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Muscle strength and physical function decrease in older men, as do testosterone levels. Nonetheless, the effects of testos-
terone replacement therapy on muscle strength and physical function remain inconclusive and equivocal. We conducted a
rapid systematic review, the results of which showed that testosterone replacement does not affect muscle strength (measured
by hand grip strength and leg muscle strength), although it may increase physical function (measured by the 6-minute walk
test, Physical Activity Scale for the Elderly score, and other physical performance tests). However, most of the studies were
conducted in the United States or Europe and did not include participants from Asian or other ethnic backgrounds; therefore,
further studies are needed to evaluate the effects of testosterone replacement in a broader population.
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INTRODUCTION

Decreased physical function is a representative sign
of frailty in elderly people [1], which is usually accom-
panied by a decrease in testosterone levels in elderly
men [2]. Lower testosterone levels are associated with
decreased physical function and increased mortality [3],
and frailty is associated with decreased quality of life
[4]. However, there is no effective clinical treatment
to restore physical function in the elderly. One of the
mechanisms for the decreased physical function in the
elderly is sarcopenia [5], and especially in elderly men,
muscle mass is associated with testosterone levels [6].

Although many randomized controlled trials (RCTs)

of testosterone replacement therapy (TRT) have been
performed, these studies generally had small sample
sizes and a variety of study designs, and the effects of
TRT on improving physical function are equivocal [7-
9]. While in one study [7] testosterone supplementation
improved strength and was suggested to have a role
in the treatment of frailty in hypogonadic males, an-
other study [8] did not observe any increase in muscle
strength, but only an increase in muscle mass.

Some systematic reviews (SRs) [10-13] investigating
the effects of TRT on the body have been published.
However, one study [10] included middle-aged subjects
and did not include recent studies. Although another
study [13] performed a comprehensive SR including
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elderly men, the heterogeneity in the target groups
and outcomes was large, and no significant conclusions
were suggested. Accordingly, a quantitative analysis
including recently published high-quality RCTs as-
sessing physical function [2,14] could yield additional
clinical significance. Therefore, we conducted a rapid
SRs, including elderly men receiving TRT, to assess the
effects of TRT on muscle strength and physical func-
tion. We also performed quantitative analyses of the
outcomes of some RCTs in order to determine their
clinical significance. The search strategies and study
selection criteria are explained at the end.

TESTOSTERONE REPLACEMENT
THERAPY AND MUSCLE STRENGTH

Muscle strength is commonly measured with hand
grip strength and the 1-repetition maximum (1-RM)
for exercises performed as part of strength testing.
Sixteen studies examined the effects of testosterone
supplementation on muscle strength. Fourteen stud-
les assessed muscle strength as a primary outcome
and 2 as a secondary outcome. The other primary and
secondary outcomes investigated in each of the stud-
ies are listed in Table 1 [2,7-9,14-27]. The most common
measurements for muscle strength were hand grip
strength and leg muscle strength (knee extension and
flexion). Other measurements included single or double
leg press, chest press, and triceps extension.

1. Hand grip

Ten studies included in the analysis measured mus-
cle strength in terms of hand grip strength. Five of
these studies were conducted in the United States, 2 in
the United Kingdom, 1 in the Netherlands, 1 in Aus-
tralia, and 1 in New Zealand. A total of 1002 partici-
pants were included in the analysis. The intervention
period varied from 8 weeks to 1 year. All hand grip
strength measurements were expressed in kilograms,
except for one study [15], for which a pound-to-kilogram
conversion was done for the purposes of our analysis.
The overall results (Fig. 1) showed that TRT does not
increase hand grip strength. However, individual stud-
ies, such as a randomized, placebo-controlled, double-
blind study [15], have found that hand grip strength
improved after testosterone administration. Other
studies [7,26] that showed improved hand grip strength
after testosterone supplementation could not be includ-
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ed in the analysis because they only presented data in
figures.

