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Purpose: Although several studies have explored the association of sex hormones with glucose metabolism, the association between
sex hormones and body fat distribution, which is closely related to insulin resistance, has not been fully elucidated. We have tried to
explore the relationship of testosterone (T) and estradiol (E2) with visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT) mass in Chinese men with different obese and metabolic statuses.
Patients and Methods: A total of 128 men from the Health Management Center of the Second Xiangya Hospital, Central South
University were collected and grouped in accordance with their obese and metabolic syndrome (MS) statuses: metabolically healthy non-
overweight/obese men (MHNO), metabolically healthy overweight/obese men (MHO) and metabolically unhealthy overweight/obese men
(MUO). Multiple regression analyses were performed to estimate contributions of sex hormones levels to the variations of body fat
distribution and the contributions of body fat distribution to the variations of sex hormone levels.
Results:With fat mass parameters as independent variables, SAT had a strong negative association with T inMHNO (β = −2.772, P = 0.034),
VATwas positively correlated with E2 in MHO (β = 22.269, P = 0.009), and SATwas negatively associated with T in MUO (β = −3.315, P =
0.010). With sex hormones as independent variables, E2 positively correlated with VAT (β = −176.259, P = 0.048), while T negatively
correlated with VAT inMHO (β = 183.150, P = 0.029). InMUO, an inverse association of Twith SATwas observed (β = −213.689,P = 0.021).
Conclusion: E2 and VAT had a mutual influence, thus resulting in a vicious circle, and the negative correlation between T and VAT
may be related to the decrease of the MS occurrence in the MHO group. There were bi-directional relationships between sex hormones
and fat distribution in men with different obese and metabolic statuses.
Trial Registration: Chinese Clinical Trial Registry, ChiCTR-EOC-16010194. Retrospectively registered.
Keywords: sex hormone, body fat distribution, metabolic syndrome, obesity, Chinese

Introduction
Several studies have reported the association of sex hormones (testosterone, T; and estradiol, E2) with obesity and
metabolic syndrome (MS). Increased level of E21–3 in obese men is strongly associated with unfavorable body fat
distribution and MS.4,5 Meanwhile, epidemiology studies show an inverse relationship of T with obesity and MS. Obese
men6,7 and those with MS8 tend to have decreased testosterone level, which contributes to adiposity,9 visceral fat
accumulation10,11 and an increased risk of MS,12,13 while a high serum T level could aid in the prevention of MS
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development.14,15 Furthermore, recent studies suggest the role of body fat distribution in the relationship between sex
hormone levels and metabolic disorders. The association between T levels and MS components was disrupted following
visceral adipose tissue (VAT) control.16,17

There is a paucity of literature on the relationship between body fat distribution and sex hormones in Chinese men.
Results from other countries are inconsistent and incomparable due to different population groups.18–24 A negative
correlation of T to SAT but not to VAT has been reported, and no association of E2 with VAT or SAT in healthy men has
been observed.22 In men with a low risk of secondary androgen deficiency, both VAT and SAT were negatively related to
T, whereas E2 was not correlated with VAT or SAT irrespective of the presence of obesity.20 However, in obese adult men
with at least one MS criterion, a positive correlation of VAT to E2 was noted but none with T.23 These studies suggest
that the relationship between sex hormones and body fat distribution was dependent on the extent of obese and metabolic
status. Moreover, it is not scientific to study the relationship between sex hormones and fat and metabolic status
according to the current BMI-based obesity diagnostic criteria. Hence, the classification of subjects based on their extent
of obese and metabolic status and standardization of the independent variables seems imperative.21

Changes in body fat mass could contribute to the variations in sex hormone levels, yet the interactions between the
two indices were not clear.19–23,25 Recent studies could not conclude whether sex hormones influence fat mass or vice
versa, which means that the relationship between sex hormone levels and adiposity indices appeared to be bi-directional.
The reduced T levels in obese men might be a consequence of obesity. Also, the association between weight loss and
testosterone level is inverse.6,7,26 Several studies suggested that the variation in fat mass could be a consequence of the
change in sex hormone levels. Indeed, low T level leads to the accumulation of VAT,10,14 whereas T therapy reduces total
body fat mass and VAT.10,14,27 Hence, a deeper understanding of bi-directional relationships between sex hormones and
body fat distribution is important.

