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Background: Testosterone treatment rates in adult men have
increased in the United States over the past 2 decades.

Purpose: To assess the benefits and harms of testosterone
treatment for men without underlying organic causes of
hypogonadism.

Data Sources: English-language searches of multiple electronic
databases (January 1980 to May 2019) and reference lists from
systematic reviews.

Study Selection: 38 randomized controlled trials (RCTs) of at
least 6 months' duration that evaluated transdermal or intramus-
cular testosterone therapies versus placebo or no treatment and
reported prespecified patient-centered outcomes, as well as 20
long-term observational studies, U.S. Food and Drug Adminis-
tration review data, and product labels that reported harms
information.

Data Extraction: Data extraction by a single investigator was
confirmed by a second, 2 investigators assessed risk of bias, and
evidence certainty was determined by consensus.

Data Synthesis: Studies enrolled mostly older men who varied
in age, symptoms, and testosterone eligibility criteria. Testoster-
one therapy improved sexual functioning and quality of life in
men with low testosterone levels, although effect sizes were
small (low- to moderate-certainty evidence). Testosterone ther-

apy had little to no effect on physical functioning, depressive
symptoms, energy and vitality, or cognition. Harms evidence re-
ported in trials was judged to be insufficient or of low certainty
for most harm outcomes. No trials were powered to assess car-
diovascular events or prostate cancer, and trials often excluded
men at increased risk for these conditions. Observational studies
were limited by confounding by indication and contraindication.

Limitation: Few trials exceeded a 1-year duration, minimum im-
portant outcome differences were often not established or re-
ported, RCTs were not powered to assess important harms, few
data were available in men aged 18 to 50 years, definitions of
low testosterone varied, and study entry criteria varied.

Conclusion: In older men with low testosterone levels without
well-established medical conditions known to cause hypogo-
nadism, testosterone therapy may provide small improvements
in sexual functioning and quality of life but little to no benefit for
other common symptoms of aging. Long-term efficacy and
safety are unknown.
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Testosterone treatment is approved by the U.S. Food
and Drug Administration (FDA) for replacement
therapy for men with primary or secondary hypogonad-
ism caused by disorders of the hypothalamus, pituitary
gland, or testes, often classified as organic or classical hy-
pogonadism (1). Testosterone treatment in these condi-
tions is considered standard care for the development or
maintenance of secondary sexual characteristics.
Testosterone use in the United States, which has
tripled in recent years, exceeds that in other countries
(2-5). Much of the increase is in men with nonspecific
symptoms, such as decreased energy, sexual function,
and mobility, who have serum testosterone concentra-
tions below the normal range or in the low-normal
range for healthy young men for no apparent reason
other than older age or comorbid conditions, such as
obesity. Substantial proportions of U.S. men who re-
ceive testosterone therapy do not have testosterone
levels tested before initiation of therapy (3, 6). The level
of baseline testosterone that prompts initiation of such
therapy varies widely: In 1 study (3), approximately 20%
of men who had their testosterone level measured be-
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fore initiating therapy had a level above 10.41 nmol/L
(300 ng/dL).

We evaluated the efficacy and harms of testoster-
one treatment in men without established conditions
that cause permanent testicular or hypothalamic-
pituitary dysfunction (for example, Klinefelter syn-
drome, orchitis, testicular trauma or radiation, or hypo-
thalamic or pituitary tumors). This systematic review,
conducted by the Evidence Synthesis Core at the Min-
neapolis VA Center for Care Delivery and Outcomes
Research, served as the evidence base for a clinical
practice guideline from the American College of Physi-
cians. We did not address the appropriate diagnosis
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and evaluation of hypogonadism. Guidelines by the En-
docrine Society (7) and American Urological Associa-
tion (8) recommend that clinicians measure fasting
morning concentrations of total testosterone on 2 oc-
casions to diagnose hypogonadism but vary in their
recommendations regarding the threshold at which to
categorize a total testosterone level as low.

METHODS

Our protocol was registered in PROSPERO
(CRD42018096585).

Data Sources and Searches

We searched MEDLINE, Embase, and the Cochrane
Library for peer-reviewed randomized controlled trials
(RCTs), cohort studies, and case-control studies pub-
lished in English and indexed from January 1980 to May
2019. We also searched reference lists from relevant sys-
tematic reviews. Search terms included MeSH (Medical
Subject Headings) terms and keywords pertaining to tes-
tosterone replacement, deficiency, and treatment (Ap-
pendix Table 1, available at Annals.org).

Study Selection

Two investigators independently reviewed each
study's abstract and full text to determine eligibility.
Conflicts were resolved through discussion, with con-
sultation of a third member if necessary.

We included RCTs that assessed transdermal or in-
tramuscular formulations of testosterone in adult men
with at least 6 months of active treatment. Studies were
included if they had a control group with placebo or no
testosterone treatment, reported our efficacy outcomes
of interest (sexual function, physical function, quality of
life, mood [depression], fractures, energy or vitality,
and cognition), and provided measurements of base-
line total testosterone. We included 1 trial of 24 weeks'
duration, TOM (Testosterone in Older Men with Mobil-
ity Limitations) (9, 10), because of its significance with
respect to cardiovascular outcomes. This trial was
stopped early because of concern regarding excess
cardiovascular adverse events in the testosterone
group. To assess serious but infrequent harms, we in-
cluded observational studies with at least 1 year of
follow-up and 500 participants. We excluded studies
limited to men with inherited or acquired conditions
known to cause permanent hypothalamic, pituitary, or
testicular dysfunction and studies in which endogenous
testosterone was artificially suppressed. We excluded
studies evaluating oral testosterone because its use is
contraindicated in men without structural or genetic
causes of hypogonadism.

Outcome Classification

We classified the reported scales, domains, and
questions into patient-centered constructs to aid in clin-
ical interpretation. For sexual function, we focused on
self-reported overall sexual function and erectile func-
tion. For physical function, we focused on subjective
self-reported physical function as assessed by estab-
lished instruments and objective physical function as
measured by gait speed because of its well-established
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association with important health outcomes (11, 12).
For quality of life, energy or vitality, and depression, we
limited outcomes to those assessed using established
instruments. Appendix Table 2 (available at Annals.org)
summarizes the instruments most commonly used to
measure outcomes in the included RCTs. For cognition,
we focused on measures of overall cognitive function
and 6 established domains (attention, language, verbal
memory, visuospatial memory, visuospatial function,
and executive function) (Appendix Table 3, available at
Annals.org).

Our primary harm outcomes were serious adverse
events; a composite of adverse cardiovascular events,
defined as cardiovascular death, nonfatal myocardial
infarction, acute coronary syndrome, nonfatal stroke,
revascularization, or heart failure exacerbation; pros-
tate cancer; and mortality. We also assessed deep ve-
nous thrombosis or pulmonary embolism, worsening
lower urinary tract symptoms, worsening sleep apnea,
and withdrawals due to adverse events. We did not in-
clude intermediate measures (such as body composi-
tion, metabolic variables, hemoglobin levels, blood
pressure, and prostate-specific antigen levels).

Data Extraction and Quality Assessment

Data extraction was completed by 1 reviewer and
verified by a second. We extracted baseline character-
istics of each study and population, including study de-
sign, age, race, comorbid conditions, and testosterone
levels. Two investigators assessed risk of bias of RCTs
using a modified Cochrane approach based on the fol-
lowing elements: sequence generation, allocation con-
cealment, blinding, incomplete outcome data (attri-
tion), and selective reporting (13). A high-risk study
would have critical flaws in these elements or very high
attrition (=30%). Two investigators assessed risk of bias
of observational studies; using a modification of the
Agency for Healthcare Research and Quality approach,
they reviewed studies for elements of selection, detec-
tion, attrition, and reporting bias (14).

