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Objective: To describe clinical characteristics, hormonal profile and body composition of obese men
in preoperative of bariatric surgery.
Methods: Cross-sectional, population-based study. Patients evaluated from June 2019 to December
2021 in 2 obesity referral centers. Patients underwent clinical evaluation, androgen deficiency
screening using Androgen Deficiency in the Aging Male questionnaire, hormonal profile and body
composition assessment through body mass index (BMI), body fat percentage (FM-%) and mass (FM-
kg) measured by electrical bioimpedance and dual energy x-ray absorptiometry. To characterize
hypogonadism, 2 cut-off points were considered: TT <264 ng/dL and TT <164 ng/dL.
Results: Thirty patients were included, mean age 35.6 ± 8.8 years, mean weight 129.4 ± 14.0 kg and
mean BMI 42.3 ± 4.7 kg/m2. Dyslipidemia was the most prevalent comorbidity. Considering
TT <264 ng/dL, 22 patients (73%) had hypogonadism. The mean TT in hypogonadal men was
198.9 þ 68.7 ng/dL and in eugonadal men 357.0 þ 59.5 ng/dl (P < .001). Using TT <164 ng/dL, 7
patients (23%) had hypogonadism. The mean TT in hypogonadal patients was 116.6 þ 28.9 ng/dL and
in eugonadal patients 279.0 þ 75.0 ng/dL (P < .001). In Androgen Deficiency in the Aging Male
questionnaire, 93.3% had positive screening, with no significant difference between groups. There
was no statistically significant difference in body composition between groups when using
TT <264 ng/dL as the hypogonadism cutoff. Considering hypogonadism TT <164 ng/dL, hypogonadal
patients had significantly higher values of weight (139.0 � 126.5 kg P ¼ .036), BMI (46.1 � 41.2 kg/m2

P ¼ .014), FM-% (48.0 � 42.8% P ¼ .010) and FM-kg (66.3 � 53.9 kg P ¼ .007) than eugonadal patients.
Conclusion: Hypogonadism was identified in at least 23% of patients. Considering TT below the lower
limit of normality for characterization of hypogonadism, we identified a significant worsening in
body composition parameters.

© 2024 AACE. Published by Elsevier Inc. All rights reserved.
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Introduction

Obesity, defined as abnormal or excessive fat accumulation, is a
chronic and progressive disease that, when not controlled, can
develop more serious comorbidities.1 Its prevalence is increasing,
with harmful effects on health. In a 2017 systematic review, a
worldwide prevalence of obesity was found in 603.7 million adults
(12% of the population).2 Data published by the Brazilian Institute
of Geography and Statistics (IBGE) show that the percentage of
brazilian's populations with obesity in adulthood more than
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Highlights

� Hypogonadism is an important and prevalent condition
related to male obesity.

� Symptoms of hypogonadism in obese are strongly associated
with being overweight.

� The lower the testosterone levels, the worse body composi-
tion parameters tend to be.

Clinical Relevance

Considering that hypogonadism is an important and prevalent
condition related to male obesity, we presented this original
study that aimed to evaluate clinical characteristics, hormonal
profile and body composition of obese men with indication for
bariatric surgery.
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doubled in 17 years, from 12.2% (2002-2003) to 25.9% (2019), cor-
responding to 41.2 million people with obesity.3

Male hypogonadism is a clinical syndrome that results from
the inability to produce physiological concentrations of testos-
terone, normal amounts of sperm, or both.4 Male Obesity-
related Secondary Hypogonadism (MOSH), has an estimated
prevalence between 45.0 and 57.5%,4 is a subtype of functional
hypogonadism, so to reach the diagnosis other causes must be
excluded, such as testicular and pituitary pathologies.4 The
most frequently associated changes in sex hormones are low
levels of total testosterone (TT) and free testosterone (FT), in
the presence of reduced or inappropriately normal gonadotro-
pins, which may be associated with high serum estrogen
levels.5 The most suggestive signs and symptoms are decreased
libido, reduced spontaneous erections, erectile dysfunction,
decreased muscle mass and increased body fat.6 There are
questionnaires to identify patients most likely to have reduced
testosterone levels, such as the Androgen Deficiency in the
Aging Male (ADAM) Questionnarie and Aging Males' Symptoms
scale.7 The laboratory diagnosis of hypogonadism is primarily
based on the measurement of TT, with substantial variation in
reference intervals.6 The main treatment for obesity-related
hypogonadism is weight loss. However, it is known that
testosterone replacement therapy can not only contribute to
weight loss, but also to the improvement of metabolic param-
eters, renal function, and comorbidities such as type 2 diabetes
mellitus, steatosis and cardiovascular diseases.8