Computed tomography (CT) and magnetic resonance (MRI) were recommended as standard methods for the
evaluation of abdominal obesity by the International Diabetes Federation (IDF).28,29 Application of these methods in
daily clinical practice has been limited due to high costs, low availability, radiation exposure and specific software
requirements. Recently, dual-energy X-ray absorptiometry (DEXA) was approved as an effective method to measure fat
mass. VAT measured by DEXA was not inferior to VAT by CT.30 Compared with other techniques, DEXA has the
following advantages: rapid and precise regional or total-body analysis, low radiation exposure and low cost.28,31

Therefore, this study aimed to explore the bi-directional relationships between sex hormone levels and DEXA-
assessed body fat distributions in Chinese men with different obese and metabolic statuses.

Materials and Methods
Subjects
This cross-sectional study comprised 128 men aged 19–63 years who were recruited from the Health Management Center
of the Second Xiangya Hospital, Central South University, in the period from 2014 to 2015 (67 men with missing data
were excluded). Exclusion criteria were as follows: BMI > 40 kg/m2,23 severe liver and kidney disease, thyroid
dysfunction, bulimia, cancer, or obesity due to other known diseases such as hypothalamic disease or Cushing syndrome.
Subjects who received medication known to intervene with sex hormones and body weight (eg, adrenocortical hormones,
anti-inflammatory therapy including aspirin, yeast, isoniazide, reserpine or chlorpromazine) were also excluded.

All subjects were subdivided into three obese and metabolic status groups: metabolically healthy non-obese men
(MHNO), metabolically healthy overweight/obese men (MHO), metabolically unhealthy overweight/obese men (MUO).
Body mass index (BMI) ≥24 kg/m2 was used to define overweight/obesity.32 MS was defined as per the 2007 Joint
Committee for Developing Chinese Guidelines (JCDCG2007). Each subject met three or more of the following criteria:
waist circumference (WC) ≥90 cm; triglyceride (TG) ≥1.7 mmol/L or specific treatment for dyslipidemia; high-density
lipoprotein cholesterol (HDL-C) <1.04 mmol/L or specific treatment for dyslipidemia; blood pressure (BP) ≥130/85
mmHg or treatment for previously diagnosed hypertension; fasting plasma glucose (FPG) ≥6.1 mmol/L and/or 2-hour
postprandial plasma glucose (2hPG) ≥7.8 mmol/L or previously diagnosed type 2 diabetes (T2DM).33 This study was
conducted in accordance with the Declaration of Helsinki. The study was approved by the ethics committee of National
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Clinical Research Center for Metabolic Disease, the Second Xiangya Hospital of Central South University (No. 2015-06)
and all participants gave their written informed consent for getting involved in the study. Clinical trial registration
number: ChiCTR-EOC-16010194. All data and related metadata underlying the findings reported in the submitted
manuscript have been deposited in the public repository (ResMan, http://www.medresman.org/pub/cn/proj/projectshow.
aspx?proj=2139).

Physical Examination and Laboratory Analyses
All participants received physical examinations including weight, height, WC, hip circumference (HC) and BP. WC was
measured midway between the costal margin and the iliac crest on the mid-axillary line and HC was measured at the
widest part of the gluteal region. BP was measured by one operator with a sphygmomanometer and the mean value of
three times was recorded.

For the measurement of FPG, TG, and HDL-C, venous blood samples were collected after overnight fasting of more
than 10 hours. FPG level was measured using the hexokinase enzymatic method (Ningbo Medical System Biotechnology
Co. Ltd., China). Serum TG and HDL-C levels were measured by an automatic analyzer ARCHITECT C8000 (Abbott,
USA). T and E2 were measured by the automated chemiluminescent ADVIA-Centaur (Siemens Healthcare Diagnostics,
USA). Normal ranges for T and E2 were 8.40–28.70 nmol/L and 0.044–0.529 nmol/L, respectively. The lowest
detectable level for E2 was 0.04 nmol/L. Between-run CV concentrations at three different levels were 13.33% (3.96
nmol/L), 12.85% (15.9 nmol/L) and 11.38% (28.2 nmol/L) for T and 4.57% (313 pmol/L), 5.24% (775 pmol/L) and
3.99% (2.14 nmol/L) for E2.

