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Abstract
Background: The use of testosterone replacement therapy in obese men with low testosterone levels has been controversial. This

review aims to analyze the effectiveness of testosterone therapy for weight loss and preventing cardiovascular complications in obese
men with low testosterone levels.
Methods: We will perform a systematic review according to Cochrane Methodology of randomized studies, including crossover
studies, wherein patients are allocated into one of the two groups: testosterone therapy and control (no treatment or placebo). The
primary outcomes analyzed will be: weight loss, adverse events, quality of life, improvement of libido, control of obesity complications,
frequency of cardiovascular events, and deaths. Four general and adaptive search strategies have been created for the following
electronic health databases: Embase, Medline, LILACS, and CENTRAL. Two reviewers will independently select the eligible studies,
assess the risk of bias, and extract the data from included studies. Similar outcomes measured in at least two trials will be plotted in
the meta-analysis using Review Manager 5.3. The quality of evidence of the effect estimate of the intervention for the outcomes that
could be plotted in the meta-analysis will be generated according to the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) Working Group.
Results: Although testosterone replacement seems to be an attractive treatment modality for obese men with low testosterone, its
potential beneﬁts has been refuted by some studies, whose results have not shown signiﬁcant differences between treated and
untreated patients.
Conclusion: For obese men with low testosterone concentrations, the proposed systematic review aims to answer the following

questions: When compared with no treatment or placebo: Is testosterone therapy safe? Is testosterone therapy effective in
promoting weight loss, a sustained reduction in body weight and changes in body composition? Is testosterone effective in improving
quality of life, libido, and erectile function? Is testosterone therapy effective in controlling obesity complications and in preventing
cardiovascular events?
Abbreviations: AMS = Aging Male Symptoms Scale, BMI = body mass index, CI = conﬁdence interval, GRADE = Grading of
Recommendations Assessment, Development, and Evaluation, type 2 DM = type 2 diabetes mellitus, WC = waist circumference.
Keywords: low testosterone, metabolic syndrome, obesity, testosterone therapy, type 2 diabetes mellitus, weight loss

Our systematic review protocol was registered with the International Prospective
register of Systematic Reviews on May 21, 2017 (registration number
CRD42017065598).

1. Introduction
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Obesity is a complex chronic condition with serious social and
psychological dimensions that affects all ages and different
socioeconomic groups in all countries.[1] According to the World
Health Organization, obesity affects about 400 million adults
globally, with an alarming increase in its prevalence in recent
years.[2] It is estimated that the worldwide prevalence of obesity
was 9.8% in men in 2008, which was almost twice that in the
1980s.[1]
It is known that excess body weight especially central obesity is
an independent risk factor for increased morbidity and mortality,
not only for cardiovascular causes, but also for type 2 diabetes
mellitus (type 2 DM), cancer, and musculoskeletal disorders, and
complications cause around 3 million deaths per year globally.[3]
Excess body fat is considered responsible for most risk factors
associated with obesity and increased mortality, independent of
body mass index (BMI).[3] Despite this knowledge, obesity has
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However, considering the difﬁculty in achieving weight loss
even with changes in lifestyle, and the possibility of regaining
weight in the long term, we asked the following question: in obese
men with low testosterone levels and with or without metabolic
syndrome or type 2 DM, what is the effectiveness of testosterone
therapy for weight loss and improvement of cardiovascular
complications compared with no replacement?

