The use of testosterone replacement therapy for the treatment of
adult males with type 2 diabetes and hypogonadism: a
meta-analysis of randomised controlled trials

Hanieh Norooziseyedhosseini', Roya Imani!, and Bushra Sumra'

L Affiliation not available

February 16, 2023

Abstract:

Despite varying findings, TST has been used for a long time to treat hypogonadal males with type 2 diabetes
mellitus (T2DM). The function of TST was evaluated in this meta-analysis in hypogonadal males with type
2 diabetes. Relevant randomised controlled trials and observational studies were identified by searching
PubMed, Embase, and Google Scholar. The effects of TST were evaluated using pooled mean differences
(MDs) and relative risks with 95% confidence intervals (CIs).

Our meta-analysis includes 3,002 hypogonadal, type 2 diabetics from 13 randomised controlled trials and 2
observational studies. Total testosterone levels increase significantly with testosterone replacement, and TST
significantly improves glycemic management compared to placebo by lowering homeostatic model assessment
of insulin resistance (WMD = -1.47 [-3.14, 0.19]; p=0.08; 12=56.3%), fasting glucose (WMD = -0.30 [-0.75,
0.15]; p=0.19; 12= 84.4%), fasting insulin (WMD = -2.95 [-8. Overall, TST resulted in a greater increase
in free testosterone levels compared to placebo (WMD = 81.21 [23.87, 138.54] p=0.07; I12= 70%) when
comparing patients’ individual measurements.

We conclude that TST can help hypogonadal Type 2 Diabetes patients with better glycemic control and hor-
mone levels, as well as lower total cholesterol, triglyceride, and LDL cholesterol while raising HDL cholesterol.
Therefore, in addition to the usual care for diabetes, we advise TST for these individuals.

Introduction:

An abnormality in one or more of the testicular hormone concentrations along the hypothalamic-pituitary-
testicular axis is the cause of the clinical syndrome known as hypogonadism. In men, hypogonadism is
diagnosed when low levels of testosterone (both total and free) are found in the blood. [1] The annual
incidence rate of hypogonadism is 12.3 per 1000 people, affecting between 5.1% and 12.3% of men between
the ages of 30 and 79. When free testosterone levels fall below 225 pmol/l (65 pg/ml), a pathology is present
and treatment is necessary. [2] Due to the devastating effects it can have on a patient’s ability to perform
basic bodily functions and their overall quality of life, hypogonadism is a global health problem. Recent
studies have found strong evidence connecting hypogonadism and type 2 diabetes mellitus (T2DM). This is
because low T levels cause an increase in fat storage, insulin resistance, and poor glycemic control, and a
higher risk of obesity increases the likelihood of TD. [3] The use of testosterone in routine clinical care for
type 2 diabetes is being questioned by a growing (and sometimes conflicting) body of research. Numerous
studies have shown that testosterone treatment lowers the risk factors for cardiovascular disease and diabetes



in men with type 2 diabetes, including systolic and diastolic blood pressure, lipid profiles, insulin sensitivity,
inflammation, and levels of fasting plasma glucose (FPG) and glycated haemoglobin (HbAlc). It has also
been suggested that men with hypogonadism who undergo long-term testosterone therapy have a lower
chance of developing type 2 diabetes and a higher quality of life, as measured by the Aging Male Symptoms
(AMS) questionnaire. [5] There were, however, studies that found the opposite. Hypogonadal patients
with type 2 diabetes have been shown in multiple studies to benefit greatly from testosterone replacement
therapy (TRT), as measured by decreases in fasting serum glucose (FSG), fasting serum insulin (FSI), and
haemoglobin A1C (HBAIC). [6] These indicators did not significantly decrease in TRT groups, according
to other data. Total cholesterol, triglyceride, and serum low-density lipoprotein (LDL) levels have all been
shown to be reduced in studies where TRT was used, while high-density lipoprotein (HDL) levels were found
to be increased. [7,8] But no other studies found evidence of a statistically significant improvement in lipid
metabolism.Only a small number of randomised control trials and observational studies have looked at the
role of TRT in male hypogonadism caused by TDM, and the results have been inconsistent. To better
understand the role of TRT in hypogonadal males with type 2 diabetes, we conducted a systematic review
and meta-analysis. As far as we can tell, this meta-analysis provides the most recent look at how testosterone
therapy stacks up against no treatment or placebo.

Methods and Materials

This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA). [9]

Search strategy

Methods From the study’s inception on September 5, 2022, to the present day, PubMed (Medline) and
Cochrane were combed extensively. Searches on ClinicalTrials.gov, Google Scholar, and Medrxiv uncovered
the grey literature and preprints. An indexing strategy was developed using both keywords and Medical
Subject Headings (MESH terms). [Testosterone’ OR ‘TST’ OR Testosterone undecanoate| were among
these. AND [[Diabetes Mellitus OR [Hypogonadism]|]. Table S1 provides details on the search parameters
and parameters. In conducting this search, we did not apply any filters or limitations. In the case of
non-English text, Google Translate was used to produce an English version. The studies were located
through manual searches of review articles. Two reviewers independently and anonymously evaluated the
titles, abstracts, and full texts (MK and SK). The relevant studies were imported into Endnote X9 to avoid
repetition (Clarivate Analytics, US).

Criteria for Eligibility

Criteria for inclusion

The studies were chosen based on their language, study design, patient population, intervention, comparison,
outcomes of interest, and definition.

Publications were limited to those written in English, and studies had to be either randomised clinical trials
or observational studies that met certain criteria for inclusion before the meta-analysis could be performed.

Hypogonadism patients are those who have type 2 diabetes and have been diagnosed with the condition.

Patients who participated in the study’s exposure group included those who had received testosterone ther-
apy.

The non-TST group served as a control and received either the gold standard of care or a placebo in this
analysis.



Implications on glucose homeostasis and hormonal levels after treatment constitute the Primary Outcomes.

Measurements of cholesterol, body mass index, waist size, fat percentage, and systolic and diastolic blood
pressure were recorded as secondary outcomes.

Criteria for exclusion

The following significant exclusion criteria were established to ensure the quality of this meta-analysis:

* There are no agreed-upon criteria for making a diagnosis of late-onset hypogonadism or type 2 diabetes,
determining the appropriate population to study, dosage, or administration method for testosterone, or
evaluating outcomes.

There are no control or placebo groups

* Duplicate publications * Inadequate data for estimating a mean difference (MD) with a 95% confidence
interval

In addition, the 25-item CONSORT checklists, which stress describing how trials were conceived, analysed,
and interpreted, were used to assess all included RCTs (Table S2). The 25 reported items were used to
evaluate the quality of the included RCTs. The strength of a randomised controlled trial (RCT) correlates
with the number of outcomes that were reported. All 25 criteria should be present in high-quality research.

Data ExtractionData Extraction

Two researchers (HN and RI) independently read and evaluated each article to determine whether or not it
should be included in the review. Questions were answered and doubts dispelled. We collected the following
data from each trial: first author’s name, publication year, country, ethnicity, testosterone cut-off point,
diabetes duration, testosterone regimen, medications on comparators, mean age, Hbalc percentage, and total
serum testosterone level. Table 1 summarises these facts. Parameters such as HOMA-IR, fasting plasma
glucose, fasting serum insulin, haemoglobin Alc, total cholesterol, triglycerides, high-density lipoprotein, low-
density lipoprotein, body fat percentage, body mass index, systolic blood pressure, diastolic blood pressure,
erectile function, and the ageing male score are listed in Table 2.

Study quality assessment

Published RCT quality was evaluated using a modified version of the Cochrane Collaboration risk of bias
tool [10], while observational study quality was measured using the New Castle Ottawa scale. [11]

Statistical analysis

The aforementioned meta-analysis was conducted using the statistics software Review Manager 5.4 (Cochrane
Collaboration). For a simple yes/no outcome, we found the relative risk (RR) and 95% CI. The average and
standard deviation were used to illustrate continuous results. In this meta-analysis, we show the combined
effect of relative risks (RRs) and weighted mean differences (WMDs) calculated with the generic-inverse
variance and continuous outcome functions using a random-effects model. Results were considered to be
statistically significant when the p-value was less than 0.05. In order to assess the possibility of publication
bias, funnel plots were constructed for primary outcomes.Using 12 statistics, we were able to quantify the
degree of disagreement between studies. Low heterogeneity was represented by an I2 value of 25%, moderate
heterogeneity by a value between 25% and 50%, and high heterogeneity by a value of 50% or more. A
sensitivity analysis on outcomes with a high degree of heterogeneity was performed to investigate the impact
of individual studies on the overall pooled estimate.



Results

Study selection

The initial literature search yielded a total of 659 articles. Out of the initial 30 publications, only 15 met the
inclusion criteria for this meta-analysis; 2 were observational [12,24] and 13 were randomised trials [5,8,13-
23]. The distinguishing characteristics of the selected studies are outlined in (Supplementary table S2 and
S3)

Baseline characteristics

Three thousand and two people met the criteria for hypogonadism across the 15 studies; 1484 received
testosterone and 1518 received a placebo. Six studies [8,12,14,18,20,24] required the presence of at least
three sexual symptoms and a total testosterone level of 12 nmol/L to diagnose hypogonadism, while the
remaining studies [5,13,15,16,17,19,21,22] required the presence of a total testosterone level of 15 nmol/L or
a free testosterone level of 225 pmol/L to make the diagnosis. The cutoff for hypogonadism in another study
[13] was set at T'T13 nmol/L. The primary testosterone regimens used in the included studies varied widely.
Only one study () used oral testosterone, three (15,17,21) injected testosterone gel subcutaneously, and eleven
(5,8,12-14,16,18-20,22,23,24) injected testosterone intramuscularly. Testosterone was administered in a wide
variety of doses and at different intervals in these studies. Only two of the RCTs [17,19] lacked a control
group entirely, while the other eleven [5,8,13-16,18,20-23] were double-blind placebo-controlled studies. Table
1 and Table 2 provide information about the participants’ demographics, medical histories, hormone levels,
and glycemic indices as appropriate for the study.

Quality assessment and publication bias

According to the New Castle-Ottawa scale, an instrument for assessing the quality of studies, there is
a low risk of bias in observational studies (Supplementary Table 4). The Cochrane method for evaluating
randomised controlled trials yielded results of moderate to high quality (Supplementary Table 5). Publication
bias did not affect the findings, as demonstrated by the funnel plots (Supplementary Figure S1).