Body Fat Distribution Analyzed by Dual-Energy X-Ray Absorptiometry
Body fat distribution including visceral adipose tissue, android fat mass, and gynoid fat mass were determined by DEXA
and the scans were analyzed using the soft enCORE version 16 (GE healthy, USA).34 A calibration block consisting of
a tissue-equivalent material with three bone-simulating chambers was used for daily calibration and was supplied by the
manufacturer.31 Scanning of the subjects was performed with standard protocols.

The area between the ribs and the pelvis which was totally enclosed by the trunk region was defined as the region of
interest (ROI) for android. The upper boundary was 20% of the distance between the iliac crest and the neck. The lower
boundary was at the top of the pelvis. The ROI of gynoid included the hips and upper thighs, and overlapping both the leg
and trunk regions. The upper boundary was below the top of the iliac crest at 1.5 times the android height. The total height of
the gynoid ROI was two times the height of the android ROI. The ROI for android contains both VAT and SAT. The software
estimated the quantity of VAT in the ROI of android. SAT was computed by subtracting VAT from the total android fat.

Statistical Analysis
Logarithmic and square root transformation were performed to obtain normal distributions of the serum parameters and
the DEXA parameters. One-way ANOVA was performed to compare the differences between groups.35 For each
reference interval, the method proposed by Lahti et al36 was used to interpret whether a partitioning of the reference
population into MHNO, MHO and MUO were advisable. Linear regression analysis was used to test for univariate, linear
trends between body fat distributions and hormonal concentrations. Multiple regression analyses were performed to
estimate contributions of sex hormone levels to the variations of different body fat indices and the contributions of
adiposity indices to the variations of sex hormone levels. All multiple regression analysis were adjusted for age, while
T was controlled when E2 was analyzed as a dependent variable. All linear regression analysis and multiple regression
analysis were performed using continuous standard deviation scores (SDS) as independent variables.21 The SDS
categorization (<-1.00; −1.00, −0.51; −0.50, −0.01; 0.00, 0.49; 0.50, 0.99; and ≥1.00) for VAT, SAT, android fat mass,
gynoid fat mass, T and E2 are shown in Supplementary Table 1.21 The level of significance was set at P<0.05. Data were
analyzed using SPSS 17.0 software.
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Results
Comparisons of Participants’ Characteristics Among the Three Groups
The patient characteristics for each group are shown in Table 1. Weight, BMI, WC, HC and WHR (P< 0.001) were
higher in the MHO group compared with the MHNO group. Compared with the MHNO group, the MHO group had
lower serum T levels (18.25 ± 5.54 nmol/L vs 13.49 ± 5.86 nmol/L), while serum E2 levels did not differ significantly
(P = 0.679). SAT, VAT, android fat mass and gynoid fat mass were significantly higher in MHO than in MHNO (P<
0.001).

Compared with the MHO group, the MUO group had higher weight, BMI, WC and WHR (P< 0.05). Serum T (P =
0.819) and E2 (P = 0.151) levels were not significantly different between the two groups. VAT, android fat mass, and
gynoid fat mass were higher in MUO than in MHO (P< 0.05), while SAT was higher in MUO than in MHO (1133.18
±1.52 g vs 1016.01 ±1.52 g) with no statistical significance.

Reference Intervals for T and E2 Should Be Established in MHNO, MHO, and MUO
The reference limits for serum T and E2 levels in the three test groups are shown in Table 2. The T reference values were
significantly displaced to the left in MHO and MUO compared with the MHNO group. Compared with the MHO group,
the distribution of T was significantly displaced to the right in the MUO group. Partitioning was suggested for T between
MHNO and MHO, MHNO and MUO, and MHO and MUO (partitioning was suggested when one of the conclusions for
the upper and lower limit is definite),37 which means reference intervals for T should be established in the three groups.