Data Synthesis and Analysis

We organized tables by study design and testoster-
one formulation and sorted trials by risk-of-bias assess-
ment. We pooled results from trials deemed to have
low or medium risk of bias if populations and outcome
measures were clinically comparable. Data were ana-
lyzed in R (R Foundation) (15, 16). Data for continuous
efficacy outcomes were pooled using the Hartung-
Knapp-Sidik-Jonkman method for random-effects models
to calculate standardized mean differences (SMDs) with
corresponding 95% Cls (17). However, this method for
meta-analysis has been shown to underestimate uncer-
tainty compared with the fixed-effects model when the
number of trials is small, particularly if fewer than 5, and
when no between-study variance exists (7> = 0) (17). In
such cases, we meta-analyzed results with the fixed-
effects model. We interpreted SMDs on the basis of
Cohen's definition of small (0.2), medium (0.5), and
large (0.8) effects (18). Scale scores with different direc-
tionality were adjusted to ensure that all scales pointed
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in the same direction when pooled. Categorical harm
outcomes data were pooled using the Peto odds ratio
(OR) method. Harms data were stratified by duration of
follow-up in intervals of less than 12 months, 12 to less
than 24 months, and 24 months or more. Absolute
event rates and 95% Cls for the primary harm outcomes
were pooled for each study group using the Freeman-
Tukey double arcsine transformation (19). For all
pooled analyses, we assessed the magnitude of statis-
tical heterogeneity with the /? statistic (I° > 75% may
indicate substantial heterogeneity) (20). Results were
also stratified and assessed by baseline testosterone
level and formulation. In sensitivity analyses, we in-
cluded trials that were rated as having high risk of bias
or inadequate blinding.

Assessment of evidence certainty for our primary
efficacy and harm outcomes was based on methods
developed by the GRADE (Grading of Recommenda-
tions Assessment, Development and Evaluation) Work-
ing Group (21, 22). Two trained research associates
graded certainty of evidence for each outcome as high,
moderate, low, or very low by evaluating 4 critical do-
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mains (risk of bias, consistency, directness, and preci-
sion). Discrepancies in ratings of risk of bias and cer-
tainty of evidence were resolved by discussion, and a
final determination was made through a consensus that
included the principal investigator.

Role of the Funding Source

This review was funded by a contract with the
American College of Physicians. The American College
of Physicians Clinical Guidelines Committee assisted in
the development of key questions, study inclusion cri-
teria, and outcome measures of interest but was not
involved in data collection, analysis, or manuscript
preparation.

RESULTS

We identified 38 RCTs (in 62 articles [9, 10, 23-54,
55-82]) and 20 observational studies (in 21 articles [83-
103]) that met inclusion criteria (Figure 1). Baseline
characteristics are reported in Supplement Table 1
(RCTs) and Supplement Table 2 (observational studies)

Figure 1. Evidence search and selection.
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Table. Certainty of Evidence: Testosterone Therapy in Men

Outcome Participants, n RCTs, n Absolute Effect (95% Cl)
Testosterone Placebo

Global sexual function (IIEF or sexual function subscale of AMS) 1140 7 = =

Erectile function (IlEF-5 or IIEF-ED) 1299 7 - -

Physical function: self-reported measures (SF-36-PF or PASE) 1029 5 - -

Physical function: objective measures (e.g., 6-min walk) 1063 7 - -

Quality of life (AMS) 1043 7 7.0 points 3.6 points

ACE 2415 14 2.3% (0.9% to 4.1%)§ 1.5% (0.8% to 2.5%)§

Serious adverse events 2268 8 13.2% (3.6% to 27.4%)§ 12.8% (4.7% to 23.9%)§

Prostate cancer (follow-up range, 6 mo-3'y) 2143 10 0.3% (0.0% to 1.2%)§ 0.4% (0.0% to 1.9%)§

Mortality (follow-up range, 6 mo-3'y) 2727 12 0.4% (0.07% to 1.0%)8§ 1.5% (0.5% to 2.9%)§

ACE = adverse cardiovascular events; AMS = Aging Males' Symptoms; IIEF = International Index of Erectile Function; IIEF-5 = 5-item version of IIEF;
IIEF-ED = IIEF erectile dysfunction domain; OR = odds ratio; PASE = Physical Activity Scale for the Elderly; RCT = randomized controlled trial;
SF-36-PF = Short Form-36 Health Survey physical function subscale; SMD = standardized mean difference.

* Where certainty is high, we are very confident that the true effect lies close to the estimate of the effect. Where certainty is moderate, we are
moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different. Where certainty is low, our confidence in the effect estimate is limited: The true effect may be substantially different from the
estimate of the effect. Where certainty is very low, we have very little confidence in the effect estimate: The true effect is likely to be substantially

different from the estimate of the effect.
T Downgraded for study limitations, particularly very high attrition.
1 Downgraded for imprecision (wide Cls).

§ Absolute event rates with random-effects models and Freeman-Tukey double arcsine variance-stabilizing transformation.
|| Cls were very wide, and there were very few events; trials were not powered to detect group differences for this outcome. Ascertainment of

prostate cancer also varied across the trials.

(available at Annals.org). We evaluated efficacy using
results from the RCTs and safety using results from the
RCTs and observational studies.

RCTs
Overview

Sample sizes ranged from 10 (78) to 790 (32, 66,
71, 74, 82), and 15 trials enrolled at least 100 men.
Most trials had less than 12 months of follow-up (k =
24); 3 studies reported follow-up to 36 months (25, 27,
49,70, 72, 73, 81). Sixteen trials were from the United
States, 14 were from Europe, and 8 were from Australia
or Asia. Twenty-four studies reported at least partial in-
dustry sponsorship.

Trials varied in their inclusion criteria. Most re-
quired a testosterone level below a stated threshold
(k= 34); 29 based enrollment on total testosterone
level, 2 on free testosterone level, and 3 on bioavail-
able testosterone, with variability in the method used to
measure testosterone. Seven trials enrolled participants
on the basis of a total testosterone level of at most
10.41 nmol/L (300 ng/dL), the threshold recommended
by the American Urological Association to categorize a
man as hypogonadal. Trials also varied in required
symptoms for inclusion: Some required the presence
of specific symptoms attributed to hypogonadism,
whereas others did not. Two specifically required sex-
ual symptoms (32, 60, 66, 71, 74, 82), 4 required phys-
ical or mobility limitations (9, 10, 32, 53, 65, 66, 71, 74,
75, 82), and others either required no specific symp-
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toms or required the presence of at least 1 symptom
attributed to hypogonadism.

Mean baseline total testosterone levels were 10.41
nmol/L (300 ng/dL) or less in 20 studies and less than
9.54 nmol/L (275 ng/dL) in 11 trials (26, 30, 32, 41-46,
48, 50, 51, 58, 60, 63, 64, 66, 71, 74, 77, 79, 80, 82).
Two reported only free testosterone levels (55, 67).
Baseline testosterone level was greater than 13.88
nmol/L (400 ng/dL) in 5 studies (23, 24, 34, 40, 57, 76),
3 of which were restricted to men with specific under-
lying medical conditions and 1 of which was rated as
having high risk of bias. Only 13 trials required 2 fasting
morning testosterone levels, and of these only 2 (29,
30, 32, 66, 71, 74, 82) required 2 morning specimens
with a testosterone level of 10.41 nmol/L (300 ng/dL) or
less.

The mean age across trials was 66 years. Eight
studies restricted age to 65 years or older, and none
were limited to (or predominantly enrolled) men
younger than 50 years. Only 5 trials had an age thresh-
old as low as 18 years. Race/ethnicity, comorbid condi-
tions, and functional measures were infrequently re-
ported (Supplement Table 1).

Doses and formulations of testosterone varied: 19
trials used a transdermal formulation, whereas 19 used
intramuscular injections. Nine adjusted dosing to
achieve a targeted testosterone level (9, 10, 27, 32, 33,
35, 36, 42-47, 49, 66, 70-75, 82), and 29 used a fixed
dose.
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Table-Continued

SMD or Relative Certainty of  What Happens

Effect (95% Cl) Evidence*

SMD, 0.35 SD higher (0.23 SD higher to 0.46 SD higher) Moderatet Testosterone probably improves global sexual function by a small amount
on the basis of IIEF or the sexual function subscale of the AMS over a mean
duration of 53 wk.

SMD, 0.27 SD higher (0.09 SD higher to 0.44 SD higher) Lowtt Testosterone may improve erectile function by a small amount on the basis
of IIEF-5 or IIEF-ED over a mean duration of 58 wk.

SMD, 0.15 SD higher (0.19 SD lower to 0.50 SD higher) Lowtt Testosterone may make little to no difference in self-reported measures of
physical function (on the basis of SF-36-PF or PASE) over a mean duration of
78 wk.

SMD, 0.14 SD higher (0.02 SD higher to 0.27 SD higher) Lowt Testosterone may make little to no difference in objective measures of
physical function (e.g., 6-min walk) over a mean duration of 60 wk.

SMD, 0.33 SD lower (0.50 SD lower to 0.16 SD lower) Lowtt Testosterone may improve quality of life by a small amount on the basis of
the AMS scale over a mean duration of 35 wk.

