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Abstract
Objective The study was designed to examine changes of body fat distribution after laparoscopic sleeve gastrectomy (LSG) in
obese male patients and to confirm whether these changes are correlated with increased testosterone.
Methods A total of 30 obese male patients with body mass index (BMI) 30–45 kg/m2 were enrolled in this study. Data on
demographic characteristics, anthropometry, metabolic parameters, and body fat distribution were collected at baseline and
6 months after LSG. Body fat distribution was assessed by dual-energy X-ray absorptiometry (DXA).
Results Six months after surgery, the BMI of participants (age 33.0 ± 9.5) decreased from 40.2 ± 5.2 to 30.8 ± 4.4 kg/m2, total
testosterone increased from 2.4 ± 1.2 to 4.5 ± 1.8 ng/mL, and the percentage of testosterone deficiency in these patients decreased
from 82.7 to 23.1%. Fat mass was significantly decreased in all regions, but the loss of fat mass in the android region was more
than that in any other body region. After adjusting age and the BMI, the changes in android FM% and gynoid FM% were
significantly correlated with an increase in total testosterone concentration (R2 = 0.187, R2 = 0.282, respectively).
Conclusion In obese male patients with BMI 30–45 kg/m2, an increase of total testosterone correlated to the changes in android
FM% and gynoid FM% at the sixth month after LSG surgery.

Keywords Obesity . Laparoscopic sleeve gastrectomy . Testosterone . Body fat distribution . Dual-energyX-ray absorptiometry

Introduction

Obesity has become a severe public health problem in the
world and is an important risk factor of metabolic diseases
such as diabetes, fatty liver, hypertension, and cardiovascular

diseases. Male obesity can also be associated with
hypogonadism, which is characterized by low testosterone
level, sexual dysfunction, and sterility [1, 2]. The role of
testosterone in the development of obesity has been ob-
served. In aging males, decreased testosterone is related to
increase percentage of body fat [1, 3, 4]. Male patients
with prostate cancer who accepted androgen deprivation
therapy have low testosterone level along with abdominal
fat accumulating [5], whereas testosterone supplementa-
tion in patients with testosterone deficiency contributes
to reduced fat mass as well as improvement in weight loss
[6, 7].

As we know, laparoscopic sleeve gastrectomy (LSG) is a
successful and safe restrictive bariatric procedure to treat mor-
bid obesity. Recently, several studies have demonstrated that
weight loss surgery could reverse testosterone levels in obese
male patients, resulting in an increase in testosterone levels
[8–10]. Meanwhile, the impact of testosterone on body fat
distribution patterns has been widely observed, and low tes-
tosterone levels are associated with abdominal and visceral
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obesity in cross-sectional and longitudinal studies
[11–13]. All above data suggested a bidirectional relation-
ship between testosterone and fat mass in men. However,
knowledge about the association between increased tes-
tosterone and the body fat distribution changes after
LSG in men is still very limited. Thus, our study aims
to evaluate the changes in body fat distribution after lap-
aroscopic sleeve gastrectomy (LSG) and to confirm
whether these changes are correlated with increased tes-
tosterone in obese male patients.

Methods

A total of 30 obese male patients were consecutively enrolled
in this study. General inclusion criteria were ages 20–55 years,
BMI > 35 kg/m2, or a BMI > 30 kg/m2 with two or more
obesity-related comorbidities such as diabetes mellitus type
2, hypertension, hypertriglyceridemia, or non-alcoholic fatty
liver disease but otherwise healthy [14]. The exclusion criteria
were as follows: (1) renal dysfunction, (2) severe liver dys-
function—aspartate aminotransferase (AST) or alanine ami-
notransferase (ALT) levels more than three times the normal
value—(3) a history of preexisting heart disease, (4) presence
of malignant tumor, (5) taking medications known to affect
body weight such as glucocorticoid in the 3-month period
prior to this study, and (6) secondary obesity caused by endo-
crine disorders such as Cushing’s syndrome and hypothyroid-
ism. Testosterone deficiency was defined as serum total tes-
tosterone below 3.0 ng/mL [15–17]. The operation was per-
formed by the professional surgeon under standard procedure,
and no complications was found until now. Informed consent
was obtained from all individual participants included in the
study.

