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Context: The risks of testosterone therapy in men remain poorly understood.

Objective: The aim of this study was to conduct a systematic review and meta-analyses of testos-
terone trials to evaluate the adverse effects of testosterone treatment in men.

Data Sources: \We searched MEDLINE, EMBASE, and Cochrane CENTRAL from 2003 through August
2008. Review of reference lists and contact with experts further identified candidate studies.

Study Selection: Eligible studies were comparative, randomized, and nonrandomized and re-
ported the effects of testosterone on outcomes of interest (death, cardiovascular events and risk
factors, prostate outcomes, and erythrocytosis). Reviewers, working independently and in dupli-
cate, determined study eligibility.

Data Extraction: Reviewers working independently and in duplicate determined the methodolog-
ical quality of studies and collected descriptive, quality, and outcome data.

Data Synthesis: The methodological quality of the 51 included studies varied from low to medium,
and follow-up duration ranged from 3 months to 3 yr. Testosterone treatment was associated with
asignificantincrease in hemoglobin [weighted mean difference (WMD), 0.80 g/dl; 95% confidence
interval (Cl), 0.45 to 1.14] and hematocrit (WMD, 3.18%; 95% Cl, 1.35 to 5.01), and a decrease in
high-density lipoprotein cholesterol (WMD, —0.49 mg/dl; 95% Cl, —0.85 to —0.13). There was no
significant effect on mortality, prostate, or cardiovascular outcomes.

Conclusions: The adverse effects of testosterone therapy include an increase in hemoglobin and
hematocrit and a small decrease in high-density lipoprotein cholesterol. These findings are of
unknown clinical significance. Current evidence about the safety of testosterone treatmentin men
in terms of patient-important outcomes is of low quality and is hampered by the brief study
follow-up. (J Clin Endocrinol Metab 95: 2560-2575, 2010)
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Ithough the prevalence of low total testosterone levels
A in men increases steadily from 20 to 50% from the
sixth to ninth decades of life (1), the utility of testosterone
therapy in aging men remains controversial. Meta-analy-
ses report small improvements in domains of sexual func-
tion, bone mineral density, muscle mass, and grip strength
(2-5). However, the risks of testosterone therapy remain
poorly understood. The Institute of Medicine Expert Panel
suggested that safety trials of testosterone replacement
should be deferred until the efficacy of this treatment has
been demonstrated. Therefore, adequately powered ran-
domized trials to ascertain the effects of testosterone ther-
apy on prostate and cardiovascular health are unlikely to
be conducted any time soon. Studies designed to address
safety are lacking, and the evidence of harm is mainly
based on the reported adverse events in trials designed to
address the efficacy of this treatment. Most of these trials
included relatively small samples, and each study individ-
ually had only a small number of adverse events. There-
fore, this investigation aimed to conduct a systematic re-
view of the literature and perform meta-analyses of the
adverse effects of testosterone therapy.

In 2005, a meta-analysis of the adverse effects of
testosterone replacement therapy (6) showed that ele-
vated hematocrit and an increase in a composite of pros-
tate-related events were the most common side effects of
testosterone replacement therapy. Imprecision due to
the small number of events hampered inferences regard-
ing differences in the rates of prostate cancer, cardio-
vascular events, sleep apnea, or death. In 2007, another
meta-analysis failed to show differences in blood pres-
sure, glycemia, and lipid fractions, but it reported a
trend for increased cardiovascular events associated
with testosterone use [pooled odds ratio, 1.82; 95%
confidence interval (CI), 0.78-4.23] (7). Overall, the
studies included in both meta-analyses were random-
ized controlled trials (RCTs) that enrolled a relatively
small number of patients and had short follow-up and
high loss to follow-up rates.

Since the publication of these meta-analyses, several
larger studies of the effects of testosterone therapy on mus-
cle performance and physical function, glucose metabo-
lism (8 -11), prostate outcomes (10), and the performance
status of patients with heart failure (12) have been pub-
lished. Because of these and other published trials, the
Endocrine Society Task Force on Testosterone Use in
Adult Men requested an updated systematic review of ran-
domized trials and observational studies with long-term
follow-up to determine the possible adverse effects of tes-
tosterone therapy, including cardiovascular and prostate
outcomes.
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Materials and Methods

We developed a systematic review protocol with input from the
expert members of the commissioning Task Force from The En-
docrine society. This report adheres to the reporting guidelines of
systematic reviews (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) (13).

Eligibility criteria

Eligible studies were comparative studies (randomized and
nonrandomized) that enrolled adult men with low or low-nor-
mal testosterone levels and treated with any testosterone formu-
lation for at least 3 months. The studies had to have a control
group without testosterone use and measure the outcomes of
interest.

The outcomes of this systematic review are:

1. Prostate outcomes: the diagnosis of prostate cancer, pros-
tate-specific antigen (PSA) levels above 4 ng/ml or a sig-
nificant increase in PSA during treatment (defined as PSA
increment of >1.4 ng/ml above baseline), a prostatic bi-
opsy, increase in International Prostate Symptom Score
(IPSS) greater than 4, acute urinary retention, and a com-
posite prostate endpoint that combines these aforemen-
tioned outcomes.

