
et al, 1996; Giovannucci et al, 1997; Menin et al, 2001),
or amplification of androgen action because of polymor-
phisms of the steroid 5 alpha-reductase (SRD5A2) locus
(Margiotti et al, 2000; Hsing et al, 2001), which encodes
the human prostatic (or type II) steroid 5 alpha-reductase
enzyme, might contribute to some of the increased risk
of prostate cancer in some high-risk groups.

Mortality due to prostate cancer varies inversely with
age (Gatling, 1990), and most occult prostate cancers do
not become clinical prostate cancers. Many of the occult
cancers must occur in eugonadal men, however, it is not
known whether the androgen deficiency that is associated
with aging reduces the risk of an occult prostate cancer
becoming a clinical prostate cancer. It is possible that tes-
tosterone administration might cause these latent or occult
prostate cancers to grow and become clinically significant
prostate cancer. Currently, we do not know the long-term

effects of testosterone replacement on occult prostate can-
cers.

In prospective, randomized controlled trials and retro-
spective reviews of clinical experience (Tenover 1992,
1998; Morley et al, 1993; Sih et al, 1997; Snyder et al,
1999a,b; Kenny et al, 2001), the total number of prostate
cancers has not been numerically greater in testosterone-
treated men than in placebo-treated men. However, all of
the published studies (Tenover 1992, 1998; Morley et al,
1993; Sih et al, 1997; Snyder et al, 1999a,b; Kenny et al,
2001) have collectively treated fewer than 500 carefully
selected, older men who had been rigorously screened for
prostate cancer prior to treatment and meticulously fol-
lowed. It will require a large clinical trial to assess the
frequency with which testosterone supplementation might
increase the frequency of clinically overt prostate cancers.
For instance, to detect a 30% difference in the incidence
rates of prostate cancers between testosterone-treated and
placebo-treated men, approximately 6000 older men, 65–
80 years of age, with low testosterone levels, will need
to be randomized to each of the 2 treatment groups (pla-
cebo and testosterone). Assuming a 1.2% yearly incidence
rate of newly diagnosed prostate cancers in men of this
age group (Landis et al, 1998; Landis et al, 1999; Green-
lee et al, 2000), the average treatment duration will have
to be 5 years. A study of this magnitude, duration, and
complexity would inevitably require allocation of sub-
stantial resources and infrastructure, but one is sorely
needed to answer this crucial question about the safety of
testosterone administration in older men.

Epidemiological Data on the Relationship Between
Serum Testosterone Levels and Prostate Cancer
Epidemiological studies have failed to demonstrate a con-
sistent, dose-related correlation between prostate cancer
risk and sex hormone levels (Jackson et al, 1977, 1981;
Ahluwalia et al, 1981; Meikle and Stanish 1982; Zumoff
et al, 1982; Hulka et al, 1987; Nomura et al, 1988; Meikle
et al, 1989; Barrett-Connor et al, 1990; Andersson et al,
1993; Hsing and Comstock 1993; Gann et al, 1996; No-
mura et al, 1996; Demark-Wahnefried et al, 1997; Guess
et al, 1997; Vatten et al, 1997; Wolk et al, 1997; Dorgan
et al, 1998; Heikkila et al, 1999; Hawk et al, 2000; Sha-
neyfelt et al, 2000; Mohr et al, 2001; Slater, 2000). A
majority of case-control studies have found no significant
association between serum testosterone or dihydrotestos-
terone (DHT) concentrations and the risk of prostate can-
cer. Eaton and colleagues (1999) reported a quantitative
review of the data from 8 prospective epidemiological
studies and concluded that there are no large differences
in circulating hormones between men who subsequently
go on to develop prostate cancer and those who remain
free of the disease. In a meta-analysis of 28 case control
studies by Shaneyfelt et al (2000), 17 showed no differ-
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ence between serum testosterone levels between men with
prostate cancer and controls, 6 had lower testosterone lev-
els, and only 6 showed higher levels. Remarkably, in 2
cohort and nested-case control studies (Nomura et al,
1988; Hsing and Comstock 1993; Gann et al, 1996), men
with the higher quartile of serum testosterone concentra-
tions, after adjustment for age, body mass index, DHT
and estradiol, had 2.3 times the risk for prostate cancer
than men in the lowest quartile. The increased risk is
largely attributed to one study (Gann et al, 1996) in which
low sex hormone-binding globulin (SHBG) levels were
correlated with high serum testosterone levels, an unusual
finding that is not reported in any other study. It also
should be mentioned that 2 large, prospective, longitudi-
nal studies of middle-aged and older men—the Rancho
Bernardo Study—(Barrett-Connor et al, 1990) and the
Massachusetts Male Aging Study (Mohr et al, 2001)—
did not find a significant association or a dose-response
relation between serum testosterone concentrations and
the risk of prostate cancer.