Peto OR, 1.22 (0.66 to 2.23) Lowtt Testosterone may increase ACE by a small amount or make no difference
in ACE over a mean duration of 68 wk.

Peto OR, 0.94 (0.73 to 1.21) Moderatet Testosterone probably makes little to no difference in serious adverse events
over a mean duration of 56 wk.

Peto OR, 0.97 (0.35 to 2.69) Very lowt|| -

Peto OR, 0.47 (0.25 to 0.89) Lowtt Testosterone may slightly reduce mortality on the basis of very few events,

but the trials were not powered to detect group differences for this outcome.

Risk of bias was high in 11 trials, medium in 19, and
low in 8 (Supplement Table 1). Many trials categorized
as having high risk of bias had very high attrition rates
(range, 30% to 56%). Two were open-label trials with
no control group (55, 67), and another used a pla-
cebo gel while the active intervention was adminis-
tered intramuscularly (26).

Ten RCTs were limited to men with specific under-
lying conditions: heart failure (56, 62); chronic stable
angina (59); chronic kidney disease requiring dialysis
(31); cirrhosis (69); chronic obstructive pulmonary dis-
ease (76); respiratory, immune, or inflammatory disease
requiring long-term glucocorticoid therapy (34); Alzhei-
mer disease (78); mild cognitive impairment (33); and
low circulating levels of insulin-like growth factor (40).

Efficacy Outcomes

We report overall findings for each outcome, ex-
cluding the 10 studies in special populations as well as
those trials judged to have high risk of bias or inade-
quate blinding. We describe the results for analyses
that pool data from trials of both intramuscular and
transdermal preparations of testosterone. Supplement
Table 3 (available at Annals.org) shows results by for-
mulation and for trials with a mean baseline testoster-
one level less than 10.41 nmol/L (300 ng/dL).

The Table summarizes certainty of evidence for the
primary efficacy outcomes; Supplement Table 4 (avail-
able at Annals.org) shows these assessments by testos-
terone formulation.

The effect of testosterone did not differ signifi-
cantly by testosterone formulation (intramuscular vs.
transdermal), although some outcomes had few or no
studies available for these indirect comparisons. When
analyses were restricted to trials with a mean baseline
testosterone level less than 10.41 nmol/L (300 ng/dL),
results were similar to those of the primary analyses.
Data for efficacy were limited in men with higher base-
line testosterone levels, and only 5 trials in the primary

Annals.org

analyses had mean baseline levels of at least 10.41
nmol/L (300 ng/dL); of these, 3 had mean baseline lev-
els less than 11.10 nmol/L (320 ng/dL). Results did not
differ in analyses that included trials judged to have
high risk of bias or inadequate blinding (Supplement
Table 3).

Sexual Function. Supplement Table 5 (available at
Annals.org) summarizes sexual function outcomes.
Studies varied in required level of total or free testos-
terone and baseline symptoms: Some required low li-
bido or other sexual symptoms, some required a range
of other symptoms attributable to hypogonadism, and
some did not require any symptoms. In studies that re-
ported baseline sexual functioning, participants on av-
erage did report clinically significant sexual dysfunction
at baseline, as assessed by various measures (Supple-
ment Table 1). The most commonly reported sexual
function outcome was score on the sexual function sub-
scale of the Aging Males' Symptoms (AMS) scale. For
erectile function, the 5-item International Index of Erec-
tile Function questionnaire and its erectile function do-
main were most commonly used.

Overall or Global Sexual Function. We pooled 7
RCTs (n = 1140) that evaluated the effect of testoster-
one treatment on global measures of sexual function
(Figure 2 [top] and Supplement Table 5). Compared
with placebo, testosterone treatment was associated
with an overall small improvement in global sexual
function (SMD, 0.35 [95% CI, 0.23 to 0.46]; 1> = 0%;
moderate-certainty evidence). In the Testosterone Tri-
als, the primary sexual function outcome—sexual activ-
ity, as assessed by the Psychosexual Daily Question-
naire question 4-—increased more with testosterone
treatment than with placebo (effect size, 0.45 [CI, 0.30
to 0.60]) (71). Sexual desire, as measured by the sexual
desire score of the Derogatis Interview for Sexual Func-
tioning in Men-Il, also increased more in men treated
with testosterone (effect size, 0.44 [CI, 0.32 to 0.56]).
The effect sizes for these outcomes in the Testosterone
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Figure 2. Primary efficacy outcomes for testosterone treatment vs. placebo (SMDs in mean change from baseline).

Overall sexual function

Study, Year (Reference) Route Mean Baseline Industry- Testosterone Placebo SMD SMD (95% ClI)
T, ng/dL Funded n Mean Change (SD) n Mean Change (SD)

Basaria et al, 2015 (27) D 307 Yes 97 3.5(11.5) 85 0.4 (12.9) 0.25 (-0.04 to 0.55)
Behre et al, 2012 (28) ™D 303 Yes 183 3.4(4.2) 179 1.7 (3.6) —_— 0.43 (0.22 to 0.64)
Gianatti et al, 2014 (38) IM 246 Yes 44 2.4 (3.0) 41 2.0(3.5) 0.12 (-0.30 to 0.55)
Ho et al, 2012 (48) IM 260 Yes 56 9.1 (11.0) 58 4.9 (11.4) E-— 0.37 (0.00 to 0.75)
Ng Tang Fui et al, 2017 (63) IM 196 Yes 49 1.3 (2.4) 51 0.4 (2.4) e 0.37 (-0.02 to 0.77)
Srinivas-Shankar et al, 2010 (75) TD 316 Yes 130 2.8(3.9) 132 1.5 (4.3) —s— 0.32 (0.07 to 0.56)
Svartberg et al, 2008 (77) IM 239 Yes 17 1.5 (3.6) 18 -0.6 (3.1) 4 0.61 (-0.07 to 1.29)

Total 576 564 - 0.35 (0.23 to 0.46)

I T T
i - itv: 12 = %
Fixed-effects model heterogeneity: 12 = 0% 1 =05 0 05 1
Self-reported physical function
| .

Basaria et al, 2015 (27) L 307 Yes 100 1.5 (10.4) 95 2.0(12.2) —s -0.04 (-0.32 to 0.24)
Kenny et al, 2010 (53) D 398 No 53 6.0 (133.8) 46 18.0 (133.5) —-——E— -0.09 (-0.48 to 0.31)
Snyder et al (T Trials), 2016 (71) TD 234 Yes 184 5.8 (17.5) 181 2.4 (17.3) —'-— 0.19 (-0.01 to 0.40)
Snyder et al, 1999 (72) ™ 368 No 54 1.9 (17.3) 54 -8.0 (12.1) | > 0.66 (0.27 to 1.05)
Srinivas-Shankar et al, 2010 (75) TD 316 Yes 130 18.0 (52.0) 132 12.0(68.0) —— 0.10 (-0.14 to 0.34)

Total 521 508 e 0.15 (~0.19 to 0.50)
Random-effects model heterogeneity: /2 = 61% f ! '

-1 -05 0 0.5 1

Quality of life: Aging Males' Symptoms score
Behre et al, 2012 (28) D 303 Yes 183 -10.5 (10.8) 179 -7.2(10.7) —— —-0.31 (-0.51 to -0.10)
Gianatti et al, 2014 (38) IM 246 Yes 44 -3.9(8.4) 41 -3.0(6.2) -0.12 (-0.55 to 0.31)
Giltay et al, 2010 (41) IM 230 Yes 103 -12.0 (11.0) 62 -4.6 (10.8) — -0.67 (-1.00 to -0.35)
Hackett et al, 2013 (42) IM 262 Yes 91 -5.2 (11.3) 95 -2.9 (11.7) —0.20 (-0.49 to 0.09)
Ho et al, 2012 (48) IM 260 Yes 56 -9.1(11.1) 58 -4.9 (11.2) —&— -0.37 (-0.74 to 0.00)
Ng Tang Fui et al, 2017 (63) IM 196 Yes 49 -4.8(8.8) 51 -1.9(9.3) —— -0.32 (-0.71 to 0.08)
Svartberg et al, 2008 (77) IM 239 Yes 14 -1.8(9.8) 17 -0.5 (4.8) —i—-—— -0.17 (-0.88 to 0.54)

Total 540 503 - -0.33 (-0.50 to -0.16)
Random-effects model heterogeneity: 12 = 6% I T T 1

IM = intramuscular; SMD = standardized mean difference; T = testosterone level; TD = transdermal.