2. Leg muscle strength

Seven studies included in the analysis measured leg
muscle strength. All 7 studies included information
for the knee extensor muscles, consisting of a total of
780 participants. Three studies were conducted in the
United States, 2 in the United Kingdom, 1 in New Zea-
land, and 1 in the Netherlands. The study conducted
in the Netherlands [20] did not include measurements
for the knee flexor muscles, so only 6 of the 7 studies
included for the knee extensor analysis were included
in the analysis of knee flexor strength. This resulted in
a total of 543 participants for the knee flexor analysis.
The intervention period varied from 12 weeks to 1 year.
Lower muscle strength measurements were expressed
as 1-RM in kilograms, newton-meters per second, or
watts. Although marginal effects were shown for in-
creased knee extensor strength (Fig. 2), when combined
with the outcomes for knee flexor strength, the overall
results showed no significant difference.

TESTOSTERONE REPLACEMENT
THERAPY AND PHYSICAL FUNCTION

Physical function was commonly measured by the
6-minute walk test [28], the Physical Activity Scale for
the Elderly (PASE) questionnaire [29], the physical-
function domain (PF-10) of the Medical Outcomes
Study 36-Item Short-Form Health Survey [30], a physi-
cal performance test (PPT) [31], and the Short Physical
Performance Battery (ability to rise from a chair, static
balance, and 8-foot walk) [32]. Other tests performed
in some studies that were not included in our analyses
included the supine-to-stand test [33], and the Get-Up-
and-Go test [34].

1. 6-minute walk test

Three studies included in the analysis showed results
of the 6-minute walk test. Two of these studies were
conducted in the United States, and 1 in New Zealand.
A total of 733 participants were included in the analy-
sis. The intervention period varied from 6 months to 1
year. All TRT interventions were done using transder-
mal testosterone gel, although the dosages differed be-
tween studies. The overall results (Fig. 3) showed that
TRT improved the 6-minute walking distance by 9.35
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:-E)and grip (ka) WMD (95% CI) Weight (%)
i
Bakhshi et al [15] (2000) ' . 6.10 (-7.47, 19.67) 0.46
Borst et al [16] (2014) —— 1.76 (0.17, 3.35) 13.85
Clague et al [18] (1999) : * 6.20 (-2.44, 14.84) 1.1
Dias et al [19] (2016) —— 0.97 (-0.73, 2.67) 13.15
Emmelot-Vonk et al [20] (2008) —— -0.40 (-2.40, 1.60) 11.26
Giannoulis et al [21] (2006) - -1.40 (-2.31, -0.49) 19.04
Hildreth et al [22] (2013) —I:—O— 3.10 (-1.63, 7.83) 3.32
Kenny et al [24] (2010) -1.10 (-4.35, 2.15) 6.07
Srinivas-Shankar et al [27] (2010) 0.30 (-1.46, 2.06) 12.74
Wittert et al [8] (2003) 0.20 (-0.72,1.12) 19.01
Overall (I-squared=55.4%, p=0.017) 0.27 (-0.66, 1.20) 100.00

NOTE: Weights are from random-effects analysis

il
——
-

f
{

{
<t>

0

-19.7
Control

19.7

Intervention

Fig. 1. Forest plot showing the weighted mean differences (WMDs) and 95% confidence intervals (Cls) for hand grip strength in kilograms as de-
rived from available randomized controlled trials on the effect of testosterone replacement therapy vs. placebo.