been a major public health problem and one of the most neglected
diseases.[1]
Several studies have shown that, in individuals with obesity or
overweight, intensive lifestyle changes, which include nutritional
counseling and physical activity, are able to reduce body weight
and insulin resistance, preventing the progression of type 2 DM
and cardiovascular diseases.[1] Nevertheless, it is known that
adequate and sustained weight loss is very difﬁcult to achieve.[3]
Because of this, many researchers have studied different ways to
promote effective weight loss.
It is known that obesity in men is associated with low
testosterone levels and there is an inverse relationship between
abdominal circumference and serum testosterone concentrations.[4,5] This association is extremely relevant; some authors
have pointed out that obesity is one of the most important risk
factors for testosterone level reduction, and more important than
age and other chronic diseases.[3]
Obese men have 30% lower total testosterone levels than
eutrophic men and 40% have levels below the lower limit of
normality.[3] Although the exact pathogenic mechanisms are not
yet clariﬁed, a decline in sex hormone-binding globulin
associated with obesity may partially explain the observed
decrease in testosterone concentrations.[6]
In addition, it is believed that adipokines and proinﬂammatory
mediators originated in adipose tissue may also play a role in
suppression of the hypothalamic-pituitary-gonadal axis.[7] In
patients with severe obesity, besides the low total testosterone
levels, free and bioavailable testosterone concentration also
decreases, and this seems to be caused by this axis suppression.[8]
Male obesity is also associated with increased aromatase
activity within adipocytes resulting in peripheral conversion of
testosterone into estradiol and subsequent increase in estradiol
levels. In turn, estradiol exerts a negative feedback effect on LH
secretion, reducing the plasma concentrations of testosterone.[9]
Actually, this inverse relationship of testosterone with visceral
adipose tissue is bidirectional. Studies in men with androgen
deprivation therapy due to prostate cancer have shown that low
testosterone leads to “sarcopenic obesity” associated with insulin
resistance[10]; conversely, uncontrolled studies have evidenced
that testosterone therapy reduces fat and increases muscle
mass,[11] and also waist circumference (WC) has been invariably
reduced by testosterone treatment in controlled studies.[12]
Biochemical deﬁciency of androgens in obese men may be
partially reversed with weight loss[13] and, as a form of treatment
for these individuals, it is recommended to modify the lifestyle to
lose weight.[4]
Many randomized clinical trials have evaluated the impact of
diet and physical activity on testosterone levels in obese men. The
results of these studies are essentially conﬂicting. Some showed
increased testosterone,[14–16] others showed no change,[17,18] and
a small study showed a decrease in testosterone levels.[19]
Corona et al[1] performed a systematic review on body weight
loss and hypogonadotropic hypogonadism. They included
observational and interventional studies, and weight loss by
either bariatric surgery or low-calorie diet resulted in a signiﬁcant
increase in gonadotropins and testosterone (total and free) levels,
and multiple regression analysis demonstrated that the degree of
body weight loss was the best determinant of total testosterone
rise.
Therefore, body weight loss and lifestyle interventions should
be the ﬁrst approach offered to obese men with low testosterone
levels.

1.2. Description of intervention
Testosterone therapy has been recommended for symptomatic
men with classical hypogonadism diagnosis, which includes men
with primary testicular failure, central defects of the hypothalamus or pituitary cause, or dual defects that affect both the testis
and pituitary gland. In these cases, the therapy aims to induce and
maintain secondary sex characteristics and improve sexual
function, sense of well-being, and bone mineral density.[20]
There are many forms of testosterone therapy, and intramuscular injection applied every 2 to 4 weeks is one of the most
common and inexpensive modalities.[20] These generally contain
1 or more testosterone esters; their principal forms are
testosterone cypionate and testosterone enanthate. Testosterone
undecanoate is a relatively recent injectable long-actioning
testosterone, and, in countries where it is commercialized, the
recommended dose is intramuscular 1000 mg, followed by 1000
mg at week 6, and 1000 mg every 10 to 14 weeks.[20]
Testosterone replacement can also be administered via the
buccal mucosa and transdermally using patches, gels, or liquids.
Transdermal forms of therapy seem to provide an important
therapeutic beneﬁt; however, these gels, ointments, or patches
must be administered daily and the adherence to them can be
improper.[21] The following are examples of these formulations:
1% and 2% testosterone gel, transdermal testosterone patch,
buccal bio adhesive testosterone tablets, and testosterone-in
adhesive matrix patch.[20] The most recommended regimes are
one or two 5-mg testosterone patches applied nightly over the
skin of the back or upper arm, 5 to 10 g of testosterone gel applied
daily over a covered area of skin, 30 mg of a bio-adhesive, buccal
testosterone tablet applied to the buccal mucosa twice daily; in
testosterone pellets, the dose and regimen are according to the
formulation used.[20]
1.3. Adverse events of the intervention
Studies in young, hypogonadal men have found a low frequency
of adverse events with the replacement of testosterone. Common
adverse events for which there is evidence of association with
testosterone therapy include erythrocytosis, acne, oiliness of skin,
increase in prostate-speciﬁc antigen (PSA) and prostate volume,
growth of metastatic prostate cancer, and reduced sperm
production and fertility.[20] Uncommon adverse events for which
there is weak evidence of association with testosterone
administration are gynecomastia, male pattern baldness (familial), and growth of breast cancer.[20]
Some adverse effects are formulation-speciﬁc. For example,
short-acting intramuscular forms have been associated with
ﬂuctuation in mood or libido, pain at the injection site, excessive
erythrocytosis, and coughing episodes immediately after the
injection with testosterone undecanoate long-acting. Transdermal gel and patches have been associated with skin irritation, and
the former presents a potential risk for testosterone transfer to
partner or anyone who is in close contact. Buccal testosterone
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Cai and collaborates,[29] in a systematic review published in
2014, evaluated the metabolic effects of testosterone replacement
in hypogonadal men with type 2 DM. The meta-analysis of
included studies showed a signiﬁcant difference in favor of the
intervention for fasting plasma glucose (5 studies) and HbA1c
reduction (3 studies); however, there was no statistically signiﬁcant
difference in ﬁnal body fat in the 3 studies that analyzed this
outcome. The authors did not include studies with obese
individuals without either type 2 DM or metabolic syndrome.
In another recently published systematic review that studied the
efﬁcacy of testosterone replacement in men with hypogonadism,
testosterone signiﬁcantly improved the scores of AMS and increased
lean body mass; however, no signiﬁcant differences were identiﬁed in
BMI and reduction of fat mass in the 5 randomized studies that
evaluated these outcomes.[30] It is important to emphasize that this
review excluded studies with diabetic patients.
In conclusion, the use of testosterone in obese men has been
controversial in terms of weight loss and control of obesityrelated diseases (metabolic syndrome, type 2 DM, and others
cardiovascular disorders). Compared with no replacement, some
studies demonstrated beneﬁts and others did not show evidence
of signiﬁcant differences. In addition, the systematic reviews
published on this subject have not included obese men with or
without related complications as a patient eligibility criterion[29,31,32]; conversely, some excluded these individuals.[30]

