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ABSTRACT

Introduction: Testosterone can improve glucose metabolism through multiple cellular mechanisms. However, it
remains unclear as to whether hypogonadal men with type 2 diabetes mellitus (T2DM) can benefit from testos-
terone replacement therapy (TRT).

Aims: To assess the relative effect of TRT on glycolipid metabolism among hypogonadal men with T2DM.

Methods: : Electronic literature searches of the Cochrane Library, PubMed, MEDLINE, and EMBASE data-
bases were conducted, up to the end of October 2020. Only studies that used randomized controlled trials
(RCTs) were included in our systematic review. Main outcome measures From these studies, we extracted certain
outcomes including changes in insulin resistance, glucose metabolism, and lipid parameters.

Results: There were a total of 8 studies that met our criteria. Four of these studies either did not have a consis-
tent treatment strategy, or the control groups used untreated patients rather than patients that had been given a
placebo. Thus, results from these four studies contributed to the variability in treatment outcomes. In four of the
examined RCTs, there was no change in either the dose or the type of antidiabetic medication prescribed. Based
on the homeostatic model assessment of insulin resistance, the pooled WMD was �0.34, 95% confidence inter-
val (CI; �1.02, 0.34), P = .33; For fasting plasma glucose, the pooled WMD was �0.27, 95% CI (�1.02,
0.48), P = .48, the pooled WMD for HbA1c% was �0.00, 95% CI (�1.08, 1.08), P = 1.00.

Conclusions: Although certain RCTs showed that TRT improved insulin resistance and glycolipid metabolism
when compared with the placebo or untreated control groups, these findings may partly be due to changes in
antidiabetic therapy during the course of the study. In the current meta-analysis, analyses showed that TRT did
not significantly improve insulin resistance or glycolipid metabolism. Future studies need to be rigorous in design
and delivery, and comprehensive descriptions of all aspects of their methods should be included to further enable
a more accurate appraisal and interpretation of the results. Yu X, Wei Z, Liu Y, et al. Effects of Testosterone
Replacement Therapy on Glycolipid Metabolism Among Hypogonadal Men with T2DM: A Meta-Analysis
And System Review Of Randomized Controlled Trials. Sex Med 2021;9:100403.

Copyright © 2021 The Authors. Published by Elsevier Inc. on behalf of the International Society for Sexual
Medicine. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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INTRODUCTION

Hypogonadism is a clinical syndrome caused by the disrup-
tion of the hypothalamic-pituitary-testicular axis, such that the
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testes fail to produce physiological levels of testosterone and
defects in spermatogenesis occurs.1 Diagnosis of male hypogo-
nadism requires both a persistent androgen deficiency and the
presence of clinical symptoms (such as declines in sexual func-
tion, osteoporosis, muscle strength, and metabolic disorders).2

Nearly 30% of type 2 diabetes mellitus (T2DM) patients were
found to have lower levels of circulating testosterone.3,4 In addi-
tion, androgen suppression treatment was found to be associated
with an increased incidence of developing T2DM in younger
men with hypogonadism.5-8

Testosterone has been shown to be a key regulator in the mainte-
nance of metabolic homeostasis, and some researchers thus
1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.esxm.2021.100403&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/


2 Yu et al
hypothesized that TRT may improve glucose metabolism. For
instance, in a large cohort registry study spanning eight years,9 316
men with pre-T2DM and testosterone deficiency were treated with
1,000 mg of testosterone every 12 weeks. The results showed that
the men who underwent TRT had significant improvements in
their anthropometric measurements, glycemic control, and lipid lev-
els when compared with the control group. All TRT patients had a
glycated hemoglobin A1c (HbA1c) of < 6.5, and 90%of them also
achieved normal glucose regulation with a HbA1c of < 5.7, com-
pared with only 1% of the untreated group. However, this study
did not mention whether antidiabetic drugs were administered to
the patients over the 8-year period, which weakens the strength of
the obtained evidence. Numerous randomized controlled trials
(RCTs) have been conducted to evaluate the effects of TRT on
hypogonadal men with T2DM, but unfortunately, the limited evi-
dence available remains controversial.10-20 While various studies
have demonstrated that TRT improves insulin resistance and glyco-
lipid metabolism in individuals withT2DM,10,11,14,16,18,19 other
RCTs did not show such an association.12,13,15,17,20