Leg muscle strength

D SMD (95% ClI) Weight (%)
i
Knee extensor muscles i
Borst et al [16] (2014) ——\:0— 0.29 (-0.65, 1.23) 6.06
Clague et al [18] (1999) e 0.39 (-0.67, 1.45) 5.34
Dias et al [19] (2016) i —_———— 1.86 (0.82,2.91) 5.40
Emmelot-Vonk et al [20] (2008) —0——i -0.15(-0.41, 0.11) 10.95
Giannoulis et al [21] (2006) i — 1.04 (0.35, 1.74) 7.75
Hildreth et al [22] (2013) —4:— 0.13 (-0.35, 0.62) 9.39
Srinivas-Shankar et al [27] (2010) —0:— 0.14 (-0.11, 0.38) 11.07
Subtotal (I-squared=72.6%, p=0.001) . 0.37 (-0.00, 0.74) 55.97
i
Knee flexor muscles |
Borst et al [16] (2014) —0——5— -0.50 (-1.45, 0.44) 6.00
Clague et al [18] (1999) —45— 0.13(-0.92, 1.18) 5.40
Dias et al [19] (2016) i ———> 2.11 (1.02, 3.21) 5.15
Giannoulis et al [21] (2006) —_—— i -1.94 (-2.73, -1.15) 7.03
Hildreth et al [22] (2013) ——:0— 0.23 (-0.25, 0.72) 9.38
Srinivas-Shankar et al [27] (2010) —Oi- 0.10 (-0.14, 0.34) 11.07
Subtotal (I-squared=87.4%, p=0.000) <:.:> -0.02 (-0.75,0.71) 44.03
|
Overall (I-squared=80.7%, p=0000) <<‘{> 0.21 (-0.12, 0.55) 100.00
|
NOTE: Weights are from random-effects analysis i
—3I.21 0 3.I21
Control Intervention

Fig. 2. Forest plot showing standardized mean differences (SMDs) and 95% confidence intervals (Cls) for leg muscle strength as derived from
available randomized controlled trials on the effect of testosterone replacement therapy vs. placebo.
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m (95% confidence interval [CI], 0.64—18.07 m).

2. Physical Activity Scale for the Elderly score

Three studies included results from the PASE ques-
tionnaire [23,24,27], which is known to be a reliable in-
strument for assessing physical activity in older people
[29]. Two studies were conducted in the United States,
and 1 was conducted in New Zealand. A total of 504
participants were included in the analysis. The inter-
vention period varied from 6 months to 1 year, and the
participants in all 3 studies received transdermal tes-
tosterone supplementation. Two studies [23,24] admin-
istered 5 mg per day for 12 months, while another [27]

6-minute walk test (m)

The World Journal of

Men's riealth

administered 50 mg per day for 6 months. Even though
each of the individual studies did not show statistically
significant improvements in the PASE score, when the
individual results were combined, the overall results
(Fig. 4) showed that there was an increase of 18.22
points (95% CI, 1.27-35.18 points) in the PASE score
with TRT.

3. Physical performance test

Three studies were combined to analyze the effects
of TRT on physical performance. Two studies were
conducted in the United States, and 1 was conducted in
New Zealand. A total of 733 participants were included.

D WMD (95% Cl) Weight (%)
1

Hildreth et al [22] (2013) . 1.00 (-40.15, 42.15) 4.49

Snyder et al [2] (2016) o 8.80 (-1.06, 18.66) 78.18

Srinivas-Shankar et al [27] (2010) . 14.00 (-6.93, 34.93) 17.34

Overall (I-squared=0.0%, p=0.835) <> 9.35 (0.64, 18.07) 100.00

-42.2 0
Control

42.2
Intervention

Fig. 3. Forest plot showing weighted mean differences (WMDs) and 95% confidence intervals (Cls) for the 6-minute walk test in meters as derived
from available randomized controlled trials on the effect of testosterone replacement therapy vs. placebo.

PASE score

D WMD (95% Cl) Weight (%)
Kenny et al [23] (2001) i 7.00 (-27.29, 41.29) 24 .45
Kenny et al [24] (2010) i 7.00 (-47.90, 61.90) 9.54
Srinivas-Shankar et al [27] (2010) — e 24.00 (3.13, 44.87) 66.02
Overall (I-squared=0.0%, p=0.648) <> 18.22 (1.27, 35.18) 100.00

-61.9 0
Control

61.9
Intervention

Fig. 4. Forest plot showing weighted mean differences (WMDs) and 95% confidence intervals (Cls) for physical activity scale for the elderly (PASE)
scale as derived from available randomized controlled trials on the effect of testosterone replacement therapy vs. placebo.