There are no studies that correlate clinical, symptomatologic
(ADAM), laboratory and body composition (bioelectrical impedance
[BIA] and DXA) assessment with hypogonadism in patients with
obesity who will undergo bariatric surgery. These evaluations will
help to better understand these pathologies, as well as to optimize
their management.

This study aims to evaluate clinical characteristics, hormonal
profile and body composition of men with obesity with indica-
tion for bariatric surgery. To compare clinical data, hormonal
profile, and body composition between hypogonadal and eugo-
nadal patients, using TT <264 ng/dL, according to the Endocrine
Society6 and TT <164 ng/dL, below the local laboratory's normal
limit.9 The present study is a cross-sectional study carried out
from June 2019 to December 2021 in 2 obesity treatment referral
centers and conducted in accordance with the Declaration of
Helsinki.

Materials and Methods

Patients

We conducted a cross-sectional study carried out from June
2019 to December 2021 in 2 obesity treatment referral centers in
accordance with the Declaration of Helsinki. All patients were
informed about the objectives of the study and signed an informed
consent form.

After evaluation by a multidisciplinary team, men with obesity
aged 18 to 60 years with an indication for bariatric surgery were
included in the study. Patients with incomplete data, with condi-
tions that could justify secondary causes of hypogonadism (such as
prolactin above the normal range and previous use of anabolic
steroids) or previous diagnosis of hypogonadism for causes other
than obesity were excluded.

Procedures

The study complies with the standards contained in resolution
466/2012 of the Brazilian’s National Health Committee. The study
2

was approved by an Institutional Review Board, the Research Ethics
Committee of the Federal University of Health Sciences of Porto
Alegre and Santa Casa of Porto Alegre Hospital.

For clinical evaluation, patients were interviewed by the
researcher to assess comorbidities and life habits (physical activity
[PA], smoking and alcohol consumption). To characterize PA a fre-
quency greater than 3 times aweekwas considered. To characterize
alcohol consumption, a frequency greater than 3 times a week was
considered. Heavy alcohol consumption, was defined as con-
sumption of more than 15 drinks per week (with a drink defined as
330mL of beer, 140mL of wine, or 40mL of other distilled spirits ou
liquor), and alcohol dependence as a period of heavy alcohol con-
sumption greater than 12 months.

For the clinical screening of androgen deficiency, the ADAM
questionnaire was used, consisting of 10 questions. A positive
ADAM result is defined as a “yes” answer to questions 1 or 7 (3
points each, referring to low libido and less vigorous erections), or
to 3 of the other questions (1 point each), with a score of >3
points, suggesting symptoms that could be consistent with
hypogonadism.7

For hormonal evaluation, the following were measured: lutei-
nizing hormone (LH), follicle stimulating hormone (FSH), sex hor-
mone-binding globulin (SHBG), TT, FT, estradiol (E2) and prolactin.
Hormonal measurements were performed in the morning (be-
tween 7 and 9 AM). All the laboratory tests were performed at Santa
Casa of Porto Alegre Hospital central laboratory, which is CDC-
certified by chemiluminescence immunoassay (TS TII Siemens).9

During the entire study period, the laboratory dosage methodology
was not modified. To characterize hypogonadism, 2 cut-off points
were considered for TT: <264 ng/dL, according to the Endocrine
Society6 and <164 ng/dL, below the local laboratory's normal limit,
according to age group.9 The reference range used in the study for
TT of the TS TII Siemens chemiluminescence immunoassay is: 164
to 753 ng/dL.