2. Cardiovascular events and cardiometabolic risk factors:
death, coronary events (fatal and nonfatal myocardial in-
farction, hospitalization for an acute coronary syndrome,
coronary revascularization), cerebrovascular events (fatal
and nonfatal stroke or transient ischemic attack), periph-
eral vascular events (new onset claudication, acute arterial
occlusion, revascularization procedure), changes in lipid
fractions, changes in glucose metabolism (fasting glucose
level and new onset of diabetes), and blood pressure.

3. Indices of red cell mass (hemoglobin, hematocrit, and in-
cidence of erythrocytosis defined as hematocrit >52%).

We excluded studies that used androgens other than
testosterone as well as studies with simultaneous treat-
ment with other hormones and drugs unless there was a
clearly defined treatment arm that received only testoster-
one treatment. Studies not reporting the outcomes of in-
terest were excluded. Language of publication was not an
eligibility criterion.

Study identification

An expert reference librarian (P.].E.) conducted the elec-
tronic search with input from study investigators with exper-
tise in systematic reviews (V.M.M. and M.H.M.). We
searched MEDLINE, EMBASE, and Cochrane CENTRAL elec-
tronic databases from 2003 through August 2008. Studies pub-
lished before 2003 were obtained from two published systematic
reviews (6, 7). Because published reviews excluded patients with
HIV/AIDS, the previous search strategy was expanded to cover
the period 1981-2004, focusing on studies conducted in this
population [exp HIV infections/ or (human adj immune*) or
(acquired adj immune™) or AIDS* or HIV]. The detailed strategy
is available upon request. To identify additional candidate stud-
ies, we reviewed the reference lists of the eligible primary studies,
narrative reviews, and systematic reviews, and we queried the
expert members of the commissioning task force.
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Subgroup and sensitivity analyses

To explore causes of inconsistency and
subgroup-treatment interactions, subgroup
analyses were specified a priori according to
the following factors:

Potentially relevant studies identified by
search (n=984)
| [
v

{ Excluded after abstract screening (n=902)

Articles selected for full text retrieval (n=82) Excluded after full-text sereening (n=26)

* Unobtainable full text of study

= Non original studies e.g. reviews, letters, etc,
* Other androgen formulations

* Irrelevant study or comparison

1. Participants: age less than 65 or more

Studies that fulfilled inclusion criteria (n=56)
(0 observational studies and 56 RCTs)

* Outcomes of interest not reported

than 65 yr; total testosterone level at
baseline (low if less than 300 ng/dl or

»| 5 studi

met inclusion criteria but had
r insufficient data for meta analysis

10.4 nmol/l). If total testosterone was
not available, then lower limit of nor-

Included in this review (51)

FIG. 1. Flowchart of study selection.

Study selection

Working independently and in duplicate, reviewers screened
all abstracts and titles. After obtaining all potentially eligible
studies in full text, these reviewers, again working independently
and in duplicate, determined eligibility with acceptable chance-
adjusted agreement (k = 0.85; range, 0.75-0.94). Disagree-
ments were resolved by consensus or arbitration.

Data collection

Using a standardized data extraction form and working in
duplicate, we abstracted the following descriptive data from each
study: description of study participants (age, baseline testos-
terone levels), and characteristics of treatment and control
interventions (testosterone formulation, dose, frequency,
route of administration, and treatment duration). We extracted the
outcomes of interest at the longest point of complete follow-up. We
contacted the authors of included studies by e-mail if a clarification
of their methods (e.g. randomization and blinding procedures) or
results (missing data, e.g. sD) was needed.

Quality assessment

We employed the GRADE approach to rate the quality of
evidence (14). To assess the methodological quality of random-
ized trials, we determined how the randomization sequence was
generated, how allocation was concealed, whether there were
important imbalances at baseline, which groups were blinded
(patients, caregivers, data collectors, outcome assessors, data
analysts), what the loss to follow-up rate was (in the intervention
and the control arm), whether the analyses were by intention to
treat, and how missing outcome data were dealt with. For each
study, we also assessed how the population was selected, the
duration and route of testosterone administration, the adequacy
of study follow-up, and the funding source. We assessed our
chance-adjusted agreement on study quality using the k statistic
with disagreements resolved by consensus or arbitration.

Meta-analyses

We estimated the relative risk (RR) for dichotomous out-
comes and the weighted mean difference (WMD) for continuous
outcomes pooled across studies using the DerSimonian and Laird
random-effects model (15). We quantified inconsistency using
the I? statistic, which describes the proportion of heterogeneity
across studies that is not due to chance, thus describing the extent
of true inconsistency in results across trials (16). I* less than 25 %
and I? more than 50% reflect small and significant inconsistency,
respectively.

mal for bioavailable or free testoster-
one levels. If neither total nor free tes-
tosterone levels were available, then
studies were classified according to
participant characteristics.

2. Interventions: testosterone formulation, route of adminis-
tration, and dose (substitution doses as recommended by
The Endocrine Society vs. anything higher).