Trials were consistent with a clinically meaningful im-
provement in sexual desire and activity for men treated
with testosterone (82).

Erectile Function. Testosterone treatment improved
erectile function compared with placebo, although the
pooled effect was small (7 trials; n = 1299; SMD, 0.27 [C],
0.09 to 0.44]; I> = 13%; low-certainty evidence) (Table and
Supplement Figure 1 [available at Annals.org]).

Physical Function. Study populations included men
with mobility limitations (9, 10, 71) or frailty (75), but
most trials did not specify physical function limitations
as entry criteria. Self-reported measures of physical
function included the Short Form-36 Health Survey
physical function subscale and the Physical Activity
Scale for the Elderly. Gait speed was most commonly
measured by the 6-minute walk test.

Subjective or Self-Reported Physical Function. Five
RCTs (n = 1029) provided self-reported measures of
physical function (Figure 2 [middle] and Supplement
Table 6 [available at Annals.org]) that could be pooled.
Testosterone treatment did not improve subjective physical
function compared with placebo (SMD, 0.15 [Cl, —0.19 to
0.50]; I? = 61%; low-certainty evidence) (Table).

Objective Physical Function. Seven trials (n = 1063)
evaluated gait speed (Supplement Table 7, available at
Annals.org). Testosterone treatment was associated
with a less-than-small improvement in objective physi-
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cal function as measured by gait (SMD, 0.14 [CI, 0.02 to
0.27]; I? = 0%; low-certainty evidence) (Table and Sup-
plement Figure 2 [available at Annals.org]).

The Physical Function Trial of the Testosterone Tri-
als was limited to men who reported difficulty walking
or climbing stairs and had a baseline gait speed less
than 1.2 m/s on the é6-minute walk test (71). The primary
outcome was the proportion of men who increased the
distance walked in 6 minutes by at least 50 m. At 12
months, 20% of men assigned to testosterone achieved
this threshold, versus 12% of men assigned to placebo
(adjusted OR, 1.42 [Cl, 0.83 to 2.45]). In the overall Tes-
tosterone Trials, including all men regardless of base-
line gait speed, 21% and 13% of men in the testoster-
one and placebo groups, respectively, had increased
the distance they walked in 6 minutes by at least 50 m
at 12 months (adjusted OR, 1.76 [Cl, 1.21 to 2.57]).

Quality of Life. We pooled 7 RCTs (n = 1043) that
reported quality of life as an outcome using the AMS
scale (Supplement Tables 8 and 9, available at Annals
.org). The weighted mean total score at baseline on the
AMS scale for the 6 trials that reported mean baseline
AMS score was 43 points (scale, 17 to 85 points), indi-
cating moderate severity of symptoms. Testosterone
treatment was associated with a small improvement in
quality of life, as measured by the AMS scale (SMD,
—0.33 [Cl, —0.50 to —0.16]; > = 6%, low-certainty evi-
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dence) (Table and Figure 2 [bottom]).

The weighted mean change in AMS score from
baseline for the testosterone group was 7.0 points,
compared with 3.6 points in the placebo group
(weighted mean difference, —3.3 [Cl, —=5.2 to —1.3];
I? = 32%). Thus, men allocated to testosterone on aver-
age moved from moderate to mild symptom severity,
while the symptoms of men allocated to placebo on
average remained moderately severe.

Vitality or Fatigue. Three RCTs (n = 665) reported
vitality and fatigue outcomes that could be pooled
(Supplement Table 10, available at Annals.org). Testos-
terone was associated with a less-than-small improve-
ment in self-reported fatigue or vitality (SMD, 0.17 [ClI,
0.01 to 0.32]; I? = 0%) (Supplement Figure 3, available
at Annals.org).

Mood. We pooled 5 RCTs (n = 872) that evaluated
the effect of testosterone on measures of depressive
symptoms (Supplement Table 11, available at Annals
.org). None required depression or depressive symptoms
for enrollment, and in general, most men enrolled did not
have significant depressive symptoms at baseline (29, 30,
41-44,51, 71,77, 81). Trials measured depressive symp-
toms with various instruments (Beck Depression Inven-
tory, Geriatric Depression Scale, Hospital Anxiety and
Depression Scale, and Patient Health Questionnaire-9).
Testosterone treatment was associated with a less-than-
small improvement in depressive symptoms (SMD, —0.19
[Cl, —0.32 to —0.05]; I* = 0%) (Supplement Figure 4, avail-
able at Annals.org).

Fractures. The RCTs rarely reported fractures (Sup-
plement Table 7). Overall, 6 fractures were reported in
testosterone groups and 8 in placebo groups during
treatment periods ranging from 6 to 24 months (31, 48,
61,65, 71,74,75, 79, 80). During follow-up periods of
6 to 12 months, an additional 3 fractures were reported
in the testosterone groups and 5 in the placebo
groups.

Cognitive Function. Nine studies reported cogni-
tive outcomes (Supplement Tables 12 and 13, available
at Annals.org). Because of variability in patients, scale
scores, and domains assessed, we did not pool results.
Follow-up periods ranged from 6 to 36 months.

One study enrolled persons with Alzheimer disease
(78), and another enrolled those with mild cognitive
impairment (33). The former was a pilot study that ran-
domly assigned 10 participants to testosterone or pla-
cebo; the authors described the findings as preliminary
but encouraging, noting the small sample size (75). The
study of mild cognitive impairment reported 10 mea-
sures of verbal memory, visuospatial memory, visuos-
patial function, and language; many of the measures
had multiple outcomes (a total of 18 outcomes). The
pattern of change in these outcomes over the course of
the study differed by treatment group for only 1 out-
come, and the authors noted that the study may have
been underpowered (33).

Of the 7 remaining studies, 5 included fewer than
45 completers and were underpowered for cognitive
outcomes (30, 52, 68, 77, 81). A study enrolling 280
cognitively normal men reported that long-term treat-
ment with testosterone did not improve cognitive func-
tion (verbal memory, visuospatial memory, language,
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and executive function domains) (49). The Cognitive
Function Trial (66), part of the Testosterone Trials (71),
enrolled 493 men with age-associated memory impair-
ment and reported no association between testoster-
one treatment and improved cognitive outcomes.

Harm Outcomes

The Table summarizes certainty of evidence for the
primary harm outcomes. Supplement Table 14 (avail-
able at Annals.org) provides results by formulation lim-
ited to trials with a mean baseline testosterone level
less than 10.41 nmol/L (300 ng/dL). Supplement Table
4 shows certainty of evidence for the primary harm out-
comes by testosterone formulation. Results did not vary
significantly by follow-up duration (<12 months, 12 to
<24 months, and =24 months) (Supplement Table 15,
available at Annals.org).

Adverse Cardiovascular Events. Fourteen trials (n =
2415) reported cardiovascular events as adverse events
(Supplement Table 16, available at Annals.org). Most of
the trials excluded men with advanced heart failure or a
recent history of myocardial infarction or stroke, and
none were designed to adequately assess cardiovascu-
lar risk of testosterone therapy. Cardiovascular event
definitions varied between studies and were often not
prespecified; event adjudication was rarely described
or done. Pooled risk for adverse cardiovascular out-
comes did not differ between groups (Peto OR, 1.22
[Cl, 0.66 to 2.23]; I* = 18%; low-certainty evidence) (Ta-
ble and Figure 3 [top]). Incidence of cardiovascular
events was 2.3% (Cl, 0.9% to 4.1%) in the testosterone
group, compared with 1.5% (Cl, 0.8% to 2.5%) in the
placebo group (Supplement Figure 5, available at An-
nals.org).

The TOM trial (9, 10) was stopped early because of
excess cardiovascular adverse events in the testoster-
one group. When events were limited to our cardiovas-
cular events of interest, 7 (7%) occurred in the testos-
terone group versus 1 (1%) in the placebo group. This
trial was not included in our pooled analyses because
of high risk of bias based on attrition rate.

Serious Adverse Events and Withdrawals Due to
Adverse Events. Eight trials (n = 2268) reported serious
adverse events (Supplement Table 17, available at An-
nals.org). Ascertainment, definition, and adjudication of
these events were highly variable. Incidence was similar
between groups: 13.2% (Cl, 3.6% to 27.4%) of men as-
signed to testosterone and 12.8% (Cl, 4.7% to 23.9%) of
those assigned to placebo had a serious adverse event
(Supplement Figure 6, available at Annals.org). The
Peto OR was 0.94 (Cl, 0.73 to 1.21) (I = 0%; moderate-
certainty evidence) (Figure 3 [bottom] and Table).