Contributions of Body Fat Distributions to the Variations in Sex Hormones
To quantify the association of body fat distributions to the variation in sex hormone levels, univariate analyses (Figure 1
and Supplementary Figure 1) and multiple regression analyses (Table 3 and Supplementary Table 2) were performed
using body fat distribution parameters as independent variables.

Within all participates, serum T was inversely correlated with SAT (β = −2.661, P = 0.000), VAT (β = −1.903, P =
0.000), android fat mass (β = −2.308, P = 0.000) and gynoid fat mass (β = −2.174, P = 0.000), while E2 was not in the
univariate analyses. However, SAT only correlated with reduced serum T levels in multiple regression analyses (β =
−2.350, P = 0.000), and the SAT-T relation remained significant after adjustment for age (β = −2.490, P = 0.001).

Table 1 Comparisons of Participants’ Characteristics Among Three Groups (Mean ± SD)

MHNO (n=32) MHO (n=52) MUO (n=44) P-values

Age (years) 44.88±8.76 43.79±9.34 45.07±9.59 P=0.603a, P=0.502b, P=0.929c

Weight (kg) 62.36±6.55 79.83±12.01 85.28±13.73 P=0.000a**, P=0.024b*, P=0.000c**
Height (cm) 167.06±6.08 168.05±6.93 167.41±8.22 P=0.544a, P=0.666b, P=0.836c

BMI (kg/m2) 22.30±1.53 28.20±3.31 30.33±3.35 P=0.000a**, P=0.007b**, P=0.000c**
WC (cm) 79.19±5.44 95.01±9.60 102.01±8.79 P=0.000a**, P=0.001b**, P=0.000c**
HC (cm) 90.84±4.47 100.21±6.37 103.17±7.74 P=0.000a**, P=0.133b, P=0.000c**
WHR 0.87± 0.05 0.95± 0.05 0.99 ± 0.05 P=0.000a**, P=0.000b**, P=0.000c**
T (nmol/L) 18.25±5.54 13.49±5.86 13.22±5.87 P=0.000a**, P=0.819b, P=0.000c**
E2 (pmol/L) 118.20±1.49 114.08±1.52 127.69 ±1.37 P=0.679a, P=0.151b, P=0.385c

Body fat distributions
SAT (g) 556.03±1.67 1016.01±1.52 1133.18±1.52 P=0.000a**, P=0.232b, P=0.000c**
VAT (g) 640.78±325.42 1372.67±532.29 1925.77±502.80 P=0.000a**, P=0.000b**, P=0.000c**
Android fat (g) 1259.01±463.22 2491.65±971.07 3172.79±930.57 P=0.000a**, P=0.002b**, P=0.000c**
Gynoid fat (g) 1972.46 ±625.31 3185.61±1051.39 3719.86±1383.81 P=0.000a**, P=0.019b*, P=0.000c**

Notes: All values were means ± SDs. Logarithmic transformation was used for the variables that did not have normal distribution (SAT and E2). P-values: aMHNO group
versus MHO group; bMHO group versus MUO group; cMHNO group versus MUO group. *P value < 0.05, **P value < 0.01.
Abbreviations: MHNO, metabolically healthy non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy overweight/
obese men; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist–hip ratio; T, testosterone; E2, estradiol; SAT, subcutaneous adipose tissue;
VAT, visceral adipose tissue; SD, standard deviation.
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Table 2 Application of Partitioning Criteria to T and E2 in Three Groups

Concentration Log (Concentration) Interpretation 1a Interpretation 2b Interpretation 3c

Quantity MHNO
(n=32)

MHO
(n=52)

MUO
(n=44)

MHNO
(n=32)

MHO
(n=52)

MUO
(n=44)

D (s)d

(0.25–0.75 s)
Conclusion D (s)e

(0.25–0.75 s)
Conclusion D (s)f

(0.25–0.75 s)
Conclusion

T (nmol/L)

Lower limit 9.95 0.73 1.98 0.998 −0.137 0.297 2.823 Partitioning 1.486 Partitioning 2.401 Partitioning
Upper limit 29.81 29.52 29.27 1.474 1.470 1.466 0.010 Nonpartitioning 0.014 Nonpartitioning 0.027 Nonpartitioning