3. Outcome characteristic: duration of follow-up (less than 6
months vs. more than 6 months).

4. Study quality measure: proportion of patients lost to fol-
low-up (10% or less vs. more than 10%), concealment of
allocation, blinding of patients, health care professionals,
data collectors, and outcome assessors.

In addition, we conducted sensitivity analyses using Peto
odds ratio and different continuity correction factors to de-
termine whether these choices in analysis methods affected the
conclusions.

Results

Search results

The search identified 984 candidate references, of
which 51 trials were deemed eligible (Fig. 1). The charac-
teristics of included studies are summarized in Table 1.
Studies that did not provide sufficient data for this meta-
analysis are described in Table 2.

Methodological quality

The overall quality of the included studies varied from
low to medium (Table 3). Several studies did not provide
explicit description of methods to protect against bias,
whereas in other studies, it was clear that such techniques
were not used. Only a few studies reported allocation con-
cealment and blinding of the outcome assessors. Loss to
follow-up was, in most cases, substantial, with 10 studies
losing more than 20% of participants, and differed be-
tween study arms in five studies (17-21).

Mortality and cardiovascular outcomes

There were no significant differences in the rates of
death, myocardial infarction, revascularization proce-
dures, or cardiac arrhythmias between the testosterone
and the placebo/nonintervention groups (Fig. 2). Hetero-
geneity was low or incalculable due to the small number of
studies in these analyses.
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TABLE 2. Studies that met inclusion criteria but did not
provide data for meta-analysis

First author, year
(Ref.)

Brief description of the study
and main conclusions

Dobs, 1999 (63) RCT of the effect of transscrotal
testosterone replacement (15 mg/
d) for 12 wk on body weight,
body cell mass, quality of life, and
markers of HIV infection in men
with HIV-related weight loss and
low serum testosterone levels
(<400 ng/dl). The men
randomized to testosterone
therapy did not experience an
improvement in the above-
mentioned outcomes.

RCT of the effects of im testosterone
isobutyrate (300 mg/2 wk)
replacement on vascular outcomes
in men with obliterating
arteriosclerosis in the lower limbs.
There were no statistically
significant differences either in
subjective or objective vascular
outcomes (metronome walking
test, plethysmography,
temperature change after
chlorpromazine) between subjects
randomized to testosterone or
placebo.

RCT on the effects of monthly
injections of testosterone
enanthate (250 mg) on disease
activity and bone mineral density
in patients affected by rheumatoid
arthritis. There were no significant
changes in either disease activity
or bone mineral density during the
period of follow-up.

RCT of the effects of testosterone
enanthate (200 mg/wk during the
first 3 wk and then every 2 wk for
6 months) on vascular outcomes in
patients with arterial insufficiency
of lower limbs. There were no
statistically significant differences
in walking distance, foot pulse,
venous filling time, or muscle
blood flow between patients
assigned to testosterone and those
assigned to placebo.

Pilot study of the effects of mixed
testosterone esters (100 mg/2 wk
im) for 12 wk on exercise capacity
and symptoms of heart failure in
patients with chronic heart failure.
Patients allocated to testosterone
experienced an increase in walking
distance and symptom scores.

Dohn, 1968 (64)

Hall, 1996 (65)

Hentzer, 1967 (66)

Pugh, 2004 (67)

jcem.endojournals.org 2567

Cardiovascular risk factors

The testosterone and placebo/nonintervention groups
did not differ significantly in the incidence of diabetes mel-
litus or in the changes from baseline in cardiometabolic
risk factors, such as fasting glucose, total and low-density
lipoprotein (LDL) cholesterol, triglycerides, systolic and
diastolic blood pressure levels. High-density lipoprotein
(HDL) cholesterol levels were significantly lower in the
testosterone-treated group than the control group (WMD,
—0.49 mg/dl; 95% CI, —0.85 to —0.13; 1> = 69%) (Table
4). The majority of these analyses were associated with
significant heterogeneity.

Prostatic/urological outcomes

There was no significant effect of testosterone therapy
on patient-important outcomes such as the incidence of
prostatic cancer or the need for prostate biopsy, when
compared with the placebo/nonintervention group (Fig.
2). There was no significant difference between the two
groups in the risk of other prostatic and urological out-
comes such as a significant increase of PSA, changes in
IPSS lower urinary tract symptoms, or the composite pros-
tate outcome (Table 4).

Erythrocytosis

Hemoglobin (WMD, 0.80 g/dl; 95% CI, 0.45 to 1.14;
I = 95%) and hematocrit (WMD, 3.18%; 95% CI, 1.35
to 5.01; I* = 91%) levels increased to a greater extent in
testosterone-treated men than in men receiving placebo or
no treatment. Testosterone-treated men were at higher
risk of developing erythrocytosis than the placebo/nonin-
tervention group (RR, 3.15; 95% CI, 1.56 to 6.35; I> =
0%) (Table 4).