Primary outcomes:

The effects of testosterone on glucometabolism were assessed by measuring HOMA-IR, haemoglobin Alc,
fasting serum glucose (FSG), and fasting serum insulin (FSI). Data from 9 of the 15 studies reporting on
HOMA-IR ([5,8,13,14,16,17,21,22,24]) showed that testosterone therapy was superior to placebo at lowering
HOMA-IR levels (WMD = -1.47 [-3.14, 0.19]; p = 0.08; 12 = 56.3%). Patients in the testosterone group
showed a greater decrease in FSG after treatment compared to those in the placebo group (WMD = -0.30
[-0.75, 0.15]; p=0.19; 12= 84.4%). FSG was measured in 14 [5,8,12-19,21-24] of the 15 studies. WMD =
-2.95 [-8.64,2.74]; p = 0.31; 12 = 49.3%)]; 8 [8,13,15-18,22,24] of 15 studies found that patients treated with
testosterone had greater reductions in FSI levels. Among the 15 studies, 13 reported HbAlc values, and
pooled analysis showed that testosterone treatment was associated with a greater improvement in post-
treatment HbAlc levels (WMD = -0.29 [-0.57, -0.02] p=0.04; I2= 89.8%). (Figure 3)

Total testosterone, free testosterone, serum hormone binding protein (SHBG), and prostate specific antigen
(PSA) were taken into account to determine testosterone’s impact on hormone levels. The pooled analysis
of 9 studies that measured total testosterone levels [5,12,13,18,19,21-24] found that testosterone therapy is
associated with a significant increase in total testosterone levels (WMD = 4.51 [2.40, 6.61] p0.0001; I2=
96.3%). The in-study heterogeneity was unaffected by excluding individual studies from the pooled analysis.



Combining data from three studies [13,14,21] found that patients on testosterone therapy experienced a
greater increase in free testosterone levels compared to those on placebo (WMD = 81.21 [23.87, 138.54]
p=0.07; 12= 70%). After pooling data from 5 studies [13,17,21,22,23], researchers found that SHBG level
decreased more with testosterone therapy (WMD = -1.28 [-5.51, 2.96] p=0.55; 12 = 0%). There was no
statistically significant difference in PSA levels between the two groups after therapy (WMD = -0.02 [-0.13,
0.08] p=0.65; 12 = 0%) across seven studies [8,13,14,15,17,21,23|.

Secondary outcomes: (Table 3)

Treatment with testosterone has been shown in a pooled analysis of secondary outcomes to improve HDL
cholesterol and IIEF, as well as reduce total cholesterol, LDL cholesterol, triglyceride, body fat, waist
circumference, body mass index, systolic blood pressure, diastolic blood pressure, arterial mean stiffness,
and mortality.

Discussion:

Recent studies have found that hypogonadism occurs in a high percentage of men with Type-2 diabetes.
Despite growing knowledge of the correlation between T2D and hypogonadism, no universally accepted
guidelines exist for dealing with the condition. The purpose of this meta-analysis was to develop clear,
evidence-based recommendations for the treatment of hypogonadism in men with Type 2 diabetes mellitus
who are taking testosterone replacement therapy. Evidence linking type 2 diabetes and low blood testos-
terone due to an amplified insulin signalling pathway has been established by multiple studies showing a
significant incidence (30-80%) of hypogonadism in males with diabetes mellitus. [25] Hypogonadism is more
common in males with diabetes than in non-diabetic men across the globe, including in the West, Asia, and
Africa. The effects of testosterone replacement therapy in hypogonadal males with type 2 diabetes were
compared to those in a control group in a systematic review and meta-analysis involving 15 studies and 3002
patients (T2DM). All men with Type 2 diabetes and all men with a body mass index (BMI) greater than
30 or a waist circumference greater than 104 cm were recommended for screening for hypogonadism by the
American Academy of Clinical Endocrinologists in 2016. The 2018 Endocrine Society guidelines continue
to discourage testosterone monitoring despite the high prevalence of hypogonadism in conditions like type 2
diabetes. [26] Screening for hypogonadism was advocated for in 2016 by the American Academy of Clinical
Endocrinologists in all men with Type 2 diabetes and in all men with a body mass index (BMI) of 30 or
higher, or a waist circumference of 104 centimetres or more. In spite of the high prevalence of hypogonadism
in conditions such as type 2 diabetes, the Endocrine Society’s 2018 guidelines still discourage testing for
the hormone. [26] In men with hypogonadism, testosterone replacement therapy (TRT) has been shown
to have a positive effect on a wide range of outcomes, including sexual desire and function, bone mineral
density, muscle mass, body composition, mood, erythropoiesis, cognition, quality of life, and cardiovascular
disease, but the indications for testosterone supplementation are still up for debate. Potential side effects
of testosterone replacement therapy have been categorised by the guidelines into two groups: those with
a strong association to testosterone therapy, such as acne and oily skin, an increase in hematocrit, de-
creased fertility, locally active prostatic carcinoma, and the development of metastatic prostatic carcinoma,
and those with a weak association, such as gynecomastia, worsening sleep apnea, and the progression of
breast cancer. [27] Our results confirm the findings of previous studies [5,8,12-19,21-24| showing that TRT
can significantly enhance glucose control by decreasing Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR), fasting serum glucose (FSG), fasting insulin (FSI), and glycated haemoglobin (HBA1C). Recent
research has established a correlation between baseline HOMA-IR and body mass index, waist circumference,
and C-peptide. Insulin sensitivity, as measured by changes in HOMA-IR, HOMA-%, and blood C-peptide
and proinsulin levels, was also enhanced by testosterone supplementation, demonstrating the presence of
metabolic syndrome. [28] Testosterone replacement therapy for hypogonadal males with diabetes has been



linked to improvements in both body mass index and glucose control. The testosterone treatment group
showed statistically significant improvements in body mass index, fasting glucose, A1C, blood pressure, lipid
profiles, and liver enzymes, according to a study. [29] Twelve months of testosterone treatment (adjusted to
mid-normal concentrations for healthy men) decreased insulin resistance modestly, HOMA-IR 0.6, p = 0.03,
but had no effect on body weight or waist circumference in a large testosterone trial involving 788 men over
the age of 65 (72% were obese and 37% had diabetes at baseline). [29] Testosterone therapy has been linked
to long-term weight loss, a marked decrease in cardiometabolic risk factors, and in some cases, the complete
reversal of diabetes, according to a number of case studies. Treatment with testosterone undecanoate depot
injections was initiated for a 57-year-old man with benign prostatic hyperplasia, erectile dysfunction, apathy,
and subpar physical fitness (intramuscular injections at 3-month intervals following a 6-week gap). Patients
on testosterone therapy saw improvements in fasting blood glucose (to 6.0 mmol/L after 3 months, to below
5.7 mmol/L after 12 months, and then permanently below this value), insulin resistance (HOMA-IR: 3.9 at
month 24), and serum lipid levels (LDL/HDL ratio: 3 and triglycerides: 2.5 mmol/L). [30] To fully under-
stand the connection between circulating sex hormones and glucose metabolism, more interventional studies
are required.

In our meta-analysis, we looked at a lipid panel consisting of total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and triglyceride levels. Thirteen studies found that testosterone recipients
had lower total cholesterol levels compared to placebo recipients. On the other hand, 14 studies showed that
while HDL cholesterol increased, triglyceride levels decreased. However, there was less of a difference in LDL
cholesterol levels between the two groups. Similarly, Si Hyun Kim et al2021 .’s meta-analysis found that
TRT significantly lowered total cholesterol compared to placebo. There was also a reduction in triglycerides,
though it was not statistically significant. HDL levels unexpectedly dropped after TRT compared to the
placebo group. TRT’s role in HDL was unclear due to a lack of evidence and conflicting results. It has
been shown that high doses of TRT lower levels of HDL and lipoprotein A. TRT’s effect on blood lipid
and lipoprotein levels is controversial, however. [31] The 14 studies that made up our meta-analysis all
showed a reduction in diastolic blood pressure (DBP) and a modest rise in systolic blood pressure (SBP).
The effects of testosterone on lipid profiles in the blood are ambiguous. In men with and without type 2
diabetes, low testosterone has been linked to elevated levels of LDL and triglycerides and decreased HDL.
In patients with high endogenous testosterone profiles, several cross-sectional studies found no association
between elevated serum lipid levels or even elevated LDL. TRT has been shown to significantly reduce LDL-C
and total cholesterol in men with eugonadism and hypogonadism in numerous systematic reviews and meta-
analyses. [32] Measurements of the patient’s waist and body mass index (BMI) can be used for screening
for cardiometabolic risk. Testosterone supplementation is gaining popularity as an anti-obesity medication
due to its ability to decrease visceral adipose tissue and increase muscle mass in males with hypogonadism.
Thirteen additional studies, which contradict the aforementioned randomised controlled trials, have found
that testosterone therapy results in a greater reduction in body mass index. [32]

A significant correlation between total serum testosterone and AMS and IIEF scores was found in three
studies. Treatment with testosterone significantly reduced AMS scores while increasing ITEF. Slight en-
hancements in sexual functioning, as measured by the AMS scale, the IIEF erectile dysfunction domain,
and the ITEF-5 scale, have been associated with low testosterone in older men (testosterone threshold, 10.4
nmol /L [300 ng/dL]). Physical function, depressive symptoms, energy, vitality, and cognitive abilities do not
significantly improve, however, according to the literature. Since the AMS scale was the only source of data
on life satisfaction, we can assume that the slight improvement in quality of life was attributable to a rise in
sexual satisfaction. [33] Different levels of testosterone were analysed including total, free, SHBG, and PSA.
Both total and free testosterone levels increased significantly, while SHBG dropped significantly. However,
PSA levels were not related to this therapy. The impact of TRT on PSA has been the subject of multiple
meta-analyses. Despite this, the primary focus of the papers reviewed was not on PSA and testosterone but
on TRT and the risk of prostate cancer. Risk factors for cardiovascular disease (CVD) such as obesity, hy-
pertension, dyslipidemia, and diabetes are often co-occurring with androgen insufficiency. Androgens have a
direct effect on PSA, and the protein’s level has been suggested as a possible indicator of androgen deficiency



in a number of studies. According to the research conducted by Do Kyung Kim et al., TRT significantly
increased PSA levels compared to placebo. [34]

Numerous benefits can be gained from our meta-analysis. If we add two more studies to our meta-analysis,
we’ll have about twice as large of a sample to work with. (2) A sensitivity analysis was run to determine
the impact of various studies on the final tally. (3) Multiple plots and tests, such as the funnel plot, Egger’s
test, and Begg’s test, were used to evaluate estimates of publication biases, and all of them concluded that
the estimates were not statistically significant. Our meta-analysis also included an additional observational
study, and we checked it for publication bias using the New Castle-Ottawa Scale. (4) We integrated mortality,
total testosterone, free testosterone, SHBG, and PSA to account for new information in the literature that
is rarely mentioned in individual studies.