SD 0.119 0.402 0.292

E2 (pmol/L)
Lower limit 40.0 40.0 70.0 1.602 1.602 1.845 0.000 Nonpartitioning 1.246 Partitioning 1.246 Partitioning

Upper limit 260.0 250.0 420.0 2.415 2.398 2.623 0.085 Nonpartitioning 1.154 Partitioning 1.067 Partitioning

SD 0.203 0.199 0.195

Notes: ≥0.75, partitioning; 0.25–0.75, ambiguous decision; and<0.25, nonpartitioning. aMHNO group versus MHO group; bMHO group versus MUO group; cMHNO group versus MUO group. After natural log transformation: SD=
(upper limit -lower limit)/4. dAfter natural log transformation: D (s)=the difference between the reference limit in MHNO and MHO/SD in MHO. eAfter natural log transformation: D (s)=the difference between the reference limit in
MHO and MUO/SD in MUO. fAfter natural log transformation: D (s)=the difference between the reference limit in MHNO and MUO/SD in MUO.
Abbreviations: MHNO, metabolically healthy non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy overweight/obese men; T, testosterone; E2, estradiol.
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Figure 1 T and E2 in relation to SAT and VAT in different groups. All subjects, n=128; MHNO, n=32; MHO, n=52; MUO, n=44. P values in bar charts were results from
univariate linear regression analyses. *P< 0.05; **P< 0.01 and ***P< 0.001 vs men with SDS less than −1.0. §P < 0.05 vs the preceding group. Whiskers represent SEM.
Abbreviations: MHNO, metabolically healthy non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy overweight/
obese men; T, testosterone; E2, estradiol; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Table 3 SAT/VAT as Independent Variables to the Variations in Sex Hormones in Multiple Linear Regression Analyses

Independent Variable 1: SAT Independent Variable 2: VAT

Analysis Dependent Variable Coefficient
(nmol/liter/SDSa)

95% CI
(nmol/liter/SDSa)

Trend (P value) Coefficient
(nmol/liter/SDSb)

95% CI
(nmol/liter/SDSa)

Trend (P value)

All subjects (n=128) 1a T −2.350 −3.547, −1.152 0.000 −0.535 −1.732, 0.662 0.378
1b Adjusted for age −2.490 −3.884, −1.097 0.001 −0.462 −1.718, 0.795 0.468

2a E2 1.932 −8.918, 12.783 0.725 1.345 −9.505, 12.195 0.807

2b Adjusted for age −1.974 −14.542, 10.595 0.756 3.376 −7.950, 14.703 0.556
2c Adjusted for Tb 7.366 −3.786, 18.518 0.194 2.582 −7.985, 13.149 0.629

2d Adjusted for age and Tb 3.706 −9.105, 16.517 0.568 4.429 −6.598, 15.457 0.428

MHNO (n=32) 3a T −1.863 −3.987, 0.262 0.083 −1.104 −5.434, 3.226 0.606
3b Adjusted for age −2.772 −5.327, −0.217 0.034 −0.345 −4.801, 4.112 0.875

4a E2 3.000 −16.117, 22.118 0.751 −30.781 −69.743, 8.181 0.117
4b Adjusted for age −1.237 −24.716, 22.242 0.915 −27.242 −68.196, 13.711 0.184

4c Adjusted for Tb 2.306 −18.214, 22.8252 0.820 −31.193 −71.058, 8.671 0.120

4d Adjusted for age and Tb −3.095 −29.002, 22.812 0.808 −27.473 −69.155, 14.209 0.187

MHO (n=52) 5a T −0.850 −3.217, 1.517 0.474 −0.756 −3.178, 1.666 0.533
5b Adjusted for age −0.475 −3.353, 2.402 0.741 −0.878 −3.377, 1.620 0.483

6a E2 −9.289 −27.542, 8.964 0.311 16.357 −2.319, 35.033 0.085

6b Adjusted for age −16.745 −38.648, 5.159 0.131 18.795 −0.221, 37.812 0.053
6c Adjusted for Tb −6.020 −22.097, 10.057 0.455 19.265 2.836, 35.694 0.023

6d Adjusted for age and Tb −14.864 −33.809, 4.080 0.121 22.269 5.755, 38.783 0.009

