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AbstrAct
Objective To assess the relative effects of individual 
testosterone products among hypogonadal men.
Design Systematic review and network meta-analysis.
Methods We searched MEDLINE, Embase, Cochrane 
CENTRAL, and grey literature (25 May 2017) for 
randomised-controlled trials (RCTs) and non-randomised 
studies (NRS) that involved hypogonadal men given 
testosterone replacement therapy (TRT) for ≥3 months. 
Comparators were placebo, another TRT, or the same 
product at a different dose. Outcomes were quality of 
life, depression, libido, erectile function, activities of daily 
living and testosterone levels, as well as cardiovascular 
death, myocardial infarction, stroke, prostate cancer, heart 
disease, diabetes, serious adverse events, withdrawals 
due to adverse events and erythrocytosis. RCT data were 
pooled via meta-analysis and network meta-analysis. 
Risk of bias was assessed using Cochrane’s risk of bias 
tool (RCTs) andScottish Intercollegiate Guidelines Network 
(SIGN)50 (NRS).
results Eighty-seven RCTs and 51 NRS were included. 
Most were at high or unclear risk of bias, with short 
treatment duration and follow-up. When compared as 
a class against placebo, TRT improved quality of life 
(standardised mean difference (SMD) −0.26, 95% CI 
−0.41 to –0.11), libido (SMD 0.33, 95% CI 0.16 to 0.50), 
depression (SMD −0.23, 95% CI −0.44 to –0.01) and 
erectile function (SMD 0.25, 95% CI 0.10 to 0.41). Most 
individual TRTs were significantly better than placebo 
at improving libido (6/10). Only one TRT was better than 
placebo at improving quality of life, and no individual TRTs 
improved depression or erectile function. There was no 
increased risk of adverse events, with the exception of 
withdrawals due to adverse events with the use of some 
TRTs.
conclusion Despite a class effect of improving quality 
of life, depression, erectile function and libido, major 
improvements were not observed with the use of any 
individual product. We observed no statistically significant 
increase in the risk of adverse events; however, longer-
term high-quality trials are needed to fully assess the risk 
of harm.
PrOsPErO registration number CRD42014009963.

IntrODuctIOn
Testosterone deficiency has well recognised 
negative effects on male sexuality and quality 
of life.1 Recent clinical practice guidelines 
recommend testosterone replacement 
therapy (TRT) for adult men with low testos-
terone levels (hypogonadal men) with the 
goal of improving symptoms and elevating 
testosterone levels into the mid-normal range 
for young men.2 However, two large obser-
vational studies have reported an increased 
risk of cardiovascular events with testosterone 
use,3 4 and the US Food and Drug Adminis-
tration (FDA) and Health Canada both have 
warned of a potential increased risk of cardio-
vascular events among men using testos-
terone products.5 6 

Previous meta-analyses have reported posi-
tive effects of TRT compared with placebo on 
quality of life,7 depression8 9 and some aspects 
of sexual function.10 However, the results of 
individual trials have been mixed, and there 
is variation in testosterone formulations and 
doses.11 Similarly, previous meta-analyses 

Testosterone therapy in hypogonadal 
men: a systematic review and 
network meta-analysis

Jesse Elliott,1 Shannon E Kelly,1 Adam C Millar,2 Joan Peterson,3 Li Chen,1 
Amy Johnston,1 Ahmed Kotb,4 Becky Skidmore,5 Zemin Bai,1 
Muhammad Mamdani,6 George A Wells1

To cite: Elliott J, Kelly SE, 
Millar AC, et al.  Testosterone 
therapy in hypogonadal men: a 
systematic review and network 
meta-analysis. BMJ Open 
2017;7:e015284. doi:10.1136/
bmjopen-2016-015284

 ► Prepublication history and 
additional material for this paper 
are available online. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjopen- 2016- 015284).