Previous meta-analyses of RCTs showed that TRT seemed to
improve glycemic control as well as the fat mass of hypogonadal
men with T2DM.21-24 However, these meta-analyses are character-
ized by several limitations. For instance, some RCTs were con-
ducted without a placebo control group, while other studies
included metabolic syndrome patients as participants. Moreover, all
the meta-analyses included studies in which antidiabetics and lipid-
lowering therapies, were administered to participants in addition to
the TRT. Hence, it is difficult to assess whether the improvements
observed were due to TRT or the other simultaneous treatments.
The presence of these limitations thus restricts the generalizability of
the conclusions drawn. Furthermore, since the publication of these
meta-analyses, additional studies in this field have been
published,14,19,20 which offers additional important information for
the accurate appraisal of the relationship between testosterone levels
and both insulin resistance and glycolipid metabolism.

However, there have been no consensus on TRT for hypogo-
nadism in T2DM men. Thus, we integrated all available qualified
RCTs and conducted a meta-analysis of studies the treatment strat-
egy needs to be maintained throughout the entire study, to assess
the metabolic effects of TRT on hypogonadal men with T2DM.
MATERIALS AND METHODS

We adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement. The present
study was also registered at PROSPERO (registry number:
CRD42021243806). The study was exempted from Institu-
tional Review Board approval given that it did not involve any
human intervention.
Literature Search
To identify all relevant published studies, a literature search of

Pubmed, Cochrane Library, and Google Scholar was performed
from their inception up until October 2020. Trial registries
(http://clinicaltrials.gov and www.who.int/trialsearch) were also
searched. The parameters of the primary search combined terms
and descriptors related to “Type 2 Diabetes”, “testosterone OR
testosterone replacement”, and “hypogonadism OR androgen
deficiency syndrome”, with the filters “human” and “clinical
trial” in any language. Furthermore, for studies to be selected,
they had to report on glycolipid metabolism and whether or not
antidiabetic medications of any type were used. For the advanced
search, the parameter of the article type was set to search strictly
for only RCTs. Manual searches of the reference lists of the
articles included in the present study were also performed to
identify additional relevant studies.
Eligibility Criteria and Study Selection
Articles were included if full texts were available, human partic-

ipants were enrolled, and they were not review articles. Studies
that included the following were selected: 1) Studies were RCTs
that assessed the efficacy of the combined treatment of antidiabetic
medication and TRT or TRT monotherapy on glycolipid metabo-
lism in hypogonadal men with T2DM; 2) An assessment of glyco-
lipid metabolism as one of the study outcomes; 3) Definitive
diagnosis of hypogonadism (both a persistent androgen deficiency
and the presence of clinical symptoms) and T2DM (fasting plasma
glucose over 7.0 at baseline and/or over 11.1 after a 2-h, 75-g oral
glucose tolerance test and an elevated level of HbA1c) Exclusion
criteria encompassed studies that had: 1) Unclear diagnoses of
hypogonadism (not Testosterone Deficiency) and T2DM (not
Metabolic Syndrome); 2) T2DM patients with normal testoster-
one levels; 3) No placebo or other types of control groups; 4)
Insufficient data for pool estimation. Two authors (QW and
ZTW) independently assessed all of the abstracts retrieved from
the search and obtained full manuscripts of the papers that met
the selection criteria. These two authors also evaluated the studies’
eligibility and subsequently extracted the required data. Any dis-
crepancies in study selection were solved through discussions and
consensus between the two authors was required. If consensus
could not be reached, a third author (XWY) was involved in the
discussion and a decision was made based on consensus between
two of the three authors (YHL and ZTW).
Data Extraction
Two authors (QW and XYZ) independently extracted the