MUO (n=44) 7a T −3.503 −5.649, −1.358 0.002 0.437 −1.886, 2.761 0.706

7b Adjusted for age −3.315 −5.804, −0.827 0.010 0.409 −1.950, 2.767 0.728

8a E2 15.342 −7.030, 37.714 0.174 −10.049 −34.277, 14.179 0.407
8b Adjusted for age 13.460 −12.492, 39.411 0.301 −9.761 −34.357, 14.836 0.427

8c Adjusted for Tb 24.726 0.085, 49.367 0.049 −11.220 −34.986, 12.545 0.346

8d Adjusted for age and Tb 22.443 −5.163, 50.049 0.108 −10.868 −34.979, 13.242 0.367

Notes: aCoefficients expressed as nmol/liter per SDS for T and pmol/liter per SDS for E2. b Adjustment performed as the substrate of aromatization T, varies with the variations in the adipose tissues.
Abbreviations: MHNO, metabolically healthy non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy overweight/obese men; T, testosterone; E2, estradiol; SAT, subcutaneous
adipose tissue; VAT, visceral adipose tissue.
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In MHNO, T inversely correlated with SAT (β = −2.036, P = 0.045), but not with VAT, android fat mass or gynoid fat
mass in univariate analyses. In multiple regression analyses, a negative association of SATwith T after adjustment for age
(β = −2.772, P = 0.034) was noted. Serum E2 was independent of the investigated fat mass parameters.

Univariate analyses demonstrated that T and E2 were independent of fat mass parameters in MHO (P> 0.05). But, in
multiple regression analysis, a positive correlation of VAT with E2 was found after adjustment for T (β = 19.265, P =
0.023), which still existed after adjustment for age (β = 22.269, P = 0.009).

In the MUO group, univariate analysis showed that T was inversely correlated with SAT (β = −3.389, P = 0.002),
android fat mass (β = −2.250, P = 0.036) and gynoid fat mass (β = −1.678, P = 0.042), whereas there was no direct
relationship between serum E2 levels and fat mass parameters investigated. In multiple regression analyses, SAT
remained negatively associated with T (β = −3.503, P = 0.002), while android fat mass and gynoid fat mass were not.
Furthermore, the inverse association between SAT and T persisted after adjustment for age (β = −3.315, P = 0.010).
Although E2 positively correlated with SAT after adjustment for T (β = 24.726, P = 0.049), the correlation disappeared
after adjustment for age.

Contribution of Sex Hormones to the Variation in Body Fat Distribution
To investigate the contribution of sex hormones to the variation in body fat distribution indices, univariate analyses
(Figure 2 and Supplementary Figure 2) and multiple regression analyses (Table 4 and Supplementary Table 3) were
performed with sex hormones as the independent variables.

Within all subjects, T was inversely correlated with SAT (β = −211.398, P = 0.000), VAT (β = −212.203, P = 0.000),
android fat mass (β = −423.600, P = 0.000) and gynoid fat mass (β = −455.803, P = 0.000) in univariate analyses. No
significant correlation of E2 with any of the measured fat distribution indices was observed. In multiple regression
analyses, serum T negatively correlated with SAT (β = −231.589, P = 0.000), VAT (β = −233.668, P = 0.000), android fat
mass (β = −465.256, P = 0.000) and gynoid fat mass (β = −515.144, P = 0.000), while E2 positively correlated with
android fat mass (β = 192.446, P = 0.042) and gynoid fat mass (β = 274.147, P = 0.012). These associations were not
altered after adjustment for age, except for the relationship between E2 and android fat mass.

In the MHNO group, univariate analyses indicated that there was no relationship between the investigated sex
hormones and fat mass parameters (P> 0.05). While in multiple regressions analyses, a higher T was correlated with
a lower gynoid fat mass after adjustment for age (β = −224.228, P = 0.048).

In MHO, no significant relationship was observed between investigated sex hormones and body fat distributions in
univariate analyses (P> 0.005). In multiple regression analyses, T negatively correlated with VAT (β = −179.430, P =
0.038). A positive correlation was found between E2 and VAT (β = 185.960, P = 0.023). All these associations remained
significant after adjustment for age.