tablets can cause alterations in taste, and irritation of gums, and
pellet implants can cause local infection.[20]
1.4. How the intervention might work
Besides classical hypogonadism causes, testosterone has been also
prescribed for other health-related conditions, as in obese men
with symptomatic testosterone deﬁciency.
In men with obesity and severe obstructive sleep apnea,
testosterone replacement increases muscle mass and decreases fat
mass independently of low or normal testosterone levels.[13] In
patients with low testosterone and type 2 DM, Magnussen showed
that testosterone therapy decreased visceral abdominal fat and
improved insulin sensitivity.[22] Kapoor and collaborates in a
crossover study evaluated testosterone therapy in obese men with
type 2 DM and low testosterone.[23] Although no signiﬁcant changes
were observed in BMI, there was a signiﬁcant reduction in WC
following testosterone replacement. In a study by Kalinchenko and
collaborators,[24] 184 obese men with metabolic syndrome and total
testosterone levels <12 nmol/L were randomized to receive for 30
weeks either parenteral testosterone undecanoate or placebo.
During the follow-up, there were signiﬁcant decreases in weight,
BMI, and WC in the intervention group compared with those in the
placebo group. In a study by Saad and collaborates,[25] long-term
testosterone therapy in obese hypogonadal men resulted in
substantial and sustained reductions in body weight, WC, and BMI.
From these results, some physicians have recommended
testosterone replacement as a novel and useful therapeutic
strategy for the treatment and management of obesity.[12]
The American Association of Clinical Endocrinologists and
American College of Endocrinology recommend men with
hypogonadism (deﬁned as symptoms associated with low
testosterone) and obesity who are not seeking fertility should be
considered for testosterone therapy in addition to lifestyle
intervention since testosterone in these patients results in weight
loss, decreased WC, and improvements in metabolic parameters.[4]
One explication for the improvement of metabolic control and
weight loss in testosterone therapy is that this hormone increases
lean body mass, thus increasing resting energy expenditure.[12] In
addition, androgens regulate body composition by promoting the
commitment of mesenchymal pluripotent cells into myogenic lineage
and inhibiting their differentiation into the adipogenic line.[26]
Testosterone regulates carbohydrates, proteins, and fat metabolism,[1,27] and testosterone therapy in men with testosterone
deﬁciency results in the normalization of glucose utilization and
increased lipid oxidation.[28] Further, testosterone therapy improves
erectile function and increases vigor and reduces fatigue,[12]
promoting with this a better disposition to perform exercises.