data from the selected studies. The following characteristics were
assessed for each study: i) Author and year of publication; ii) Def-
inition of hypogonadism; iii) Type and duration of TRT; iv) Use
of antidiabetic medications or lipid-lowering therapies; v) Con-
sistency of antidiabetic treatment over the entire study period;
vi) Setup of the control group. The risk of bias in several aspects
including the study selection, performance, attrition, detection,
and reporting bias, was assessed by using the Cochrane Collabo-
ration’s tool. In addition, other biases assessed in the present
study primarily concerns participants’ demographics, including
Sex Med 2021;9:100403
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TRT in Hypogonadal Men with T2DM 3
age, baseline testosterone levels, and type of antidiabetic treat-
ment. The primary outcomes that were evaluated were glucose
metabolism and insulin resistance. Glucose metabolism was
assessed using fasting plasma glucose (FSG), fasting serum insulin
(FSI), and HbA1c, while insulin resistance was calculated using
the homeostatic model assessment of insulin resistance (HOMA-
IR). Lipid metabolism was used as a secondary outcome, and was
determined by assessing the levels of total cholesterol (TC), high-
density lipoprotein (HDL), and low-density lipoprotein (LDL).
Sensitivity Analysis and Risk of Bias
Sensitivity analyses using the leave-one-out approach indi-

cated that the direction and magnitude of the combined esti-
mates did not change markedly with the exclusion of individual
studies, and signifies that the meta-analysis had good reliability.
Due to the small number of included trials, funnel plot asymme-
try tests to evaluate publication bias were not performed.
Statistical Analyses
Statistical analyses were conducted using Review Manager

(version 5.3; The Cochrane Collaboration, Oxford, UK). Associ-
ations between continuous variables were assessed using the
weighted mean difference (WMD) and their 95% confidence
intervals (CIs). Sensitivity analyses were conducted by excluding
trials with outlying data points. Heterogeneity between trials was
Figure 1. Trial identification and selection pr
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quantified using either the Q-test or I2. A random effect model
was utilized due to the limited number of studies.25
RESULTS

Search Results and Study Characteristics
A total of 101 articles were retrieved based on the search

parameters described above, and were first screened by their title
and abstract. After excluding publications which failed to meet
the inclusion criteria, the remaining 8RCTs were explored by
the authors. The reasons for exclusion are listed in the flow chart
in Figure 1. Eight RCTs (Table 1) were included in this system-
atic review in which hypogonadal men with T2DM were either
subjected to TRT[13-15, 17, 18, 20] or untreated.10,19 In seven
of the included studies,10,13-15,17,18,20 concomitant administra-
tion of antidiabetic medication was permitted and sustained
throughout the study.

Specifically, three studies administered oral hypoglycemic
medication, including Metformin monotherapy20 and other
unclassified medications,14,17 but not insulin treatment. Five
studies[13, 15, 17, 18, 20]explicitly stated that the consistency
of the whole treatment strategy was maintained without any
adjustment to the type and dose of the administered antidiabetic
therapy. Out of these five studies, one presented data using the
median (inter quartile range) values,20 therefore, it was excluded
from the qualitative pool analysis.13,15,17,18 Antidiabetic therapy
ocess. 257 £ 270mm (300 £ 300 DPI).



Table 1. Characteristics of the clinical studies included in the present meta-analysis

Author (year)
Hypogonadism
diagnosis criteria Patients included T and dose Antidiabetic drug %

lipid-lowering
therapies%

Treatment
consistency control

Significant
improvement
Outcome Trial duration weeks

Hackett
2014

with symptoms of
hypogonadism

TT: 8.1 -12.0nmol/L i.m. TU
1000mg at week
0, 6, 18

Insulin (23.7)
Oral Antidiabetic
(78.9)
Diet (14.7)

76.4% YES Placebo TC 21

Gopal
2010

with symptoms of
hypogonadism

FT <64.8pg/ml i.m. TC
200 mg per 2
weeks

Insulin (22.7)
Oral Antidiabetic
(68.2)

72.7% YES
Only patients
hypoglycemia
reduced insulin
doses

Placebo None 16

Kapoor
2006

with symptoms of
hypogonadism

TT≤12.0nmol/L i.m. Sutanon
200 mg per 2
weeks

Insulin (41.7)
Oral Antidiabetic
(58.3)

NA YES
Only patients
hypoglycemia
reduced insulin
doses

Placebo FSG, HbA1c, HOMA-
I, TC

12

Boyanov2003 have symptoms of
andropause or
erectile
dysfunction

TT≤15.1nmol/L O‑TU
120 mg daily

Insulin (25)
Oral Antidiabetic
(75)