Clinical evaluation was obtained at baseline and 6 months
after the surgery. All the patients underwent a physical exam-
ination (including measurements of height, weight, waist cir-
cumference (WC), systolic blood pressure (SBP), and diastol-
ic blood pressure (DBP)). Laboratory test parameters were
obtained by serum measurement in the next morning after
patients’ admission, including total cholesterol (TC), triglyc-
eride (TG), free fatty acid (FFA), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), total testosterone,
estradiol (E2), sex hormone-binding globulin (SHBG), glyco-
sylated hemoglobin A1c (HbA1c), and fasting plasma glucose
(glucose 0 min) and fasting C-peptide (C-peptide 0 min).
SHBGwas tested by means of an immunochemiluminometric
assay. Free testosterone concentrations were calculated by the
Sartorius’s formula, which has been widely adopted in the
literature [18–20]. Body fat mass and fat distribution (whole
body, trunk, arms, legs, android, and gynoid) were measured
with high accuracy by DXA (Hologic QDR4500, USA) at

baseline and 6months after the surgery. Percentage of fat mass
(%FM) was calculated by the whole fat mass or each tested
body region divided by the total weight of the whole body or
each region, respectively. Trunk FM% is the sum of android
FM% and gynoid FM%.

Statistical Analysis

All analyses were performed using SPSS 20.0 software. All
continuous values were expressed as means ± standard devi-
ation (SD) for normal distribution and median (upper and
lower quartiles) for skewed distribution. Standard t test was
used to compare the indexes at baseline and 6 months after
LSG. Pearson’s correlation analysis was used to investigate
the relationship of two indices. Linear regression analysis was
performed to analyze the association between the changes in
different regions of fat mass and variance of total testosterone.
A value of P < 0.05 was considered statistically significant.

Results

Clinical Characteristics and Changes
in Anthropometric Variables

Clinical characteristics of 30 men participating in the study
are summarized in Table 1. Mean age of the population was
33.0 ± 9.5 years old, the mean body weight was 125.0 ±
18.1 kg, and the mean BMI was 40.2 ± 5.2 kg/m2.
Hormonal analyses at baseline showed a mean TT of 2.4
± 1.2 ng/mL, with values below the 3 ng/mL in 82.7% of
patients. Six months after the surgery, participants’ BMI,
HbA1c, fasting glucose, fasting C-peptide, and TG de-
creased significantly, while HDL, TT, cFT, and SHBG in-
creased significantly, and the percentage of patients of tes-
tosterone deficiency (< 3 ng/mL) reduced to 23.1%
(P < 0.001). TC, LDL, LH, FSH, and E2 failed to reach a
statistical significance after 6 months.

Body Fat Distribution at Baseline and 6 Months After
LSG Surgery

As is shown in Fig. 1a, there was a significant decrease in all
regions of fat mass at the sixth month after LSG, including
total, trunk, android, gynoid, arm, and leg (P < 0.001). The
loss of percentage of fat mass in whole body, trunk, android,
gynoid, arm, and leg was significantly decreased 6 months
later compared to the baseline (Fig. 1b). The more loss of fat
mass (7.5%) in the android region was observed than in any
other body region (Fig. 1b).
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Correlation Between the Change in Total
Testosterone and Body Fat Distribution After LSG
Surgery

As shown in Table 2, increased total testosterone was signif-
icantly correlated with the variation in total fat, trunk fat, an-
droid fat, gynoid fat, arm fat, and leg fat, respectively
(P < 0.05). In order to evaluate the contribution of fat loss in
each body parts and its relationship with total testosterone
concentration, the linear regression analysis was performed
(Table 3). Fat mass and percentage of fat in four regions
(arm, leg, android, and gynoid) were analyzed. After adjusting
the age and the BMI, the changes in the percentage fat mass of
android and gynoid were significantly correlated with total
testosterone concentration variation (R2 = 0.187, R2 = 0.282,
respectively).