Physical performance test score
ID

SMD (95% Cl) Weight (%)
1
Kenny et al [24] (2010) T 0.10 (-0.29, 0.50) 14.26
1
Snyder et al [2] (2016) T 0.19 (-0.02, 0.41) 48.59
Srinivas-Shankar et al [27] (2010) —_— 0.42 (0.17, 0.66) 37.15
Overall (I-squared=20.7%, p=0.284) <> 0.27 (0.12, 0.41) 100.00

-0.662
Control

0.662
Intervention

Fig. 5. Forest plot showing standardized mean differences (SMDs) and 95% confidence intervals (Cls) for physical performance test scores as de-
rived from available randomized controlled trials on the effect of testosterone replacement therapy vs. placebo.
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All interventions consisted of transdermal testosterone,
and the intervention period varied from 6 months to
1 year. The overall results (Fig. 5) showed improved
physical performance after TRT. Other studies that
also showed improved physical performance after tes-
tosterone supplementation could not be included in the
analysis because they only presented data in figures
for a timed PPT [26] or gait speed [19] and did not pro-
vide exact measurements. Another study did not report
outcomes for the functional assessment tests that were
conducted, such as maximal reach, standing balance,
fast walk, and chair rise [9], and hence, could not be in-
cluded.

SUMMARY

The overall analyses showed that TRT is not associ-
ated with increased muscle strength, whereas it does
increase physical function. This is in accordance with
previous findings [7-9]. However, as the number of
studies included in some analyses was limited, these
results are not generalizable to elderly men in general
as a whole. Additionally, most of the reviewed RCTs
were conducted in the United States or Europe, and
there was no mention of the inclusion of participants
from other ethnic backgrounds, such as Asians. There-
fore, further studies are needed to investigate the ef-
fects of TRT on muscle strength and physical function
in populations with a broader ethnic background.

Some difficulties were encountered during the re-
view. For instance, when comparing results for muscle
strength, some studies included exercise training and
some did not. Moreover, some studies measured iso-
kinetic muscle strength and some measured isometric
muscle strength with different dynamometers, which
made them difficult to compare. Additionally, the
muscle strength evaluation protocols differed for each
study. The lack of a standardized, validated exercise
protocol to evaluate muscle strength made it difficult
to compare the results and suggests that further stud-
ies are needed to develop a standardized protocol to be
disseminated and widely used.

SEARCH STRATEGIES

We performed 2 sets of searches, one as a rapid SR
and an additional traditional SR, because the latest
published SR included studies published up to April 9,

You-Seon Nam, et al: Testosterone and Physical Function I

2016. The results for the rapid and traditional SRs and
meta-analyses were reported following the criteria of
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [35] (Fig. 6).

For the rapid SR, the PubMed Central, MEDLINE,
and Embase databases were searched for studies pub-
lished up to October 30, 2017. The initial search was
conducted using the following keywords: elderly men
aged at least 60 years (for participants), testosterone
replacement (for intervention), placebo (for compari-
son), physical performance (for outcome), and SR (for
study design) (see Supplementary Table 1 for the
complete list of the search terms). We only included
articles published in English. Studies were considered
eligible for the rapid SR if they met the following in-
clusion criteria: 1) being a SR; 2) including elderly men
at least 60 years of age; 3) reporting physical function,
physical performance, and/or muscle strength; 4) hav-
ing TRT as the major intervention; and 5) including a
comparison with a placebo. Although we searched for
healthy elderly men, we did not exclude studies if they
included participants with hypogonadism, but studies
of other specific diseases, such as diabetes mellitus and
Parkinson disease, were excluded from the analysis.
We included interventions that compared testosterone
supplementation vs. placebo or other substances, such
as growth hormone. As a result, 1 SR [13] was retrieved
for assessment. The other 3 SRs were excluded be-
cause 2 [10,11] included inappropriate populations and
one [12] had inappropriate outcomes. We then applied
AMSTAR [36], a measurement tool for assessing the
methodological quality of the retrieved SR, which gave
a score of 4 out of 11 (see Appendix 1 for details).