No NA untreated FSG, HbA1c 12

Magnussen2016 With symptoms and
signs suggestive
of
hypogonadism

TT≤7.3nmol/L T‑gel 1%
50 mg daily

Oral Antidiabetic
(Metformin only)

NA YES Placebo HDL 24

Groti
2018

With three sexual
symptoms:
decreased sexual
interest, absent or
rare morning
erections and
erectile
dysfunction

TT≤11.0nmol/L or
FT <220pmol/l

i.m. TU
1000mg at week
0, 6,
Each 10 weeks
after

Oral Antidiabetic
(unspecified)

52.7% NA Placebo FSI, HbA1c, HOMA-I 48

Jones
2011

with at least two
symptoms of
hypogonadism

TT≤11.0nmol/L or
FT <255pmol/l

T‑gel 2%
60 mg per daily

Oral Antidiabetic
(unspecified)

NA YES
First 6 months no
therapy changes

Placebo None 24

Khripun
2018

With at least two
symptoms or
complaints of
sexual or
psychological
nature

TT<12.1nmol/L T‑gel 1%
50 mg daily

Diet only No YES untreated FSG, FSI, HbA1c,
HOMA-I, HDL

36

FSG = serum plasma glucose; FSI = fasting serum insulin; HDL = high‑density lipoprotein; HOMA-IR = Homeostatic model assessment of insulin resistance; i.m. = deep intramuscular injection; LDL = low‑den-
sity lipoprotein; NA = not available; O‑TU = oral testosterone undecanoate; T = testosterone; TC = Total cholesterol; TC = testosterone cyponate; NA = not available.
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was restricted to dietary changes only in the remaining article.19

Treatment duration ranged from 3 to 12 months. Table 2
describes the main outcomes of the eight included articles.
ly
si
s

%
)(
T
/C
)

H
O
M
A
-I
R
(T
/C
)

T
C
(T
/C
)

H
D
L
(T
/C
)

LD

.2
6 1.2
1

4
.16

§2
.5
8

3.
9
4
§2

.2
2

3.
9
1§

0
.7
9

4
.0
8
§1

.0
7�

1.0
0
§0

.2
7

1.0
6
§0

.3
0

2.

2.
0
5

§
2.
6
7

5.
8
8
§

5.
26

8
.16

§
10
.4
9

17
1.1
7
§

35
.7
1

16
9
.10

§
6
0
.4
8

37
.3
4
§

6
.7
3

33
.5
6
§

13
.16

12

7§
0
.17

�
�1

.7
3§

0
.6
7�

4
.8
3§

0
.2

5.
0
7§

0
.17

�
0
.9
7§

0
.0
4

1.0
2§

0
.0
4

2.

.0
1.4

�
N
A

5.
4
2
§

1.4
7

5.
55

§
1.4

6
1.2

1§
0
.2
2

1.1
8
§

0
.2
3

3.

-7
.0
)

.2
-6
.9
)

3.
8
(2
.9
-5
.0
)

4
.8

(3
.6
-6
.3
)

3.
7
§

1.0
3.
9
§

0
.9

0
.9
5
(0
.8
4
-1
.0
)

1.0
0
(0
.9
3-
1.0

)�
2.

0
.8
1

§
0
.7
0
�

6
.8
1§

4
.18

10
.18

§
5.
6
0
�

4
.6
2
§

0
.6
3

4
.8
9
§

0
.7
4

1.0
4
§

0
.2
1

1.0
7
§

0
.2
9

2.

ni
fic
an

no
si
gn

ifi
ca
n

4
.4
4
§

1.1
2

4
.5
7
§

0
.9
7

1.0
9
§

0
.2
7

1.2
1§

0
.2
6

2.

) 3.
1)
�

6
.3

(4
.8
)

11
.6

(5
.9
)�

5.
1(
1.2

)
5.
5
(1
.8
)

1.5
2
(0
.13

)
1.4

3
(0
.13

)�
2.

st
at
ic
m
od

el
as
se
ss
m
en
t
of

in
su
lin

re
si
st
an

ce
;T

ot
la
ch
ol
es
te
ro
l:
T
C
;H

D
L:

hi
gh

ro
l;
T
T
:t
ot
al
te
st
os
te
ro
ne
.