None of the studies that measured DHT and estradiol
found higher levels of these hormones in cases than in
controls. SHBG levels have also not been significantly
different between cases and controls in a majority of stud-
ies with the exception of one study (Gann et al, 1996).

Thus, the available evidence is conflicting and incon-
clusive on whether high testosterone concentrations con-
fer a higher risk of prostate cancer in men. In many stud-
ies, the hormone measurements were performed on single,
stored samples that were collected at different times of
the day, which may have introduced a bias. The interpre-
tation of data from epidemiological studies is confounded
also by the variability in study design and methods for
hormone measurements. The criteria used for selecting
controls varied considerably and were not optimal in
some studies. Many of the studies did not take into ac-
count the effects of prostate cancer and other concomitant
illnesses on hormone levels, particularly in older men,
and the high correlation between circulating concentra-
tions of testosterone, estradiol, DHT, and SHBG. Finally,
analyses of serum hormone levels does not take into ac-
count the possibility that circulating concentrations of
hormones might not accurately reflect hormone action or
concentrations at the tissue level, particularly within the
prostate. An ongoing randomized, double-blind study of
finasteride for the prevention of prostate cancer may pro-
vide important insights into the role of intraprostatic and
circulating DHT concentrations in the pathophysiolgy of
prostate cancer.

The problems inherent in epidemiological association
studies have been highlighted recently by the firestorm
that erupted after the release of data from the Women’s
Health Initiative on the effects of estrogen. The data from
this and other randomized, controlled, intervention trials

have contrasted sharply with the data from previous epi-
demiological studies that had reported lower cardiovas-
cular mortality in estrogen users. The results of the Wom-
en’s Health Initiative (2002) and the HERS (Hulley et al,
1998) emphasize the need for definitive, randomized, pla-
cebo-controlled studies of testosterone supplementation in
older men.

Biopsy-Diagnosed Prostate Cancer in Men with Low
Testosterone Levels
Morgentaler et al (1996) evaluated 77 men with low total
testosterone or free testosterone (measured by a tracer an-
alogue assay) concentrations. These men with a mean age
of 58 years had a normal digital rectal examination of the
prostate, a PSA level of #4.0 ng/mL, and underwent sex-
tant biopsies of the prostate. Eleven of 77 men (14%)
were found to have prostate cancer with Gleason scores
of 6 or 7. Serum PSA concentrations, PSA density, pros-
tate volume, and total or free testosterone concentrations
were not significantly different between men who had
cancer and those who did not. This study did not have a
control group, and we do not know whether sextant bi-
opsies of age-matched controls with normal testosterone
levels would yield a similarly high incidence of biopsy-
detectable cancer. In another study of 332 men whose
mean age was 64.2 years and who had PSA levels 2.6 to
4.0 ng/mL and a benign prostate examination, cancer was
found in 22% of the biopsies (Catalona et al, 1997). In 2
additional studies, positive biopsies were found in 24%
of 273 (Djavan et al, 1999) and 24% of 151 men (Babaian
et al, 2001) with PSA levels between 2.5 and 4.0 ng/mL
and a normal digital examination of the prostate. There-
fore, the study by Morgenthaler et al (1996) should not
be interpreted to indicate that there is an increased prev-
alence of latent prostate cancer in men with low free or
total testosterone levels, or that prostate biopsies are need-
ed in all men with low testosterone concentrations.

Two reports found a higher prevalence of prostate can-
cer in the biopsies and a higher histological prostate can-
cer score in men with low testosterone levels (Hoffman
et al, 2000; Schatzl et al, 2001). Hoffman and colleagues
(2000) evaluated 117 consecutive patients diagnosed with
prostate cancer; 57 of these 117 men subsequently un-
derwent radical prostatectomy. Men with low testosterone
levels were older (69 vs 61.9 years), had a higher per-
centage of biopsies that revealed cancer (43% vs 22%, P
, .01), and had a higher percentage of biopsies with a
Gleason score of 8 or greater (7 of 64 vs 0 of 48, P ,
.025). Another study (Schatzl et al, 2001) reported that in
men with prostate cancer, low testosterone levels are as-
sociated with somewhat higher-grade prostate cancers
than in men with normal testosterone levels even though
age, PSA level, and prostate volume were similar in the
men with low and normal testosterone levels. These stud-
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ies selected men who were diagnosed with prostate cancer
and then analyzed the tumor characteristics on the basis
of patients’ serum levels of testosterone. Lack of appro-
priate controls that are matched for nutritional state and
body composition makes it difficult to interpret these data.
These data emphasize the need to be vigilant about the
risk of prostate cancer even in men with low testosterone
levels; however, these data should not be interpreted to
indicate that low testosterone levels are a risk factor for
prostate cancer.