Similarly, withdrawals due to adverse events did
not differ between men assigned to testosterone treat-
ment and those assigned to placebo (5.1% vs. 5.3%;
Peto OR, 0.92 [CI, 0.65 to 1.28]; > = 0%) (Supplement
Figure 7, available at Annals.org).

Venous Thromboembolism. Few venous thrombo-
embolism events were reported in any trial (0.6% in
testosterone groups and 0.5% in placebo groups) (Sup-
plement Table 16).
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Figure 3. Primary harm outcomes from RCTs for testosterone treatment vs. placebo.

Adverse cardiovascular events

Study, Year (Reference) Route Mean Baseline Follow-

T, ng/dL up, mo Funded

Amory et al, 2004 (25) IM 294 36 No
Basaria et al, 2015 (27) D 307 36 Yes
Gianatti et al, 2014 (38) IM 246 9 Yes
Giltay et al, 2010 (41) IM 230 7 Yes
Hildreth et al, 2013 (47) D 297 12 No
Kenny et al, 2010 (53) ™D 398 12 No
Merza et al, 2006 (60) D 230 6 Yes
Nair et al, 2006 (61) D >350 24 No
Ng Tang Fui et al, 2016 (64) IM 196 13 Yes
Snyder et al (T Trials), 2016 (71) TD 234 12 Yes
Snyder et al, 1999 (72) ™D 368 36 No
Srinivas-Shankar et al, 2010 (75) TD 316 6 Yes
Svartberg et al, 2008 (77) IM 239 12 Yes
Tan et al, 2013 (79) IM 260 11 Yes
Total

Random-effects model heterogeneity: I2 = 18%

Serious adverse events

Basaria et al, 2015 (27) TD 307 36 Yes
Behre et al, 2012 (28) D 303 6 Yes
Gianatti et al, 2014 (38) IM 246 9 Yes
Hackett et al, 2013 (42) IM 262 7 Yes
Hildreth et al, 2013 (47) D 297 12 No
Snyder et al, 1999 (72) D 368 36 No
Srinivas-Shankar et al, 2010 (75) TD 316 6 Yes
Tan et al, 2013 (79) IM 260 11 Yes
Total

Random-effects model heterogeneity: I> = 0%

Industry-

Events/Participants, n/N Peto OR Peto OR (95% CI)
Testosterone Placebo
1/24 0/24 7.39 (0.15 to 372.38)
12/155 4/151 i 2.79 (1.02 to 7.61)
3/45 1/43 2.69 (0.37 to 19.77)
0/113 2/71 0.07 (0.00 to 1.28)
1/96 3/47 0.14 (0.02 to 1.17)
1/69 2/62 0.45 (0.05 to 4.46)
0/20 1/19 0.13 (0.00 to 6.48)
2/30 1/30 1.99 (0.20 to 19.94)
1/49 0/51 7.70 (0.15 to 388.20)
7/394 7/394 - 1.00 (0.35 to 2.88)
4/54 3/54 —— 1.35(0.29 to 6.22)
1/130 1/132 —_—— 1.02 (0.06 to 16.32)
1/19 0/19 7.39 (0.15 to 372.38)
2/60 1/60 1.97 (0.20 to 19.31)
36/1258  26/1157 > 1.22 (0.66 to 2.23)
1 1 1
0.01 0.1 1 10 100

25/155 24/151 —— 1.02 (0.55 to 1.87)
7/183 6/179 — 1.15 (0.38 to 3.46)
4/45 4/43 —_— i 0.95 (0.22 to 4.04)
1/97 3/102 —_— 0.38 (0.05 to 2.75)
71/96 30/47 ——— 1.62 (0.76 to 3.48)
77/394 91/394 - 0.81 (0.58 to 1.14)
6/130 3/132 —t+———  2.02(0.54 to 7.62)
3/60 5/60 —_— 0.59 (0.14 to 2.45)

194/1160 166/1108 <+ 0.94 (0.73 to 1.21)

T 1T 1

0.1 051 2 10

IM = intramuscular; OR = odds ratio; RCT = randomized controlled trial; T = testosterone level; TD = transdermal.

Prostate Cancer and Lower Urinary Tract Symptoms. Tri-
als typically excluded men with a history of prostate
cancer or a prostate-specific antigen value above a pre-
determined level (most commonly >4.0 pg/L). Ten
studies (n = 2143) reported cases of prostate cancer
(Supplement Table 16). Prostate cancer ascertainment
varied, and no studies were powered to detect a differ-
ence in rate between treatment groups. Prostate can-
cer incidence was less than 1% during the trials in all
men regardless of treatment group (Peto OR, 0.97 [CI,
0.35 to 2.69]; P= 1%: very-low-certainty evidence)
(Table and Supplement Figures 8 and 9 [available at
Annals.org]).

Three trials reported the number of men who de-
veloped clinically significant lower urinary tract symp-
toms, defined by study authors as a score above 19 (71)
or above 21 (27, 49) on the International Prostate
Symptom Score or as a score of at least 20 on the
American Urological Association symptom scale (47)
(Supplement Table 16). Clinically significant lower uri-
nary tract symptoms were reported for 42 of 645 men
(6.5%) assigned to testosterone and 30 of 592 men
(5.1%) assigned to placebo (Peto OR, 1.36 [Cl, 0.35 to
5.30]; I? = 78%) (Supplement Figure 10, available at
Annals.org).

112 Annals of Internal Medicine ¢ Vol. 172 No. 2 « 21 January 2020

Mortality. Twelve studies (n = 2727) reported mor-
tality (Supplement Table 16). Duration of follow-up var-
ied from 24 weeks to 3 years. None were powered to
detect a difference in mortality between treatment
groups, and studies typically excluded persons at the
highest risk for death. Incidence of death was 0.4% (Cl,
0.07% to 0.99%) in men treated with testosterone, com-
pared with 1.5% (Cl, 0.48% to 2.89%) in the placebo
group (Peto OR, 0.47 [CI, 0.25 to 0.89]; ?=0; low-
certainty evidence) (Table and Supplement Figures 11
and 12 [available at Annals.org]).

Special Populations

Two trials were limited to men with obesity; these
trials were included in the overall analyses. One (63, 64)
reported similar effects on quality of life and sexual
function to those in our pooled analyses. An older,
smaller trial (57) reported improvement in well-being
and energy using nonstandard questionnaires.

Five trials included only men with diabetes mellitus
or metabolic syndrome (26, 37-39, 41-46, 50, 51); 2
were rated as having high risk of bias and were not
included in the overall pooled analyses. For outcomes
reported in these studies of diabetes or metabolic
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syndrome, results were similar to the overall pooled
effects.

No trials of testosterone replacement in opioid us-
ers met our inclusion criteria.

The 10 trials done in populations with specific dis-
ease conditions were not included in our pooled anal-
yses (31, 33, 34, 40, 56, 59, 62, 69, 76, 78). Three trials
were judged to be at high risk of bias (31, 56, 69). Few
reported any significant improvements in patient-
centered outcomes (Supplement Tables 5 to 13, 16,
and 17).

Observational Studies

Twenty observational studies (15 retrospective co-
horts, 1 prospective cohort, 2 case-control studies, and
2 prospective registry studies) reported harms as out-
comes of interest. Two had low, 14 medium, and 4 high
risk of bias. Most reported cardiovascular end points or
mortality; few reported thromboembolic disease or
prostate cancer. Studies were heterogeneous in their
inclusion criteria and patient populations, including
baseline levels of testosterone and comorbid condi-
tions. Duration and type of testosterone treatment, du-
ration of follow-up, and adjustment for potential con-
founders also varied (Supplement Table 2). Mean or
median follow-up ranged from 0.73 years (93) to 10.3
years (90), although 1 study assessed outcomes only
during postoperative hospitalization (83). Five studies
reported at least partial industry sponsorship.

Most studies did not identify an increased risk for
death or cardiovascular events associated with testos-
terone, and some reported decreased risk (92, 97).
One retrospective cohort study of veterans who had
coronary angiography, had a testosterone level less
than 10.41 nmol/L (300 ng/dL), and were treated with
testosterone found that participants had an increased
risk for a combined end point of all-cause mortality,
myocardial infarction, and ischemic stroke compared
with those not treated with testosterone, after adjust-
ment for potential confounders (hazard ratio, 1.29 [CI,
1.05 to 1.58]) (101).