Glycolipid Metabolismin TRT with Concomitant
Administered Antidiabetics

Four of the included studies compared TRT with the con-
comitant administration of antidiabetic medication, such as oral
antidiabetics and insulin (Table 1).10,13,15,18 The percentage of
patients using insulin in these studies ranged from 22.7% to
49.6%. A placebo group was used as the control in three of the
studies,13,15,18 while untreated patients were used as controls in
the remaining studies.10 In terms of the consistency of the treat-
ment strategies, one study made no mention of this factor and
reported that TRT conferred beneficial effects on insulin resis-
tance and glucose metabolism.10 The remaining three studies
explicitly stated that the dose and type of antidiabetic medication
was maintained throughout the study, and one of these three
studies demonstrated that TRT was associated with improve-
ments in insulin resistance (HOMA-IR), glucose metabolism
(FSG, HbA1c), and TC[18]. The other two studies found that
TRT was not associated with improvements in insulin resistance
or glucose metabolism.13,15 (Tables 1 & 2)
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Glycolipid Metabolism of TRT with OralAntidiabetics
Three studies investigating the effect of TRT on glycolipid

metabolism in hypogonadal men with T2DM used a placebo
group as the control, where men were generally treated with
either Metformin20 or unspecified oral antidiabetics.14,17 Two
studies17,20 which explicitly stated that there were no changes in
antidiabetic treatment either during the entire study20 or during
the first six months,17 found that apart from improvements in
HDL, there were no other improvements in insulin resistance or
glycolipid metabolism with TRT. In the remaining study which
made no mention of treatment consistency in terms of antidia-
betic medications, TRT was associated with improvements in
HOMA-IR and glucose metabolism (FSI, HbA1c), but not in
lipid metabolism (TC, HDL, LDL).14
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Meta-analyses of the “High-quality” RCTs
There were four “High-quality” RCTs in the present

study,13,15,17,18 which are defined as such by the following two
conditions. First, the treatment strategy needs to be maintained
throughout the entire study. Second, the control group must
consist of patients administered with placebos, instead of
untreated patients. We performed two meta-analyses as part of
this review. For glucose metabolism, a pooled analysis of FSG,
FSI, HbA1c, as well as insulin resistance using HOMA-IR was
conducted. The pooled analysis of FSG included 360 patients, of
which 179 underwent TRT and 181 acted as controls, resulting
in a pooled WMD of �0.41,95% CI (�1.02, 0.38), P = .31
(Figure2A). The FSI analysis was conducted with 174 patients,
Sex Med 2021;9:100403



Figure 2. Weighted differences (with 95%CI) of mean fasting serum glucose (A:FSG), fasting serum insulin (B:FSI), HOMA-IR (C) and
HbA1c (%) (D) between testosterone and control groups. 299 £ 270mm (300 £ 300DPI).
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consisting of 88 who underwent TRT and 86 who acted as con-
trols, resulting in a pooled WMD of �1.67,95% CI (�5.88,
2.54), P = .44 (Figure2B). The HOMA-IR was estimated using
either the original HOMA1 equation13,18 or the computer-based
HOMA2 model.15,17 HOMA-IR analysis included 345 patients,
consisting of 53 in the TRT group and 60 in the control group,
resulting in a pooled WMD of 0.00, 95% CI (�1.08, 1.08),
P = 1.00 (Figure2C). For the HbA1c% analysis, which consisted
of 170 patients who underwent TRT and 175 patients who acted
as controls, the pooled WMD was �0.41,95% CI (�1.02,
0.48), P = .48 (Figure2D).

For lipid metabolism, a pooled analysis was conducted with
the outcomes of TC, HDL, and LDL. The TC pooled analysis
included 313 patients, consisting of 158 in the TRT group and
155 as controls, resulting in a pooled WMD of�0.13,95% CI
(�0.35, 0.08), P = .23 (Figure3A). For the LDL analysis, 345
patients were included, consisting of 170 who underwent TRT
and 175 acting as controls, resulting in a pooled WMD of
0.06,95% CI (�0.11, 0.23), P = .48 (Figure3B). For the HDL
analysis, 301 patients were included, consisting of 151 in the
TRT group and 150 acting as controls, resulting in a pooled
WMD of�0.06,95% CI (�0.13, 0.02), P = .15 (Figure3C).
Glycolipid Metabolism of TRT Monotherapy
In the remaining RCT by Khripun et al.,19 antidiabetic ther-