To assess anthropometric data, height (m), weight (kg), waist
circumference (WC) (cm) and body mass index (BMI) (kg/m2) were
measured. Through the BMI, we calculated the estimated excess
weight (EEW) (kg), defined by the amount of weight that would
need to be reduced (in kg) to reach a BMI <25 kg/m2 (for example, a
patient weighing 120 kg, with a BMI of 37 kg/m2 needs to reduce
39 kg to reach a BMI of 25 kg/m2, therefore his EEW is 39 kg). To
assess body composition, we used 2 of the main methods validated
in the obese population, with dual energy x-ray absorptiometry
(DXA) being considered the gold standard. Body fat percentage
(FM-%) and fat mass (FM-kg) were measured using BIA, InBody 120



Fig. 1. A and B, Comparison between TT levels: hypogonadal patients with TT <264 ng/dL � eugonadal and hypogonadal patients with TT <164 ng/dL � eugonadal patients. TT ¼
total testosterone.
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model (InBody Co, Ltd) and DXA, Lunar iDXA model (GE
Healthcare).
Statistical Analysis

Clinical data were described as mean ± SD (Standard Deviation)
for continuous variables and as prevalence in categorical variables.
The association of categorical variables with hypogonadism was
verified using the chi-square test or Fisher's exact test, when
appropriate. For continuous variables, Student's t test and Mann-
Whitney test were applied, according to the distribution of the
variable. The significance level adopted was 0.05. Analyzes were
performed using SPSS statistical software (IBM SPSS Statistics for
Windows, Version 25.0.).
Results

Sample Characterization

Thirty male patients met the inclusion criteria. The mean age
was 35.6 þ 8.8 years, weight was 129.4 þ 14.0 kg and BMI was
42.3 þ 4.7 kg/m2, with 37% having class II obesity and 63% class III
obesity. The mean of EEW was 52.6 þ 13.6 kg.

Regarding comorbidities, 60% of patients have some previous
comorbidity. The most prevalent was dyslipidemia (DLP) (33.3%),
systemic arterial hypertension (SAH) (30%) and type 2 diabetes
mellitus (T2DM) (16.7%). Regarding the degree of obesity, 100% of
patients with class� II and 42% of patients with class III obesity had
some comorbidity. With regard to habits, more than half of the
patients (56.7%) reported drinking alcohol at least 3 times a week,
but none of them had alcohol dependence or heavy alcohol con-
sumption. Only 6.7% of patients were smokers and 40% were
physically active.

Regarding the symptomatology related to hypogonadism, 28 of
the 30 patients (93.3%) had positive screening, with an average
score of 4.9 þ 1.4 on the ADAM. Of the 28 patients with positive
screening, 23 (82%) answered “yes” to question 1 (decreased li-
bido), question 7 (less vigorous erections), or both.

About the assessment of body composition, 15 patients under-
went assessment by BIA and 14 by DXA. The mean FM-% was
44.1 þ 4.8% and FM-kg 56.6 þ 11.1 kg. The mean WC was
131.3 þ 7.6 cm.
3

Regarding the hormonal profile, themean LHwas 4.4þ 2.4 mUl/
mL, FSH 5.3 þ 5.3 mUl/mL, SHBG 19.1 þ 9.5 nmol/L and E2
30.3þ 10.3 pg/dL. About testosterone levels, the means of TT and FT
were 241.1 þ 96.6 and 6.2 þ 2.3 ng/dL, respectively.
Comparison Between Hypogonadal Patients with TT <264 ng/dL �
Eugonadal Patients

Using TT <264 ng/dL, 22 patients (73%) had hypogonadism. The
mean TT in hypogonadal patients was 198.9 þ 68.7 ng/dL and in
eugonadal was 357.0 þ 59.5 ng/dl (P < .001). Regarding FT, the
mean in hypogonadal group was 5.4 þ 2.0 ng/dL and in eugonadal
was 8.3 þ 1.6 ng/dL (P < .001) (Fig. 1A and B) Hypogonadal patients
showed significantly lower values of SHBG than eugonadal,
16.5 � 26.2 nmol/L (P ¼ .02), E2 showed no significant difference
between the groups.