While we did collect a substantial amount of statistical data, it is important to note the caveats of our study.
1) Most studies had different follow-up times, with some indicating longer times. Because of the significance
of homeostasis in the body, longitudinal follow-up studies are preferred when evaluating hormonal diseases
like hypogonadism. Testosterone was used in a wide variety of doses and administration routes across a large
number of studies spanning many weeks. This clinical heterogeneity may be attributable to (2) differences
in study designs, interventions, and patient factors (including body mass index, age, sample size, ethnicity,
and trial characteristics). (3) There have been few randomised controlled trials investigating the association
between body fat, AMS and IIEF scores, free testosterone, and mortality rates. (4) All included RCTs
displayed signs of selective reporting bias, except for Groti 2020. More research was needed to ascertain how
testosterone therapy affected libido. (5) Also, most studies did not include information on doses for control
groups, which may have added uncertainty.

Conclusion

Our results demonstrate that hypogonadal T2DM patients who underwent long-term testosterone replace-
ment therapy experienced a sustained remission of their diabetes. This therapy improved glycemic control,
decreased total cholesterol, HDL levels, and triglycerides, and reduced body mass index and waist circum-
ference. We propose that this treatment be taken in conjunction with anti-diabetes medications for these
patients. The intervention’s long-term durability, safety, and cardiovascular effects need to be studied further.
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Legends to figures
Figure 1: Prisma flow chart

Figure 2: Effects on Glucometabolism; A= HOMA-IR (Homeostatic model assessment for insulin resistance),
B= FSG (Fasting serum glucose), C= FSI (Fasting serum insulin), D= HbA1C (Glycated hemoglobin),
WMD= weighted mean difference, CI= confidence interval
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Figure 3: Effects on Hormonal levels; A= TT (Total testosterone), B= FT (Free testosterone), C = SBHG
(sex hormone binding globulin), D= PSA (Prostate specific antigen).

Table 1: Baseline characteristics of included studies

Study

TRT

Dhindsa (2015)3l
Gianatti (2014)[®!
Hackett (2014)1*4
Jones (2011)!19]
Gopal (2010)!16]
Heufelder (2009)!'7]
Kapoor (2006)!18]
Boyanov (2003)*]
Hackett (2018)1201
Yassin (2019)[12
Khirpun (2018)2
Groti (2020)0!
Groti (2018)122
Wittert (2021) 1231
Haider (2020) [24

Study design
Placebo

RCT

RCT

RCT

RCT

RCT crossover
RCT

RCT crossover
RCT

RCT
Observational study
RCT

RCT

RCT

RCT

Prospective observational

Total no of patients
TRT
34
67
186
137
22
32
27
48
537
316
80
55
55
1007
356

Hypogonadism cut off point

Placebo

FT <225 pmmol/L

TT<12 nmmol/L

TT<12 nmmol/L

TT<11 nmmol/L

FT <225 pmmol/L

TT<11 nmmol/L

TT<12 nmmol/L

TT<15 nmmol/

TT<12 nmmol/L

TT< 12.1nmol/L

serum levels of total testosterone two times belc
(total testosterone [TT] below 11 nmol/L and fi
total testosterone (TT) level <11 nmol/1 and/or
13-0 nmol/L

total testosterone levels [?]12.1 nmol/L (350 ng,

SD: Standard deviation, F't: free testosterone, T'T: total testosterone

Table 2: Baseline glucometabolic, lipid and blood pressure parameters

Study

Dhindsa (2015)!*3]
Gianatti (2014)!8!
Hackett (2014)14
Jones (2011)[1]
Gopal (2010)!16]
Heufelder (2009)17!
Kapoor (2006)!'8!
Boyanov (2003)!19)
Hackett (2018)120]

Fasting plasma glucose (mmol/L) (Mean +SD)

TRT

6.99 £+ 0.44
9.57 + 3.78
9.05 + 3.18
79 + 4.3
7.9 £ 0.2
7.83 + 0.49
8.0+ 2.6
N/A

5.3 £ 0.8

12

Fasting serum insulin (Mean £SD)
Placebo
6.60 £+ 0.55
9.11 £ 3.65
8.49 £+ 2.84
9.2 £ 34
8.3 +£0.2
7.6 £ 0.43
8.4 +£28
N/A

49+ 1.3

7 = ] el

[\
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Yassin (2019)[12] 8.1 4 3.7 8.7+ 5.0 N
Khirpun (2018)21  10.06 + 1.44 9.77 & 1.40 N\
Groti (2020)0! 10.06 + 1.44 9.60 & 1.44 2
Groti (2018)1?2 10.06 + 1.44 9.60 + 1.44 2
Wittert (2021) 1231 6.1 + 0-9 6-1 &+ 0-9 N\
Haider (2020) (24 78 £1.2 6.3 + 0.7 2
SD: Standard deviation, HOMA-IR: Homeostasis model of insulin resistance, HbAlc: glycated hemoglobin

Table 3: Secondary outcomes

Outcome Testosterone placebo Effect size [CI] Overall P value heterogen
Total cholesterol -0.71 [-1.22, -0.21] 0.10 [-016, 0.35] -0.32 [-0.64, 0.00] 0.05 87.2
Triglyceride -0.47 [-0.75, - 0.20] 0.03 [-021, 0.27] -0.23 [-0.47, 0.00] 0.05 86.6

LDL cholesterol -0.20 [-1.12, 0.73] 0.17 [-0.13, 0.46] -0.02 [-0.52, 0.48] 0.94 0

HDL cholesterol 0.10 [0.01, 0.20] 0.03 [-0.07, 0.13] 0.07 [0.00, 0.13] 0.04 8.7

Body fat -0.98 [-1.59, -0.38] -0.54 [-1.12, 0.03] -0.75 [-1.17, -0.34] 0.0004 6.4

Waist circumference -3.98 [-6.48, -1.48] 0.73 [-1.44, 2.89] -1.68 [3.43, 0.07] 0.06 87.1

BMI -1.12 [-2.98, 0.74] 0.05 [-0.51, 0.61] -0.56 [-1.48, 0.36] 0.23 27.5

SBP -0.90 [-12.07, 10.26] -0.19 [-3.19, 2.81] -0.51 [-6.24, 5.11] 0.85 0

DBP -3.09 [-5.52, -0.65] -0.23 [-1.98, 1.52] -1.68 [-3.16, -0.21] 0.03 71.3

IIEF 6.98 [3.62, 10.33] -3.94 [-10.97, 3.10] 1.66 [-6.75, 10.06] 0.70 86.7

AMS -16.80 [-26.96, -6.64] 4.90 [-9.05, 18.85] -5.94 [-21.87, 9.98] 0.46 83.5
Mortality - 0.24 [0.15, 0.37] <0.00001 0

CI: Confidence interval, LDL: low density lipoprotein, HDL: High density lipoprotein, BMI: Body mass
index; SBP: Systolic blood pressure, DBP: Diastolic blood pressure, IIEF: international index of erectile
function, AMS: Aging male score.
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Previous studies

Identification of new studies via databases and registers

Identification

Studies included in
previous version of
review (n = 13)

Reports of studies
included in previous
version of review (n =13)

Records identified from*:
Databases (nh = 659)
Registers (n = 0)

Screening

Included

A 4

Records screened
(n =539)

Records removed before
screening:

Duplicate records removed
(n=120)

Records marked as ineligible
by automation tools (n = 120)
Records removed for other
reasons (n = 0)

A4

Reports sought for retrieval
(n=30)

\ 4

Records excluded**
(n =509)

A4

Reports assessed for eligibility
(n=25)

New studies included in review
(n=2)

Reports of new included studies
(n=2)

Total studies included in review
(n=15)
Reports of total included studies
(n=15)

Reports not retrieved
(n=5)

Reports excluded:

Reason 1 (n = Not in English
language)

Reason 2 (n = Different
Outcomes)

Reason 3 (n = Different study
population)




Post-treatment Pre-treatment Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.15.1 Testosterone
Boyanow 2003 [19] 154684 241 24 Q86 233 24 5.5% 598 [4.33, 763 B
Dhindsa 2015 [13] 194 47 20 4 249 20 4.6% 1040 [5.96, 14.84] —_—
Groti 2018 [22] 17.04  3.07 28 T.24 1487 28 5.6% 9.80[8.45 11.14] a—
Groti 2020 [4] 2348 481 28 T24 1487 28 56% 16.26([14.33,18.14]
Haider 2020 [24] 17458 1.7 178 93 1.7 178 5.7% 8.20[7.85, 8.55] -
kapoor 2006 [18] 1278 078 24 8E3 0A&1 24 A.7% 416 [3.78, 4 A4] -
khirpun 2018 [21] 15 64 40 98 27 40 5.4% 540 [3.25, 7.55] E—
Wittert 2021 [23) 168 A18 &04 134 41 &04 A.7% 340282, 3488 -
Tassin 20149 [12] 167 448 224 8.2 21 228 a.7% 2.80[7.86,9.14] -
Subtotal (95% CI) 1075 1075 49.5% 7.85 [5.90, 9.80] i
Heterogeneity: Tau®= 8.14; Chi®= 20997, df=8 (P = 0.00001); F=98%
Testfor overall effect; £=7.88 (P = 0.00001)
1.15.2 Placebo
Boyanoy 2003 [19] 112 316 24 10.7E 3 24 A.5% 0.44 [-1.30,218] 1T
Dhindsa 20191[13] 97 46 14 83 28 14 9.2% 1.40[-1.42, 4.22] -1
Groti 2018 [22] 983 1481 27 TAa 134 27 A.7% 1.87 111, 263 -
Groti 2020 [9] 1747 27 27 788 1.34 27 5.6% 981 [8.37, 10,69 I
Haider 2020 [24] e 1.1 178 98 11 178 57% -2.20[2.43,-1.97] -
Kapoor 2006 [18] 839 048 24 8E3 051 24 8.7% -0.24 [-0.85, 0.07] 1
khirpun 2018 [21] 98 249 40 99 26 40 5.6% S010 1.3, 1.11] -
Wittert 2021 [23) 146 4/ &03 138 46 5803 A.7% 0F0[013,1.27] -
Yassin 20149 [12] ar 27 ar 95 24 ar 57% -0.890[F1.66,-0.14] -
Subtotal (95% CIy 924 924  50.5% 1.13[-0.48, 2.73] L
Heterogeneity: Tau®= 2.63; Chi®= 551592, df=8 (P = 0.00001); F=99%
Testfor overall effect. Z=1.38(FP=017)
Total (95% CI) 1999 1999 100.0% 4.51[2.40, 6.61] -
Heterogeneity: Tau?= 20.12; Chi*= 3855.84, df=17 (P = 0.00001); F=100% -1’0 5 1 5 1’0