Received 22 November 2016
Revised 31 July 2017
Accepted 16 August 2017

1Cardiovascular Research 
Methods Centre, University of 
Ottawa Heart Institute, Ottawa, 
Ontario, Canada
2Department of Medicine, 
Mount Sinai Hospital, University 
of Toronto, Toronto, Ontario, 
Canada
3Clinical Epidemiology Program, 
Ottawa Hospital Research 
Institute, Ottawa, Ontario, 
Canada
4School of Medicine, Royal 
College of Surgeons in Ireland, 
Dublin, Ireland
5Independent Information 
Specialist, Ottawa, Ontario, 
Canada
6Li Ka Shing Knowledge 
Institute, St. Michael's Hospital, 
Toronto, Ontario, Canada

correspondence to
Professor George A Wells;  
 gawells@ ottawaheart. ca

Research

strengths and limitations of this study

 ► We performed a comprehensive systematic review 
of the published and grey literature to identify 
randomised studies  and non-randomised studies 
(NRS)  involving adult men with low testosterone 
levels.

 ► Although there is no universally agreed on level for 
the diagnosis of ‘low’ testosterone, we included only 
studies that enrolled men with total testosterone 
≤12 nmol/L or free testosterone ≤225 pmol/L, 
consistent with recent guidelines.

 ► Data from NRS were poorly reported and were not 
suitable for pooling via meta-analysis.

 ► The included studies were generally at high or 
unclear risk of bias, and most studies had a relatively 
short treatment and follow-up duration.

 ► Longer-term high-quality studies are needed to 
more fully assess the risk of rare adverse events.
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of potential harms related to TRT use have reported 
contradictory findings.12–16 A 2013 meta-analysis reported 
an increased risk of cardiovascular-related events in a 
mixed population of hypogonadal and eugonadal men;15 
however, others have found no increased risk of cardio-
vascular outcomes, including myocardial infarction, 
stroke or cardiovascular death.12–14 16

Because there are multiple TRT products and many 
different dosing strategies,17 it may not be appropriate 
to group together all testosterone products, as in tradi-
tional meta-analyses. In this study, we performed a 
systematic review to identify randomised-controlled trials 
(RCTs) and non-randomised studies (NRS) involving 
hypogonadal men, and we used network meta-analysis to 
compare each individual product.

MEthODs
This review was registered a priori (CRD42014009963) and 
followed the Cochrane handbook18 and the PRISMA for 
Network Meta-Analysis checklist.19 Our review included 
RCTs and NRS involving adult men with low testosterone 
taking any form of TRT compared with placebo, another 
TRT, or the same TRT at a different dose. We did not 
exclude studies on the basis of reported outcomes.

Patient involvement
No patients were involved in setting the research ques-
tion or in developing plans for design, or implementa-
tion of the study. A patient representative was involved in 
selecting the outcome measures, and patient groups were 
given the opportunity to comment on the study protocol. 
No patients were asked to advise on the interpretation or 
writing up of results. There are no plans to disseminate 
the results of the research to study participants or the 
relevant patient community.

search strategy
Using the OVID platform, we searched Ovid MEDLINE, 
Ovid MEDLINE In-Process & Other Non-Indexed Cita-
tions, and Embase Classic+Embase on 3 June 2014. We 
also searched CENTRAL in the Cochrane Library on 
Wiley on the same date. Grey literature were searched 
according to CADTH’s Grey Matters Light.20 All searches 
were updated on 25 May 2017.

We used controlled vocabulary, including ‘Testos-
terone’, ‘Testosterone Congeners’ and ‘Androgens’, to 
which we applied relevant subheadings ‘administration 
& dosage’, ‘analogs & derivatives’, ‘adverse events’ and 
‘therapeutic use’, or combined with ‘Hormone Replace-
ment Therapy.’ Our keywords included ‘testosterone’ or 
‘androgen’ in combination with means of administration 
(buccal, cream, gel, implant, injections, oral, patch, trans-
dermal) or function (replacement, substitute, supple-
ment, therapy, treatment). We also searched ‘TRT’ and all 
known names for testosterone replacement products (eg, 
AndroGel, Bio-T-Gel, Striant). Truncation, wild cards and 
proximity operators were incorporated as appropriate 

and terminology and syntax were adjusted according to 
database and platform. The search strategy is available in 
supplementary eAppendix 1.