Hypogonadal TT <264 ng/dL and eugonadal patients did not
show a statistically significant difference in the assessment of
comorbidities, lifestyle habits and body composition. There was no
significant difference in the assessment of symptoms related to
hypogonadism, either in the ADAM score or in the assessment of
answered “yes” to question 1 (decreased libido), question 7 (less
vigorous erections), or both, of the questionnaire (Table 1).
Comparison Between Hypogonadal Patients with TT <164 ng/dL �
Eugonadal Patients

Using TT <164 ng/dL, 7 patients (23%) had hypogonadism. The
mean TT in hypogonadal patients was 116.6 þ 28.9 ng/dL and in
eugonadal was 279.0 þ 75.0 ng/dL (P < .001). In relation to FT, the
mean in hypogonadal group was 3.2 þ 1.0 ng/dL and in eugonadal
7.1 þ 1.7 ng/dL (P < .001) (Fig. 1A and B).

Regarding body composition, hypogonadal patients had signif-
icantly higher values of weight (139.0 þ 13.1 � 126.5 þ 13.1 kg;
P ¼ .036), BMI (46.1 þ 4.6 � 41.2 þ 4.2 kg/m2; P ¼ .014), EEW
(63.4 þ 13.3 � 49.3 þ 12.1 kg; P ¼ .013), FM-%
(48.0 þ 5.0 � 42.8 þ 4.1%; P ¼ .010) and FM-kg
(66.3þ 9.9� 53.9þ 9.9 kg; P¼ .007) than the eugonadal. The other
parameters were very similar, with no statistically significant dif-
ference between the groups. There was also no significant differ-
ence in the assessment of symptoms related to hypogonadism,
either in the ADAM score or in the assessment of “yes” to question 1



Table 1
Comparison between hypogonadal patients with TT <264 ng/dL � eugonadal patients

Variables Hypogonadal TT < 264 ng/dL
n ¼ 22

Eugonadal
n ¼ 8

P value

Age (y) e mean ± SD 35.9 (9.7) 34.9 (5.8) .781
Comorbidities e n (%)
DLP 9 (40.9) 1 (12.5) .210
SAH 6 (27.3) 3 (37.5) .666
T2DM 5 (22.7) 0 (0) .287
CVD 1 (4.5) 0 (0) 1.000

Habits e n (%)
PA 8 (36.4) 4 (50) .678
Alcohol consumption 12 (54.5) 5 (62.6) >.999
Smoking 1 (4.5) 1 (12.5) .469

Laboratory e mean ± SD
LH (mUI/mL) 4.2 ± 2.7 4.9 ± 0.7 .057
FSH (mUI/mL) 5.3 ± 5.9 5.1 ± 2.7 .606
SHBG (nmol/L) 16.5 ± 7.4 20.6 ± 11.7 .020a

TT (ng/dL) 198.9 ± 68.7 357.0 ± 59.5 <.001a

FT (ng/dL) 3.0 ± 0.8 6.9 ± 1.7 <.001a

E2 (pg/mL) 28.3 ± 10.6 35.3 ± 8.6 .268
Anthropometric data e mean ± SD
Weight (kg) 129.3 ± 15.7 129.7 ± 8.3 .944
BMI (km/m2) 42.6 ± 4.8 41.7 ± 4.6 .666
EEW (kg) 53.0 ± 14.6 51.6 ± 11.2 .810
WC (cm) 132.8 ± 7.7 127.0 ± 5.9 .199

Body composition e mean ± SD
FM-% (%) 44.3 ± 11.8 43.4 ± 4.8 .612
FM-kg (kg) 57.3 ± 11.8 55.8 ± 9.4 .748

ADAM
Positive (%) 20 (90.9) 8 (100) >.999
Mean ± SD 4.7 ± 1.5 5.5 ± 0.9 .152
“Yes” for questions 1 and/or 7 (%) 18 (90) 5 (62) .123

Abbreviations: ADAM ¼ Androgen Deficiency in the Aging Male questionnaire; BMI ¼ body mass index; CVD ¼ cardiovascular disease; DLP ¼ dyslipidemia; E2 ¼ estradiol;
EEW ¼ estimated excess weight; FM-%¼ fat mass percentage; FM-kg¼ fat mass; FSH ¼ follicle stimulating hormone; FT ¼ free testosterone; LH ¼ luteinizing hormone; PA ¼
physical activity; SAH ¼ systemic arterial hypertension; SHBG ¼ sex hormone-binding globulin; T2DM ¼ type 2 diabetes mellitus; TT ¼ total testosterone; WC ¼ waist
circumference.