Interpreting Changes in Serum PSA Levels During
Testosterone Replacement Therapy

Data from Intervention Studies of Testosterone Re-
placement in Young and Older Men With Hypogonad-
ism—Lowering of serum testosterone concentrations by
withdrawal of androgen therapy in young men with hy-
pogonadism is associated with a decrease in serum PSA
levels (Meikle, 1997). Similarly, treatment of men with
BPH with a 5-alpha reductase inhibitor, finasteride, is as-
sociated with a significant lowering of serum and prostatic
PSA levels (Gormley et al, 1992).

Conversely, several studies (Holmang et al, 1993; Beh-
re and Nieschlag, 1994; Gooren 1994; Douglas et al,
1995; Arver et al, 1997; Meikle et al, 1997; Ozata et al,
1997; Svetec et al, 1997; Bhasin et al, 1998; Wang et al,
2000; Jin et al, 2001; Shibasaki et al, 2001; Singh et al,
2001; Hong and Ahn 2002) of testosterone replacement
in healthy young men with hypogonadism have demon-
strated a significant increase in serum PSA levels after
testosterone administration (Table 1), although some stud-
ies have reported no significant change in PSA levels
(Cooper et al, 1996; Katznelson et al, 1996; Snyder et al,
2000). In a systematic review of published studies of tes-
tosterone replacement in men with hypogonadism, we
have calculated the weighted effect size to be 0.68 stan-
dard deviation units with a 95% confidence interval of
0.55 to 0.82, which is statistically significant. This means
that the average effect of testosterone replacement therapy
is to increase PSA levels by about 0.68 standard devia-
tions over baseline. Because the average standard devia-
tion was 0.47 in this systematic analysis, the standard
deviation score of 0.68 translates into an average increase
in serum PSA levels of about 0.30 ng/mL. There is con-
siderable variability in the magnitude of change in PSA
after testosterone supplementation among these studies (P
, .00001), in part due to the heterogeneity of study pop-
ulations, inclusion of older men in some studies but not
others, and differences in PSA assays. In addition, many
patients who were enrolled in these studies were likely
receiving testosterone replacement therapy previously; we
do not know whether the washout period was sufficient
to revert PSA levels to baseline. Therefore, it is possible
that because of inadequate washout, the increments in se-

rum PSA levels after testosterone administration might
have been underestimated.

To evaluate whether older men experience a greater
increase in PSA after testosterone supplementation, we
performed a separate systematic review of data from pla-
cebo-controlled trials of testosterone supplementation in
older men with low or low-normal testosterone concen-
trations (Tenover 1992; Morley et al, 1993; Urban et al,
1995; Sih et al, 1997; Snyder et al, 1999a; Kenny et al,
2001). The weighted effect size in 6 studies of older men
was 1.48 standard deviation units, with a 95% confidence
interval of 1.21 to 1.75, which was statistically signifi-
cant. Thus, on average, older men experience a greater
increase in serum PSA concentrations than populations of
predominantly younger men. The average effect of tes-
tosterone replacement in older men is to increase PSA
levels by almost 1.5 standard deviations over baseline.
There is, however, significant variability in the results
among these 6 studies (P , .0001), and the average stan-
dard deviation was skewed by 1 study, which had a very
high standard deviation (Kenny et al, 2001). After ex-
cluding this study, the average change in serum PSA lev-
els after testosterone replacement in studies of older men
was 0.43 ng/mL.

In the long-term, randomized, placebo-controlled trials
of testosterone supplementation in older men (Sih et al,
1997; Snyder et al, 1999a,b; Kenny et al, 2001), the
changes in PSA levels in testosterone-treated men were
not significantly different from that in placebo-treated
men (Table 2). Two short-term clinical trials of testoster-
one supplementation in older men (Tenover 1992; Urban
1999) did report statistically significant increments in
PSA levels after testosterone treatment, although the in-
crements in PSA levels were modest; serum PSA level
increased from 2.1 to 2.7 ng/mL in one trial (Tenover
1992), and from 1.7 to 2.1 ng/mL in the other trial (Urban
1999).

In young men with eugonadism, administration of su-
praphysiological doses of testosterone does not further in-
crease serum PSA levels (Bhasin et al, 1996; Wu et al,
1996). These data are consistent with dose-response stud-
ies in young men (Bhasin et al, 2001) that demonstrate
that maximal serum concentrations of PSA are achieved
at testosterone levels that are at the lower end of the nor-
mal male range; higher testosterone concentrations are not
associated with higher PSA levels.