For the additional traditional SR, as the retrieved
SR used for the rapid SR included studies between
January 1, 1950, and April 9, 2016, we searched for
additional RCTs from January 1, 2015, to October 30,
2017 through the PubMed Central, MEDLINE, and
Embase databases. We used the same search terms as
were used for the rapid SR except for the study de-
sign, which was RCTs (see Supplementary Table 2 for
a complete list of the search terms). After excluding
studies that did not match our inclusion criteria, we
included a total of 17 studies and added the 4 RCTs
retrieved from the additional search. Subsequently, a
total of 21 full-text articles were reviewed for the anal-
ysis and 3 studies were further excluded because their
population [37,38] and outcome measures [39] did not
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electronic database search
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16 MEDLINE;
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For rapid systematic review
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Fig. 6. Preferred Reporting Items for

A 4

4 RCTs retrieved for assessment
of inclusion criteria

meet our criteria. A total of 18 studies were included in
the final analysis.

STATISTICAL ANALYSIS

Statistical analyses were performed using STATA
ver. 15.0 (StataCorp, College Station, TX, USA) us-
ing the metan command with a random effect. When
outcome measurements were given in the same units
or the units could be converted, weighted mean differ-
ences were calculated, whereas if outcome measure-
ments were given in different, non-convertible units,
standardized mean differences were calculated instead.
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Systematic Reviews and Meta-Analyses
(PRISMA) statement. SR: systematic re-
view, RCT: randomized controlled trial.
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Appendix 1. AMSTAR - a measurement tool to assess the methodological quality of systematic reviews
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Huo, 2016

1. Was an 'a priori' design provided?
The research question and inclusion criteria should be established before the conduct of the review.
Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published research objectives to score
a“yes.”
Comments: Not stated.

2. Was there duplicate study selection and data extraction?
There should be at least two independent data extractors and a consensus procedure for disagreements should be in
place.
Note: 2 people do study selection, 2 people do data extraction, consensus process or one person checks the other’s
work.

o Yes

m No

o Can't answer
o Not applicable

o Yes

oNo

m Can't answer
o Not applicable

Quote: “Data were extracted into tables by 4 independent reviewers according to the presence of information on cardiovascular health, sexual
function, muscle weakness/wasting, mood and behavior, or cognition.” However, there is no information 2 people do study selection, 2

people do data extraction, consensus process or one person checks the other’s work.”

3. Was a comprehensive literature search performed?
At least two electronic sources should be searched. The report must include years and databases used (e.g., Central,
EMBASE, and MEDLINE). Key words and/or MESH terms must be stated and where feasible the search strategy should
be provided. All searches should be supplemented by consulting current contents, reviews, textbooks, specialized
registers, or experts in the particular field of study, and by reviewing the references in the studies found.
Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane register/Central counts as 2

sources; a grey literature search counts as supplementary).
Quote:“~ literature searches were conducted in PubMed, Embase, and APA PsycNET.”

4. Was the status of publication (i.e. grey literature) used as an inclusion criterion?

The authors should state that they searched for reports regardless of their publication type. The authors should state

whether or not they excluded any reports (from the systematic review), based on their publication status, language

etc.

Note: If review indicates that there was a search for “grey literature” or “unpublished literature,” indicate “yes.”
SIGLE database, dissertations, conference proceedings, and trial registries are all considered grey for this
purpose. If searching a source that contains both grey and non-grey, must specify that they were searching
for grey/unpublished lit.

Comments: Not stated.

5. Was a list of studies (included and excluded) provided?
Alist of included and excluded studies should be provided.
Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the list but the link is dead,
select “no.”
Comments: Not stated.

6. Were the characteristics of the included studies provided?
In an aggregated form such as a table, data from the original studies should be provided on the participants,
interventions and outcomes. The ranges of characteristics in all the studies analyzed e.g., age, race, sex, relevant
socioeconomic data, disease status, duration, severity, or other diseases should be reported.
Note: Acceptable if not in table format as long as they are described as above.

Comments: Reported in Table 3.

7. Was the scientific quality of the included studies assessed and documented?

‘A priori' methods of assessment should be provided (e.g., for effectiveness studies if the author(s) chose to include

only randomized, double-blind, placebo controlled studies, or allocation concealment as inclusion criteria); for other

types of studies alternative items will be relevant.