a P < .05.
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(decreased libido), question 7 (less vigorous erections), or both of
ADAM (Table 2).
Discussion

Obesity and hypogonadism are linked in a vicious cycle, in
which low levels of testosterone favor weight gain and, in turn,
adiposity induces hypogonadism.10

The population studied included menwith obesity, with a mean
age of 35.6 years. According to international data described in a
systematic review, the mean age at which patients undergo bar-
iatric surgery is 38.9 years.11 In our study, the mean weight was
129.4 kg and BMI was 42.3 kg/m2, and most patients had class III
obesity (63%).

Regarding comorbidities, most patients (60%) had at least one
comorbidity; DLP (33%) and SAH (30%) were themost common. Our
data agree with the international literature, according to Residori
et al,12 the prevalence of DLP and SAH in patients undergoing
bariatric surgery was 35% and 38%. In relation to T2DM, the prev-
alence of 16.6% was also similar to that described in the literature,
in a systematic review, the prevalence of DLP, SAH and T2DM was
36%, 35% and 15%, respectively.11

In our study, more than half of the patients (56.7%) reported
drinking alcohol at least 3 times aweek, which is similar to the data
described by King et al,13 in which 62% of the patients also had this
habit preoperatively. There was no significant difference in alcohol
intake between hypogonadal and eugonadal patients, suggesting
that alcohol consumption was not the cause of hypogonadism.
4

Preoperative smoking rates for bariatric surgery vary widely
between studies, with the country of origin of the population
playing an important role.14 Our study showed a prevalence of only
6.7%. Chow et al,14 in a systematic review, showed that the preva-
lence of smoking among patients undergoing bariatric surgery has
been decreasing over the years, with studies describing rates of up
to 40% in 2011, compared to current rates of 10% to 17%, in 2019.

Regarding PA, 40% of patients reported performing PA at least 3
times a week. This data is above that reported in the literature, as
described by Samir et al,15 that only 27% of patients with obesity are
physically active.

Studies have shown that ADAM, when compared to other
questionnaires, has high sensitivity to identify androgen deficiency
(97%), but low specificity (30%).16 Until this moment, we still do not
have a validated questionnaire for screening for hypogonadism,
specifically for the obese population. Therefore, several other
studies with obese men in the context of bariatric surgery use
ADAM questionnaire, even though it is widely validated for men
over 50 years of age, regardless of weight.16,17 In our study, 93.3% of
patients had positive screening, with a mean score of 4.9. In the
study carried out by Machado et al,16 with men with obesity in the
preoperative period of bariatric surgery, 75% had a positive
screening for hypogonadism, through the evaluation of 2 ques-
tionnaires, ADAM and Aging Males' Symptoms.18 Boonchaya-Anant
et al17 found a mean of 4.6 points on the ADAM prior to bariatric
surgery. Several authors establish that the most specific symptoms
for hypogonadism are low libido and less vigorous erections.19 In a
sub analysis of our study, we found that 83% of patients who
screened positive for hypogonadism had at least one of these



Table 2
Comparison between hypogonadal patients with TT <164 ng/dL � eugonadal patients

Variables Hypogonadal TT < 164 ng/dL
n ¼ 7

Eugonadal
n ¼ 23

P value

Age (y) e mean ± SD 32.0 ± 10.4 36.7 ± 8.2 .271
Comorbidities e n (%)
DLP 2 (28.6) 8 (34.8) >.999
SAH 0 (0) 9 (39.1) .071
T2DM 1 (14.3) 4 (17.4) >.999
CVD 0 (0) 1 (4.3) >.999

Habits e n (%)
PA 2 (28.6) 10 (43.5) .669
Alcohol consumption 3 (42.9) 14 (60.9) .666
Smoking 1 (14.3) 1 (4.3) .418