apy in all participants was restricted to dietary changes only.
Khripun et al.19 randomly assigned 80 hypogonadal men with
T2DM to two groups, where they received either a
1%testosterone gel treatment or no treatment. Both groups also
underwent a standardized diabetes diet for 36 weeks. Compared
to the no treatment group, TRT was associated with significant
improvements in FSG, FSI, HbA1c, HOMA-I, and HbA1c, as
well as HDL. In Heufelder et al.’s study,16 32 men with testos-
terone deficiency who were newly diagnosed T2DM were pro-
vided with a supervised diet and exercise, and they were also
Sex Med 2021;9:100403



Figure 3. Weighted differences (with 95%CI) of mean Total Cholesterol (A:TC), low-density lipoprotein (B: LDL), and high-density lipo-
protein (C: HDL) between testosterone and control groups. 385 £ 270m (300 £ 300 DPI).
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randomly assigned to either the TRT or no treatment group. The
TRT group showed significant improvements in HOMA-I and
in FSI and HbA1c as compared to the untreated group after one
year, but not in any of the lipid metabolism parameters and
FSG. Furthermore, 87.5% of patients who received TRT
reached the HbA1c goal of less than 6.5%, whereas only 40.4%
of the participants managed to reach a HbA1c of below 7.0%.
DISCUSSION

Men with normal levels of fasting glucose have significantly
higher levels of testosterone than those who are diagnosed with
T2DM, and testosterone can improve glucose metabolism
through multiple cellular mechanisms.26,27 Hypogonadal men
were 2.3 times more likely to develop diabetes, thus hypogonad-
ism might be an independent risk factor for diabetes.28 However,
the administration of testosterone over a long period of 36
months in hypogonadal men did not seem to improve their insu-
lin sensitivity.29 Hence, it remains unclear as to whether hypogo-
nadal men with T2DM can benefit from TRT.

Many researchers have tried to investigate this issue from differ-
ent perspectives. Currently published RCTs can be divided into
three main categories. The most frequently used RCT design uti-
lizes testosterone as the adjunctive therapy alongside insulin, con-
ventional oral antidiabetics, antihypertensives, and lipid-lowering
Sex Med 2021;9:100403
medications.10-13,15,18 These papers report the synergistic meta-
bolic effects of testosterone application and conventional treat-
ment of diabetes. A second study design utilizes the adjunctive
treatment of TRT alongside conventional oral antidiabetics, anti-
hypertensives, and lipid-lowering medications, but insulin was not
administered.14,17,20 The fact that insulin therapy was an exclusion
criterion could be due to the need to clarify whether hypogonadal
men with T2DM could avoid insulin use by improving their
hypoandrogenic status. Since dual treatments combining TRT
and antidiabetics were used, it is difficult to determine whether
treatment outcomes were due to the effect of the TRT or the
change in the diabetes treatment strategy during the course of
treatment. Thus, it is important to ensure that conventional diabe-
tes treatment strategies remain unchanged during the administra-
tion of the TRT as far as possible. However, in some studies, there
were either changes in the type or dosage of the antidiabetic drug
given during the course of the RCTs,11,12 or there was no mention
of the consistency of the treatment.10,14 As these studies were
incorporated into previous meta-analyses,21,22,24,30 the subsequent
outcomes cannot be said to be solely the result of TRT, as it may
also be due to the changes in treatment strategy.

Overall, the variability observed in treatment outcomes seems
to be concentrated in studies without a consistent treatment
strategy.10-12,14 Only one study12 concluded that TRT had no
benefit on glycolipid metabolism among the four trials that had
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no consistent treatment strategy. The findings of the other three
articles suggest that TRT reduces insulin resistance and improves
glycemic control in hypogonadal men with T2DM,10,11,14 but
the evidence available for this postulation is weak. For example,
in Dhindsa et al.’s study,11 only a total of 14 patients and two
participants in the control group changed their diabetic medica-
tion. In Groti et al.’s14 and Boyanov et al.’s10 studies, patients
were only advised not to introduce any dietary or other life style
changes during the study, but the articles make no mention of
whether the dose and type of antidiabetic medication was
changed throughout the study. Thus, the observed improve-
ments may be due to patients receiving a more appropriate anti-
glycemic treatment strategy. In most of the trials that have
maintained consistency in treatment strategies, TRT was found
to be ineffective for improving glycemic control in hypogonadal
men with T2DM,13,15,20 except in Kapoor et al.’s study,18 where
10 out of a total sample size of 24 participants were treated with
insulin. Furthermore, Kapoor et al’s study18 did not specifically
describe which group these 10 patients were placed in, despite
the fact that insulin is known to be better at maintaining blood
glucose stability than other oral hypoglycemic agents.31