These data taken together suggest that the administra-
tion of replacement doses of testosterone in men with
androgen deficiency can be expected to produce a modest
increment in serum PSA levels. Increments in PSA levels
after testosterone supplementation in men with androgen
deficiency are generally less than 0.5 ng/mL, and incre-
ments in excess of 1.0 ng/mL over a 3–6 month period
are unusual. Nevertheless, administration of testosterone
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Table 1. Change in serum PSA concentrations in healthy, hypogonadal men after testosterone replacement therapy*

Study Subjects Treatment Change in PSA during treatment

Behre et al, 1994 Healthy, young hypogonadal Testosterone enanthate 250
mg/2 wk, T patch or TU

10.34 ng/mL

Cooper et al, 1996 Eugonadal men Testosterone enanthate 11,
250, and 500 mg/2 wk

20.1 ng/mL at 16 wk, 20.2 ng/mL at 28
wk, and 10.02 ng/mL at 40 wk, statisti-
cally insignificant

Meikle et al, 197 Healthy, hypogonadal men Androderm patch 5.0 mg/day 10.15 ng/mL after 12 mo of treatment
Wang et al, 2000† Healthy, hypogonadal men,

mostly young, but some old-
er men included

Testosterone gel or andro-
derm patch

10.17 ng/mL after 3 mo, and 10.18 ng/
mL after 6 mo of 50 mg/day testoster-
one gel treatment; 10.30 ng/mL after 3
and 6 mo of 100 mg/day testosterone
gel; 20.01 ng/mL after 6 mo of testos-
terone patch

Synder et al, 2000 Healthy, older men with serum
testosterone ,475 ng/dL

Testosterone scrotal patch 6
mg/day

No change in PSA

Katznelson et al, 1996 Healthy, hypogonadal men Testosterone enanthate or cy-
pionate 100 mg/week

No significant change in PSA

Svetec et al, 1997 Men with erectile dysfunction,
a normal digital rectal ex-
amination, and a low or low-
normal total testosterone

Variable, individualized, re-
placement regimens

Mean increase in PSA after testosterone
replacement was 0.29 ng/mL. Mean
PSA velocity was 0.05 ng/mL per y.

Arver et al, 1997 Healthy, hypogonadal men 5 mg torso patch or testoster-
one enanthate

Actual values or change not given; howev-
er, PSA values were lower during patch
treatment than during TE treatment

Bhasin et al, 1998 Young, HIV-infected men with
serum testosterone less
than 400 ng/dL

5 mg torso patch Mean change 10.05 ng/mL, not signifi-
cantly different than placebo

Singh et al, 2001 Men with end-stage renal dis-
ease on hemodialysis with
total testosterone ,350 ng/
dL

10 mg torso patch No significant change in PSA

Guay et al, 2000 90 men with erectile dysfunc-
tion and low testosterone
levels

Variable, including testoster-
one enanthate, testosterone
patch or clomiphene citrate

With testosterone patch, i.m. testosterone
ester, and clomiphene, the mean in-
creases in PSA were 0.20, 0.32, and
0.80 in men 40–60 y, and 0.23, 0.94,
and 1.2 ng/mL in men 61–80 y of age

Douglas et al, 1995 10 hypogonadal men, 40–76 y Testosterone enanthate 200
mg i.m. every 2 wk or 6 mg
Testoderm patch

Increase in PSA from 0.98 to 1.42 ng/mL
in testosterone patch group, and no
change in testosterone enanthate group

Ozata et al, 1997 13 men with idiopathic hypo-
gonadotropic hypogonadism
(21–23 y)

hCG and hMG Increase in PSA from 1.0 to 1.25 ng/mL

Shibasaki et al, 2001 Men with Klinefelter syndrome Variable regimens of testoster-
one replacement

No change in serum PSA concentrations

Jin et al, 2001 71 hypogonadal men (range
18–78 y) compared with
age-matched healthy con-
trols without prostate dis-
ease

Testosterone esters, implants,
and other modalities, treat-
ed for 1–145 mo

PSA levels after testosterone replacement
similar to age-matched eugonadal con-
trols, increased from 0.6 to 1.0 ng/mL

Hong and Ahn, 2002 Korean men with partial an-
drogen deficiency

Oral testosterone undecano-
ate 160 mg daily for 3 wk,
then 80 mg daily for 3 mo

No significant change in PSA levels

Holmang et al, 1993 23 middle-aged men, 40–65 y,
BMI .25 kg/m2

Testosterone undecanoate
160 mg daily vs placebo 3
8 mo

No significant change in PSA (from 1.28 to
1.30 mg/L after 8 mo)

Gooren, 1994 35 hypogonadal men; 33 fol-
lowed for 10 y, 15–62 y

Testosterone undecanoate
80–200 mg daily

PSA not reported, urine flow rate did not
change.

* We evaluated studies of testosterone replacement in healthy, hypogonadal men that were listed in the National Library of Medicine’s PubMed
database. For this systematic analysis, we included only those studies that reported PSA levels in the published manuscript. Although most of the
studies included predominantly young men, some studies included men .age of 60. Studies that exclusively recruited older men are listed in Table 2.