Subgroup analysis and sensitivity analysis

We performed subgroup analyses to explore possible
causes of heterogeneity and to detect subgroup-treatment
interactions. These analyses are presented in the table in
the Appendix (published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org). The
route of testosterone administration and dose partially
explained the heterogeneity of results. Intramuscular
route and high dose were associated with greater increases
in red cell indices (hemoglobin and hematocrit), PSA, and
systolic and diastolic blood pressure. Higher doses were
associated also with more increase in LDL and total cho-
lesterol. Baseline testosterone status affected the response
of hemoglobin and hematocrit; patients with low baseline
had more increase of both indices. The population char-
acteristics (healthy vs. having comorbid conditions such as
end stage renal disease, HIV, congestive heart failure, and
coronary artery disease) affected the effect size for several
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TABLE 3. Quality of the included studies

Length of

. Blinding
Lost to follow-up follow-up Allocation
First author, year (Ref.) (total, I, C) (months) concealment P CcG OA Funding
Agledahl, 2008 (24) 4% 12 NR Y Y NR Non FP
Allan, 2008 (17) 29,42, 16% 12 Probably Y Y Y NR Includes FP
Amory, 2004 (25); Page, 27,29, 25% 36 Y Y Y Y Non FP
2005 (26)
Basurto, 2008 (27) 13,16, 9% 12 Y Y Y Y Non FP
Bhasin, 1998 (28) 22,30, 14% 3 Y Y Y NR Includes FP
Bhasin, 2000 (29) 13,12, 14% 4 Y Y Y NR Non FP
Bhasin, 2007 (30) 14,11, 18% 12 Y Y Y Y Non FP
Blackman, 2002 (31); 0% 6 NR Y Y NR Non FP
Christmas, 2002 (32);
Harman, 2003 (68);
Mtinzer, 2001 (69)
Boyanov, 2003 (33) 0% 3 NR N N N NR
Brockenbrough, 2006 (34) 45, 42, 48% 6 Probably Y Y Y NR Includes FP
Cavallini, 2004 (35) 13% 12 Probably Y Y Y NR NR
Chiang, 2007 (18) 10, 0, 20% 3 NR Y Y NR Includes FP
Clague, 1999 (36) NR 3 Probably Y Y Y NR Includes FP
Coodley, 1997 (37) 10% 3 NR Y Y NR Includes FP
Copenhagen Study 7,3% 28 Probably Y Y Y Y Non FP
Group, 1986 (38)
Crawford, 2003 (70) 23,22, 19% 12 NR Y Y NR Includes FP
Drinka, 1995 (39) 31% 6 NR Y Y NR Non FP
Emmelot-Vonk, 2008 (71) 13,13, 12% 6 Probably Y Y Y NR Non FP
English, 2000 (40) 6% 3 NR Y Y NR NR
Ferrando, 2002 (42), and NR 6 NR Y Y NR Non FP
2003 (41)
Giannoulis, 2006 (43) 14,9, 20% 6 Y Y Y Y Non FP
Gold, 2006 (72) 7,11, 4% 3 NR Y Y NR Includes FP
Grinspoon, 1998 (44), and 21,15, 19% 6 Yes Y Y NR Non FP
1999 (45)
Grinspoon, 2000 (46) 8,9, 8% 3 Yes Y Y NR Non FP
Howell, 2001 (47) 3,3,3% 15 NR N Y NR Includes FP
Katznelson, 2006 (48) 6, 6, 6% 3 NR Y Y NR Includes FP
Kenny, 2002 (49) 15, 19% 12 NR Y Y NR Non FP
Kenny, 2004 (50) 0% <3 NR Y Y Y Non FP
Knapp, 2008 (51) 21,29, 13% 4 Y Y Y Y Non FP
Malkin, 2006 (12) 15, 16, 14% 12 NR Y Y NR Non FP
Marin, 1992 (52) 8, 0% 8 NR Y Y NR Non FP
Marks, 2006 (10) 10,5, 14% 6 NR Y Y NR Includes FP
Merza, 2006 (53) 3,5, 0% 6 NR Y Y NR Includes FP
Morley, 1993 (54) 6, 6, 6% 3 N N N N NR
Nair, 2006 (11) 6, 10, 3% 24 NR Y Y Y Non FP
Reid, 1996 (55) 7% 12 NR Y Y NR NR
Sih, 1997 (56) 0% 12 NR Y Y NR NR
Simon, 2001 (57) 0% 3 NR Y Y NR NR
Snyder, 1999 (58, 59), 11,7, 15% 36 NR Y Y Y Non FP
and 2001 (19)
Steidle, 2003 (20) 11,15, 8% 3 NR Y Y NR Includes FP
Sullivan, 2005 (60) 18, 11, 12% 3 NR Y Y NR Non FP
Svartberg, 2004 (61) 0% 6 NR Y Y NR Non FP
Tan, 2003 (62) 0% 12 NR Y Y NR NR
Wittert, 2003 (21) 24,15, 32% 12 Probably Y Y Y Y Includes FP

I, Intervention; C, control; CG, caregivers; FP, for profit; NR, not reported; OA, outcome assessors; P, patients; Y, yes.