2. Objectives
This review aims to analyze if obese men with low testosterone
levels following testosterone replacement show evidence for
weight loss and sustained reductions in body weight, decreasing
body fat, gaining muscle mass, improving quality of life, libido,
and erectile function, controlling obesity complications (type 2
DM, hypertension, dyslipidemia, obstructive sleep apnea,
depression), and preventing cardiovascular events and deaths.
For obese men with low testosterone concentrations with or
without metabolic syndrome or type 2 DM, the proposed
systematic review aimed to answer the following questions:
1. When compared with no treatment or placebo, is testosterone
replacement therapy effective in promoting weight loss?
2. When compared with no treatment or placebo, is testosterone
replacement therapy effective in promoting a sustained
reduction in body weight?
3. When compared with no treatment or placebo, is testosterone
replacement therapy effective in promoting changes in body
composition (increases in lean body mass and decreases in
total fat mass)?
4. When compared with no treatment or placebo, is testosterone
replacement therapy effective in promoting the improvement
in quality of life, libido, and erectile function?
5. When compared with no treatment or placebo, is testosterone
replacement therapy effective in controlling obesity complications?
6. When compared with no treatment or placebo, is testosterone
replacement therapy effective in preventing cardiovascular
events and deaths?
7. Is testosterone replacement therapy safe?

1.5. Why it is important to perform this review?
Although testosterone replacement seems to be an attractive
treatment modality for obese men with low testosterone, its
potential beneﬁts for weight loss, improvement of sexual
function, and obesity-related morbidity have been refuted by
some studies, whose results have not shown signiﬁcant differences between treated and untreated patients.
Ng Tang Fui and collaborates[6] randomized 100 obese men
(BMI > 30) with testosterone levels 12 nmol/L to either a
testosterone therapy or placebo group, and the study intervention
group showed signiﬁcant improvement in Aging Male Symptoms
Scale (AMS) score and erectile function; however, the ﬁnal weight
was the same between the groups.

3. Methods and analyses
This systematic review will be conducted according to the
Cochrane Collaboration[33] and reported according to the
3

Mangolim et al. Medicine (2018) 97:17

Medicine

PRISMA Statement.[34] This protocol contains the 17 items
considered to be essential in a systematic review according to
PRISMA-P.[35]

3.2.2. Comparison. The comparison group will receive either
placebo or nontestosterone replacement therapy associated with
lifestyle recommendations and standard treatment of diseases
related to obesity.

3.1. Eligibility criteria
3.1.1. Types of studies. We will include randomized studies and
crossover studies, in which the patients are allocated into 1 of the
2 groups: testosterone therapy or control (no treatment or
placebo).

3.3. Exclusion criteria
We will exclude studies wherein the population was predominantly composed of men with contraindications to the use of
testosterone, that is, men with breast cancer, prostate cancer,
palpable nodule or induration in prostate, PSA > 4 or >3 ng/mL
in men at high risk for prostate cancer, hematocrit >50%, severe
sleep apnea obstructive syndrome that did not respond to the
recommended treatment, decompensated heart failure and men
with a diagnosis of established classical central or peripheral
hypogonadism (hypopituitarism; hyperprolactinemia; gonadal
dysgenesis; testicular neoplasms; and Klinefelter, Noonan, Prader
Willi, and other syndromes).

3.1.2. Participants. Obese men older than 18 years with low
testosterone levels.
3.2. Diagnostic criteria
We will consider men with BMI ≥ 30 kg/m2 as well as those with
BMI < 30 kg/m2 but presenting with central obesity (WC higher
than ethnic speciﬁc values), as obese.[36] We included patients
who may or may not have metabolic syndrome, type 2 DM,
obstructive sleep apnea, as well as other consequences of obesity.
The eligible randomized studies that included patients with one of
these complications did not specify any obesity criteria; however,
we will include those whose BMI or WC at baseline in both the
intervention and control groups were according to the aforementioned criteria.
The range of reference values of total testosterone may vary
in different laboratories. In some, the lower limit level in
healthy young men is 280 to 300 ng/dL (9.8–10.4 nmol/L).[20]
The same occurs with the lower limit of the normal range for
serum-free testosterone level; some reference laboratories use 5
to 9 pg/mL (0.17–0.31 nmol/L) as the normal range.[20] Thus,
the Endocrine Society’s recommendation is that clinicians
should use the lower limit of normal range for the deﬁnition of
low testosterone for health young men established in their
laboratory.
The International Society for the Study of the Aging Male
recommends 12.1 nmol/L (350 ng/dL) as a lower limit of
normality for total testosterone, but testosterone replacement
therapy may be reasonably considered with testosterone levels
higher than 12.1 nmol/L, based on symptoms and if free
testosterones are reduced.[37]
According to the European Association of Urology, both
immunoassay- and mass spectrometry-based assays can produce
reliable results for testosterone concentrations, and evaluation
should be based on reference ranges for normal men provided by
the laboratory measuring the samples.[38]
In this review, we will consider the following as low
testosterone: total testosterone concentrations 350 ng/dL.
Values higher than this (either for total or free testosterone)
will be considered if indicated by the authors as the lower limit of
the normal range for healthy young men in their laboratory.
As several obese men may not present with the typical signs and
symptoms related to hypogonadism, especially in the initial
stages,[9] we will include studies with symptomatic and asymptomatic patients.