No study reported an increased risk for prostate
cancer. A single retrospective cohort study (87) re-
ported an increased risk for obstructive sleep apnea in
men treated with testosterone. Testosterone was not
associated with increased risk for pulmonary embolism
or deep venous thrombosis (83, 87, 88, 95, 98) in the
few observational studies that reported that outcome.

Among 8 observational studies reporting results by
formulation, results were mixed, with no consistent
finding of increased risk for harm for one formulation
over the other.

DiscuUsSION

Our analysis of data from 38 RCTs found that intra-
muscular or transdermal testosterone therapy resulted
in small improvements in sexual functioning and quality
of life but had little to no effect on physical functioning,
depressive symptoms, energy and vitality, and cogni-
tion. Quality of life, when reported as an outcome, was

Annals.org
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typically measured using the AMS scale; the observed
effect may have been driven primarily by effects on the
sexual subscale. These findings are limited to men with-
out underlying medical conditions recognized to cause
hypogonadism, such as testicular failure or hypotha-
lamic-pituitary injury. Evidence for most outcomes was
of low or moderate certainty. None of the trials had
adequate power to assess risk for adverse cardiovascu-
lar events, prostate cancer, thromboembolic disease,
or death—the harms of most clinical interest. The obser-
vational studies were limited by likely unmeasured con-
founding due to indication or contraindication and
must be interpreted with caution. Few trials were lon-
ger than 1 year, limiting conclusions about the benefits
or harms of longer-term treatment. Participants were
typically aged 60 years or older; white; and without re-
cent cardiovascular events, history of prostate cancer,
or elevated levels of prostate-specific antigen. This lim-
its the generalizability of our findings.

We included RCTs of at least 6 months' duration
and prioritized patient-centered outcomes over inter-
mediate measures, such as body composition or meta-
bolic variables. Important heterogeneity existed in the
entry criteria for trials, including testosterone levels,
presence of symptoms attributable to hypogonadism,
comorbid conditions, and extent of evaluation for un-
derlying causes of low testosterone levels. However, we
believe that the resulting mix of patients likely reflects
clinical practice, especially among primary care physi-
cians who provide most evaluation and treatment of
these patients. The largest randomized placebo-
controlled trial of testosterone therapy for older men,
the Testosterone Trials, enrolled men on the basis of 2
fasting morning levels of total testosterone that aver-
aged less than 9.54 nmol/L (275 ng/dL), no underlying
conditions known to cause hypogonadism, and the
presence of symptoms associated with hypogonadism;
the findings from the several coordinated trials that
make up the Testosterone Trials are generally consis-
tent with our findings.

We did not find differences in reported outcomes
by testosterone formulation (intramuscular vs. transder-
mal). However, patient characteristics, testosterone lev-
els, and outcome reporting varied in studies of intra-
muscular versus transdermal formulations. No clinical
trial that met our other entry criteria directly compared
an intramuscular versus a transdermal formulation of
testosterone. Furthermore, we did not systematically
search for or include studies that directly compared dif-
ferent formulations without a control group.

The FDA recently approved an oral formulation of
testosterone undecanoate for use in the United States
(104). Our review did not evaluate the evidence for ef-
ficacy or harms of oral testosterone. The FDA specifi-
cally stated that the oral formulation is contraindicated
in “Im]en with hypogonadal conditions, such as ‘age-
related hypogonadism,’ that are not associated with
structural or genetic etiologies,” citing demonstrated
increases in blood pressure and lack of established
efficacy (105).
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We limited our review of harm outcomes to serious
adverse events, major adverse cardiovascular events,
withdrawals due to adverse events, prostate cancer,
worsening lower urinary tract symptoms, venous throm-
boembolism, worsening or development of sleep ap-
nea, and mortality. Other potential risks of testosterone
therapy are recognized but were outside the scope of
this review. These include but are not limited to poly-
cythemia, elevated prostate-specific antigen levels, in-
creased blood pressure, gynecomastia, skin reaction to
transdermal products, testicular atrophy, infertility or
azoospermia, and fluid retention, as well as risk for
transfer to others of the transdermal preparations, a
concern owing to risk for virilization in women or chil-
dren (106). Because of concern about inadequate data
regarding harms of testosterone treatment in older
men with age-related hypogonadism, the FDA has re-
quired companies that manufacture these products to
conduct a controlled clinical trial to evaluate the effects
of testosterone therapy on cardiovascular outcomes
(1). This trial, TRAVERSE (Testosterone Replacement The-
rapy for Assessment of Long-term Vascular Events and
Efficacy ResponSE in Hypogonadal Men), began enroll-
ment in May 2018 and will follow participants for up to
5 years for cardiovascular safety and prostate safety, as
well as efficacy outcomes (107).

Because deaths were few and entry criteria for
RCTs excluded persons at highest risk for death, we
cannot make definitive conclusions about testoster-
one's effect on mortality. However, our findings do not
suggest an increased risk for death with testosterone
treatment.

Our findings are generally consistent with those of
other systematic reviews (108-125), with occasional ex-
ceptions (for example, the trial by Huo and colleagues
[126]), despite variable inclusion and exclusion criteria
for study selection, various outcomes assessed, and
methodological differences. Most have found low- to
moderate-certainty evidence of small beneficial effects
on sexual function, little to no evidence of benefit for
other clinical efficacy outcomes, and inadequate evi-
dence to make definitive conclusions about cardiovas-
cular and other long-term harms.

In conclusion, intramuscular or transdermal testos-
terone treatment in men with low testosterone levels
not associated with specific, well-established medical
conditions known to cause primary or secondary hypo-
gonadism may result in small improvements in sexual
function and self-reported quality of life but little to no
benefit for other common symptoms of aging, includ-
ing fatigue or decreased energy, reduced physical
function, and reduced cognition. Evidence is inade-
quate about the long-term benefits or serious harms of
testosterone treatment.
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Appendix Table 1. Search Strategies

Appendix Table 1-Continued

Ovid MEDLINE
1.

50 B S el O Bl ¢ I

_\
o

1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
ges
34.
g58
36.

Embase
1.

2.

w

exp TESTOSTERONE/ad, ae, df, st, tu, th
[Administration & Dosage, Adverse Effects,
Deficiency, Standards, Therapeutic Use,
Therapy]

"testosterone replacement ".mp.

(testosterone adj2 therapy).mp.

testosterone defic$.mp.

(low adj3 testosterone).mp.

(testosterone adj2 supplement$).mp.

testosterone treatment.mp.

lTor2or3ordor5orbor7

limit 8 to (english language and male and
humans and yr="1980 -Current

((singl$ or doubl$ or treb$ or tripl$) adj (blind$3
or mask$3)).tw.

(random$ adj (enroll$ or assign$ or allocat$)).mp.

(randomitted or placebo$).mp.

exp Randomized Controlled Trial/
trial$.ab.

((randomi#ed or clinical) adj2 trial).mp.
100or11or12or13or14or15

9and 16

exp Meta-Analysis/

((meta analy$ or meta-analy$) adj2 review).mp.
(meta analy$ or meta-analy$).mp.
(systematic$ adj2 (review or overview)).mp.
selection criteria.ab.

(data abstraction or data extraction).ab.
exp “REVIEW"/

22 0r23

24 and 25

18 or 19 or 20 or 21 or 26

9 and 27

exp Observational Study/

exp Cohort Studies/

exp Cross-Sectional Studies/
observational stud$.mp.

((follow up or follow-up) adj stud$).mp.

((cross sectional or cross-sectional) adj stud$).mp.

retrospective stud$.mp.

(cohort adj2 stud$).mp. or (cohort adj2
analy$).tw.

29 or300r31or32or33or34or35o0r36

9 and 37

(contracepti$ or pregnan$).mp.

exp INFERTILITY/

exp CONTRACEPTION/

39 or40 or 41

17 not 42

28 not 42

38 not42

(testosterone adj2 (deficiency or therapy or
treatment or supplement$)).mp

exp androgen deficiency/co, dm, dt, si
[Complication, Disease Management, Drug
Therapy, Side Effect]

exp androgen therapy/

(low adj3 testosterone).mp.

exp testosterone/ae, ad, do, dt, th [Adverse Drug
Reaction, Drug Administration, Drug Dose,
Drug Therapy, Therapy]

lTor2or3orédor5

limit 6 to (human and male and english language
and yr="1980 -Current”)

((single blind or double blind) adj
procedure).mp.

exp placebo/ct, th [Clinical Trial, Therapy]

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Cochrane Library

(random$ adj (enroll$ or assign$ or allocat$)).mp.

randomi?ed.mp.