outcomes, suggesting an obvious source of heterogeneity;
however, these effects were paradoxical and difficult to
interpret in a summary meta-analysis of a study-level ag-
gregate data, as is the case in this analysis. We used Peto
odds ratio and the treatment arm method for continuity

correction in sensitivity analyses, which are the recom-
mended approaches to deal with studies with low event
rates (sparse data); the use of these methods did not change
study conclusions. The exclusion of studies in which the
loss of follow-up significantly differed between the inter-
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Events / Total
RR Lower Upper
limit limit testosterone control RR and 95% CI
Brockenbraugh, 2006 3.00 0.34 26 56 3/21 1421 |
Copenhagen Study Group, 1986  1.19 0.72 1.98 33/ 134 18/ 87 —h—
Malkin, 2006 0.35 0.01 8.35 0/37 1/39
Snyder 1999, 2001 0.20 0.01 4.07 0/54 2154 <
Svartberg, 2004 0.31 0.01 7.09 0/15 1/14
All cause mortality 1.12 0.70 1.81 e
Snyder 1999, 2001 3.00 0.32 27.94 3/54 1/54 =
Arrhythmia 3.00 0.32 27.94 —T F——
English, 2000 3.00 0.13 70.30 1/25 0/25 =
Snyder 1999, 2001 1.00 0.15 6.84 2/54 2154 L
Coronary bypass surgery 1.35 0.26 6.96 e
Copenhagen Study Group, 1986  1.96 0.08 47.47 1/134 0/87
Emmelot-Vonk, 2008 0.32 0.01 7.88 0/113 17110
English, 2000 3.00 0.13 70.30 1125 0/25
Morley, 1993 0.27 0.01 5.70 o/8 117
Snyder 1999, 2001 2.00 0.19 21.41 2/54 1/54 -
Steidle, 2003 0.97 0.04 23.72 1/307 0/99
Svartberg, 2004 0.31 0.01 7.09 0/15 1/14
Myocardial infarction 0.91 0.29 2.82 _
Chiang, 2007 452 0.23 88.38 2120 0/18 =
Harman, 2003 0.40 0.04 409 1£21 2/17 &
Malkin, 2006 0.21 0.01 424 0/37 2/39 =
Newly diagnosed diabetes 0.67 0.12 3.67 — e
Harman, 2003 409 021 79.88 221 0/17
Mair, 2006 4.59 0.55 38.63 4127 1/31 =
Snyder 1999, 2001 3.00 032 27.94 3/54 1/54 =
Prostate Biopsy 3.82 0.97 15.00 e—
Amory, 2004 & Page, 2005 2.00 0.19 20.61 2/24 1/24
Emmelot-Vonk, 2008 0.18 0.01 401 0/113 27110
Marks, 2006 0.45 0.09 220 2121 4/19 Sl
Snyder 1999, 2001 3.00 0.12 72.05 1/54 0/54
Steidle, 2003 1.62 0.08 3353 21307 0/99
Prostate cancer 0.79 0.28 2.28 ——
0.01 0.1 1 10 100

Favors testosterone Favors control

FIG. 2. Results of the random effects meta-analyses of testosterone on patient-important outcomes.

vention and control groups did not change the conclusions
of this report.

Discussion

Principal findings

This systematic review and meta-analyses demon-
strated that testosterone therapy in men was associated
with significant increases in hemoglobin and hematocrit.
There also was a statistically significant but small reduc-
tion in HDL cholesterol. However, testosterone therapy
had no significant effects on all-cause mortality, prostatic
or urological outcomes, cardiovascular events, or cardio-
vascular risk factors. Several subgroup interactions were
found and can partially explain the heterogeneity associ-
ated with the analysis. However, caution should be exer-
cised in interpreting these analyses because they are con-
sidered observational in nature (despite the fact that the
original studies were randomized) and the associations
found can be attributable to chance due to the multiple
simultaneous comparisons. Subgroup interactions gener-
ated by study-level meta-analyses are considered hypoth-
esis-generating and should be confirmed at a patient-level

(in a large trial or individual patient meta-analysis) before
clinical implications are inferred.

Limitations and strengths

The strengths of this study include the comprehensive
literature search, the application of bias protection mea-
sures in the selection of the studies, and the evaluation of
their methodological quality. Nevertheless, the quality of
the evidence varied from low to medium considering the
imprecision (small number of events), heterogeneity (for
the outcomes of cardiometabolic risk factors, hemoglobin
and hematocrit), and methodological limitations of the
included trials. In particular, the brief duration of most
testosterone trials limited inferences about the long-
term safety of this treatment. In addition, publication
and reporting biases likely affected the inferences in this
review because not all studies reported the outcomes of
interest (22).