3.3.1. Types of outcome measures3.3.1.1. Primary outcomes. The primary outcomes analyzed will be weight loss
(measured by ﬁnal weight or WC or BMI), adverse events
(frequency of erythrocytosis, acne, oiliness of skin, prostate
neoplasia, gynecomastia, male pattern baldness, growth of breast
cancer, induction or worsening of obstructive sleep apnea, side
effects formulation speciﬁcs), quality of life (that can be evaluated
by AMS scale or other questionnaire), control of obesity
complications (type 2 DM, hypertension, dyslipidemia, obstructive sleep apnea, depression), and frequency of cardiovascular
events and deaths.
3.3.1.2. Secondary outcomes. The secondary outcomes will be
increase of lean body mass and decrease of total fat mass,
improvement of symptoms of hypogonadism (improvement of
sexual desire and erectile function), sustained weight loss, and
normalization of testosterone level, and increase of PSA levels.
3.3.2. Timing. Included studies should have a follow-up
duration of at least 8 weeks.
3.4. Search methods for identiﬁcation of studies
3.4.1. Electronic database. Four general and adaptive search
strategies have been created for the following electronic health
databases: Embase (by Elsevier, 1980–2018), Medline (by
PubMed, 1966–2018), LILACS (by Virtual Health Library,
1982–2018), and the Registry of Controlled Clinical Studies of
the Cochrane Collaboration (CENTRAL—Cochrane). The mesh
terms and synonyms of obesity, metabolic syndrome, type 2 DM,
and testosterone will be used. There will be no language or year
restriction. A draft Medline search strategy is included in
Appendix 1, http://links.lww.com/MD/C211.
We will use the Endnote software to download all references in
order to remove duplicates and facilitate the selection process.
3.4.2. Searching other resources. The following databases
will also be searched for eligible studies: Trip database, SCOPUS,
Web of Science, CINAHL, Australasian Medical Index, and
Chinese Biomedical Literature Database. We will also look for
unpublished studies on the ClinicalTrials.gov website, Brazilian
Registry of Clinical Trials (Rebec), and the gray literature,
through abstracts published in annals and lectures of congress.
In primary or secondary relevant studies identiﬁed, we will
check for more eligible studies in their cited/included articles.

3.2.1. Types of interventions. The intervention group will be
composed of patients undergoing testosterone replacement
therapy for at least 8 weeks, which may be administered in an
injectable, transdermal, gel, topical, or adhesive form.
These individuals should also be advised to change their
lifestyle and receive standard treatment for obesity-related
comorbidities.
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qualitave synthesis
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quantave synthesis
(meta-analysis)
(n = )
Figure 1. Flow diagram of selected studies.

3.5. Data collection and analysis
3.5.1. Selection of studies. Two reviewers will independently
select the titles and abstracts identiﬁed by the bibliographic
research. The studies potentially eligible for inclusion in the
review will be selected for full reading and subsequently assessed
for adequacy to the proposed participants/intervention/comparison/outcomes (PICO). In case of disagreements, there will be a
debate between the reviewers and a third party (VSNN) before
the ﬁnal decision.
The study selection ﬂowchart will be created according to the
PRISMA guidelines (Fig. 1).

There will be a debate between the reviewers and VSNN in case
of disagreement between the reviewers in this process.
3.7. Assessment of bias in included studies
For each clinical experiment selected, the risk of bias will be
evaluated according to the criteria described in the Cochrane
Handbook for Systematic Reviews of Interventions,[33] which
considers 7 domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective reporting, and other bias. Each of the other items will be sorted by the 2
reviewers (ASM and LARB) as having low risk of bias, high risk
of bias, or unclear. In case of disagreements, there will be a debate
between the reviewers and VSNN before the ﬁnal classiﬁcation.