† Testosterone gel used in this clinical trial employed a slightly different delivery system and concentration than the testosterone gel that is now
commercially available.
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Table 2. Change in serum PSA concentrations in older men with low or low-normal testosterone concentrations*

Study Subjects Treatment Change in PSA during treatment

Snyder et al, 1999 Healthy, older men with low
normal or low testosterone
levels

Scrotal testosterone patch 6
mg/day 3 3 y

PSA increased from a mean of 1.5 to 2.0
ng/mL at 6 mo, and remained stable
thereafter

Sih et al, 1997 Healthy older men with bio-
testosterone ,70 ng/dL

Testosterone cypionate 200
mg/14–17 days 3 12 mo

PSA increased from a mean of 1.0 ng/mL
at baseline to 1.3 ng/mL at 3 mo, 1.6
ng/mL at 6 mo, and 1.9 ng/mL at 12
mo. Change in testosterone-treated men
not significantly different from placebo-
treated men

Urban et al, 1999 Healthy, older men, with low
normal testosterone levels

Initial testosterone enanthate
dose 100 mg weekly; dose
adjusted. Duration 4 wk

Mean PSA increased significantly from 1.7
ng/mL to 2.1 ng/mL (P 5 .04). No pla-
cebo group for comparison

Morley et al, 1993 Medically stable, older men
with biotestosterone ,70
ng/dL

Testosterone enanthate 200
mg every 2 wk 3 3 mo

Mean PSA increased from 1.7 ng/mL to
2.5 ng/mL; (P 5 NS)

Tenover et al, 1992 Healthy, older men with tes-
tosterone ,350 ng/dL

Testosterone enanthate 100
mg weekly 3 3 mo

Significant increase in PSA from a mean
of 2.1 ng/mL to 2.7 ng/mL (P , .01)

Kenny et al, 2001 67 men (range 65–87) with
bioavailable testosterone
levels ,4.44 nmol/L

Placebo vs 5 mg/day testos-
terone patch

2.0 6 1.4 ng/mL to 2.6 6 1.8 mg/L (P ,
.04)

Hajjar et al, 1997 Retrospective analysis of men
with erectile dysfunction and
bioavailable testosterone
,72 ng/dL

Testosterone enanthate or cy-
pionate 200 mg every 2 wk.
Controls received no treat-
ment

10.49 ng/mL in testosterone-treated men
vs 10.25 ng/mL in placebo-treated men;
difference between placebo and testos-
terone-treated men was not statistically
significant

* For this systematic analysis, we included those studies that exclusively recruited healthy, older men with low or low-normal testosterone concen-
trations, and were listed in the National Library of Medicine’s PubMed database. The age criteria for inclusion differed significantly among these
studies. Similarly, treatment regimens, duration, and PSA inclusion criteria were not uniform across these studies.

to men with baseline PSA levels between 2.5 and 4.0 ng/
mL will cause PSA levels to exceed 4.0 ng/mL in some
men. Increments in PSA levels above 4 ng/mL will trigger
a urological consultation and many of these men will be
asked to undergo prostate biopsies.

Variation in PSA Concentrations Due To Assay Vari-
ability and Aging-Related Change—There is considerable
test-retest variability in PSA measurements. Some of this
variability is due to the inherent assay variability, and a
significant portion of this variability is due to unknown
factors. Kadmon and colleagues (1996) determined the
variability of serum PSA levels in men without prostate
cancer. The interassay coefficient of variation was 7.5%.
Fluctuations in serum PSA occurred in 78% of the men
over a 2-year follow up period, and 12.5% had at least a
single PSA increase exceeding 0.75 ng/mL per year. Fluc-
tuations were larger with higher mean PSA levels. There
is some evidence that the interassay variation is greater
than 1 ng/mL in a significant percentage of samples as-
sayed with the Hybritech assay (Manseck et al, 1998).
Interassay variability is reported to be less with the Ab-
bott Asym assay. Variability can be even greater if mea-
surements are performed in different laboratories that use
dissimilar assay methodologies (Riehmann et al, 1993;
Wenzl et al, 1998). The 95% confidence limits for the
change in PSA levels between 2 tests performed 3–6

months apart in the placebo-treated men in a study of
finasteride in men with BPH was 1.4 ng/mL or 49% of
baseline value (Gormley et al, 1992); therefore, a change
of .1.4 ng/mL in samples drawn 3–6 months apart has
been used as a criterion for seeking urological evaluation
in some clinical trials of finasteride (McConnell et al,
1998). As a rough approximation, the interassay coeffi-
cient of variation of PSA assays on average has been
reported to be 15% (Ornstein et al, 1997). The coefficient
of variation of the PSA assay should be taken into ac-
count when evaluating the change in PSA between sam-
ples drawn at different times or when interpreting the
PSA velocity (see PSA Velocity Criteria in section later).

Some types of prostatic manipulations such as prostatic
massage, needle biopsy, and transurethral retrograde pros-
tatectomy (TURP) can significantly increase PSA levels,
whereas other procedures such as digital rectal examina-
tion, cystoscopy, and ejaculation have very little effect on
serum PSA levels (Klein and Lowe 1997). These factors
should be considered in the interpretation of elevated PSA
levels.