Implications for practice and research

Because increases in hemoglobin and hematocrit are the
most frequent adverse events associated with testosterone
therapy, these data support the Endocrine Society Clinical
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TABLE 4. Random effects meta-analysis

95% ClI
Lower Upper
First author, year (Ref.) boundary boundary I
Dichotomous outcomes RR
Composite prostate endpoint 1.41 0.93 2.14 20.36
Bhasin, 2007 (30) 2.00 0.19 21.26
Snyder 1999a, 1999b, 2001 (58, 59, 19) 2.13 1.00 4.50
Amory, 2004 (25); Page, 2005 (26) 0.40 0.09 1.86
Basurto, 2008 (27) 6.46 0.35 118.71
Giannoulis, 2006 (43) 1.67 0.50 5.61
Harman, 2003 (69); Blackman, 2002 (31); 10.64 0.64 176.35
Christmas, 2002 (32); Minzer, 2001 (69)
Katznelson, 2006 (48) 17.00 1.06 273.02
Kenny, 2002 (49) 0.65 0.12 3.63
Knapp, 2008 (51) 0.34 0.01 8.13
Marks, 2006 (10) 0.45 0.09 2.20
Nair, 2006 (11) 1.97 0.91 4.28
Steidle, 2003(a) (20) 0.67 0.11 3.90
Steidle, 2003(b) (20) 0.93 0.19 4.52
Steidle, 2003(c) (20) 2.91 0.81 10.44
Wittert, 2003 (21) 0.81 0.30 2.20
Impaired urinary flow 0.86 0.13 5.53 NA
Nair, 2006 (11) 1.53 0.61 3.86
Wittert, 2003 (21) 0.18 0.01 3.63
PSA levels >4 ng/ml 1.22 0.67 2.21 0.00
Amory, 2004 (25); Page, 2005 (26) 0.25 0.03 2.08
Basurto, 2008 (27) 6.46 0.35 118.71
Giannoulis, 2006 (43) 2.57 0.13 52.12
Katznelson, 2006 (48) 9.00 0.52 155.24
Knapp, 2008 (51) 0.34 0.01 8.13
Steidle, 2003(a) (20) 0.67 0.11 3.90
Steidle, 2003(b) (20) 0.93 0.19 452
Steidle, 2003(c) (20) 2.26 0.60 8.51
Wittert, 2003 (21) 1.08 0.36 3.22
Significant increase in PSA 1.56 0.87 2.80 0.00
(>1.5 ng/ml unless otherwise specified)
Bhasin, 2007 (30) 2.00 0.19 21.26
Snyder 1999a, 1999b, 2001 (58, 59, 19) 1.86 0.80 4.29
Giannoulis, 2006 (43) 1.25 0.33 4.77
Katznelson, 2006 (48) 9.00 0.52 155.24
Emmelot-Vonk, 2008 (71) (>1.4 ng/ml) 0.58 0.14 2.39
Harman, 2003 (68); Blackman, 2002 (31) (>1 ng/ml) 4.09 0.21 79.88
Erythrocytosis 3.15 1.56 6.35
Bhasin, 2007 (30) 3.00 0.32 27.74
Copenhagen Study Group, 1986 (38) 1.95 0.21 18.42
Snyder 1999a, 1999b, 2001 (58, 59, 19) 7.00 0.37 132.35
Marks, 2006 (10) 2.73 0.12 63.19
Sih, 1997 (56) 8.00 0.47 137.35
Steidle, 2003(a) (20) 3.00 0.32 28.35
Steidle, 2003(b) (20) 5.60 0.69 45.72
Steidle, 2003(c) (20) 0.97 0.06 15.30
Wittert, 2003 (21) 2.37 0.49 11.48
Drinka, 1995 (39) 6.11 0.33 111.71
Merza, 2006 (53) 2.85 0.32 25.07
Continuous outcomes WMD
Diastolic blood pressure —0.60 —5.20 3.99 87.67
Wittert, 2003 (21) 1.00 —3.78 5.78
Boyanov, 2003 (33) —2.00 —4.65 0.65
Emmelot-Vonk, 2008 (71) 1.50 —1.25 4.25
Ferrando, 2002 (42) 10.00 5.32 14.68
Marin, 1992 (52) —-4.70 -11.13 1.73
Simon, 2001 (57) —10.00 —-14.67 —-5.33

(Continued)
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TABLE 4. Continued

95% ClI
Lower Upper
First author, year (Ref.) boundary boundary I

Systolic blood pressure 1.81 —1.54 5.16 40.97
Sih, 1997 (56) 5.00 —3.06 13.06
Wittert, 2003 (21) 5.00 —-4.13 14.13
Boyanov, 2003 (33) —-4.00 —8.87 0.87
Emmelot-Vonk, 2008 (71) 1.80 —3.18 6.78
Ferrando, 2002 (42) 0.00 —7.42 7.42
Marin, 1992 (52) —-1.00 —12.96 10.96
Simon, 2001 (57) 7.00 1.34 12.66

Fasting glucose 0.20 -0.02 0.43 51.20
Amory, 2004 (25); Page, 2005 (26) 21.00 1.02 40.98
Giannoulis, 2006 (43) 0.20 0.11 0.29
Boyanov, 2003 (33) —29.00 —53.42 —4.58
Emmelot-Vonk, 2008 (71) 0.20 0.04 0.36
Marin, 1992 (52) —5.40 —21.99 11.19
Simon, 2001 (57) 1.00 —3.00 5.00