3.6. Data extraction and management
Both reviewers will use an extraction form for the selected studies
in order to register the year of publication, trial size, duration of
follow-up, information pertaining to the eligibility criteria
(inclusion and exclusion criteria), name, dosage, frequency and
administration of intervention, type of control (placebo or no
treatment), and all outcomes. We also will extract patient
baseline characteristics (mean age, weight, BMI and WC,
associated diseases, mean testosterone concentrations), and the
methodology quality of each study.
To ensure consistency between reviewers, we will conduct a
calibration exercise before starting the review.
In case of duplicate publications or more reports from the
primary study, data extraction will be optimized using the best
available information for all items from the same study.

3.8. Measure of treatment effect
For dichotomous data, the relative risk will be calculated with the
95% conﬁdence interval (CI) as the estimate of effect of the
intervention. Continuous data will be expressed as means and
standard deviation, and the difference between the means with 95%
CI. If possible, the continuous data will be transformed into
dichotomous data (e.g., rate of patients that achieved WC < 94 cm).
3.9. Unit of analysis issues
The unit of analysis will be the individual participants. In case of
crossover studies, only data from the ﬁrst phase will be
considered.
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3.10. Dealing with missing data
The authors of the original studies will be contacted, if necessary,
to obtain missing information for each included study. We will
use only the available data (in the published articles or provided
by their contact authors). We will not use any method to input the
missing data. If available, we preferentially will use data from
intention-to-treat analysis.

most important outcomes from the patient’s perspective.
Randomized studies have the best quality of evidence, but the
quality deteriorates if the studies have great limitations that may
interfere with the treatment effects’ estimates. These limitations
include the risk of the bias mentioned above, inconsistencies,
indirect evidence, imprecision, and publication bias of the results
of every outcome analyzed.

3.11. Assessment of heterogeneity

3.17. Ethics dissemination

The inconsistency between the results of the included studies will
be ascertained by the visual inspection of the forest plot (no
overlap of CIs around the effect estimates of the individual
studies) and by the Higgins or I2 test, in which I2 > 50% indicates
a moderate probability of heterogeneity. The causes of potential
heterogeneity between the studies will also be planned and
evaluated.

As no primary data collection will be undertaken, no formal
ethical assessment is required by our institution. We plan to
present the ﬁndings of this systematic review in a peer-reviewed
scientiﬁc journal. We also intend to present it, including
preliminary ﬁndings, at the appropriate conferences.
3.18. Amendments
Regarding our protocol registered on Prospective register of
Systematic Reviews, we have performed a few modiﬁcations
as follows. We extended the title to make it more informative,
reﬂecting the PICO approach. For the same reason, we
enlarged our review question. As justiﬁed above regarding
patient eligibility criteria, we modiﬁed the low testosterone
diagnosis of <300 ng/dL (10.4 nmol/L) to 350 ng/dL (12.1
nmol/L), with the possibility to accept values higher than this
if indicated by the authors as the lower limit of normal range
for healthy young men. We expanded the diagnosis criterion
of central obesity (WC higher than speciﬁc values for
ethnicity).

3.12. Assessment of reporting biases
For a speciﬁc outcome, if more than 10 studies are included in the
meta-analysis, we will use the funnel plot and Egger regression
test to investigate the presence of reporting bias.[39]
3.13. Data synthesis
Similar outcomes measured in at least 2 trials will be plotted in the
meta-analysis using Review Manager 5.3 (Review Manager
[RevMan], version 5.3; Copenhagen: The Nordic Cochrane
Center, The Cochrane Collaboration, 2014). We will select the
random effects as the analysis model in the meta-analysis. The
method of inverse variance and Mantel–Haenszel will be the
statistical methods used to establish the effect estimates between
the continuous and dichotomy data, respectively, of the studies
included.
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3.14. Subgroup analysis