study selection
We included placebo-controlled and active-controlled 
RCTs and NRS involving adult men (≥18 years) with 
low testosterone (total testosterone ≤12 nmol/L or 
free testosterone ≤225 pmol/L) administered a testos-
terone product. We excluded studies that artificially 
suppressed endogenous testosterone, involved testos-
terone precursors, or had less than 10 participants. We 
included studies with a treatment duration of 12 weeks 
or longer, as follow-up is generally recommended for this 
time point.2 21 Cross-over trials were included if the initial 
period was at least 12 weeks. Titles and abstracts were 
screened in duplicate (JE, JP, ZB), and the full text of any 
potentially relevant record was evaluated (JE, JP, AJ, ZB). 
Disagreements were resolved by consensus.

Data extraction and risk of bias
Data were extracted by one reviewer using piloted stan-
dardised abstraction forms (Distiller SR) and checked by 
a second reviewer (JE, JP, AJ, AK, ZB). First-period data 
were extracted from cross-over trials. Risk of bias was 
assessed by two reviewers using the Cochrane Collabo-
ration’s risk of bias tool for RCTs or SIGN50 for cohort 
studies.22 Disagreements were resolved by discussion. 
Publication bias was assessed by visual inspection of 
funnel plots.

Outcomes
Outcomes of interest were quality of life, depression, 
libido, erectile function, activities of daily living and total 
testosterone level (at 3 months, 6 months, end of study) 
(continuous outcomes), as well as cardiovascular death, 
myocardial infarction, stroke, prostate cancer, diabetes, 
heart disease, serious adverse events, withdrawals due 
to adverse events and erythrocytosis (dichotomous 
outcomes). We included data for quality of life, depres-
sion, erectile function and libido that had been measured 
using a validated scale (supplementary eAppendix 2), 
and the direction of each scale was standardised before 
analysis. A higher effect estimate (eg, positive stan-
dardised mean difference (SMD) or mean difference 
(MD)) indicates improvement in libido, erectile function 
and testosterone level, and a lower effect estimate indi-
cates improvement in quality of life and depression. Data 
from RCTs were included for quality of life, depression, 
libido, erectile function, and activities of daily living, and 
testosterone levels, and data from RCTs and NRS were 
included for harms outcomes.

Data analysis
The results of the included NRS are summarised narra-
tively. Meta-analysis and network meta-analysis involving 
data from RCTs were performed as described below. We 
performed meta-analysis using RevMan (V.5.3; Cochrane 
Collaboration) and Bayesian network meta-analysis using 

https://dx.doi.org/10.1136/bmjopen-2016-015284
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Figure 1 PRISMA flow diagram showing selection of studies. NRS, non-randomised studies; RCT, randomised-controlled trial; 
TRT, testosterone replacement therapy. 

WinBUGS (V.1.4.3; MRC Biostatistics Unit). Analyses 
were based on mean change from baseline for quality of 
life, depression, erectile function, libido, and on mean 
after-treatment values for total testosterone level. The 
number randomised was used as the denominator for 
quality of life, depression, libido, erectile function and 
total testosterone level, and the number who received 
treatment was used for harms. Two trials23 24 were removed 
from the analyses because the data from these trials were 
outliers for each outcome and each had a considerable 
effect on heterogeneity. In an exploratory analysis, we 
removed trials enrolling men with major comorbidities 
(ie, HIV/AIDS, osteoporosis, metabolic syndrome, type 
2 diabetes, angina, Alzheimer’s disease, heart failure, 
end-stage renal disease).

In the network meta-analysis, we used a binomial like-
lihood model for dichotomous outcomes and a normal 
likelihood model for continuous outcomes, allowing for 
the inclusion of multiarm trials.25 Network meta-analyses 
included all trials that reported each outcome with no 
restrictions based on comorbidities. Each dose of an indi-
vidual testosterone product was included as a separate 
node in the evidence networks. A continuity correction 
was applied to adjust for zero events for harm outcomes. 
Assessment of model fit and choice of model (fixed vs 
random effects) was based on assessment of the devi-
ance information criterion and comparison of residual 
deviance to the number of unconstrained data points.25 
Results are reported for the random-effects model. We 
derived point estimates and 95% credible intervals (CrIs) 
using the Markov Chain Monte Carlo method. MD, SMDs 
with SDs or ORs with 95% CrIs or CIs are reported for 