((randomi?ed or clinical) adj2 trial$).mp.

trial$.ab.

8or9or10or11or12o0r13

7 and 14

exp “systematic review"/ or “systematic review
(topic)"/

((meta analy$ or meta-analy$) adj2 review).mp.

(meta analy$ or meta-analy$).mp.

(systematic$ adj2 (review or overview)).mp.

160r17o0r18o0r19

7 and 20

((cohort or observational) adj stud$).mp.

((cross sectional or cross-sectional) adj stud$).mp.

retrospective stud$.mp.

(cohort adj analy$).mp.

22 or23 or24 or 25

7 and 26

(contracept$ or pregnan$).mp.

exp infertility/ or exp male infertility/

28 or 29

15 not 30

21 not 30

27 not 30

(31 not 32) and (31 not 33)

(32 not 31) and (32 not 33)

(33 not 31) and (33 not 32)

MeSH descriptor: [Testosterone]: [Administration
& dosage - AD, Adverse effects - AE, Deficiency
- DF, Standards - ST, Therapeutic use - TU]

testosterone replacement:ti,ab,kw

testosterone near/2 therapy:ti,ab,kw

testosterone defici*:ti,ab,kw

low near/3 testosterone:ti,ab,kw

testosterone near/2 supplement*:ti,ab,kw

testosterone treatment:ti,ab,kw

{or #1-#7} Publication Year from 1980 to 2018

(men or male*):ti,ab,kw

MeSH descriptor: [Male]

(#9 or #10)

(#8 and #11)

(randomi?ed) or (placebo?):ab

randomized controlled trial:pt

(#13 or #14)

(#12 and #15)

(contracept* or pregnan*):ti,ab, kw

MeSH descriptor: [infertility] 1 tree(s) exploded

(#17 or #18)

(#12 not #19)

(#16 not #19)

(#20 and #21)

not embase:an

not pubmed:an

(#22 or #23)

(#20 and #24)
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Appendix Table 2. Description of Commonly Reported Outcome Measures

Measure Domains Range of Scores and Minimal Clinical Number of ltems  Item Description
Scoring System Important
Difference
Age-Related Hormone 1. Family life Domain impact rating: NR 42 total (2 items Higher indicates better.
Deficiency-Dependent 2. Social life -3 (much better) to per domain) Each domain is
Quality of Life 3. Work 3 (much worse) introduced with a
(A-RHDQol) (127) 4. Health Domain importance hypothetical
5. Physical appearance rating: O (not statement followed
6. Physical capabilities important) to by rating of
7. Physical stamina 3 (very important importance.
8. Energy Weighted impact: =9 Weighted domain
9. Sex life (maximum negative impact score is

10. Sleep impact) to 9 obtained by

11. Bodily pain (maximum positive multiplying impact

12. Stress tolerance impact) per domain rating by

13. Memory corresponding

14. Concentration importance rating.

15. Travel Abridged versions

16. Holidays and leisure include the

17. Household tasks 21-domain

18. Confidence Age-Related

19. Motivation Hormone

20. Society's reaction Deficiency-

21. Worry about future Dependent Quality
of Life. Domains
determined to be
“not applicable” (i.e.,
family life, work, sex
life, and bodily pain)
to the patient are not
included in weighted
score.

Aging Males' Symptoms 1. Psychological Scoring system: 1 (no NR 17 total Higher indicates worse.

(AMS) (128)

2. Somatovegetative (or

symptoms) to 5 (very

Psychological: 5

Psychological subscale

somatic) severe) Somatovegetative items:
3. Sexual Overall range, 17-85 (or somatic): 7 discouragement,
Impairment: Sexual: 5 depression,
<26 = no impairment irritability, anxiety,
27-36 = mild and nervousness.

37-49 = moderate

=50 = severe
Psychological range, 5-25
Impairment:

9-12 = moderate

>12 = severe
Somatovegetative (or

somatic) range, 7-35

Impairment:

13-18 = moderate

>19 = severe
Sexual range, 5-25
Impairment:

8-10 = moderate

211 = severe

Somatovegetative (or
somatic) subscale
items: pain in
muscles or joints,
sweating (hot
flushes), increased
need for sleep and
sleep disturbances,
impaired general
well-being,
decreased muscular
strength, and
decreased energy.

Sexual subscale items:
disturbances in
potency, decrease in
morning erections,
decrease in libido
and sexual activity,
decrease in beard
growth, and the
“impression of
having passed the
zenith of life.”
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Appendix Table 2-Continued

Measure Domains Range of Scores and Minimal Clinical Number of ltems  Item Description
Scoring System Important
Difference
Arizona Sexual Experience 1. Sex drive Scoring system: 1 NR 5 total (1 item per  Higher indicates worse.
(ASE) (129) 2. Arousal (hyperfunction) to 6 Sex-specific versions of
3. Vaginal (hypofunction) scales. Designed to
lubrication/penile Overall range, 5-30 (1-6 be self- or
secretion per domain) clinician-
4. Ability to reach Impairment: administered.
orgasm Total score 219, any 1
5. Satisfaction from item with score =5,
orgasm or 3 items with a
score 24 =
dysfunction
Beck Depression Inventory 1. Mood Scoring system: O (better) ~ NR 21 total (1 item Higher indicates worse.

(BDI) (41, 130) 2. Pessimism

3. Sense of failure

per domain) The Beck Depression

Inventory-lAis a

to 3 (worse)
Overall range, 0-63

4. Lack of satisfaction Impairment: revised version that

5. Guilty feeling 10-16 = mild assesses depressive

6. Sense of depression symptoms with
punishment 17-29 = moderate scores =10 indicative

7. Self-hate depression of mild depressive

8. Self-accusations 30-63 = severe states.

9. Self-punitive wishes depression

10. Crying spells

11. Irritability

12. Social withdrawal

13. Indecisiveness

14. Body image

15. Work inhibition

16. Sleep disturbance

17. Fatigability

18. Loss of appetite

19. Weight loss

20. Somatic

preoccupation

21. Loss of libido

Derogatis Interview for Sexual ~ Sexual desire A change of =5 5 total

Scoring system: 4 Higher indicates better.

Functioning in Men-I| questions scored 0 based on The Derogatis Interview
sexual desire (DISF-M-II) (low) to 7 (high) and regression, for Sexual
(71,82,131) 1 question scored 0 ROC, and Functioning in Men-Il
(low) to 5 (high) empirical CDF is an updated version
Range, 0-33 anchor-based of the 25-item
Impairment: analyses from interview consisting
>20 = decreased libido the of 5 domains (sexual
and desire Testosterone cognition/fantasy,
Trials results sexual arousal, sexual
behavior/experience,
orgasm, and sexual
drive/relationship).
Scale can be
administered or
based on self-report.
Distinct
gender-keyed
versions are also
available.
Functional Assessment of Fatigue/exhaustion Scoring system: 0 (very NR 13 total Higher indicates better.
Chronic lliness Therapy fatigued) to 5 (not The Functional
(FACIT) Fatigue Scale (132) fatigued) Assessment of
Range, 0-52 Chronic lllness
Impairment: Therapy Fatigue

<30 = severe Scale is one of many
different scales that
are part of a
collection of
health-related quality
of life questionnaires
targeted to the
management of
chronic illness.

ltems 7 and 8 on the
scale are
reverse-scored.

Continued on following page
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Appendix Table 2-Continued

Measure Domains Range of Scores and Minimal Clinical Number of ltems  Item Description
Scoring System Important
Difference
Geriatric Depression Scale Depression Scoring system: 1 point NR Geriatric Higher indicates worse.
(GDS) (33, 133) per bolded question Depression Adapted short form
on scale Scale: 30 total used to assess
Range, 0-30 (1 item per depressive scores
domain) (range, 0-15; =5
Geriatric indicates
Depression depression).
Scale-Short Questions refer to
Form: 15 total feelings in past week.
(1 item per
domain)
Hospital Anxiety and 1. Anxiety Scoring system, anxiety: 0 NR 14 total (7 items Higher indicates worse.