Author contributions

If enough data are available, we plan to perform subgroup
analysis according to presence or absence of hypogonadal
symptoms and according to the following diagnosis: metabolic
syndrome, type 2 DM, and obesity without these 2 complications. We also plan to analyze the outcomes up to 6 months,
between 6 and 12 months, more than 1 year after the start of
treatment, where will we consider short-, medium-, and longterm follow-ups, respectively. Other subgroup analysis will be
related to the type of testosterone replacement (injection, gel,
patch, brand, etc.).
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3.15. Sensitivity analysis
If possible, we plan to perform sensitivity analysis restricting it to
studies with low risk of selection, detection, and attrition bias.
3.16. Grading the quality of evidence
The quality of evidence of the effect estimate of the intervention
for the outcomes that could be plotted in the meta-analysis will be
generated according to the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) Working
Group.[40]
The GRADE evaluates the quality of the totality of the evidence
of certain technology in health on an outcome, speciﬁcally, the

References
[1] Corona G, Rastrelli G, Monami M, et al. Body weight loss reverts
obesity-associated hypogonadotropic hypogonadism: a systematic
review and meta-analysis. Eur J Endocrinol 2013;168:829–43.
[2] World Health OrganizationObesity: preventing and managing the global
epidemic. Report of a WHO consultation. World Health Organ Tech
Rep Ser 2000;894:i–xii.

6

Mangolim et al. Medicine (2018) 97:17

www.md-journal.com

[23] Kapoor D, Clarke S, Stanworth R, et al. The effect of testosterone
replacement therapy on adipocytokines and C-reactive protein in hypogonadal men with type 2 diabetes. Eur J Endocrinol 2007;156:595–602.
[24] Kalinchenko SY, Tishova YA, Mskhalaya GJ, et al. Effects of
testosterone supplementation on markers of the metabolic syndrome
and inﬂammation in hypogonadal men with the metabolic syndrome: the
double-blinded placebo-controlled Moscow study. Clin Endocrinol
2010;73:602–12.
[25] Saad F, Yassin A, Doros G, et al. Effects of long-term treatment with
testosterone on weight and waist size in 411 hypogonadal men with
obesity classes I–III: observational data from two registry studies. Int J
Obesity (2005) 2016;40:162–70.
[26] Singh R, Artaza JN, Taylor WE, et al. Androgens stimulate myogenic
differentiation and inhibit adipogenesis in C3H 10T1/2 pluripotent cells
through an androgen receptor-mediated pathway. Endocrinology
2003;144:5081–8.
[27] Bhasin S, Taylor WE, Singh R, et al. The mechanisms of androgen effects
on body composition: mesenchymal pluripotent cell as the target of
androgen action. J Gerontol Ser A Biol Sci Med Sci 2003;58:M1103–10.
[28] Host C, Gormsen LC, Christensen B, et al. Independent effects of
testosterone on lipid oxidation and VLDL-TG production: a randomized, double-blind, placebo-controlled, crossover study. Diabetes
2013;62:1409–16.
[29] Cai X, Tian Y, Wu T, et al. Metabolic effects of testosterone replacement
therapy on hypogonadal men with type 2 diabetes mellitus: a systematic
review and meta-analysis of randomized controlled trials. Asian J Androl
2014;16:146–52.
[30] Guo C, Gu W, Liu M, et al. Efﬁcacy and safety of testosterone
replacement therapy in men with hypogonadism: a meta-analysis study
of placebo-controlled trials. Exp Ther Med 2016;11:853–63.
[31] Elliott J, Kelly SE, Millar AC, et al. Testosterone therapy in hypogonadal
men: a systematic review and network meta-analysis. BMJ Open 2017;7:
e015284.
[32] Onasanya O, Iyer G, Lucas E, et al. Association between exogenous
testosterone and cardiovascular events: an overview of systematic
reviews. Lancet Diabetes Endocrinol 2016;4:943–56.
[33] Higgins JPT, Green S (editors). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [updated March 2011]. The
Cochrane Collaboration, 2011. Available from www.handbook.
cochrane.org.
[34] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration. Ann Intern Med
2009;151:W65–94.
[35] Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ (Clin Res ed) 2015;350:g7647.
[36] The IDF consensus worldwide deﬁnition of the metabolic syndrome.
[Last accessed on 2018 January 11]. Available from: https://www.idf.
org/e-library/consensus-statements.html.
[37] Lunenfeld B, Mskhalaya G, Zitzmann M, et al. Recommendations on the
diagnosis, treatment and monitoring of hypogonadism in men. Aging
Male 2015;18:5–15.
[38] Dohle GR, Arver S, et al. EUA Guidelines on Male Hypogonadism. [Last
accessed on 2018 January 11] Available from http://uroweb.org/wpcontent/uploads/18-Male-Hypogonadism_2017_web.pdf.
[39] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ (Clin Res ed) 1997;315:629–34.
[40] Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations. BMJ
(Clin Res ed) 2008;336:924–6.