continuous or dichotomous outcomes as appropriate. 
Vague priors (eg, N(0, 1002)) were assigned for basic 
parameters throughout.25 To ensure model convergence, 
trace plots and Brooks-Gelman-Rubin statistics were 
assessed.26 Three chains were fit for each analysis with 
at least 20 000 iterations and a burn-in of at least 20 000 
iterations. Inconsistency was assessed where possible by 
comparing the deviance, between-study variance, and 
deviance information criterion statistics of the consis-
tency and inconsistency models.27 The posterior mean 
deviance of the individual data points in the inconsistency 
model was plotted against the posterior mean deviance 
in the consistency model.27 All network diagrams were 
constructed using NodeXL.

role of the funding source
The funder had no role in study design, data collection, 
analysis, interpretation or writing. All authors had full 
access to the study data, and the corresponding author 
had final responsibility for the decision to submit for 
publication.

rEsults
search results and study characteristics
We identified 87 RCTs and 51 NRS published between 
1997 and 2017, corresponding to 196 records (figure 1, 
supplementary eAppendix 3). Of these, 70 RCTs and 
19 NRS reported an outcome of interest (supplemen-
tary eTable 1,2). The median treatment duration of the 
RCTs was 6 months (range: 3–36 months), with mean 
participant age ranging between 30 years and 78 years 
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Figure 2 Meta-analysis of the effect of testosterone on quality of life.

(supplementary eAppendix 4, eTable 1). Most RCTs were 
placebo-controlled (87%), with two treatment groups 
(89%). Of the included NRS, 10 were retrospective and 
9 were prospective cohorts, with a duration up to 8 years 
(supplementary eTable 2). Few RCTs or NRS were at low 
risk of bias, primarily because of a lack of details about 
randomisation procedures, allocation concealment and 
analysis populations (supplementary eTable 3,4). Based 
on visual inspection of funnel plots, publication bias 
could not be ruled out for most outcomes (supplemen-
tary eAppendix 5).

network consistency
Comparison of the consistency and inconsistency models 
for libido and total testosterone levels did not show 
evidence of inconsistency (supplementary eAppendix 
6). Consistency could not be evaluated for quality of life, 
depression or erectile function because of a lack of closed 
loops. The full network characteristics and evidence 
networks are presented in supplementary eAppendix 7 
and supplementary eFigure 1A–E.

Outcomes
Quality of life
In total, 23 RCTs (21 placebo-controlled, two active-con-
trolled) involving 3090 participants assessed quality of life. 
Compared with placebo, treatment with any TRT signifi-
cantly improved quality of life (SMD –0.26, 95% CI –0.41 
to –0.11; n=2834) with substantial heterogeneity (I2=71%; 
figure 2). To explore this heterogeneity, we excluded 
RCTs that involved men with major comorbidities. This 
had little effect on heterogeneity (I2=62%) or the point 
estimate (SMD –0.17, 95% CI –0.34 to –0.01; supplemen-
tary eFigure 2).

The evidence network for quality of life comprised 23 
RCTs, representing 14 treatments in addition to placebo 
(figure 3). Intramuscular (IM) testosterone undecanoate 
(TU; 1000 mg/12 weeks) significantly improved quality 

of life relative to placebo (SMD −0.48, 95% CI −0.84 to 
–0.10) and to oral TU (160 mg/day; SMD −0.68, 95% CI 
−1.32 to –0.02), with no other significant differences 
among the other treatments (table 1). The results were 
consistent when studies involving men with major comor-
bidities were removed from the network, despite three 
fewer treatments being included in the network (data not 
shown).

Depression
Twelve RCTs (11 placebo-controlled, 1 active-controlled) 
involving 852 participants randomised to nine treatments 
evaluated depression. Compared with placebo, treat-
ment with any TRT improved depression (SMD –0.23, 
95% CI –0.44 to –0.01; n=786; I2=44%) (supplementary 
eAppendix 8 (supplementary eFigure 3A)). Removal of 
trials involving men with major comorbidities did not 
reduce heterogeneity although the effect of TRT was no 
longer statistically significant (SMD –0.12, 95% CI –0.49 
to 0.26; I2=56%) (supplementary eFigure 3B).