Test for overall effect: £=4.20 (P = 0.0001)
Testfor subaroup differences: Chi®= 2721, df=1 (P = 0.00001%, F= 96.3%

Decreased TT Increased TT



B

Pre-treatment
SD Total Weight

Post-treatment
Study or Subgroup Mean S0 Total Mean

Mean Difference
IV, Random, 95% ClI

Mean Difference
IV, Random, 95% Cl

1.18.1 Testosterone

Dhindsa 2015 [13] 47386 1422 20 15865 451 20 151%
Hackett 2014 [14] 2353 a7 91 1877 a7 81 18.5%
khirpun 2018 [21] 323 167 40 208 142 40 14.9%
Subtotal (95% CI) 151 151 48.5%

Heterogeneity, Tau®= 20082.22, Chi*= 6578, df= 2 (P = 0.00001); F=97%
Test for overall effect Z=1.92 (P = 0.06)

1.18.2 Placebo

Chindsa 2015 [13] 177 a4 14 145874 416 14 17.4%
Hackett 2014 [14] 1812 636 95 1812 636 95 18.9%
Khirpun 2018 [21] 230 134 40 223140 40 15.6%
Subtotal (95% CI) 1449 149 51.5%
Heterogeneity: Tau®= 2274, Chi*= 214, df= 2 (P=0.34), F= 6%

Test for overall effect 2= 0.76 (P = 0.449)

Total {95% CI) 300 300 100.0%

Heterogeneity: Tau®= 4546 92 Chi®= 9693, df=4 (P = 0.000013; F=95%
Test for overall effect £=2.78 (P = 0.006)
Test for subgroup differences: Chi*= 333, df =1 (P=007), F=70.0%

372,36 [256.98, 357.74]
47 60 [31.04, 54.16]

115.00 [47.07, 182.87]
159,78 [-3.67, 323.24]

31.26 [-6.56, 59.08]
0.00 [18.08, 18.09]

7.00 [-53.06, 67.06]
6.73 [-10.57, 24.03]

81.21 [23.87, 138.54]

-

200 100 0 100 200
Decreased FT Increased FT



C

Pre-treatment
Mean S0 Total Weight

Post-treatment

Study or Subgroup Mean S0 Total

Mean Difference
IV, Random, 95% ClI

Mean Difference
IV, Random, 95% ClI

1.19.1 Testosterone

Chindsa 2015 [13] 24 10 20 27 14 20 B.E%
Grofi 2018 [22] 2721 B.EE 28 26.89 10486 28 101%
Heufelder 2009 [17] 287 07 16 3749 2.2 16 11.7%
Khirpun 2018 [21] 228 202 40 208 207 a0 Tr%
Wittert 2021 [23] 381 113 504 3FF4 136 504 11.68%
Subtotal (95% CI) 608 608 49.7%

Heterogeneity: Tau®= 43.06; Chi*=111.08, df=4 {P = 0.00001%; F= 96%
Test for overall effect: £=0.67 (P = 0.50)

1.19.2 Placebo

Chindsa 2015 [13] 27 13 14 26 13 14 7.3%
Grofi 2018 [22] 2168 6.54 27 21458 628 27 1.0%
Heufelder 2009 [17] ang 1.3 16 349.7 2 16 11.7%
Khirpun 2018 [21] 21.2 16 40 185 176 0 87%
Wittert 2021 [23] 422 122 503 3FF8 138 503 11.6%
Subtotal (95% CI) 600 600  50.3%

Heterogeneity: Tau®= 68.88; Chi*=181.75, df= 4 {P = 0.00001%; F=98%
Test for overall effect: £=0.08 (F = 0.54)

Total {95% Cl) 1208 1208 100.0%
Heterogeneity: Tau®= 39.53; Chi®= 298.94, df=9 (P = 0.00001); F=97%
Test for overall effect: £=0.89 (F = 0.55)

Test for subaroup differences: Chif= 013, df=1 (FP=072), F=0%

-3.00[-10.54, 4.54]
0.32[-4.582, 5.46]
-9.20 [[10.33,-8.07]
2.00 [-6.96, 10.96]

0.70[-0.54, 2.24]
-2.13 [-8.36, 4.11]

1.00[-8.63, 10.63]
0.10[-3.32, 3.52]
-8.90 [-10.07,-7.73]
270[-4.67,10.07]

4.40[2.79, 6.01]
-0.31 [-7.98, 7.35]

-1.28 [-5.51, 2.96]

$

100

-60 0
Decreased SHBG

50

Increased SHBG

100



D

post treatment pre treatment Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
1.20.1 Testosterone
Dhindsa 2015 [13] ne 01 20 ne 01 20 10.0% 0.00[-0.06, 0.08] -
Gianatti 2014 [3] 1148 0.26 ¥ 084 016 ar 9.5% 0.31[0.21, 0.41] —_
Hackett 2014 [14] 184 14 51 14 1.4 51 4.21% 0.44[0.03, 0.85] D
Heufelder 2009 [17] 23 01 16 23 01 16 9.9% 0.00[-0.07, 0.07] -
Jones 2011 [14] 16 1.8 Ga 16 1.8 Ga 2.4% 0.00[-0.61, 0.61]
khirpun 2018 [21] ng 1.3 40 1.35 023 40 41% -0.45[-0.86,-0.04] —_—
Wittert 2021 [23] 1.3 11 4a04 185 1.08 504 8.9% -0485[-0.68,-0.42] BE—
Subtotal (95% CI) 776 776 48.9%  -0.04 [-0.25,0.17] -
Heterogeneity: Tau®= 0.06; Chi*=111.43, df= 6 (P = 0.00001}; F= 95%
Test for overall effect: £=033(F=0.71)
1.20.2 Placebo
Dhindsa 2015 [13] ne 01 14 ne 01 14 9.8% 0.00[-0.07, 0.07] -
Gianatti 2014 [3] nra 022 1 A B 1 a0 9.4% Q.06 [-0.05, 0.17] T
Hackett 2014 [14] 187 14 85 14 1.2 85 4 6% 017 [-0.20, 0.54] R
Heufelder 2009 [17] 23 01 16 23 01 16 9.9% 0.00[-0.07, 0.07] -
Jones 2011 [14] 1.2 1.2 5e] 1.2 1.2 5e] 43% 0.00[-0.40, 0.40] —
khirpun 2018 [21] 0.4 1 40 neg 049 40 41% 010[-0.32, 0.82] e
Wittert 2021 [23] 1.3 11 4803 155 0892 503 90% -0.259[-0.38,-012] B
Subtotal (95% CI) T6T 767 51.1%  -0.02 [-0.11, 0.07] 4%

Heterogeneity: Taut=0.01; ChiF=17.01, df= 6 (F=0.008); F= 65%
Test for overall effect: £=043(F=0.63)

Total (95% CI)

1543

1543 100.0%

Heterogeneity: Tau®=0.03; Chi*=128.82, df=13 (P = 0.00001); F= 90%
Test for overall effect: £=0.45(F = 0.64)
Test for subgroun differences: Chif= 0.03, df=1 (P=0.87). F=0%

-0.02 [-0.13, 0.08]

-1

05

3

Decreased P3A

0.5

Increased P3A

—_



Post-treatment Pre-treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
1.1.1 Testosterone
Chindsa 2015 [13] 27 0A 20 342 08 20 G.1% -1.22[-1.86,-0.88)] -
Gianatti 2014 [8] 1.8 0B ar 211 o0 ar 1%  -0.31[-0.53,-0.09] -
Gopal 2010 [16] 549 83 22 545 B8 22 4.7% 0.40 [-3.20, 4.00]
Groti 2018 [22] a1 418 28 1148 734 28 a0% 464777, -1.81]
Groti 2020 [5] aal 41 28 1145 734 28 a0% 594 907, -2.81]
Hackett 2014 [14] 42 2B 91 4.1 2 9 6.0% 010087, 0.77] T
Haidar 2020 [24] 28 186 178 9.8 2 178 G.1% -7.00[-7.40,-6.60] -
Heufelder 2009 [17] 1.4 01 16 ah 0.3 16 1% -4.10[-4.25,-3.99] -
Khirpun 2018 [21] 6.3 4.8 40 98 53 40 55% -3.50[-5.72-1.28)] —
Subtotal (95% CI) 460 460 50.7% -288[-469,-1.07] o
Heterageneity: Tau®= 6.79; Chi®= 135265, df = 8 (F = 0.00001}; 7= 99%
Test for overall effect Z2=3.11 (P =0.002)
1.1.2 Placebo
Chindsa 2015 [13] 38 04 14 3492 08 14 61%  -0.12[-0.69 0.45] T
Gianatti 2014 [8] 26 1.4 0 278 054 kli] 1%  -018[0.72, 0.36] -
Gopal 2010 [16] 8.2 104 22 Bda 87FA 27 3.6% 1.75 [-3.96, 7 .46]
Groti 2018 [22] 1018 56 27 107 652 27 50%  -052[3.76 272
Groti 2020 [5] Gag 378 27 1082 652 27 82%  -426[-7.10,-1.43) —_—
Hackett 2014 [14] 39 2z 95 A ;] 45 6.0% 0.20[-0.48, 0.88] I
Haider 2020 [24] 125 139 178 1 13 178 6.1% 540512, 5.68] -
Heufalder 2008 [17] 25 01 16 A1 04 16 1% -3.60[-3.80,-3.40] -
Khirpun 2018 [21] 116 44 40 102 Aarv 40 a.3% 1.40[-1.14, 3.94] N I —
Subtotal (95% CI) 449 449  493%  -0.01[-3.26, 3.24] —ee R ———
Heterageneity: Tau® = 23.23; Chi®= 263085, df=8 (P = 0.00001); F=100%
Test for averall effect. £=0.01 (P =1.00)
Total (95% CI) 909 909 100.0% -1.47[-3.14,0.19] e
Heterageneity: Tau®= 11.86; Chi*= 467317, df=17 (P = 0.00001); F=100% t t