Depression Scale (HADS)
(43, 134)

International Index of Erectile
Function (IIEF) (26, 82, 135)

Medical Outcomes Study
Short Form-36 Health
Survey (SF-36) (27, 136)

2. Depression

1. Erectile function

2. Orgasmic function

3. Sexual desire

4. Intercourse
satisfaction

5. Overall satisfaction

1. Physical function

2. Bodily pain

3. Vitality

4. Role limitations due
to physical problems

5. General health
perceptions

6. Emotional
well-being/general
mental health

7. Social function

8. Role limitations

(not at all/only
occasionally) to 3
(often)

Scoring system,
depression: 0
(often/very much) to
3 (hardly/not at all)

Overall range, 0-42

Anxiety range, 0-21

Impairment:

8-10 = borderline
abnormal
>11 = abnormal

Depression range, 0-21

Impairment:

8-10 = borderline
abnormal
>11 = abnormal

Scoring system: 0/1
(severe symptoms) to
5 (mild/no
symptoms)

Overall range, 4 (or 5)-75

Erectile function range, 0
(or 1)-30

Orgasmic function range,
0-10

Sexual desire range, 2-10

Intercourse satisfaction
range, 0-15

Overall satisfaction range,
2-10

Scoring system: O (severe
problems/limited
mobility) to 100 (no
problems/normal
functioning)

Range, 0-100 per domain

The MCID for the
erectile
function
domain is 4
points using
an anchor
response to
question 7:
“over the past
4 weeks, when
you attempted
sexual
intercourse
how often was
it satisfactory
for you?”

The MCID for
various
domains has
been
determined to
be between 3
and 5 for
various
conditions; the
Testosterone
Trials
measured the
percentage of
men whose
physical
function
domain score
increased by 8
points

per domain)

IIEF: 15 total
Erectile function:
6
Orgasmic
function: 2
Sexual desire: 2
Intercourse
satisfaction: 3
Overall
satisfaction: 2
IIEF-5: 5 total
IIEF-ED: 6 total

36 total

Physical function:
10

Bodily pain: 2

Vitality: 4

Role limitations
due to physical
problems: 3

General health
perceptions: 5

Emotional
well-being/
general mental
health: 5

Social function: 2

Role limitations
due to
emotional
problems: 3

One question each on
the anxiety ("I can sit
at ease and feel
relaxed”) and
depression ("l feel as
if  am slowed down")
scales are
reverse-scored.

Higher indicates better.

Abridged versions
include IIEF-5 (5
items focused on
erectile function and
intercourse
satisfaction; range,
5-25) and IIEF-ED (6
items from erectile
function domain
only; range, 0 [or

1]-30).

Higher indicates better.

Each domain scored
separately. Abridged
versions include the
Short Form-12 and
Short Form-20.
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Appendix Table 2-Continued

Positive and Negative Affect

Schedule (PANAS) (140)

2. Strenuous sports
3. Moderate sports
4. Light sports
5. Job involving
standing or walking
6. Lawn work or yard
care
7. Caring for another
person
8. Home repairs
9. Heavy housework
10. Light housework
11. Outdoor gardening
12. Walking
1. Positive affect
2. Negative affect

basis of hours per
day; an additional 6
items are scored 0
(did not engage in
activity) to 1
(engaged in activity)
over 7-day period
Overall range, 0-793

20 total terms (10
per affect)

Scoring system: 1 (very NR
slightly/not at all) to 5
(extremely)

Overall range, 20-100
(10-50 per domain)

Measure Domains Range of Scores and Minimal Clinical Number of ltems  Item Description
Scoring System Important
Difference
Patient Health Depression Scoring system: 0 (not at NR 9 total Higher indicates worse.
Questionnaire-9 all) to 3 (nearly every Scale consists of 9
(PHQ-9) (137) day) questions that
Range, 0-27 total incorporate criteria
Depression: from the Diagnostic
= 10-14 = moderate and Statistical Manual
=20 = severe of Mental Disorders,
Fourth Edition, with
other leading major
depressive
symptoms. Questions
ask about problems
that include trouble
sleeping, energy
level, appetite or
overeating, feelings
of self, concentration,
restlessness, and
suicidal ideation.
Physical Activity Scale for the 1. Muscle Scoring system: 6 items NR 12 total (1 item Higher indicates better.
Elderly (PASE) (138, 139) strength/endurance are scored on the per domain) Designed for

individuals aged =65
y. Activity weights
range from 20 to 36.
Scores may vary
seasonally.

Higher indicates
greater intensity of
affect.

Scales are rated by
time frames
(moment, today, past
few days, past few
weeks, year, and
general).

Positive affect reflects
the extent to which a
person feels
enthusiastic, active,
and alert. Positive
affect descriptive
terms include
attentive, interested,
alert, excited,
enthusiastic, inspired,
proud, determined,
strong, and active.

Negative affectis a
general dimension of
subjective distress
and unpleasurable
engagement that
subsumes a variety of
aversive mood states,
including anger,
contempt, disgust,
guilt, fear, and
nervousness.

Continued on following page
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Appendix Table 2-Continued

Measure

Domains

Range of Scores and
Scoring System

Minimal Clinical
Important
Difference

Number of Items

Item Description

Profile of Mood
States-Depression (POMS)
(33,141)

Psychosocial Daily
Questionnaire (PDQ)
question 4 (82, 142)

Well-Being Questionnaire
(W-BQ12) (143, 144)

Depression

Sexual activity

1. Negative well-being

2. Energy

3. Positive well-being

Scoring system: 0 (not at
all) to 4 (extremely)

Overall range, 0-60

Depression range, 0-60

Scoring system: 0 (none)
to 1 (any); weekly
value averaged

Range, 0-12

Scoring system: 0 (less) to

12 (more)

Overall range, 0-36 (0-12

per domain)

NR

A change of 20.6
based on
regression,
ROC, and
empirical CDF
anchor-based
analyses from
the
Testosterone
Trials results

NR

15 total

12 total

12 total (4 items
per domain)

Negative affect terms
include distressed,
upset, hostile,
irritable, scared,
afraid, ashamed,
guilty, nervous, and
jittery.

Higher indicates worse.

Scale measures current
and past week
experiences.
Additional domains
include tension/
anxiety, anger/
hostility, vigor/
activity, fatigue, and
confusion/
bewilderment.

Higher indicates
greater number of
activities.

Question 4: For all of
the items listed,
check yes if you have
experienced (or are
experiencing) today
(otherwise check no):
sexual daydreams,
anticipation of sex,
sexual interactions
with partner, flirting
(by you), orgasm,
flirting (by others
toward you),
ejaculation,
intercourse,
masturbation, night
spontaneous
erection, day
spontaneous
erection, or erection
in response to sexual
activity.

Additional domains
include sexual desire
and performance.

Higher indicates worse
(negative
well-being); higher
indicates better
(energy, positive
well-being, and
general well-being)

Adapted from the
22-item Well-Being
Questionnaire
(W-BQ22). Domains
scored separately
and summed to
produce a general
well-being score
(0-36).

CDF = cumulative distribution function; IIEF = International Index of Erectile Function; IIEF-5 = 5-item version of IIEF; IIEF-ED = IIEF erectile
dysfunction domain; MCID = minimal clinically important differences; NR = not reported; ROC = receiver-operating characteristics.
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Appendix Table 3. Cognitive Outcomes

Global: screening tests
MMSE
Modified Mini-Mental State (3MS)

Global: multidomain tests
ADAS-Cog
Composite cognitive score from battery

Attention
Reaction Time, Simple
Reaction Time, Choice
Digit Span Forward or Total
Trail Making Test A
Stroop Color +/or Word
Knox Cube Imitation Test
Letter Cancellation

Language/verbal abilities
Verbal Fluency, Semantic/Category
Verbal Fluency, Phonemic

Memory: verbal
Buschke Selective Reminding Test: delayed recall (30 min)
Rey Auditory Verbal Learning Test (RAVLT): delayed
Prose/Story Recall: delayed recall (20/30 min)
WMS-R Verbal Paired Associate: immediate and delayed

Memory: visuospatial
Benton Visual Retention Test (BVRT)
Puget Sound Route Learning Test: delayed recall
Rey O Complex Figure Test (RCFT): delayed recall (30 min)
WMS-R Visual Paired Associate: immediate and delayed
Visual Spatial Learning Test (VSLT): delayed recall (30 min)

Visuospatial
Rey O Complex Figure Test (RCFT): figure copy
Benton Judgement of Line Orientation (JLO)
Block Design: construction task
Card Rotation Test
Mental Rotation
Clock Drawing Test (CDT)
Pentagon Figure Drawing from MMSE
Picture Completion

Executive
Digit Span Backward
Trail Making Test B or B-A

ADAS-Cog = Alzheimer's Disease Assessment Scale cognitive sub-
scale; MMSE = Mini-Mental State Examination; WMS-R = Wechsler
Memory Scale Revised.
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