In the network meta-analysis, there were no signifi-
cant differences in depression for any individual TRT 
compared with placebo or among the treatments (supple-
mentary eTable 5). Removal of trials involving major 
comorbidities did not alter the results (two treatments 
removed; data not shown).

Libido
Fourteen RCTs (12 placebo-controlled, 2 active-con-
trolled) involving 3167 patients randomised to 10 treat-
ments investigated libido. Compared with placebo, 
treatment with any TRT significantly improved libido 
(SMD 0.33, 95% CI 0.16 to 0.50; I2=74%; n=2732) (supple-
mentary eFigure 4A). Removal of trials involving men with 
major comorbidities increased heterogeneity (I2=80%), 
and the point estimate was no longer statistically signif-
icant (SMD 0.19, 95% CI –0.03 to 0.41) (supplementary 
eFigure 4B).
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Figure 3 Evidence network for quality of life. The size of each circle (node) is proportional to the number of randomly 
assigned patients and indicates sample size. The number of randomised-controlled trials (RCTs) that contributed to each 
direct comparison is indicated on the line between nodes. IM, intramuscular injection; TC, testosterone cypionate; TE, 
testosterone enanthate; TU, testosterone undecanoate.

In the network meta-analysis, most individual treatments 
significantly improved libido compared with placebo 
(6/10 treatments; supplementary eTable 6). Among the 
treatments, 1% gel (100 mg/day) was significantly better 
than patch (5 mg/day) and oral TU (160 mg/day), and 
oral TU (120 mg/day) was significantly better than patch 
(5 mg/day) and 1% gel (75 mg/day). Oral TU (160 mg/
day) was significantly worse than most other TRTs in the 
network (8/9 TRTs) (supplementary eTable 6). Removal 
of trials involving major comorbidities resulted in the 
removal of four treatments from the network; however, 
the results were consistent for the remaining treatments 
(data not shown).

Erectile function
Seventeen RCTs (all placebo-controlled) involving 3165 
patients randomised to nine treatments evaluated erec-
tile function. Compared with placebo, treatment with any 
TRT improved erectile function (SMD 0.25, 95% CI 0.10 
to 0.41), with substantial heterogeneity (I2=74%; supple-
mentary eFigure 5A). Removing trials involving men with 
major comorbidities reduced heterogeneity (I2=58%), 
with no qualitative change to the point estimate (SMD 
0.36, 95% CI 0.21 to 0.51; supplementary eFigure 5B).

In the network meta-analysis, there were no significant 
differences in erectile function between placebo and any 
individual TRT or among the treatments (supplementary 
eTable 7). Removal of trials involving major comorbidities 

did not alter the results (two treatments removed; data 
not shown).

Activities of daily living
One RCT reported no significant difference in activities 
of daily living among men with mild cognitive impairment 
following 6 months of TRT (testosterone gel 50–100 mg/
day) compared with placebo (p=0.31).28

Testosterone levels
In total, 26 and 23 RCTs reported total testosterone levels 
after 3 months or 6 months of treatment, respectively. 
End of treatment testosterone levels were reported in 57 
RCTs. After 3 months or 6 months of treatment, about half 
of the treatments in each network were associated with 
significantly higher total testosterone levels compared 
with placebo (3 months: 6/15; 6 months: 11/18) (supple-
mentary eTable 8,9). By the end of treatment (12 weeks 
to 36 months), most products were associated with total 
testosterone above 12 nmol/L (26/28 testosterone ther-
apies), and 17 of 28 treatments had significantly higher 
levels relative to placebo (supplementary eTable 10).

Cardiovascular death
Ten RCTs reported the occurrence of cardiovascular 
death during the treatment period, while an additional 
nine trials reported that no cardiovascular deaths had 
occurred (18 placebo-controlled RCTs). Compared with 
placebo via pairwise meta-analysis, there was no significant 
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Figure 4 Odds of cardiovascular death associated with the use of any testosterone product versus placebo.