Fasting TG —-11.34 —26.86 417 92.54
Bhasin, 2007 (30) 7.00 —54.21 68.21
Brockenbrough, 2006 (34) 20.50 —481.50 522.50
Snyder 1999a, 1999b, 2001 (58, 59, 19) —-8.00 —38.49 22.49
Amory, 2004 (25); Page, 2005 (26) —32.00 —41.89 —-22.11
Giannoulis, 2006 (43) 0.56 0.41 0.71
Katznelson, 2006 (48) 16.90 —-7.73 41.53
Knapp, 2008 (51) —43.50 —54.49 —32.51
Boyanov, 2003 (33) —12.39 —54.90 30.12
Emmelot-Vonk, 2008 (71) —-17.70 —40.15 4.75
Marin, 1992 (52) 0.00 —62.34 62.34
Simon, 2001 (57) 13.00 —11.00 37.00
Agledahl, 2008 (24) 23.02 —33.10 79.14
Reid, 1996 (55) —36.00 —46.02 —25.98

HDL cholesterol —-0.49 —-0.85 -0.13 69.71
Bhasin, 2007 (30) 1.00 —-1.32 3.32
Brockenbrough, 2006 (34) —0.70 —11.69 10.29
Snyder 1999a, 1999b, 2001 (58, 59, 19) —1.00 —5.44 3.44
Amory, 2004 (25); Page, 2005 (26) —1.00 —2.75 0.75
Giannoulis, 2006 (43) —1.15 —2.86 0.56
Katznelson, 2006 (48) —3.50 —5.45 —1.55
Knapp, 2008 (51) —-0.50 —-1.77 0.77
Wittert, 2003 (21) -0.10 —-0.17 —0.03
Boyanov, 2003 (33) —-0.38 —4.89 4.13
Emmelot-Vonk, 2008 (71) —7.72 —10.76 —4.68
Ferrando, 2002 (42) -0.18 —0.31 —0.05
Marin, 1992 (52) 0.00 —-10.76 10.76
Simon, 2001 (57) —2.00 —4.26 0.26
Agledahl, 2008 (24) —0.01 —8.65 8.63
Reid, 1996 (55) —6.00 —12.36 0.36

LDL cholesterol 0.34 —4.53 5.21 92.70
Bhasin, 2007 (30) —4.00 —12.38 4.38
Brockenbrough, 2006 (34) 470 —19.29 28.69
Snyder 1999a, 1999b, 2001 (58, 59, 19) 2.00 —-12.02 16.02
Amory, 2004 (25); Page, 2005 (26) —13.00 —17.04 —8.96
Giannoulis, 2006 (43) 19.30 14.65 23.95
Katznelson, 2006 (48) —-6.70 —12.65 —-0.75
Knapp, 2008 (51) 10.50 7.52 13.48
Wittert, 2003 (21) 0.20 —0.05 0.45
Boyanov, 2003 (33) —-1.93 —28.82 24.96
Emmelot-Vonk, 2008 (71) 0.00 —-9.40 9.40
Ferrando, 2002 (42) —-6.18 —23.25 10.89
Agledahl, 2008 (24) 10.81 —12.97 34.59
Reid, 1996 (55) 2.00 —-9.72 13.72
Allan, 2008 (17) —-7.72 -11.32 —4.12

(Continued)
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TABLE 4. Continued

95% ClI
Lower Upper
First author, year (Ref.) boundary boundary I

Total cholesterol —1.39 —6.41 3.63 87.56
Bhasin, 2007 (30) —-8.00 —21.32 5.32
Brockenbrough, 2006 (34) 8.20 —19.40 35.80
Snyder 19993, 1999b, 2001 (58, 59, 19) —3.00 —18.34 12.34
Amory, 2004 (25); Page, 2005 (26) —18.00 —39.56 3.56
Giannoulis, 2006 (43) 23.17 14.67 31.67
Katznelson, 2006 (48) —-5.20 —-11.86 1.46
Knapp, 2008 (51) 8.60 491 12.29
Sih, 1997 (56) —2.00 —20.47 16.47
Wittert, 2003 (21) 0.00 —0.27 0.27
Boyanov, 2003 (33) —1.55 —33.40 30.30
Emmelot-Vonk, 2008 (71) —3.86 —14.00 6.28
Ferrando, 2002 (42) —10.80 —31.34 9.74
Marin, 1992 (52) —-7.72 —-118.14 102.70
Simon, 2001 (57) 5.00 —1.88 11.88
Agledahl, 2008 (24) 23.16 —12.34 58.66
Reid, 1996 (55) —10.00 —21.85 1.85
Allan, 2008 (17) —15.45 —19.05 -11.85
Clague, 1999 (36) —20.07 —52.93 12.79

Hematocrit 3.18 1.35 5.01 91.40
Bhasin, 2007 (30) 0.70 —0.03 1.43
Snyder 19993, 1999b, 2001 (58, 59, 19) 3.40 1.99 4.81
Amory, 2004 (25); Page, 2005 (26) 6.70 3.48 9.92
Emmelot-Vonk, 2008 (71) 1.00 0.26 1.74
Morley, 1993 (54) 6.00 417 7.83