Application of the PSA Velocity Criterion to Prostate
Monitoring During Testosterone Administration—In pa-
tients in whom sequential PSA measurements are avail-
able for more than 2 years, Carter and Pearson (1993)
have proposed the use of PSA velocity criterion to iden-
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tify men at higher risk for prostate cancer. A PSA velocity
criterion has not been used in any of the published clinical
trials of testosterone supplementation. Based on the anal-
ysis of the data of men in the Baltimore Longitudinal
Study of Aging, Carter et al (1995) demonstrated that if
the baseline PSA were between 4 and 10 ng/mL, a rate
of change of .0.75 ng/mL/y in PSA was unusual in men
with benign prostatic disease. Because most men receiv-
ing testosterone replacement will have baseline PSA lev-
els ,4.0 ng/mL, the criteria established for baseline PSA
values between 4 and 10 ng/mL are too lenient. In a re-
cent analysis of data from the Baltimore Longitudinal Ag-
ing Study, Fang et al (2002) reported the PSA velocity in
men with prostate cancers who have baseline PSA ,4 ng/
mL. In these men with initial PSA of less than 4 ng/mL,
the long-term follow-up indicated that a cut point for PSA
velocity of 0.1 ng/mL per year had a sensitivity of 81%
and a specificity of 50% for the detection of prostate can-
cer. Setting the threshold at 0.2 ng/mL per year gave a
sensitivity of 52.4% and a specificity of 79.4%. These
findings need to be confirmed; however, it should be rec-
ognized that in view of the considerable test-retest vari-
ability in PSA levels in the same individual, setting
thresholds for prostate biopsy that are substantially lower
than the test-retest variability would likely result in a
large number of false triggers for biopsy.

The use of PSA velocity criterion is likely to be more
useful in men in whom PSA data are available over many
years so that the PSA change over baseline exceeds the
expected interassay variability. As an illustration, consid-
er the case of a man with baseline PSA of 2.4 ng/mL and
whose PSA after 2 years of testosterone supplementation
is 3 ng/mL. The absolute 2-year change in PSA of 0.6
ng/mL translates into a PSA velocity of 0.3 ng/mL/y, and
exceeds the threshold of 0.2 ng/mL/y proposed by Fang
et al (2002). However, because this change of 0.6 ng/mL
is less than 2 times the interassay CV (30% or 0.72 ng/
mL), it should be viewed with caution and followed by
closer follow-up of PSA values over the subsequent year
rather than immediate prostate biopsy. It should be em-
phasized that the study by Fang et al (2002) involved a
relatively small number of men who developed prostate
cancer over a long period (10 years) of follow up. In
another study a PSA velocity cutoff of 0.75 ng/mL or
more per year provided a sensitivity of 79% and a spec-
ificity of 66% in predicting prostate cancer (Smith and
Catalona 1994). These observations came from a prostate
cancer detection study that involved 312 men with base-
line PSA levels of ,4.0 ng/mL and who subsequently
developed PSA values .4.0 ng/mL. All men with verified
PSA levels .4.0 ng/mL underwent prostate biopsies. Fol-
low-up was for up to 5 years.

Carter and Pearson (1993) have emphasized that PSA
velocity should not be used for follow-up periods of less

than 2 years. Also, estimation of PSA velocity requires
multiple PSA measurements over time. PSA velocity is
calculated as the total change in PSA from baseline di-
vided by the time in years. A PSA velocity of .0.2 ng/
mL/y does not imply that the patient has prostate cancer,
nor should it be used to dictate immediate prostate biopsy;
rather, it signifies a higher than average risk for devel-
oping prostate cancer during the subsequent decades
Therefore, PSA velocity can be particularly useful during
long-term follow-up of patients over many years. For pe-
riods of less than 3 years, we propose that PSA velocity
of .0.4 ng/mL/y should warrant a urological evaluation
and more intensive future surveillance for prostate cancer.
For follow-up periods exceeding 3 years, a PSA velocity
of .0.2 ng/mL/y is likely associated with a greater than
average risk of prostate cancer and should warrant a clos-
er follow-up of the patient. Neither of these PSA velocity
criteria that we have proposed has been tested for speci-
ficity or sensitivity in prospective trials of testosterone
replacement; they should be viewed as the authors’ opin-
ions based on a relatively limited amount of data.

Effects of Testosterone Supplementation on Prostate
Volume and Course of BPH—Prostate size increases dur-
ing the pubertal years; after completion of pubertal
growth, there is little change in prostate size until ap-
proximately 50 years of age. After 50 years of age, pros-
tate size begins to increase again (Berry et al, 1984). His-
tological BPH is uncommon in men in their 30s and 40s,
and its prevalence increases with age so that by age 80,
about 80% of men have histological evidence of BPH.
About half of these men develop macronodular BPH.
There is no clear correlation between serum androgen
concentrations and prostate size in men. As men age, the
prostate volume increases, whereas serum total and free
testosterone concentrations decrease. Most but not all
studies have found that mean serum DHT and estradiol
levels remain relatively constant in men with advancing
age. There is, however, a correlation between prostate vol-
ume and PSA. The PLESS study showed that baseline
PSA and prostate volume are powerful predictors of the
risk of acute urinary retention and the need for BPH-
related surgery (Roehrborn et al, 2000).