Laboratory e mean ± SD
LH (mUI/mL) 6.1 ± 3.9 3.9 ± 1.5 .193
FSH (mUI/mL) 7.8 ± 9.8 4.5 ± 2.7 .462
SHBG (nmol/L) 15.6 ± 7.8 20.1 ± 9.9 .230
TT (ng/dL) 116.6 ± 28.9 279.0 ± 75.0 <.001a

FT (ng/dL) 3.2 ± 1.0 7.1 ± 1.7 <.001a

E2 (pg/mL) 44.8 ± 16.1 27.9 ± 7.6 .370
Body composition e mean ± SD
Weight (kg) 139.0 ± 13.1 126.5 ± 13.1 .036a

BMI (km/m2) 46.1 ± 4.6 41.2 ± 4.2 .014a

EEW (kg) 63.4 ± 13.3 49.3 ± 12.1 .013a

WC (cm) 131.8 ± 6.2 131.0 ± 8.5 .855
Body composition e mean ± SD
FM-% (%) 48.0 ± 5.0 42.8 ± 4.1 .010a

FM-kg (kg) 66.3 ± 9.9 53.9 ± 9.9 .007a

ADAM
Positive (%) 7 (100) 21 (91.3) >.999
Mean ± SD 4.7 ± 1.0 5.0 ± 1.5 .690
“Yes” for questions 1 and/or 7 (%) 6 (85) 10 (47) .184

Abbreviations: ADAM ¼ Androgen Deficiency in the Aging Male questionnaire; BMI ¼ body mass index; CVD ¼ cardiovascular disease; DLP ¼ dyslipidemia; E2 ¼ estradiol;
EEW ¼ estimated excess weight; FM-%¼ fat mass percentage; FM-kg¼ fat mass; FSH ¼ follicle stimulating hormone; FT ¼ free testosterone; LH ¼ luteinizing hormone; PA ¼
physical activity; SAH ¼ systemic arterial hypertension; SHBG ¼ sex hormone-binding globulin; T2DM ¼ type 2 diabetes mellitus; TT ¼ total testosterone; WC ¼ waist
circumference.

a P < .05.
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symptoms. The absence of a significant difference in scores be-
tween hypogonadal (TT < 164 ng/dL and TT < 264 ng/dL) and
eugonadal patients suggests that the symptoms presented by pa-
tients aremore influenced by excess weight, common to all, than by
hypogonadism.

Obesity is characterized by major changes in body compart-
ments.20 Currently, DXA and BIA have been widely used to assess
the body composition of individuals with obesity.20 BIA has been
proposed as an alternative tool in the absence of confounding fluid
balance abnormalities as it is portable, easy to use, relatively low
cost, and free from radiation. The evaluation with BIA in people
with obesity is reliable enough for the estimation of FM, with good
correlation and low bias to DXA.21 The normal values of FM-% and
FM-kg vary according to the sex, age and level of physical condi-
tioning of each individual.21 In young adult men, FM-% levels range
from 12% to 20%, while levels above 25% are considered obesity.22

Our study found a mean FM-% of 44.1% and FM-kg of 56.6 kg.
Ippersiel et al23 evaluated the body composition, using BIA, of men
with a BMI between 35 and 47 kg/m2 prior to bariatric surgery and
identified a mean FM-% of 36%. De Lorenzo et al,24 in their assess-
ment of men in the preoperative period of bariatric surgery with a
mean BMI of 36 kg/m2, the FM-% and FM-kg assessed by DXA were
39% and 42 kg, respectively. De Freitas Junior et al20 evaluated the
body composition through BIA of individuals with obesity with a
BMI�40 kg/m2 prior to bariatric surgery and found amean FM-% of
50.6% and FM-kg of 71 kg.

The WC measurement aims to assess abdominal adiposity,
which, unlike the concentration of fat in other regions of the body,
has a direct correlationwith the increased risk of developing T2DM
5

and cardiovascular disease.25 Katchunga et al25 showed a high
correlation between WC and visceral fat assessed by BIA, in 143
menwith high cardiovascular risk. Currently, a cutoff point of 94 cm
of WC for men has been recommended.26 Our study identified a
mean of 131.3 cm. Mokhtari et al evaluated 1.909 patients with a
BMI >35 kg/m2 in the preoperative period of bariatric surgery with
a mean WC of 132.9 cm,27 whereas Samavat et al,28 in their
assessment of patients with a BMI >40 kg/m2, the mean was of
140.1 cm.