In MUO, T was negatively correlated with SAT (β = −226.990, P = 0.008), android fat mass (β = −308.454, P =
0.035) and gynoid fat mass (β = −445.139, P = 0.042) in univariate analyses. In multiple linear regression analyses,
T was inversely correlated with SAT both before and after adjustment for age (β = −293.531, P = 0.003; β = −213.689,
P = 0.021, respectively). However, the relationships between T and android fat mass (β = −331.754, P = 0.026), T and
gynoid fat mass (β = −509.339, P = 0.018), E2 and gynoid fat mass (β = 430.124, P = 0.042) disappeared after
adjustment for age.

Discussion
The aim of our study is to explore the bi-directional relationships between sex hormones and body fat distribution in
Chinese men with different obese and metabolic statuses. Results of studies so far concerning the relationships between
abdominal adipose tissues and sex hormones are inconsistent. Phillips et al found that in healthy men, T negatively
correlated with SAT but not with VAT, and E2 was neither related with SAT nor with VAT.20 In adult obese men with at
least one MS criterion, the negative correlation observed between T and SAT, was not evident, while a positive
correlation between VAT and E2 was noted irrespective of the age group.23 However, when obesity was not taken into
account, both VAT and SAT negatively correlated with T but not with E2.22 These studies led us to believe that T and E2
have different relations with VAT and SAT in men with different obese and metabolic statuses. We have tried to explore
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Figure 2 SAT and VAT in relation to T and E2 in different groups. All subjects, n=128; MHNO, n=32; MHO, n=52; MUO, n=44. P values in bar charts were results from
univariate linear regression analyses. *P< 0.05; **P< 0.01 and ***P< 0.001 vs men with SDS less than −1.0. §P< 0.05 vs the preceding group. Whiskers represent SEM.
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obese men; T, testosterone; E2, estradiol; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Table 4 T/E2 as Independent Variables to the Variations in Fat Distributions in Multiple Linear Regression Analyses

Independent Variable 1: T Independent Variable 2: E2

Analysis Dependent Variable Coefficient (g/SDSa) 95% CI (g/SDSa) Trend (P value) Coefficient (g/SDSa) 95% CI (g/SDSa) Trend (P value)

All subjects (n=128) 1a SAT −231.589 −331.904, −131.273 0.000 93.280 −7.036, 193.595 0.068
1b Adjusted for age −189.690 −282.597, −96.784 0.000 55.951 −36.665, 148.566 0.234

2a VAT −233.668 −350.012, −117.324 0.000 99.167 −17.177, 215.511 0.094

2b Adjusted for age −237.129 −355.708, −118.550 0.000 102.250 −15.958, 220.459 0.089

MHNO (n=32) 3a SAT −75.709 −176.930, 25.511 0.137 −3.476 −92.939, 85.988 0.937
3b Adjusted for age −79.009 −160.597, 2.580 0.057 −24.759 −97.637, 48.119 0.492
4a VAT −74.267 −203.385, 54.852 0.249 −82.844 −196.965, 31.278 0.148

4b Adjusted for age −74.172 −205.796, 57.451 0.258 −82.237 −199.808, 35.333 0.163

MHO (n=52) 5a SAT −83.374 −282.847, 116.100 0.405 15.820 −171.849, 203.488 0.866
5b Adjusted for age −13.864 −193.930, 166.202 0.878 −45.761 −214.779, 123.257 0.589
6a VAT −179.430 −348.545, −10.316 0.038 185.960 26.853, 345.066 0.023

6b Adjusted for age −176.259 −350.757, −1.761 0.048 183.150 19.359, 346.941 0.029

MUO (n=44) 7a SAT −293.531 −481.814, −105.249 0.003 177.823 −9.384, 365.031 0.062

7b Adjusted for age −213.689 −393.127, −34.251 0.021 128.646 −44.996, 302.288 0.142

8a VAT −38.223 −204.718, 128.271 0.645 −21.715 −187.258, 143.829 0.792
8b Adjusted for age −28.347 −204.431, 147.736 0.747 −27.798 −198.193, 142.598 0.743

Note: aCoefficients expressed as g per SDS for SAT and VAT.
Abbreviations: MHNO, metabolically healthy non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy overweight/obese men; T, testosterone; E2, estradiol; SAT, subcutaneous
adipose tissue; VAT, visceral adipose tissue.
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further the relationship between sex hormones and body fat distribution, and we divided all subjects into three groups on
the basis of their varying obese and metabolic statuses.