Discussion

Many observational studies have reported that male obesity is
often accompanied with low testosterone level, and marked
weight loss is helpful to improve testosterone level in male
[10, 20]. However, the association between increased testos-
terone and changes in body fat distribution after weight loss in

men is still limited. In the present study, we provided the first
evidence that the changes of android and gynoid fat in obese
male patients with BMI 30–45 kg/m2 were significantly cor-
related with the improvement of total testosterone concentra-
tion after LSG.

In our study, the mean BMI for those patients was 40.58 ±
5.88 kg/m2, and 82.7% of them were considered to have tes-
tosterone deficiency before surgery. The findings were consis-
tent with previous studies that showing approximately 75% of
men with obesity grade III awaiting bariatric surgery had tes-
tosterone deficiency [10]. We also observed that an increase in
testosterone levels and a decrease in the percentage of testos-
terone deficiency (P < 0.001) after LSG 6months later were in
line with previous studies [8, 9, 21]. It was reported that an
increase in total testosterone levels after bariatric surgery was
greater than expected based on weight loss [9, 10], suggesting
a close association between increased testosterone levels and
weight loss. Moreover, the effect of testosterone on body fat
distribution has been widely observed, and low testosterone
levels are associated with abdominal and visceral obesity [6].
Thus, we further evaluated the change of body fat distribution
after LSG and tried to verify whether these changes are corre-
lated with increased testosterone in obese male patients. All
the patients were measured by DXA to accurately determine
the body fat distribution and central obesity [22–24].

Table 1 Anthropometric
measurements and metabolism
variables at baseline and 6 months
after LSG

Items Baseline 6 months after LSG P values

Age (year) 33.0 ± 9.5 / /

Weight (kg) 125.0 ± 18.1 96.0 ± 15.2 < 0.001

BMI (kg/m2) 40.2 ± 5.2 30.8 ± 4.4 < 0.001

SBP (mmHg) 134.8 ± 15.2 122.2 ± 12.6 0.003

DBP (mmHg) 82.7 ± 9.8 75.1 ± 12.6 0.015

HbA1c (%) 6.8 ± 1.8 5.4 ± 0.7 < 0.001

Fasting glucose (mmol/L) 6.6 ± 2.8 4.9 ± 1.0 0.007

Fasting C-peptide (ng/mL) 5.0 ± 2.2 2.7 ± 0.7 < 0.001

TC (mmol/L) 4.5 ± 1.2 4.2 ± 0.9 0.284

TG (mmol/L) 1.52 (1.10–2.20) 0.78 (0.64–1.12) 0.040

HDL-c (mmol/L) 0.9 ± 0.2 1.2 ± 0.2 < 0.000

LDL-c (mmol/L) 2.9 ± 1.0 2.7 ± 0.8 0.468

LH (IU/L) 5.2 ± 2.5 5.6 ± 2.5 0.629

FSH (IU/L) 4.3 ± 2.6 4.7 ± 3.0 0.634

Testosterone (ng/mL) 2.4 ± 1.2 4.5 ± 1.8 < 0.001

E2 (pg/mL) 112.1 ± 65.5 103.2 ± 39.2 0.552

SHBG (nmol/L) 12.7 ± 8.7 20.1 ± 8.4 0.021

cFT (nmol/L) 180.7 ± 55.9 238.0 ± 58.0 0.008

Percentage of testosterone deficiency 82.7% 23.1% 0.001

Data are presented as mean ± SD or median (inter-quartile range)

BMI Body Mass Index, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c glycosylated hemo-
globin A1c, AUC area under the curve, TC total cholesterol, TG triglyceride, HDL high-density lipoprotein, LDL
low-density lipoprotein, LH luteinizing hormone, FSH follicle-stimulating hormone, E2 estradiol, SHBG sex
hormone-binding globulin, cFT calculated free testosterone
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Our findings indicate that there was a significant decrease
in the total and regional fat mass as well as the percentage of
fat mass of the whole body at the sixth month after LSG.
Although all the fat mass of the whole body decreased signif-
icantly, the change of fat mass loss in the android region was
more than that in any other body region. This is in consistent

with the findings by others [25]. As we know, android fat mass
represents central obesity and this result suggested that central
obesity was improved more after LSG, which was also sup-
ported by significantly decreased waist circumference after
LSG in those patients.