It is already known that increasing testosterone levels can
improve not only body composition parameters, but also metabolic
ones. Maseroli et al29 identified that testosterone treatment in
people with severely obesity, hypogonadal individuals induces
metabolically healthier preadipocytes, improving insulin sensi-
tivity, mitochondrial functioning, and lipid handling.

Men with obesity, when compared to eutrophic, tend to have
lower levels of testosterone.11,18 In our study, the mean TT and FT
were 241.1 and 6.2 ng/dL. Samavat et al,28 in their evaluation of 55
men in the preoperative period of bariatric surgery, identified a
mean of TT 259.9 and FT 6.0 ng/dL. De Lorenzo et al24 evaluated TT
in 12 men prior to bariatric surgery with a mean TT 300.2 ng/dL.

The alterations in sex hormones most frequently associated
with hypogonadism in menwith obesity are low levels of TT and FT,
in the presence of reduced or inappropriately normal gonadotro-
pins.4,30 In our study, the hormonal profiles of LH and FSH indicate a
central origin for the dysfunction observed in hypogonadal pa-
tients. In both characterizations of hypogonadism, TT <264 ng/dL
according to the Endocrine Society6 and <164 ng/dL, below the
laboratory limit of normality,9 gonadotropins were inadequately



Fig. 2. A and B, Comparison of FM-% (%) and FM-kg (kg) between hypogonadal patients with TT <164 ng/dL x eugonadal patients. FM-% ¼ fat mass percentage; FM-kg ¼ fat mass;TT:
total testosterone.
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normal, with LH averages between 4.4 and 5.3 mIU/mL and FSH
between 6.1 and 7.8 mIU/mL.

As with testosterone, obese individuals commonly have lower
levels of SHBG.31 This finding can be explained by the increase in
insulin resistance, which results in compensatory hyperinsulinemia
and consequent suppression of hepatic production of SHBG.17 In
our study, the mean SHBG was 19.1 nmol/L, with reference values
ranging from 13.2 to 89.5 nmol/L. De Lorenzo et al identified amean
of 21.7 nmol/L and Samavat et al of 21.5 nmol/L.24,28

In relation to E2, levels are commonly high in men with
obesity.27 The main mechanism to explain this change is based on
the conversion of testosterone to E2 by the aromatase enzyme
P450, highly expressed in adipose tissue.32 The mean E2 in our
study was 30.3 pg/mL, with a reference value <39.8 pg/mL. De
Lorenzo et al identified amean of 48 pg/mL and Samavat et al found
38 pg/mL.24,28

TT reference values for defining hypogonadism vary greatly
depending on laboratory and assay methods. These variations are
due to the absence of standardized tests, different calibrations, and
evaluation of different populations to generate normality in-
tervals.29 There is no consensus in the literature on the most
appropriate cutoff point for hypogonadism in obese patients.30,33

Rigon et al30 used 3 TT cut-off points to define hypogonadism,
TT <264 ng/dL, according to the Endocrine Society,6 < 241 ng/dL,
according to laboratory reference30 and < 150 ng/dL, according to
Anawalt et al34 De Lorenzo et al24 used a TT value <349 ng/dL,
associated with signs and symptoms of hypogonadism to define
MOSH. In the study by Samavat et al,28 who evaluated men with
obesity in the preoperative period of bariatric surgery, the TT cut-
off point to define hypogonadism was 230 ng/dL.