Note: Can include use of a quality scoring tool or checklist, e.g., Jadad scale, risk of bias, sensitivity analysis, etc.,
or a description of quality items, with some kind of result for EACH study (“low” or “high” is fine, as long as
it is clear which studies scored “low” and which scored “high”; a summary score/range for all studies is not
acceptable).

m Yes

oNo

o Can't answer
o Not applicable

o Yes

m No

o Can't answer
o Not applicable

o Yes

m No

o Can't answer
o Not applicable

m Yes

oNo

o Can't answer
o Not applicable

m Yes

oNo

o Can't answer
o Not applicable

Quote: “We assessed quality of studies by a 5-point Jadad score. In order to be as inclusive as possible, we included all studies identified
regardless of Jadad score. For clinical endpoints only (angina/ ischemia, congestive heart failure, and erectile dysfunction) we also
included an analysis of studies restricted to Jadad scores of 4 or 5. We accepted whatever criteria were used by individual study authors

to define low testosterone.”
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8. Was the scientific quality of the included studies used appropriately in formulating conclusions?
The results of the methodological rigor and scientific quality should be considered in the analysis and the conclusions
of the review, and explicitly stated in formulating recommendations.
Note: Might say something such as “the results should be interpreted with caution due to poor quality of included
studies.” Cannot score “yes” for this question if scored “no” for question 7.

men's realth

m Yes

oNo

o Can't answer
o Not applicable

Quote: In summary, the majority of studies show increased muscle mass but no effect of testosterone on muscle strength or function.

9. Were the methods used to combine the findings of studies appropriate?
For the pooled results, a test should be done to ensure the studies were combinable, to assess their homogeneity
(i.e., Chi-squared test for homogeneity, I°). If heterogeneity exists a random effects model should be used and/or the
clinical appropriateness of combining should be taken into consideration (i.e., is it sensible to combine?).
Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that they cannot pool because of
heterogeneity/variability between interventions.
Comments: There's no quantitative comparison; Not stated about heterogeneity of including studies.

10.Was the likelihood of publication bias assessed?
An assessment of publication bias should include a combination of graphical aids (e.g.,funnel plot, other available
tests) and/or statistical tests (e.g., Egger regression test, Hedges-Olken).
Note: If no test values or funnel plot included, score “no” Score “yes” if mentions that publication bias could not be
assessed because there were fewer than 10 included studies.
Comments: Not stated.
11.Was the conflict of interest included?
Potential sources of support should be clearly acknowledged in both the systematic review and the included studies.
Note: To get a “yes,” must indicate source of funding or support for the systematic review AND for each of the
included studies.
Comments: No review on each of the included studies.
Total

o Yes

m No

o Can't answer
o Not applicable

o Yes

m No

o Can't answer
o Not applicable

o Yes

m No

o Can't answer
o Not applicable

4/

Shea et al. BMC Medical Research Methodology 2007;7:10. doi:10.1186/1471-2288-7-10. Additional notes (in italics) made by Michelle Weir,
Julia Worswick, and Carolyn Wayne based on conversations with Bev Shea and/or Jeremy Grimshaw in June and October 2008 and July and

September 2010.
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Supplementary Table 1. Search Queries for Systematic Reviews (SR)
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CENTRAL_SR

N O L bW N =

8
MEDLINE_SR
1

0 N O LT W N

1"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

testosterone near/3 (replacement* or supplement*® or treatment*):ti,ab,kw
exogenous testosterone.mp.

#1or#2

physical near/3 (function* or performance*):ti,ab,kw

body composition:ti,ab,kw

#5 or #6

#3 and #6

#7; filter: review

(testosterone adj3 (replacement® or supplement® or treatment*)).mp.
exogen* testosteron*.mp.
lor2
(physical adj3 (function* or performance*®)).mp.
body composition.mp.
4or5
(review or review,tutorial or review, academic).pt.
(medline or medlars or embase or pubmed or cochrane).tw,sh.
(scisearch or psychinfo or psycinfo).tw,sh.
(psychlit or psyclit).tw,sh.
cinahl.tw,sh.
(hand adj2 search*) or (manual* adj2 search®)).tw,sh.

electronic database* or bibliographic database* or computeri?ed database* or online database*).tw,sh.