[3] Ng Tang Fui M, Prendergast LA, Dupuis P, et al. Effects of testosterone
treatment on body fat and lean mass in obese men on a hypocaloric diet: a
randomised controlled trial. BMC Med 2016;14:153.
[4] Garvey WT, Mechanick JI, Brett EM, et al. American Association of
Clinical Endocrinologists and American College of Endocrinology
Comprehensive Clinical Practice Guidelines for Medical Care of Patients
with Obesity. Endocr Pract 2016;22(suppl 3):1–203.
[5] Svartberg J, von Muhlen D, Sundsfjord J, et al. Waist circumference and
testosterone levels in community dwelling men. The Tromso study. Eur J
Epidemiol 2004;19:657–63.
[6] Ng Tang Fui M, Hoermann R, Prendergast LA, et al. Symptomatic
response to testosterone treatment in dieting obese men with low
testosterone levels in a randomized, placebo-controlled clinical trial. Int J
Obesity (2005) 2017;41:420–6.
[7] Veldhuis J, Yang R, Roelfsema F, et al. Proinﬂammatory cytokine
infusion attenuates LH’s feedforward on testosterone secretion:
modulation by age. J Clin Endocrinol Metab 2016;101:539–49.
[8] Vermeulen A, Kaufman JM, Deslypere JP, et al. Attenuated luteinizing
hormone (LH) pulse amplitude but normal LH pulse frequency, and its
relation to plasma androgens in hypogonadism of obese men. J Clin
Endocrinol Metab 1993;76:1140–6.
[9] Saboor Aftab SA, Kumar S, Barber TM. The role of obesity and type 2
diabetes mellitus in the development of male obesity-associated
secondary hypogonadism. Clin Endocrinol 2013;78:330–7.
[10] Grossmann M, Zajac JD. Management of side effects of androgen
deprivation therapy. Endocrinol Metab Clin North Am 2011;40:
655–71.
[11] Saad F, Aversa A, Isidori AM, et al. Testosterone as potential effective
therapy in treatment of obesity in men with testosterone deﬁciency: a
review. Curr Diabetes Rev 2012;8:131–43.
[12] Traish AM. Testosterone and weight loss: the evidence. Curr Opin
Endocrinol Diabetes Obes 2014;21:313–22.
[13] Hoyos CM, Yee BJ, Phillips CL, et al. Body compositional and
cardiometabolic effects of testosterone therapy in obese men with severe
obstructive sleep apnea: a randomized placebo-controlled trial. Eur J
Endocrinol 2015;173:X3.
[14] Stanik S, Dornfeld LP, Maxwell MH, et al. The effect of weight loss on
reproductive hormones in obese men. J Clin Endocrinol Metab
1981;53:828–32.
[15] Pasquali R, Casimirri F, Melchionda N, et al. Weight loss and sex steroid
metabolism in massively obese man. J Endocrinol Invest 1988;11:
205–10.
[16] Kaukua J, Pekkarinen T, Sane T, et al. Sex hormones and sexual function
in obese men losing weight. Obes Res 2003;11:689–94.
[17] Reis LO, Favaro WJ, Barreiro GC, et al. Erectile dysfunction and
hormonal imbalance in morbidly obese male is reversed after gastric
bypass surgery: a prospective randomized controlled trial. Int J Androl
2010;33:736–44.
[18] Volek JS, Sharman MJ, Love DM, et al. Body composition and hormonal
responses to a carbohydrate-restricted diet. Metabolism 2002;51:
864–70.
[19] Klibanski A, Beitins IZ, Badger T, et al. Reproductive function during
fasting in men. J Clin Endocrinol Metab 1981;53:258–63.
[20] Bhasin S, Cunningham GR, Hayes FJ, et al. Testosterone therapy in men
with androgen deﬁciency syndromes: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab 2010;95:2536–59.
[21] Lee OD, Tillman K. An overview of testosterone therapy. Am J Mens
Health 2016;10:68–72.
[22] Magnussen LV. Testosterone therapy of men with type 2 diabetes
mellitus—a randomized, double-blinded, placebo-controlled study. Dan
Med J 2017;64:B5396.

7