In our study, although variations in body fat in each tested
body region were associated with the improvement in total
testosterone, only the percentage of fat mass decreasing in
android and gynoid was significantly correlated with an in-
crease in total testosterone independent of age and BMI. The
findings were generally in line with previous studies showing
that males have a greater amount of abdominal fat mass com-
pared with both premenopausal and postmenopausal women
[26–29] and males could lead to significant reductions in ab-
dominal fat mass after testosterone supplementation [30, 31].
However, whether an increased total testosterone was due to a
decrease in abdominal subcutaneous adipose tissue and/or
visceral adipose tissue is unclear. Considering that visceral
fat could increase leptin levels and easily leads to
hypogonadism, reducing leptin levels by visceral fat loss
could contribute to an increase in gonadotropin release, lead-
ing to increased testosterone [32].

It was reported that both aromatase levels and activity
might be down-regulated by rapid weight loss, leading to in-
creased testosterone and reduced estrogen levels [33]. In ad-
dition, elevated SHBG levels could be also related to an in-
crease in total testosterone. Our data showed a significant
increase in SHBG after surgery, which might, at least partly,
explain the improvement in total testosterone. There were no
significant differences between variations in LH, E2, and total
testosterone levels, suggesting that the effects of these two
hormones on increased testosterone are limited.

However, the underlying pathophysiology of the improve-
ment in total testosterone after marked decrease in abdominal
fat mass is still unclear. Many studies have shown that andro-
gens may alter adipose tissue mass in a depot-specific manner
by site-specific modulation of preadipocyte proliferation and/
or differentiation as well as lipid synthesis and/or lipolysis in
mature adipocytes [11, 34]. It is uncertain whether decreased

Table 3 Multivariate analysis of the correlation between variation in
total testosterone and body fat distribution changes after LSG surgery

Items β β ± SD P value* R2

ΔArm FM% 0.419 0.374 ± 0.286 0.209 − 0.039
ΔLeg FM% 0.469 0.783 ± 0.595 0.207 − 0.044
ΔAndroid FM% 0.773 0.763 ± 0.291 0.017 0.187

ΔGynoid FM% 0.865 1.087 ± 0.342 0.006 0.282

R2 change indicates the increased percentage of the variation explained
when each variable is added to the model

FM fat mass

*All data were adjusted for age and BMI changes

Table 2 Correlations between variation in total testosterone and body
fat distribution changes after LSG surgery (reviewer #1 comment #3)

Items ΔTT

r P

ΔTotal fat (kg) 0.613 0.002

ΔTrunk fat (kg) 0. 476 0.004

ΔArm fat (kg) 0.356 0.042

ΔLeg fat (kg) 0.459 0.032

ΔAndroid fat (kg) 0.564 0.005

ΔGynoid fat (kg) 0.471 0.027

BMI body mass index, TT total testosterone

Fig. 1 Body fat distribution at baseline and 6 months after LSG surgery.
*P < 0.001. a There was a significant decrease in all regions of fat mass at
the sixth month after LSG, including total, trunk, android, gynoid, arm,
and leg (P < 0.001). b The loss of percentage of fat mass in whole body,
trunk, android, gynoid, arm, and leg was significantly decreased 6 months
later compared to the baseline
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abdominal fat mass affecting testosterone level could occur
through the same mechanism.

There were still some limitations in our study. The clinical
features of testosterone deficiency were not included in our
study and 6 months might be too early to determine the real
changes of body fat and the need for a longer follow-up. More
observational studies are required to confirm the findings.

Conclusion

In the population of Chinese obese male with BMI 30–45 kg/
m2, the relative change of fat mass loss in the android region
was more than that in any other body region after LSG
6 months later, and increased total testosterone correlated to
the more loss in android and gynoid fat.
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