Testfor overall effect. £2=1.73 (P=0.08)
Test for subaroup differences: Chi*= 229, df=1 (P=013), F=56.3%

1 1
4 3 0 2 4

Decreased HOMA-IR levels Increased HOMA-IR levels



B

Post-treatment

Pre-treatment

Mean Difference

Mean Difference

Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.1 Testosterone

Eovanoy 2003 [19] B 1.3 24 a 26 24 3.3% -200[3.16,-0.84] 2003

Kapoor 2006 [18] 74 0.4 24 T.83 0.4 24 4.2% -0.43[0.66, -0.20] 2006 -
Heufelder 2009 [17] 6.1 0.1 16 .9 0.z 16 4.2% -1.80[-1.91,-1.69] 2009 -

Gopal 2010 [186] 8.6 27 22 .9 4.3 22 2.2% 0.7y0[1.42, 2821 2010

Jones 2011 [15] 9.2 38 B8 9.05 318 [a35] 3.5% 015 [1.03,1.33] 2011 — T
Gianatti 2014 [8] 7T 3 ar T.A 0485 ar 35% 0.20 0.81,1.21] 2014 T
Hackett 2014 [14] 9.5 3.3 91 9.57 378 a1 35% -0.07 [-1.10,0.96] 2014 — T
Dhindsa 2015 [13] 6.4 0.4 20  B.H4 0.4 20 4.2% -059[-0.84, -0.34] 2015 -

Groti 2018 [22] 883 1.1 28 10006 1.44 28 38% -1.23[1.93-0.53] 2018 —_—

Khirpun 2018 [21] 6.3 2.2 40 8.1 3T 40 31% -1.80[3.13,-0.47] 2018

Yassin (2019 [12]) 4.9 08 224 5.3 o8 2249 4.2% -040[-0.55 -0.25] 20149 -

Haider 2020 [24] 6 1.04 178 ] 1.2 178 4.2% -1.80[2.03, -1.587] 2020 -

Groti 2020 [5] 223 1.09 28 10006 1.44 28 3.89%  -1.83[2.50 -1.16] 2020

Wittert 2021 [23] 5.86 087 a04 6.1 0.9 504 4.2% -0.24 [[0.35,-013] 2021 -

Subtotal (95% CI) 1309 1309 51.7% -0.86 [-1.33, -0.39] -l
Heterogeneity: Tauw®=0.65, Chi®= 54951, df=13 (P = 0.00001); F=98%

Testfor overall effect. Z=3.57 (P = 0.0004)

1.2.2 Placebo

Eovanoy 2003 [19] g 2.4 24 2.4 ] 24 2.9% -0.40 [-1.88,1.08] 2003
Kapoor 2006 [18] g8.7 0.6 24 TEH 043 24 4.2% 1.10[0.80,1.40] 2006 I
Heufelder 2009 [17] 6.6 0.2 16 8.3 0.z 16 4.2% -1.70[1.84, -1.96] 2009 -

Gopal 2010 [16] 10.9 3.8 22 9.2 3.4 22 2.2% 1.70[-0.43,3.83] 2010

Jones 2011 [15] 9.6 3.9 69 8.49 ] Jage] 3.4% 1.11 [0.05, 2171 2011

Hackett 2014 [14] 9.9 4 95 911 365 a5 3.4% 0.39 [0.70,1.48] 2014 ]

Gianatti 2014 [8] 9.3 2.2 20 9.3 7.2 20 1.7% 0.00[-2.659, 2.69] 2014

Dhindsa 20145 [13] 7.3 0.7 14 6.6 0.5 14 4.1% 0.70[0.25,1.15] 2014 _—
Groti 2018 [22] 947 1.3 27 9.6 1.44 27 3.E8% -0.13 [-0.86, 0.60] 2018 T
Khirpun 2018 [21] 8.8 4] 40 8.7 4] 40 2.1% 010 [-2.08,2.29] 2018

Wassin (2019 [12]) a.7  1.33 a7 4.9 1.3 ar 4.1% 0.20[0.41,1.19] 2019 -
Haider 2020 [24] 2 065 178 6.3 oy irg 4.2% 1.70[1.56,1.84] 2020 -
Groti 2020 [5] 247 147 27 9.6 1.44 27 38%  -1.03[1.73,-0.33] 2020

Wittert 2021 [23] 603 0.39 503 6.1 0.9 503 4.2% -0.07 [-0.16,0.02] 2021 N
Subtotal (95% CI) 1156 1156 48.3% 0.29 [-0.47, 1.05] ~al-
Heterogeneity: Taw®=1.78, Chi®=1237.77, df= 13 (F = 0.00001}, F= 39%

Test for overall effect. Z=0.75{F = 0.45)

Total (95% CI) 2465 2465 100.0% -0.30 [-0.75, 0.15] -
Heterogeneity: Tauw®=1.23, Chi®=2241.79, df= 27 (F = 0.00001}, F= 39% _52 _51 o 15 é

Test for overall effect: Z=1.31 {F=0.19)
Testfor subgroup differences: Chi®*=6.39, df=1 (P =001, F= 84 4%

Decreased FPG

Increased FPG



C

Study or Subgroup

Post-treatment
Mean SD Total

Pre-treatment
Mean SD Total Weight

Mean Difference
IV, Random, 85% Cl

Year

Mean Difference
IV, Random, 95% Cl

1.3.1 Testosterone
kapoor 2006 [18]
Heufelder 2009 [17]
Gapal 2010 [16]
Janes 2011 [15]
Gianatti 2014 [8]
Dhindsa 2015 [13]
Groti 2018 [22]

Haider 2020 [24]
Subtotal (95% CI)

1.8 1.8 24
5.6 0.3 16
14.5 9.9 22
1849 164 T
1.4 & T

9.9 1.8 20
17.51 107 23
7.3 ar 178
393

1368  1.495 24 BA5%
19.03 063 16 65%
128 8495 22 B2%
2088 2283 B3 6.0%
149 224 T BA5%
136 3 20 65%
26.03 1586 28 59%

286 4 178 B5%
393 50.7%

Hetarageneity: Tau®= 5543, Chi®=1143.28, df= 7 (P = 0.00001}), F= 99%
Test for overall effect: £= 2,47 (P =0.01)

1.3.2 Placebo
Kapoor 2006 [18]
Heufelder 2009 [17]
Gopal 2010 [16]
Janes 2011 [15]
Gianatti 2014 [8]
Dhindsa 2015 [13]
Groti 2018 [22]

Haider 2020 [24]
Subtotal {95% Cl)

Heterogeneity: Tau®= 160.95, Chi®= 315343, df=7 (P = 0.00001); *=100%

12.4 21 24
3.4 0.4 16
18 193 22
14 14 &4

184 127 30

13.4 4 14

24.38 1282 27

aTe 265 178
380

Test for overall effect. Z= 017 (P = 0.86)

Total (95% Cl)

Heterogeneity: Tau®=128.31, Chi®= 7539.73, df= 15 (P = 0.00001); F=100%

LLE

Testfor overall effect. £=1.02 (P =0.31)
Testfor subgroup differences; Chif=1.97, df=1 (P=016) F=493%

1237 1.87 24 B5%

16.8 0487 16 B5%
17.86 2472 22 49%
1817 1457 B9 B2%
17.89 365 a0 B3%

11.8 2.2 14  B5%
2489 134 27 59%

244 28 178 65%
380 49.3%

773 100.0%

-1.88 [-2.94,-0.832]

S13.43[F13.77,-13.04]

1.70[3.858, 7.29]
-1.98 [-8.66, 4.70]
-3.00 [-4.77,-1.23]
-3T0[5.23,-217)

-3.52 1567, -1.43)]

-21.30[F2210,-20.40]

6.72 [12.05, -1.38]

0.03[1.09,1.149]
-3.40 [-8.87,-7.93]
-1.86 [-14.97, 11.28]
0.83[4.29, 5.499]
081 [4.22,5.24]
210[0.29, 4.49)
-0.591 [-7.64, 6.62]

12.90[12.32, 13.48]
0.78 [8.21,9.78]

-2.95 [-8.64, 2.74]

2006
2004
2010
2011
2014
2014
20148
2020

2006
20049
2010
2011
2014
2014
20148
2020

_—
—_—
—_—

—oniii——

5 0 5 10
L]

Decreazsed FS1 Increased FSI



Post-treatment

Pre-treatment

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean S0 Total Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
1.4.1 Testosterone

Bovanov 2003 [19] 8.6 1 24 104 1.6 24 3.4% -1.80 [2.55,-1.05] 2003

Heufelder 2009 [17] 6.3 0.1 16 7.8 0.1 16 4.5% -1.20[F1.27,-1.13] 2009 -

Gopal 2010 [16] 6.3 2 22 B.43 2.2 22 2.4% -013[1.37, 1111 2010

Gianatti 2014 [8] A 1 ar 6.8 0.3 ar 4.2% 0.30 [-0.04, 0.654] 2014 I
Hackett 2014 [14] 7.7 1.3 91 7.7 1.3 =) ] 4.2% 0.00 [-0.38,0.38] 2014 b —
Dhindsa 2015 [13] 7.2 0.9 20 6.8 0.9 20 3.8% 0.40 [-0.16, 0.896] 2015 I E—
Groti 2018 [22] 718 0.81 28 B2 1.04 28 4.0% -0.94 [-1.43,-0.45] 2018 —

Hackett 2018 [20] .6 1.3 175 7.6 1.3 175 4.3% 0.00[-0.27,0.27] 2018 b
Khirpun 2018 [21] 6.7 1.9 40 7.8 2.4 40 29% -110[F2.05-015] 2018

Yassin (2019 12 5.6 0.2 229 5.9 0.2 229 4.5% -0.30 [-0.34,-0.26] 2019 =

Groti 2020 [5] GE 0.F7 28 B2 1.04 28 4.0%  -1.52 [2.00,-1.04] 2020 —

Haider 2020 [24] 5] 2.8 178 9.4 1.4 178 41% -3.40 [3.82,-2.98] 2020

Wiittert 2021 [23] 5.65 0.43 504 a7 0.5 504 4. 5% -0.05 011, 0,011 2021 =
Subtotal (95% CI) 1392 1302 50.8%  -0.73 [-1.07, -0.40] -l
Heterogeneity: Tau®=0.32; Chi*= 95597, df=12 (F = 0.00001), F= 99%