Table 2 Meta-analysis of adverse events associated with the use of any testosterone compared with placebo

Outcome
No. of 
RCTs Treatment duration Event/no. treated

OR
(95% CI)* I2

Cardiovascular death 18 12 weeks to 36 months Placebo: 4/1851
TRT: 9/2088

2.15 (0.72 to 6.45) 11%

Myocardial infarction 15 12 weeks to 36 months Placebo: 10/1613
TRT: 6/1915

0.43 (0.15 to 1.19) 34%

Prostate cancer 13 12 weeks to 36 months Placebo: 11/1649
TRT: 12/1877

0.97 (0.43 to 2.23) 0%

Stroke 8 12 weeks to 36 months Placebo: 8/1103
TRT: 8/1104

0.99 (0.37 to 2.65) 29%

Heart disease 3 40 weeks to 12 months Placebo: 5/120
TRT: 5/131

0.89 (0.24 to 3.26) 0%

Erythrocytosis 4 12 weeks to 12 months Placebo: 0/78
TRT: 4/110

2.44 (0.26 to 22.53) 0%

Diabetes 0 – – – –

Serious adverse events 18 12 weeks to 36 months Placebo: 181/1902
TRT: 168/2138

0.88 (0.70 to 1.11) 0%

Withdrawals due to adverse events 48 12 weeks to 36 months Placebo: 150/2551
TRT: 221/2840

1.31 (0.98 to 1.73) 13%

*Random-effects models.
RCT, randomised controlled trial; TRT, testosterone replacement therapy.

difference in the risk of cardiovascular death between 
placebo and any TRT (all products grouped together) 
(OR 2.15, 95% CI 0.72 to 6.45; I2=11%) (figure 4; table 2). 
Because of the low event rate, network meta-analysis did 
not provide robust estimates for this outcome (data not 
reported).

Other adverse events
Compared with placebo via meta-analysis, there were 
no increased odds of myocardial infarction, stroke, 
prostate cancer, heart disease, erythrocytosis or serious 
adverse events, with the use of any TRT product (table 2; 
supplementary eFigure 6–11). Although not statistically 

significant, withdrawals due to adverse events tended 
to be higher among TRT users compared with placebo 
(OR 1.31, 95% CI 0.98 to 1.73; I2=13%) (supplementary 
eFigure 12). No RCTs reported incident diabetes during 
the treatment period.

Owing to the low event rates for most outcomes, 
network meta-analysis was only possible for serious 
adverse events and withdrawals due to adverse events. 
In the head-to-head comparison of TRTs, there was no 
significant difference in serious adverse events between 
any TRT and placebo or among the TRTs (supplemen-
tary eTable 11). Use of testosterone patch (5 mg/day) was 
associated with an increased odds of withdrawal due to 

https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
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adverse events compared with placebo and many of the 
other TRTs (supplementary eTable 12).

non-randomised studies
The reporting of harms in the included NRS was generally 
poor, primarily because of a lack of transparency around 
the number of patients assigned to each group, the 
number of events per group, and/or the type or dose of 
TRT (supplementary eTable 13). In the longest prospec-
tive cohort study, involving 656 men followed for up to 
10 years,29 men who had received IM TU (1000 mg/12 
weeks) were at lower risk of death (incidence of death: 
TRT group 0.0092, (95% CI 0.0032 to 0.0368); no TRT 
group 0.1145, (95% CI 0.0746 to 0.1756)), with 19 of 21 
deaths in the control group attributed to cardiovascular 
causes and 0 of 2 deaths in the TRT group due to cardio-
vascular causes. Non-fatal myocardial infarction (MI) and 
non-fatal stroke were also more common in the untreated 
group than in the TRT group (TRT group: 0 MI, 0 stroke; 
no TRT group: 26 MI, 30 stroke). In a large retrospective 
cohort study in the USA, involving  8808 men dispensed 
a TRT product and 35 527 men never dispensed TRT,30 
men in the TRT group were at a lower risk of sudden 
cardiovascular death (adjusted HR (aHR) 0.76, 95% CI 
0.61 to 0.93), acute MI (aHR 0.74, 95% CI 0.63 to 0.86) 
and stroke (aHR 0.64, 95% CI 0.52 to 0.80) over a median 
follow-up time of 3.4 years. In contrast, an earlier retro-
spective cohort study among 8709 men who had under-
gone angiography reported that those who had filled a 
prescription for TRT were at higher risk of an adverse 
cardiovascular event (aHR 1.29, 95% CI 1.05 to 1.58) 
compared men with no TRT prescription.3 Concerning 
the relative safety of the different TRTs, one retrospective 
cohort study31 reported no significant difference in risk 
between injection or gel TRT users with low testosterone 
at baseline for MI (aHR 1.64, 95% CI 0.57 to 4.69) stroke 
(aHR 1.28, 95% CI 0.27 to 6.02) or death (aHR 5.53, 
95% CI 0.98 to 31.15).