(

(

(pooling or pooled or mantel haenszel).tw,sh.

(peto or dersimonian or der simonian or fixed effect).tw,sh.
(retraction of publication or retracted publication).pt.
or/8-16

7and 17

meta-analysis.pt.

meta-analysis.sh.

(meta-analys* or meta analys* or metaanalys*).tw,sh.
(systematic* adj5 (review* or overview*)).tw,sh.
(quantitativ* adj5 (review* or overview* or synthes?s)).tw,sh.
(methodologic* adj5 (review* or overview*)).tw,sh.
(integrative research review* or research integration).tw.
or/19-25

18 and 26

3and 6and 27

962
160
1,087
8,375
8,245
16,155
152

6,641
796
7,200
37,679
52,047
88,337
2,431,078
161,299
20,174
947
19,053
10,922
26,467
85,046
5,876
11,356
260,062
130,870
92,088
92,088
153,085
125,789
8,816
5,467
127
236,137
287,625
16
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Supplementary Table 1. Continued

EMBASE_SR
1 (testosterone NEAR/3 (replacement® or supplement* or treatment¥)):ti,ab 8,402
2 exogenous testosterone'ti,ab 910
3 Tor2 9,025
4 (physical NEAR/3 (function* or performance¥)):ti,ab 49,591
5 body composition"ti,ab 38,383
6 4or5 86,598
7 review/exp 2,324,693
8 (literature NEAR/3 review*):ti,ab 285,910
9 meta analysis'/exp 131,402
10 systematic review'/exp 145,768
11 or/7-10 2,554,435
12 (medline or medlars or embase or pubmed or cinahl or amed or psychlit or psyclit or psychinfo or psycinfo 190,166
or scisearch or cochrane):ti,ab
13 retracted article' 8,815
14 120r13 198,805
15 11and 14 148,368
16 (systematic* NEAR/2 (review* or overview)):ti,ab. 143,829
17 (meta?anal* or 'meta anal*' or meta-anal* or metaanal$ or metanal*):ti,ab. 148,047
18 or/15-17 293,480
19 3and6and 18 19
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Supplementary Table 2. Search Queries for Randomized Control Trials (RCTs)
CENTRAL_RCT

1 testosterone near/3 (replacement® or supplement* or treatment*):ti,ab,kw 962
2 exogenous testosterone.mp. 160
3 #1 or #2 1,087
4 physical near/3 (function* or performance®):ti,ab,kw 8,375
5 body composition:ti,ab,kw 8,245
6 #5 or #6 16,155
7 #3 and #6 152
8 #7; filter: trials 151
MEDLINE_SR
1 (testosterone adj3 (replacement® or supplement* or treatment*)).mp. 6,641
2 exogen* testosteron*.mp. 796
3 Tor2 7,200
4 (physical adj3 (function* or performance®)).mp. 37,679
5 body composition.mp. 52,047
6 4or5 88,337
7 "randomized controlled trial".pt. 497,816
8 (random* or placebo* or single blind* or double blind* or triple blind*).ti,ab. 1,090,333
9 (retraction of publication or retracted publication).pt. 11,356
10 or/7-10 1,201,185
1 (animals not humans).sh. 4,647,954
12 ((comment or editorial or meta-analysis or practice-guideline or review or letter or journal correspondence) not 4,118,531
"randomized controlled trial").pt.
13 (random sampl* or random digit* or random effect* or random survey or random regression).ti,ab. not 72,108
"randomized controlled trial"pt.
14 or/11-13 8,603,216
15 10 not 14 886,830
16 3and6and 15 121
EMBASE_RCT
1 (testosterone NEAR/3 (replacement® or supplement* or treatment*)):ti,ab 8,402
2 exogenous testosterone'ti,ab 910
3 lor2 9,025
4 (physical NEAR/3 (function* or performance®)):ti,ab 49,591
5 body composition':ti,ab 38,383
6 4or5 86,598
7 3 and 6; filter: randomized controlled trial 72
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