Test for overall effect: £=4.28 (P = 0.0001)

1.4.2 Placebo

Bovanov 2003 [19] 9.9 1.4 24 103 1.6 24 3.2% -0.40 [-1.25,0.45] 2003 — E—
Heufelder 2009 [17] A 0.1 16 7.8 0.1 16 4.5% -0.40 [-0.47,-0.33] 2009 -

Gopal 2010 [16] 6.3 27 22 F7.BY9 277 22 1.8% -1.39 [-3.01, 0.23] 2010

Gianatti 2014 [8] 7.2 0.7 30 7.1 0.2 30 4.3% 010016, 0.36] 2014 I
Hackett 2014 [14] T.a 1.2 95 7.8 1.2 95 4.2% 0.00[-0.34,0.34] 2014 i
Dhindsa 2015 [13] A 1.5 14 7 1.4 14 2.7% 010097, 117 2015

Groti 2018 [22] 7.65 0.7 27 F7.B9 077 27 4.1% -0.24 [-0.63,015] 2018 ——
Hackett 2018 [20] T.a 1.5 362 7.8 1.8 362 4.4% 0.00[-0.22,0.22] 2018 T
Khirpun 2018 [21] 8.4 3.1 40 7.9 2.4 40 2.4% 0580 [0.71,1.71]1 2018

Yassin (2019 12 653 0.22 ar 5.9 0.2 ar 4. 5% 0.63[0.57, 0.69] 20149 -
Haider 2020 [24] 11 1.25 178 7.8 0.7 178 4.4% 3.20[2.959, 3.41] 2020

Groti 2020 [5] 693 0.72 27 F7.B9 077 27 41%  -0.96 [-1.36,-0.596] 2020 —

Wiittert 2021 [23] 567 0.44 503 a7 0.5 503 4. 5% -0.03 [-0.09, 0.03] 2021 -1
Subtotal (95% CI) 1425 1425 49.2% 0.16 [-0.29, 0.60] -
Heterogeneity: Tau®= 0.57, Chi®*=1353.76, df=12 (P = 0.00001); F= 99%

Test for overall effect: £2=0.69 (P = 0.49)

Total (95% CI) 2817 2817 100.0%  -0.29 [-0.57, -0.02] -l
Heterogeneity: Tau®= 0.43; Chi®= 2920.64, df= 25 (P = 0.00001); F= 99% _52 _51 15 %
Testfor overall effect: Z= 2.09 (F=0.04) Decreased HbA1c Increased HbA1C

Test for subgroup differences: Chi*=9.78, df=1 (P = 0.002), 7= 89.8%



Supplementary Table S1: Detailed search strategy

Database

Search strategy

Results

PubMed

Google Scholar

Embase

((((((Testosterone)) OR
(Androgen)) OR (androgenic
hormone)) AND (((Type 2
diabetes) OR (insulin independent
diabetes)) OR (adult-onset
diabetes))) AND (treatment))
AND (male hypogonadism)

((((((Testosterone)) OR
(Androgen)) OR (androgenic
hormone)) AND (((Type 2
diabetes) OR (insulin independent
diabetes)) OR (adult-onset
diabetes))) AND (treatment))
AND (male hypogonadism)

((((((Testosterone)) OR
(Androgen)) OR (androgenic
hormone)) AND (((Type 2
diabetes) OR (insulin independent
diabetes)) OR (adult-onset
diabetes))) AND (treatment))
AND (male hypogonadism)

300

284

75




Supplementary Table 2: Characteristics of RCTs

Charact Dhindsa Gianatti Hackett Jones Gopal Heulfelder Kapoor Boyonav Hackett (2018) Khirpun Groti  Groti Wittert
eristic (2015) (23] (2014) @l (2014) 141 (2011) 1 (2010) [*61  (2009) 17 (2006) (28] (2003) 291 [20] (2018) 21 (2018) (2020) I (2021)
[22] [23]
Study Insulin Effect of Testostero  Testostero  Treatment  Fifty- two— Testosterone Long-term Long-term Influence of The Testoster ~ Testoste
name Resistance Testosterone ne ne of Week replacement  testosterone  testosterone testosterone  impact one rone
and Treatment on Replaceme Replaceme hypogonad Treatment therapy therapy in therapy in type 2 substitution  of treatment ~ treatmen
Inflammatio  Glucose nt Therapy nt in ism with with Diet and improves type 2 diabetes is onglycaemic testost longer tto
n in  Metabolism in Improves  Hypogona testosteron Exercise Plus insulin diabetes is associated with control and erone than 1 Prevent
Hypogonado Men with Metabolic dal Men e in  Transdermal resistance, associated reduced mortality endothelial replac  year or revert
tropic Type 2 Parameters with Type patients Testosterone glycaemic with reduced without markers in ement shows ;(jypez
. 4 . . . . : . . . iabetes
Hypogonadi  Diabetes: A in 2 Diabetes with type 2 Reverses the control, mortality improvement in men  with therap more in men
smand Their Randomized Hypogona  and/or diabetes Metabolic visceral without conventional newly y on effectson  anrolled
Reduction Controlled dal Men Metabolic  mellitus Syndrome and adiposityand improvemen  cardiovascular diagnosed glycae functiona jn g
After Trial with Type Syndrome Improves hypercholest t in  risk factors functional mic I lifestyle
Testosterone 2 Diabetes (the Glycaemic erolaemia in conventional hypogonadis  contro  hypogona program
Replacement but Not in TIMES2 Control in  hypogonadal cardiovascul m and type 2 |, dism and me
in Men with Men with  Study) Men with men with ar risk diabetes vascul related (TADM)
Type 2 Coexisting Newly type 2 factors mellitus: a ar metabolic -
Diabetes Depression Diagnosed diabetes randomized  functi ,vascular, @ .
; The Type 2 controlled on, diabetic ~ randomi
BLAST Diabetes and trial and and sed,
Study Subnormal compo  obesity gﬁ%gle'
Plasma nents  parameter |
placebo-
Testosterone of the s (results . rolle
metab  of the 2- d, 2-
olic year year,
syndro clinical phase
me in trial) 3b trial
obese
hypog
onadal
men
with
type 2
diabet
es
Patients, 94 88 211 220 22 32 27 48 857 80 55 55 1007
n
Enrolme 2010 2009 2008 2006 2006 2005 2002 1998 2007 2012 2014 2014 2013

nt




Initiatio
n
Enrolme
nt
completi
on

Year of
completi
on
Populati
on

Trial
type

2014

2014

Male
subjects with
type 2
diabetes
between the
ages of 30

and 65 years,
HbAlc #8%
(64
mmol/mol),
and stable
diabetes
regimen for
3 months

randomized,
parallel,
placebo
controlled,
double-
blind,
prospective,
single-centre
trial

2013

2014

Study subjects
were recruited
from specialist
diabetes
clinics,
primary care,
and the general
community

randomized,
double-blind,
placebo-
controlled trial

2012

2014

Patients
were
recruited
from
routine
diabetes
assessment

double-
blind,
placebo-
controlled
interventio
n study

2007

2011

Male
subjects
with
diabetes
and
hypogonad
ism.

prospectiv
e,
randomize
d, double-
blind,
placebo-
controlled,
multicentre
study

2009

2010

Patients
with
T2DM in
the 25- to
50-year
age-group
who were
diagnosed
with
hypogonad
ism  were
included in
the study.

double-
blind,
placebo-
controlled,
crossover
study

2008

2009

Male patients
with type 2
diabetes and
hypogonadism

randomized,
double-blind,
placebo-
controlled trial

2006

2006

men  aged
over 30 years
with type 2
diabetes and
with
hypogonadis
m.

double-blind
placebo-
controlled
crossover
study

2002

2003

middle-aged
men with
both

type 2
diabetes
mellitus and
mild
androgen
deficiency.

open-label,
randomized,
no-
treatment
controlled
study

2009

2018

Male

hypogonadism.

double
randomised
placebo

controlled study

subjects
with diabetes and

-blind

2017

2018

men newly
diagnosed
with T2DM
according to
the criteria of
the
American
Diabetes
Association
and referring
to  HbAlc
levels as
leading
parameter
(HbA1c
levels had to
be measured
two  times
within 4
weeks above
6.5%

double -blind
randomised
placebo -
controlled
study

2018

2018

Obese
males
with
hypog
onadis
m and
diabet
es

double
-blind
rando
mised
placeb
0 -
contro
lled
study

2018

2020

Obese
males
with
hypogona
dism and
diabetes

double -
blind
randomis
ed
placebo -
controlle
d study

2017

2021

men
newly
diagnose
d with
T2DM
accordin
g to the
criteria
of the
America
n
Diabetes
Associat
ion and
referring
to
HbAlc
levels as
leading
paramet
er
(HbA1c
levels
had to
be
measure
d two
times
within 4
weeks
above
6.5%
randomi
sed,
double-
blind,
placebo-
controlle
d




Inclusio
n
Criteria

Male
subjects with
type 2
diabetes
between the
ages of 30

and 65 years,
HbAlc #8%
(64
mmol/mol),
and  stable
diabetes
regimen for
3 months
were
recruited
between
December
2010 and
January
2014

Men aged 35—
70 years of age
were eligible
to participate
in this trial if
they had a
history of
T2D, and the
total
testosterone
(TT) level
(averaged
from
fasting
morning
specimens)
was #12.0
nmol/L (346
ng/dL).

two

Inclusion
criteria for
the BLAST
interventio
n study
were men
aged 18-80
with type 2
diabetes
and willing
to give
written
informed
consent.
Eligibility
included an
initial
finding of
either a
total
testosteron
e between
8.1 and 12
nmol/L or
FT 0.181-
0.25
nmol/L
(mild
group), or
total
testosteron
e of 8.0
nmol/L or
less or 0.18
nmol/L FT
or less
(severe
group)
according
to the
current
2006
ISSAM
EAU
guidelines,
and  with
symptoms
of

Men aged
$40 years
were
eligible to
enter the
study  if
they  had
confirmed
hypogonad
ism (early
morning
[08002
1000 h]
total
testosteron
e [TT] #11
nmol/L or
free
testosteron
e #255
pmol/L on
two
occasions
$1  week
apart), with
at least two
symptoms
of
hypogonad
ism (14)
and
fulfilled
criteria for
type 2
diabetes
(15) and/or
MetS