Regarding the definition of hypogonadism through FT, there is
also no consensus in the literature. Bhasin et al6 recommend that FT
should be quantified in the presence of TT modestly above or below
the lower limit of normality, for example, between 200 and 400 ng/
dL. In menwhose TT concentrations are far below the lower limit of
normal, for example <150 ng/dL, the likelihood that the FT con-
centration is within the normal range is low. Therefore, the mea-
surement of FT is generally not necessary.33

Rigon et al,30 identified a prevalence of 65% with TT <264 ng/dL,
55% with TT <241 ng/dL, and 21% with TT <150 ng/dL. Calder�on
et al,4 identified MOSH in 45% of patients, using levels of
TT<300 ng/dL and/or FT<6.4 ng/dL, with amean TT in hypogonadal
patients of 230.5 ng/dL and in eugonadal patients of 440.9 ng/dL
(P < .001). In relation to FT, the average in hypogonadal patients was
5.7 ng/dL and in eugonadal patients was 10.5 ng/dL (P < .001).
6

Hofstra et al35 identified a prevalence of hypogonadism of 58%
using TT <317 ng/dL as a criterion and 35.6% with FT <6.4 ng/dL,
with TT and FT levels being inversely proportional to the degree
of obesity. Pellitero et al5 evaluated men with a mean BMI of
50 kg/m2 and identified a prevalence of 79% of hypogonadism
with TT < 300 ng/dL, 30% with TT < 200 ng/dL and 51% with
FT < 6.5 ng/dL.

In our study, using as a criterion value below the laboratory's
limit of normality,9 TT <164 ng/dL, hypogonadal men had signifi-
cant higher values of weight, BMI, EEW, FM-%, and FM-kg than
eugonadal men. Calder�on et al4 evaluated the hormonal profile of
95 men with obesity with a mean age of 40 years and a BMI of
47 kg/m2. The hypogonadal individuals were older (44 � 37 years;
P < .01), but the other parameters analyzed (weight, BMI, EEW,
SHBG) were very similar, with no statistically significant difference
between the groups. Ippersiel et al23 evaluated the body compo-
sition and hormonal profile of 75 men with obesity, with a mean
age of 43 years, BMI of 41 kg/m2 and TT of 314 ng/dL and found that
the greater the degree of obesity, more specifically the abdominal
adiposity, lower are the levels of testosterone.

Bariatric surgery has been shown to be more effective than di-
etary interventions in increasing testosterone, due to the greater
weight loss obtained with surgery (32%) compared to diet alone
(9.8%).10 In addition, Cris�ostomo et al36 demonstrated that TT has a
positive correlation with the percentage of weight lost, having a
greater impact on younger men, without diabetes and with more
severe degrees of obesity. Regarding testosterone levels and body
composition, we identified an inverse correlation between TT levels
and excess body fat (FM-% and FM-kg). Therefore, the lower the TT
levels, the worse body composition parameters were identified.
This analysis only showed statistical significance in the hypo-
gonadal patients with TT < 164 ng/dL group (Fig. 2A and B).

The main positive point of the present study is the evaluation of
a homogeneous population of menwith obesity in the preoperative
period of bariatric surgery and with assessment of body composi-
tion through the BIA and DXAmethods. Another strong point of this
study is the assessment of symptoms related to hypogonadism,
through a standardized and validated questionnaire, ADAM.

Our study has some limitations. Due to the small sample size of
our study, the significant differences detected should be inter-
preted with caution. Also, the evaluation of a specific population,
located in southern Brazil, may make it difficult to validate the
results in other populations and regions. We had one patient who
did not undergo the DXA evaluation. Consequently, we worked
with data from 29 patients (15 who underwent BIA and 14 DXA).
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We performed a broad clinical, hormonal and symptomatologic
assessment through the ADAM, however, the absence of significant
differences between hypogonadal patients and eugonadal patients
suggests that the symptoms presented are mainly due to excess
weight. Additionally, in our study FT was measured by chem-
iluminescence immunoassay (TS TII Siemens), and current studies
recommend that it is most accurately measured by tandem mass
spectrometry and equilibrium dialysis.

As a positive side of this study, we consider the fact that we had
a negligible data loss, only 1 patient was not submitted to body
composition assessment.

Conclusion

Hypogonadism is an important and prevalent condition related
to male obesity, in our sample, present in at least 23% of patients.
The absence of a significant difference in ADAM between hypo-
gonadal and eugonadal patients suggests that the symptoms pre-
sented are more influenced by excess weight than by
hypogonadism. Considering TT below the normal limit of the lab-
oratory for characterization of hypogonadism, we identified a sig-
nificant worsening in the parameters of body composition.
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