Lowering of serum testosterone concentrations by ad-
ministration of a GnRH agonist, or blocking androgen
effects by administration of an antiandrogen is associated
with a reduction in prostate volume. These treatments are
typically associated with a 20%–30% reduction in pros-
tate volume. Inhibition of steroid 5-alpha-reductase en-
zyme by finasteride decreases serum and intraprostatic
DHT concentration, and was associated with an average
16% reduction in prostate volume in a large multicenter
study (Gormley et al, 1992). Thus, once established, an-
drogen deprivation is moderately effective in reducing
prostate volume.
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Table 3. Recommendations for monitoring prostate-related,
adverse experiences during testosterone replacement in older men

A. Baseline evaluation
1. Digital rectal examination
2. Serum PSA
3. AUA or IPSS symptom scores for benign prostatic hyperplasia

B. Follow-up evaluation at 3, 6, and 12 mo and annually thereafter
1. Serum PSA
2. Digital rectal examination
3. AUA or IPSS symptom scores for benign prostatic hyperplasia

AUA indicates American Urological Association; IPSS, International
Prostate Symptom Score.

In young men with hypogonadism, prostate volumes
are lower than in age-matched controls, and testosterone
replacement therapy increases prostate volume to that of
age-matched controls (Behre, 1994; Meikle, 1997). How-
ever, continued treatment with replacement doses of tes-
tosterone does not increase prostate volume progressively
or above the size expected for age. Treatment of BPH
usually is guided by the severity of symptoms, and pros-
tate volume and symptoms usually are not closely cor-
related. In placebo-controlled, randomized, clinical trials
of testosterone in older men with low or low-normal tes-
tosterone levels (Sih et al, 1997; Tenover 1998; Snyder
et al, 1999a,b), there were no significant differences in
the frequency of prostate events or invasive procedures
between placebo and testosterone-treated men. Although
2 of the randomized clinical trials were of 3 years dura-
tion (Tenover 1998; Snyder et al, 1999a,b), none of the
previous studies was powered to detect clinically mean-
ingful differences in prostate event rates. They did not
involve a large enough number of men for a long enough
time to answer this issue. Therefore, we do not know
whether testosterone replacement therapy will increase
the need for invasive treatment of BPH.

Testosterone replacement can be administered safely to
men with BPH who have mild to moderate symptom
scores (Table 4). The severity of symptoms associated
with BPH can be assessed by using either the Interna-
tional Prostate Symptom Score (IPSS) or the American
Urological Association (AUA) Symptom questionnaires.
Because androgen replacement in men with androgen de-
ficiency increases prostate volumes only modestly (Sas-
agawa, 1990; Behre, 1994; Cooper et al, 1996; Meikle,
1997), there is typically little or no change in prostate
symptom scores in most men treated with replacement
doses of testosterone. However, it is possible that in pa-
tients with pre-existing, severe symptoms of BPH, even
small increases in prostate volume during testosterone ad-
ministration may exacerbate obstructive symptoms. In
these men, testosterone should either not be administered
or it should be administered with careful monitoring of
their obstructive symptoms and only after their prostatic
enlargement has been effectively treated urologically.

Use of Other Prostate Markers for Monitoring—The
utility of measurements of free and complexed PSA for
prostate cancer screening has been investigated in several
trials (Polascik et al, 1999; Djavan et al, 2002; Ellison et
al, 2002); these studies generally suggest that percent free
PSA improves the specificity for prostate cancer detection
in men with PSA values between 4 and 10 ng/mL. How-
ever, these studies have not demonstrated higher predic-
tive value with the use of algorithms that employ digital
rectal examination, total PSA, and the ratio of free to total
PSA over algorithms that use only digital rectal exami-
nation and total PSA. The cost:benefit analyses have yet

to establish the utility of using free to total PSA ratio or
complexed PSA in population screening for prostate can-
cer.

Some studies have suggested that a PSA density of
greater than 0.15 may better distinguish BPH from pros-
tate cancer (Polascik, 1999) than PSA alone; the predic-
tive value and cost effectiveness of such as an approach
for population screening of older men has not been eval-
uated in large, prospective, clinical trials. The calculation
of PSA density requires the measurement of prostate vol-
ume by the use of ultrasound; this adds significantly to
the cost of screening. In addition, no data are currently
available from testosterone trials to rationalize the use of
either free to total PSA ratio or PSA density in prostate
screening during testosterone supplementation.