Hemoglobin 0.80 0.45 1.14 95.05
Snyder 1999a, 1999b, 2001 (58, 59, 19) 0.80 0.32 1.28
Amory, 2004 (25); Page, 2005 (26) 2.20 1.37 3.03
Giannoulis, 2006 (43) 0.50 0.37 0.63
Knapp, 2008 (51) 1.10 0.97 1.23
Sih, 1997 (56) 1.60 0.71 2.49
Emmelot-Vonk, 2008 (71) 0.20 0.06 0.34
Allan, 2008 (17) 0.20 0.10 0.30
Bhasin, 2000 (29) 1.91 —0.21 4.03
Clague, 1999 (36) 0.50 —0.50 1.50

Prostate symptom scales 0.29 —0.44 1.02 0.00
Snyder 19993, 1999b, 2001 (58, 59, 19) 0.60 —0.54 1.74
Amory, 2004 (25); Page, 2005 (26) 2.00 —0.60 4.60
Marks, 2006 (10) —2.64 —7.56 2.28
Wittert, 2003 (21) -1.20 —3.28 0.88
Emmelot-Vonk, 2008 (71) 0.20 —1.09 1.49
Chiang, 2007 (18) 0.40 —3.34 4.14
Kenny, 2004 (50) 1.00 -5.29 7.29

PSA change 0.10 —0.01 0.21 57.57
Bhasin, 2007 (30) 0.10 0.02 0.18
Malkin, 2006 (12) 0.16 —-0.11 0.43
Snyder 19993, 1999b, 2001 (58, 59, 19) 0.40 -0.14 0.94
Amory, 2004 (25); Page, 2005 (26) 0.10 —0.56 0.76
Katznelson, 2006 (48) 0.30 0.1 0.49
Knapp, 2008 (51) 0.16 0.10 0.22
Marks, 2006 (10) 0.61 —-0.34 1.56
Sih, 1997 (56) 0.40 —0.31 1.11
Wittert, 2003 (21) -0.30 -0.76 0.16
Emmelot-Vonk, 2008 (71) 0.00 —0.30 0.30
Ferrando, 2002 (42) 0.80 0.05 1.55
Morley, 1993 (54) 0.60 -0.25 1.45
Allan, 2008 (17) —-0.30 —0.53 —-0.07
Sullivan, 2005 (60) —0.49 —1.64 0.66
Kenny, 2004 (50) 0.73 -0.19 1.65
Cavallini, 2004 (35) —0.30 -0.75 0.15

Units of measurement for WMD are mg/d| for lipid fractions and glucose, ng/ml for PSA, g/dl for hemoglobin, percentage points for hematocrit,
and mm Hg for systolic and diastolic blood pressure. NA, Not available.
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Practice Guideline that hemoglobin and hematocrit
should be monitored in androgen-deficient men receiving
testosterone therapy (23). Studies of longer treatment du-
ration that assess patient-important outcomes are needed.
Despite the high prevalence of low testosterone levels in
adult men, the published literature is not very helpful in
addressing the safety concerns of patients and clinicians
attempting to weigh the long-term potential benefits and
harms of testosterone treatment.

Comparison with previous reviews

Our review added several new studies of substantially
larger sample size to prior systematic reviews and reflects
the current state of the available evidence. Our results are
consistent with previous reviews (6, 7) to a great extent in
terms of the inability to find a statistically significant effect
of testosterone treatment on patient-important adverse
outcomes, such as death, cardiovascular events, the inci-
dence of prostate cancer, or worsening of lower urinary
tract symptoms. Despite the increase in the number of
studies and sample size since previous reviews, these risk
estimates for these outcomes continue to be imprecise.

Testosterone therapy for age-related decline in testos-
terone therapy in middle-aged and older men remains a
controversial issue. Although there is agreement that total
and free testosterone levels decline with advancing age,
neither the benefits of testosterone treatment nor its safety
have been established. Although testosterone therapy has
been shown to increase lean body mass, muscle strength,
vertebral bone mineral density, and some domains of sex-
ual function, the benefits of therapy on patient-important
outcomes—disability, vitality, fractures, and quality of
life~remain largely unknown (1, 18). Our search of pub-
lished comparative observational studies, which often
provide good evidence for harm questions due to longer
follow-up and larger sample size, did not render signifi-
cant contribution to the existing knowledge. Future stud-
ies, both randomized and observational, are needed and
should have longer follow-up. For example, the Testos-
terone Trials (ClinicalTrials.gov:NCT00799617), a mul-
ticenter coordinated set of trials involving 12 clinical sites
across the United States, will randomly assign elderly men
whose serum testosterone concentrations are unequivo-
cally low to either placebo or testosterone therapy for 12
months. This landmark trial will advance our knowledge
about testosterone effects on physical and sexual function,
vitality, cognition, and anemia. However, this trial is not
adequately powered to determine the long-term harms as-
sociated with treatment. Therefore, periodic collation of
adverse event data across trials through the use of system-
atic reviews and meta-analyses will be helpful.

jcem.endojournals.org 2573

Conclusions

Testosterone treatment in adult men is associated with
an increase in hemoglobin and hematocrit and a small
reduction in HDL cholesterol. The clinical significance of
these findings and the effects on patient-important out-
comes such as mortality, cardiovascular events, and inci-
dence of prostate cancer requires further investigation.
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