Prostate cancer was reported by 10 NRS.29 32–41 In a 
large prospective registry involving 999 newly diagnosed 
hypogonadal men,37 there was no statistically signifi-
cant difference in the risk of prostate cancer between 
men who used or did not use TRT (incidence rate ratio 
0.52, 95% CI 0.22 to 1.26). Traish and colleagues29 also 
reported fewer cases of prostate cancer among men who 
received TRT (IM TU) compared with hypogonadal 
men who did not receive TRT (TU: 7/360 men vs no 
TRT: 12/296 men) over a median follow-up of 7 years, 
and Yassin and colleagues35 reported positive biopsies for 
prostate cancer among 16.7% of TRT users compared 
with 51.9% of non-users, as well as a lower severity in 
terms of staging and grading in their prospective study of 
prostate cancer among hypogonadal men. Among men 
with a previous diagnosis of prostate cancer, one small 
retrospective cohort study41 reported no recurrences of 
prostate cancer among TRT users during the follow-up 
period (36 months). The reporting of outcomes and 
treatment group in most of the remaining studies was 

poor: either the group assignment of the men who expe-
rienced prostate cancer or the number of men in each 
treatment group was not reported in each (supplemen-
tary eTable 13).33 34 38

DIscussIOn
Despite more than 70 years of clinical use, TRT remains a 
controversial topic. Part of the controversy may be a result 
of different actions of the various testosterone prepara-
tions. In an attempt to clarify the benefits and harms of 
individual testosterone products, we used traditional pair-
wise meta-analysis as well as network meta-analysis, which 
allows the relative comparison of products that have not 
been compared in head-to-head trials. Consistent with 
most previous meta-analyses,7 8 10 we found that the use of 
TRT improved quality of life, depression, libido and erec-
tile function, with no increase in cardiovascular death or 
other major adverse events.

In the head-to-head comparison of individual testos-
terone treatments, we found no significant differences 
among products in their effect on depression or erectile 
function. For libido, testosterone gel (1%, 100 mg/day) 
was significantly better than testosterone patch (5 mg/
day) and oral TU (160 mg/day). Oral TU (160 mg/
day) was significantly worse than most other treatments 
in the network, including oral TU at 120 mg/day. The 
finding that a lower dose of oral TU was more effective 
than a higher dose was unexpected and requires further 
investigation.

Conflicting data exist about the risk of adverse cardio-
vascular events among TRT users. FDA and Health Canada 
both issued alerts in 2015 based in part on the findings of 
two observational studies.3 4 In their retrospective cohort, 
Vigen and colleagues3 included men with low testosterone 
who had undergone angiography, reporting an increased 
risk of a composite cardiovascular outcome that included 
all-cause mortality, myocardial infarction and stroke 
(aHR 1.29, 95% CI 1.04 to 1.58). Most participants in this 
study were receiving TRT in the form of a patch (63%) 
and had significant medical comorbidities, which may 
limit generalisability. The retrospective study by Finkle 
and colleagues4 did not report the baseline testosterone 
level of men in their cohort nor was the cohort restricted 
to men with androgen deficiency; as such, this study was 
not eligible for inclusion in our review, but their finding 
that the risk of non-fatal MI is increased in the first 90 
days following testosterone prescription is concerning. 
However, other recent large observational studies have 
reported a lower risk of cardiovascular death, stroke and 
MI among TRT users,29 30 supporting the findings of 
earlier observational studies that reported a lower risk of 
all-cause death among hypogonadal men using TRT.40