Patients
with
T2DM in
the 25- to
50-year
age-group
who were
diagnosed
with
hypogonad
ism  were
included in
the study.
Hypogona
dism was
defined as
a
calculated
free
testosteron
e (cFT)
level less
than 64.8
pg/mL
(0.225
nmol/L) on
at least 2
occasions
in the
presence of
symptoms
of
hypogonad
ism.

males with the

MetS and
newly
diagnosed
T2D (fasting
plasma
glucose .7.0 at
baseline
and/or .11.1
after a 2-hour,
75-9 oral
glucose
tolerance test,
and an
elevated level
of HbAlc)

Type 2
diabetic men
with HbAlc
up to 9.5%
showing no
significant
symptoms of
hyperglycae
mia.
Hypogonadi
sm was
defined as
total
testosterone
levell12
nmol/l  (on
two separate
0ccasions)
and
symptoms of
hypogonadis
m  (positive
ADAM
score)

subjects had
to be aged
between 45

and 65 years,
be married or

living in a
stable
relationship
with a
female
sexual
partner for at
least 6
months, have
a waist-hip
ratio (WHR)
of

at least 0.9,
have
symptoms of
andropause
or

erectile

dysfunction,
and have
serum
testosterone

Men aged 18 to 80
years with an
initial finding of
either a TT (on 2

separate
occasions) <12
nmol/L or

FT<0.18 nmol/L
with symptoms of
HG defined by the
Ageing Male
Symptom score.

Men
newly
diagnosed
diabetes
potential
functional
hypogonadis
m according
to the
diagnostic
criteria of the
EAU
guideline on
male
hypogonadis
m as of 2015
(serum levels
of total
testosterone
two  times
below 12.1
nmol/L  or
serum levels
of free
testosterone
two  times
below 243
pmol/L  in
combination
of at least
two
symptoms or
complaints
of sexual or
psychologica
| nature)

with

men
aged >
35
years
body
mass
index
> 30
kg/m2
confir
med
hypog
onadis
m
type 2
diabet
es
mellit
us
treated
with
non-
insulin
therap
y

men aged
> 35
years
body
mass
index

30 kg/m2
confirme
d
hypogona
dism
type 2
diabetes
mellitus
treated
with non-
insulin
therapy

. Men
aged
50-74
years,
with a
waist
circumfe
rence of
95 cmor
higher, a
serum
testoster
one
concentr
ation of
14.0
nmol/L
or lower
ut
without
patholog
ical
hypogon
adism,
and
impaired
glucose
toleranc
e (oral
glucose
toleranc
e test
[OGTT]
2-h
glucose
7-8-
11-0
mmol/L)
or newly
diagnose
d type 2
diabetes
(provide
dOGTT
2-h
glucose
<15-0
mmol/L)




Exclusio
n
criteria

Subjects on
androgens,

glucocorticoi
ds, or opiates

in the last 6
months  or
with
panhypopitui
tarism,
congenital
HH,
prolactinoma
, head
trauma,
severe
hepatic  or
kidney
disease
(glomerular

filtration rate
,30
mL/min/m2)
, HIV,
prostate
specific
antigen 4
ng/mL, or
contraindicat
ions to
testosterone
replacement
therapy were
excluded
from the
study.

Exclusion
criteria
included
testosterone
treatment
within 5 years
prior to
randomization
,  established
pituitary  or
testicular
disorder,
screening TT
level of 5.0
nmol/L (144
ng/dL),
luteinizing
hormone (LH)
level .1.53
upper limit of
normal, or
screening
prostate-
specific
antigen (PSA)
level. 4 mg/L,
a history of
urinary
obstruction,
prostate
cancer, or
breast cancer,
hematocrit
.0.50,

uncontrolled
hypertension
(.160/90
mmHg despite
treatment),
untreated
obstructive

hypogonad
ism
defined by
the ageing
male
symptom
(AMS)
Exclusion
criteria
included
any  past
history of
testosteron
e
replaceme
nt, history
of prostate,
breast or
hepatic
cancer,
abnormal
digital
rectal
examinatio
n, severe
symptoms
of prostate
hypertroph
y or
elevated
prostate-
specific
antigen
(PSA) (>4
mm// L), or
hematocrit
of 55% or
greater. |If,
in the
opinion of
the
principal
investigato
r, the cause
of elevated
PSA was
well-
controlled

Exclusion
criteria
included
TRT
within 6
months of
randomizat
ion,
hormone
modulating
therapies
or
topical/syst
emic
glucocortic
oids within
3 months
of
randomizat
ion, or
insulin
therapy; a
history of/
current
prostate or
breast
cancer;
abnormal
digital
rectal
examinatio
n
suggestive
of prostate
carcinoma;
severe
symptomat
ic benign
prostatic
hyperplasi
a or

Those with
a history of
pre-
existing
hypogonad
ism,
panhypopit
uitarism,
chronic
renal
failure,
chronic
liver
disease,
chronic
alcoholism
, radiation
therapy,
inflammat
ory disease
or active
infection,
hormone
therapy, or
any
contraindic
ation to
testosteron
e therapy
such as
elevation
of the
prostate-
specific
antigen
(PSA)
value
beyond the
age-
adjusted
reference

Patients were
excluded if
they had any
inflammator
y disease or
infection
with
elevation of
C-reactive
protein 010
mg/l, were
already on
hormone
therapy or
had any
contraindicat
ion to
testosterone
therapy such
as elevation
of prostate-
specific
antigen
(PSA)
beyond the
age-adjusted
normal
range.

Subjects
were
excluded
from the trial
if they

had
concurrent
illnesses
other  than
diabetes or
surgical
interventions
likely to
impair
sexual
function,
severe
diabetic
complication
s such as
amputations
or  chronic
renal failure,
drug use
other  than
antidiabetic
medication
or antihyper-
tensives
(angiotensin-
converting
enzyme
(ACE
inhibitors),
history  of
alcoholism
or major
psycho-
pathology; or
any sign or

Exclusion criteria
included any past
history of
testosterone

therapy, history of

prostate, breast or
hepatic ~ cancer,
abnormal digital
rectal
examination,
severe symptoms
of prostate

hypertrophy  or
elevated prostate-
specific antigen>4
ng/mL or
haematocrit>55%.

Exclusion
criteria were
primary  or
secondary
hypogonadis
m of any
origin
(testicular
damage,
diagnosis of
pituitary/hyp
othalamic
malfunction)
, as well as
hyperprolact
inemia and
hypothyroidi
sm.  Also,
any history
of a
malignant
disease  as
well as
elevated
levels of
PSA (>4
mg/dL) and
the wish for
paternity led
to exclusion.

previo
usly
treated
hypog
onadis
m

the 2-
diabet
es

mellit
us

treated
with
insulin
therap
y

a

histor
y of
curren
t

prostat
e or
breast
cancer
severe
benign
prostat
ic

hyper
plasia
elevat
ed

prostat
e-

specifi
c

antige
n

(PSA

previousl
y treated
hypogona
dism

the 2-
diabetes
mellitus
treated
with
insulin
therapy
a history
of current
prostate
or breast
cancer
severe
benign
prostatic
hyperplas
ia
elevated
prostate-
specific
antigen
(PSA >
4.0 1g/)
severe
heart
failure
acute
coronary
event or
procedure
during
the  six
months
leading
up to the
study

p rimary
or
secondar

y
hypogon
adism of
any
origin
(testicul
ar
damage,
diagnosi
s of
pituitary
/hypotha
lamic
malfunct
ion), as
well as
hyperpr
olactine
mia and
hypothy
roidism.
Also,
any
history
ofa
maligna
nt
disease
as well
as
elevated
levels of
PSA (>4
mg/dL)
and the
wish for
paternity
led to
exclusio
n.




Treatme
nts

250 mg
testosterone
cypionate
(Watson

sleep apnea,
estimated
glomerular
filtration rate ,
30 mL/min,
cardiac
insufficiency
(New  York
Heart
Association
score 2),
active
malignancy,
unstable
psychiatric
disease,
weight .135 kg
(the  weight
limit for the
dual-energy
X-ray
absorptiometr
y [DXA]
scanner),
current use of
glucagonlike
peptide-1
agonist
therapy or very
low-calorie
diet, or an

Intramuscular
testosterone
undecanoate
1,000 mg or a

BPH, and
malignanc
y had been
recently
excluded,
patients
were
eligible

Subjects
were
randomize

elevated
age-
specific
prostate-
specific
antigen
(PSA).

Subjects
were

randomize
dtoreceive d (1:1) to

range;
patients
with an
American
Urological
Associatio
n
guestionna
ire  (used
for
symptoms
of
prostatism)
score >22;
and those
with
uncontrolle
d blood
glucose
levels—
hemoglobi
n Alc
(ALC)
>10%

Testostero
ne
cypionate
(Cernos),

Patients were
randomized to
either

supervised diet

Sustanon
200 mg
(testosterone
propionate

evidence of
prostate
enlargement
or
abnormalitie
S.

oral
testosterone
undecanoate

long-acting
testosterone
undecanoate

T-Gel at a
dose of 50
mg per day

> 4.0
lg/)
severe
heart
failure
acute
corona
ry
event
or
proced
ure
during
the six
month
S
leadin
gupto
the
study
chroni
c
obstru
ctive
lung
diseas
e
hypot
hyroid
ism
severe
obstru
ctive
sleep
apnea
(OSA)
active
infecti
on
rheum
atoid
arthriti
S

testost
erone

undec
anoate

chronic
obstructiv
e lung
disease
hypothyr
oidism
severe
obstructiv
e sleep
apnea
(OSA)
active
infection
rheumato
id
arthritis

testostero
ne

undecano
ate 1000

intramus
cular
injection
of
testoster




Pharmaceuti

cals, New
Jersey; 200
mg/mL) or
placebo
(1.25 cc
saline)
intramuscula
rly in the
buttock.

visually
identical
placebo
injection (both
in oily base)
was injected
into the upper
outer quadrant
of the buttock
at 0, 6, 18, and
30 weeks

either TU
1,000 mg
at week 0,
week 6,
week 18,
administer
ed by the
practice

nurse  or
GP over 5
minutes

into the
right or left
upper outer
buttock, or
matching

placebo

receive
either 3 ¢
metered-
dose 2%
testosteron
e gel (60
mg
testosteron
e, Tostran
[also
known as
Fortigel,
Tostrex,
Itnogen,
Foresta;
ProStrakan
Galashiels,
Scotland,
UK.]) or
placebo gel
once daily

200 mg, a
depot
preparation
of
testosteron
e
administer
ed by deep
intramuscu
lar
injection.
Placebo
was given
as 0.9%
isotonic
saline

and exercise

(D&E) alone
or in
combination
with
testosterone
gel (50 mg
once daily;
Testo gel;
Bayer
Schering
Pharma AG,
Berlin,
Germany)

30 mg,
testosterone
phenylpropi
onate 60 mg,
testosterone
isocaproate
60 mg, and
testosterone
decanoate
100 mg/ml,
Organon
Laboratories
, Cambridge,
UK), a depot
preparation.