Monitoring Recommendations
Monitoring PSA Levels in Older Men Receiving Tes-

tosterone Replacement—Older men considering testoster-
one supplementation should undergo digital examination
of the prostate, evaluation of risk factors for prostate can-
cer, and symptom scores for BPH using either the AUA
or the IPSS questionnaire, and a baseline PSA measure-
ment (Table 3). As a general rule, men with a previous
history of prostate cancer should not be given androgen
supplementation, and those with palpable abnormalities
of the prostate or PSA levels .4 ng/mL should undergo
urological evaluation (Table 4). We recognize that some
men with hypogonadism who have had a radical prosta-
tectomy for prostate cancer and undetectable PSA levels
for several years may be ‘‘cured’’ and may be candidates
for testosterone replacement therapy. Because testoster-
one administration could potentially promote the growth
of residual cancer, replacement therapy in this setting
should only be considered after urological consultation
and after a thorough discussion of the potential risks. If
replacement therapy is provided to such men, PSA levels
must be monitored more frequently. Men with BPH and
mild to moderate symptoms of (AUA symptom score less
than 21) can be safely treated with testosterone replace-
ment with careful follow-up.
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Table 4. Prostatic disorders that constitute relative or absolute
contraindications for androgen supplementation

Absolute contraindication
1. The presence or history of prostate cancer

Relative contraindications
1. Baseline PSA 4 ng/mL or a palpable abnormality of the prostate

without urological evaluation to rule out prostate cancer
2. Evidence of hereditary prostate cancer in men, defined as the

presence of 3 or more affected relatives within a nuclear family,
or occurrence of prostate cancer within each of 3 generations
(paternal or maternal), or the presence of 2 relatives affected
at an early age of 55 y or less (Carter et al, 1993)

3. Severe symptoms of lower urinary tract obstruction as indicated
by IPSS or AUA symptoms core of 21 or greater

Table 5. Indications for urological consultation in men receiving
testosterone replacement

1. Verified serum or plasma PSA concentration .4.0 ng/mL
2. An increase in serum or plasma PSA concentration .1 ng/mL

after 3 or 6 mo of testosterone treatment
3. A PSA velocity of .0.4 ng/mL/y using the PSA level after 6 mo

of testosterone administration as the reference*
4. Detection of a prostatic abnormality on digital rectal examination
5. An AUA or IPSS prostate symptom score of .21

* The recommendation for using PSA velocity threshold of 0.4 ng/mL/y
is not based on data, but it takes into consideration the findings of Fang
et al (2002) and those of Smith and Catalona (1994). It reflects our opin-
ion based on considerations of interassay coefficient of variation of PSA
assays and these 2 reports.

After initiation of testosterone replacement therapy,
PSA levels and digital examination of the prostate should
be repeated at 3, 6, and 12 months, and annually there-
after (Andropause Consensus Panel, 2001). Clinical ex-
perience and data from controlled clinical trials have es-
tablished that the increments in PSA levels after testos-
terone administration in men with hypogonadism occur
in the first 3–6 months, at which point new steady state
PSA levels are achieved. Continued treatment beyond 12–
24-weeks would be expected to be associated only with
predictable, age-related changes in PSA levels. Therefore,
excessive increases in serum PSA levels after 3–6 months
of initiating testosterone replacement therapy should be
investigated. Our recommendations for requesting a uro-
logical consultation are provided in Table 5.

Men being considered for testosterone replacement
therapy should also be evaluated for prostate symptom
scores by using the AUA or the IPSS symptom question-
naires. Testosterone should not be administered to men
with symptoms scores in excess of 21. These symptom
scores should be re-evaluated 3 months after initiating
testosterone replacement therapy, and annually thereafter.
Marked increases in PSA symptom scores or increases
above 21 during treatment should lead to urological eval-
uation.

Other Uncertainties Related to Testosterone
Supplementation in Older Men
Although this review focused on issues related to poten-
tial prostate adverse events and monitoring during testos-
terone replacement of older men, a number of other un-
certainties are related to the issue of testosterone supple-
mentation, which have been discussed in other recent re-
views (Andropause Consensus Panel 2001; AACE
Guidelines for Evaluation and Treatment of Hypogonad-
ism in Adult Male Patients 2002 Update; Bhasin and
Buckwalter 2001; Matsumoto 2002; American College of
Medicine, 2002; Morales and Lunenfeld 2002), but were
not covered in this systematic review. There is no con-

sensus on numerical thresholds of serum total or free tes-
tosterone concentrations, which should be used to define
‘‘androgen deficiency’’ in older men. However, most au-
thorities compare levels with those in healthy men 20 to
40 or 45 years of age. The beneficial effects of testoster-
one replacement in older men on health-related outcomes
are yet to be demonstrated. We do not know the optimum
target level of serum testosterone that should be achieved
during testosterone replacement and that would maximize
benefits and minimize the risks of testosterone supple-
mentation. The role of androgen supplements—DHEA
and androstenedione—which are widely available in
health food stores, remains largely unknown.
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