Previous meta-analyses have also reported contradic-
tory findings concerning the risk of adverse events among 
TRT users. One meta-analysis reported an increased 
risk of cardiovascular adverse events among men using 
TRT,15 while a number of other meta-analyses have found 

https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
https://dx.doi.org/10.1136/bmjopen-2016-015284
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no increased risk of cardiovascular events among TRT 
users.12–14 16 42 43 The meta-analysis by Xu and colleagues15 
involved a broad composite outcome (cardiac disorder, 
cardiovascular complaints, cardiovascular events, vascular 
disorders) and has been criticised for use of a fixed-ef-
fects model: subsequent re-analysis using a random-ef-
fects model found no significant increase in the risk of 
cardiovascular events.43 Our findings are consistent with 
previous meta-analyses that have found no increased 
risk of individual cardiovascular events compared with 
placebo.12–14 16 42 43

Although we had intended to analyse the effects of indi-
vidual testosterone products among men aged 65 years 
and older, data were limited because most RCTs included 
a wide age range. The Testosterone Trials were designed 
to address this lack of data among elderly men.44 After 
1 year of treatment with 1% testosterone gel, improved 
desire and erectile function were reported among men 
with low sexual function at baseline, with no apparent 
increase in the risk of adverse cardiovascular events.44 
Although these findings are encouraging, the trials were 
not powered to detect adverse events, and the results 
should not be generalised to different testosterone 
preparations.

strengths and limitations
The strengths of this study include a comprehensive 
search of the published and grey literature without 
language or date restrictions. In contrast with some 
previous reviews, we included only studies that enrolled 
men with total testosterone ≤12 nmol/L or free testos-
terone ≤225 pmol/L. Although there is no universally 
agreed on threshold value for low testosterone, a recent 
guideline recommends TRT for men with total testos-
terone lower than 12 nmol/L.11

Our study had several limitations. First, the 
included studies used a variety of assays to determine 
testosterone levels and a variety of cut-off values for 
determining ‘low’ testosterone. This has been noted 
by others.11 45 The US Centers for Disease Control 
and Prevention’s hormone standardisation project46 
will help to resolve this issue. Second, the included 
RCTs and NRS were generally at unclear or high risk 
of bias, which may have an impact on the reliability 
of subjective data. Third, the duration of treatment 
and the length of follow-up may have been too short 
to see an effect of TRT for all outcomes, including 
adverse events. In keeping with the recommendation 
to reassess symptoms after 3 months of TRT,21 we 
included only studies with a treatment duration of 
3 months or longer. The median duration of treat-
ment was 6 months in the RCTs, but it is possible that 
some symptoms may take longer to resolve. Fourth, 
although some individual RCTs showed a positive 
effect of TRT on depression and erectile function 
compared with placebo, in the network meta-anal-
ysis no individual TRTs showed a positive effect 
compared with placebo. This phenomenon has been 

noted previously and results in a more conservative 
estimate of effect.47

cOnclusIOns
To the best of our knowledge, this is the first study to 
compare the benefits and harms of individual testosterone 
products among hypogonadal men. Our study builds on 
previous meta-analyses by comparing the relative effects 
of individual testosterone treatments, most of which 
have never been compared in head-to-head trials. When 
considered as a class (any TRT compared with placebo), 
TRT improved quality of life, depression, erectile func-
tion and libido; however, when the individual products 
were compared head to head, there were few differences 
between the treatments. We found no increased risk of 
major harms; however, this must be viewed in light of the 
high risk of bias of the included studies, the rare nature 
of serious harms, and the short treatment duration and 
follow-up of most studies. Future studies need to be 
rigorous in design and delivery, and include comprehen-
sive descriptions of all aspects of methodology to further 
enable appraisal and interpretation of results.
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