(TU;
AndriolO,
Organon,
Oss, The
Netherlands)
for 3 months,
atadaily oral
dosage  of
120 mg,
divided into
80 mg at
breakfast and
40 mg at
dinner
(during the
meals).

1000
mg
intram
uscula
r
injecti
ons
two
years;
accord
ing to
the
protoc
ol
every
10
weeks

Placeb
0 arm
patient
S were
receivi
ng
placeb
0
throug
hout
the
first
year of
this
study
and
testost
grone
undec
anoate
1000
mg
intram
uscula
r
injecti
ons
during
secon
d year.

mg
intramusc
ular
injections
two
years;
according
to the
protocol
every 10
weeks.
Placebo
arm
patients
were
receiving
placebo
througho
ut the first
year  of
this study
and
testostero
ne
undecano
ate 1000
mg
intramusc
ular
injections
during
second
year.

one
undecan
oate
(1000
mg) or
placebo
at
baseline,
6 weeks,
and then
every 3
months
for 2
years.




Primary
Outcom
es

The impact
of HH on
insulin
resistance,
inflammatio
n, and body
composition
in men with
type 2
diabetes

The primary
outcome
measure  was
the change
across groups
and time from
baseline in the
homeostasis
model
assessment
index of
insulin
resistance
(HOMA-IR).

The
primary
outcome
measure
was
change
across
groups and
time from
baseline in
the
homeostasi
S model
assessment
index  of
insulin
resistance
(HOMA-
IR).

the

The
primary
end point
was the
difference
between
treatment
groups in
homeostasi
S model
assessment
(HOMA)-
IR from
baseline to
months 6
and 12.

changes in
the
homeostasi
s model
assessment
(HOMA)
index  of
IR, fasting
blood
glucose
level, and
A1C value.

The primary
end point was
the difference
between
treatment
groups in
homeostasis
model
assessment
(HOMA)-IR
from baseline
to months 6
and 12

Changes in
the
homeostasis
model
assessment
(HOMA)
index of
insulin
resistance,
fasting blood
glucose and
glycated
haemoglobin

changes in
the
homeostasis
model
assessment
(HOMA)
index of IR,
fasting blood
glucose
level, and
A1C value.

The primary
outcome measure
was the change
across groups and
time from baseline
in the homeostasis
model assessment
index of insulin
resistance
(HOMA-IR).

The primary
outcome
measure was
the change
across
groups and
time  from
baseline in
the
homeostasis
model
assessment
index of
insulin
resistance
(HOMA-
IR).

Effect
s of
testost
erone
replac
ement
therap
y on
glycae
mic
contro
| -
fasting
plasm
a

glucos
e

(FPG)
mmol/
I,

HbA1l
C,

HOM
A-IR,
vascul
ar

functi
on -
chang
e in
flow
mediat
ed

dilatat
ion

(FMD
) %.
vascul
ar

morph
ology

intima
media
thickn
ess

(IMT)

Effects of
testostero
ne
replacem
ent
therapy
on
glycaemi
c control -
fasting
plasma
glucose
(FPG)
mmol/l,
HbAlc,
HOMA-
IR,
vascular
function -
change in
flow
mediated
dilatation
(FMD)
%.
vascular
morpholo
o -
intima-
media
thickness
(IMT)

type 2
diabetes
(2-h
OGTT
glucose
>11-1
mmol/L)
and
mean
change
from
baseline
in 2-h
OGTT
glucose,
assessed
by
intention
to treat.




Seconda

ry
outcome
s

Follow
up

24 weeks

The secondary
outcome
measure  was
the change
across — group
and time in
glycaemic
control as
measured by
HbAlc. Other
outcome
measures were
considered as
explanatory
variables.

40 weeks

The
secondary
outcome
measure
was  the
change
across
group and
time in
glycaemic
control as
measured
by HbAlc.
Other
outcome
measures
were
considered
as
explanator
y variables.

52 weeks

Secondary
end points
were
changes
from
baseline in
HbAlc,
fasting
insulin,
FPG, lipid
parameters
, body
compositio
n, BMI,
waist
circumfere
nce, AMS
and |IEF
scores,
AEs, and
other
safety
parameters
. HOMA of
b-cell
function
(HOMA.-
B) was
determined
post hoc

12 months

changes in
fasting
lipids,
anthropom
etric
factors
including
BMI, waist
circumfere
nce, and
WHR,
blood
pressure,
and
androgen
deficiency
symptoms

7 months

Secondary end
points  were
changes from
baseline in
HbAlc,
fasting insulin,
FPG, lipid
parameters,
body
composition,
BMI, waist
circumference,
AMS and IIEF
scores, AEs,
and other
safety
parameters.
HOMA of b-
cell  function
(HOMA-B)
was
determined
post hoc

52 weeks

Changes in
fasting
lipids, blood
pressure and
anthropomet
ric
measuremen
ts including
waist
circumferenc
e, waist/ hip
ratio, BMI
and % body
fat

7 months

changes in
fasting
lipids,
anthropomet
ric  factors
including
BMI, waist
circumferenc
e, and WHR,
blood
pressure, and
androgen
deficiency
symptoms

3 months

Secondary  end

points were
changes from
baseline in
HbAlc, fasting

insulin, FPG, lipid
parameters, body
composition,
BMI, waist
circumference,
AMS and IIEF
scores, AEs, and
other safety
parameters.
HOMA of b-cell
function (HOMA-
B) was
determined  post
hoc

3.4 years

Secondary
end points
were
changes
from
baseline in
HbAlc,
fasting
insulin, FPG,
lipid
parameters,
body
composition,
BMI, waist
circumferenc
e, AMS and
IIEF scores,
AEs, and
other safety
parameters.
HOMA of b-
cell function
(HOMA-B)
was
determined
post hoc

9 months

Effect
s of
testost
erone
replac
ement
therap
y on
non-
alcoho
lic
fatty
liver
diseas
e
(NAF
LD),
bone
miner
al
densit
y
(BMD
), total
testost
erone
(TT),
prostat
e
specifi
c
antige
n and
haema
tocrit
1 year

Effects of
testostero
ne
replacem
ent
therapy
on non-
alcoholic
fatty liver
disease
(NAFLD)
, bone
mineral
density
(BMD),
total
testostero
ne (TT),
prostate
specific
antigen
and
haematoc
rit

2 years

monitori
ng of
haemato
critand
prostate-
specific
antigen,
and
analysed
prespeci
fied
serious
adverse
events

2 years




Supplementary Table S3: Characteristics of Observational Studies

Characteristics

Yassin (2019) 12

Haider (2020) 24

Study name

Patients, n
Initiation
Completion

Year of publication
Population

Inclusion criteria

Exclusion criteria
Primary Outcome

Testosterone Therapy in Men with Hypogonadism Prevents
Progression from Prediabetes to Type 2 Diabetes: Eight-Year Data
from a Registry Study

316

2011

2018

2019

Patients in this study were pooled from two ongoing urological
registries. Ethical guidelines by the German Medical Association for
observational studies in patients receiving standard treatment were
followed

Prediabetes, defined as HbAlc 5.7-6.4% (39-46 mmol/mol), and total
testosterone levels #12.1 nmol/L (;350 ng/dL) combined with
symptoms of hypogonadism.

Anthropometric and metabolic parameters

Remission of type 2 diabetes following long-term treatment with
injectable testosterone undecanoate in patients with hypogonadism and
type 2 diabetes: 11-year data from a real-world registry study

356

2008

2019

2020

Patients with diabetes managed by the same local diabetes centre

Patients with T2DM who had total testosterone levels <12.1 nmol/L
(350 ng/dL) and symptoms of hypogonadism

glucose intolerance, with glycated haemoglobin (HbA1c) and insulin
secretion




Supplementary Table S4: New Castle Ottawa scale to assess Publication bias in Observational studies

Study Selection
Representativ ~ Selection of Ascertainment | Demonstratio
eness of the the Non- of Exposure n That
Exposed Exposed Outcome of
Cohort Cohort Interest Was
Not Present at
Start of Study
Yassin (2019) | * * * *
[12]
Haider * * * *

(2020) 124

Comparability

Comparability of Assessment
Cohorts on the of Outcome
Basis of the Design

or Analysis

**% *

* *

Outcomes
Was Follow-
Up Long
Enough for
QOutcomes to
Occur

*

Total
Adequacy of
Follow Up
of Cohorts
* *khkkkhkkkhkhkk
* *khkkikkkkik



Supplementary Table S4: Cochrane risk of bias tool for assessing publication bias in Randomized controlled trials

Boyanow 2003 [149]
Dhindsa 2014 [13]
Gianatti 2014 [8]
Gaopal 2010 [16]
Groti 2018 [22]
Groti 2020 [4]
Hackett 2014 [14]
Hackett 2018 [20]
Heufelder 2009 [17]
Jones 2011 [18]
Kapoor 2006 [18]
Khirpun 2018 [21]

Wittert 2021 [23]
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® 06 6 60 o e 0| e O | ®|boindngofoutcoms assessment (detection bias)

O 06 6000 0 e e e | @ nompeteouome data (attriton hias)

. . . . . . . . . . . . . Selective reporting (reporting bias)
0000 OO OO0 e 6 e 6 o

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

oneroizs [
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100%
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Supplementary Figure S1: Funnel Plots of primary outcomes
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A: Homeostatic model assessment for insulin resistance (HOMA-IR), B: Fasting plasma glucose (FPG), C: Fasting serum insulin (FSI), D: Glycated hemoglobin (HbA1C), E: Total testosterone (TT), F: Free testosterone
(FT), G: Sex hormone binding globulin (SHBG), H: Prostate specific antigen (PSA)