The third study design is used to clarify whether the use of
TRT alone for hypogonadal men with T2DM without
conventional diabetic medication can improve their metabolic
profile. In this study design, TRT was used as a primary treat-
ment rather than an adjunctive therapy, while the control group
consisted of untreated men who either underwent a supervised
diet or exercise only.16,19 These authors hypothesized that TRT
might prevent or reverse early T2DM to a greater extent than a
lifestyle program or diet alone. At the end of 36−52 weeks,
although all patients showed improvements in HbA1c, fasting
glucose, HDL levels, triglycerides, and waist circumference, the
TRT group showed a greater improvement compared to the
untreated group.16,19 Furthermore, 62.5% of patients in the
TRT group no longer met the diagnostic criteria for T2DM,
compared with 12.5% in the no treatment group.16 However,
these studies should be treated as exploratory, as they included
an untreated rather than a placebo control group.

The present systematic review and meta-analysis aimed to better
assess the benefits of TRT on glucose metabolism in hypogonadal
men with T2DM. Thus, we used a more rigorous inclusion criteria
where additional treatment strategies such as antidiabetic medica-
tions, and lipid-lowering therapies had to remain consistent
throughout the study period. Only four placebo-controlled, double-
blind RCTs that met this inclusion criteria were included for this
analysis.13,15,17,18 However, as the use of diabetes-related medica-
tions may be a confounder in the relationship between TRT and
glucose metabolism outcome, there is insufficient evidence to sug-
gest that TRT significantly improves glycolipid metabolism among
hypogonadal men with T2DM.

In the included studies, participants mostly consisted of older
men (mean age ranging from 56 to 64 years) who were obese
(with a BMI range of 30−35 kg/m2). It is well known that tes-
tosterone levels in men are negatively correlated with BMI and
age.32,33 Thus, unlike the other articles, Gopal et al.’s study13

that was included in our meta-analysis provided insights into the
effect of TRT among T2DMmen who were not obese, as they
included participants with BMIs within the normal range (Mean
§ SD:23.94 § 4.46). At the end of the 3-month experiment,
TRT did not seem to result insignificant improvements in
HOMA-I or glycolipid metabolism, and it also failed in control-
ling blood pressure or weight loss. There are several limitations
to this systematic review. First, the assessment of testosterone lev-
els and the cut-off values for defining hypogonadism varied
between the RCTs included in the present meta-analysis. Sec-
ond, the duration of treatment also varied among the different
studies, ranging from 3 to 12 months. Although the design of
these studies is consistent with the recommendation to reassess
symptoms after 3 months of TRT,2 the difference in study dura-
tion may also lead to a discrepancy in the outcomes of the TRT.
Third, the permissible use of various antidiabetics as well as the
lack of information on the type and dose of antidiabetic medica-
tions administered by some of the included RCTs may have an
impact on the reliability of the findings. Fourth, this review
included RCTs with small sample sizes, which may not be
enough to ascertain the actual effect of TRT.
Sex Med 2021;9:100403
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CONCLUSION

Although some RCTs showed a positive effect of TRTs on insu-
lin resistance and glycolipid metabolism when compared with pla-
cebo or untreated controls, these findings may partly be due to
changes in the antidiabetic medication used throughout the course
of the study. The present meta-analysis thus demonstrated that
TRTs did not significantly improve insulin resistance or glycolipid
metabolism. However, the limitations related to this systematic
review must be considered when evaluating the results of the present
study. Future studies need to be rigorous in both their design and
delivery, and include comprehensive descriptions of the methods
used, as well as the patients’ situations, to enable a more accurate
appraisal and interpretation of the results.
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