Levels of sex hormones and body fat distribution in men with different obese and metabolic statuses were taken into
account. In our study, we observed that, in men with deteriorating obese and metabolic status, there was a progressive
increase in SAT and VAT with a higher proportion of VAT (+114 to 201%) than SAT (+83 to 104%) although the
differences in SATwas not statistically significant between MHO group and MUO group (Table 1). In addition, we found
that serum T levels were lower in MHO than in MHNO, but there was no significant difference between MHO and MUO.
Goncharov et al discovered that from non-obese men without MS to obese men with MS, MRI-measured SAT and VAT
increased gradually, whereas T decreased gradually,22 which was different with our study. This discrepancy could
possibly be due to the difference in races and ages of the studied population.

Liao et al and Tchernof et al noted that there was no difference in E2 levels in Asian men with or without MS25 and
Canadian men with or without obesity,18 respectively, which was consistent with our findings that E2 levels among the
MHNO, MHO, and MUO group were not significantly different. Thus, our results reinforce the well-documented theory
that obesity and MS are related to the alterations in the body fat distributions and serum T levels.

We then analyzed the reference intervals for serum T and E2 level in men with varying severity of obese and
metabolic condition for the first time (Table 2). Our study showed that not only the T reference interval between MHNO
and MHO was significantly different,21 but also the T reference interval of MUO was different from MHNO and MHO.
Interestingly, the T reference interval was displaced to the right in MUO compared with MHO, which could possibly be
due to the varying association of sex hormones and body fat distribution in men with obesity and different metabolic
statuses. In addition, compared with MHNO and MHO, although the E2 levels of MUO were not significantly different
(Table 1), the E2 reference interval was displaced to the right. In view of these findings, we suggest that reference
intervals for T and E2 should be established in men with different obese and metabolic statuses.

Our study demonstrated that in men with different obese and metabolic statuses, the body fat distributions and sex
hormone levels were different (Table 1), so the relationships between the two indices could possibly differ. Thus, we
explored the relationship between sex hormones and body fat distribution in men with different obese and metabolic
conditions.18,38

It is well known that adipose tissue is an endocrine organ that could affect sex hormones production that influences
the pathogenesis of obesity and type 2 diabetes. For instance, increasing body fat mass could suppress the hypothalamic-
pituitary (HP) axis via increased aromatization of T to E2, secretion of pro-inflammatory cytokines, insulin resistance and
diabetes, and ultimately lowering circulating T.18,26,38

Conversely, sex hormones could also affect fat mass: reduced T could promote accumulation of fat mass by increasing
lipoprotein lipase activity, impairing lipolysis, stimulating adipocyte differentiation and lipogenesis.26 Therefore, we
studied the bi-directional relationships between sex hormones and body fat distributions in men with different obese and
metabolic conditions. Our research demonstrated that in the MHNO group, T could be negatively regulated by SAT, but
the changes in T and E2 did not affect SAT and VAT. Consistent with our results, Goncharov et al also discovered that
levels of total T inversely correlated with MRI-assessed SAT in non-obese metabolically healthy men under the age of 40
years.22 However, in the MHO group, E2 and VAT had a mutual influence, which was consistent with the study of
Gautier et al that VAT was significantly related with E2 in obese men with at least one MS criterion.23 At the same time,
our study showed that high T could contribute to a low VAT. These indicated that once an individual gained weight, the
relation between E2 and VAT would become imbalanced; E2 and VAT would promote each other resulting in a vicious
circle. Although the so-called “metabolically healthy obesity” does have an increased VAT, T could suppress the increase
of VAT, thus preventing the occurrence of MS, suggesting that the abnormal body fat mass regulation could be
compensated in this status.37 In the MUO group, E2 was not related to VAT and the relationship between sex hormones
and body fat distributions became a negative mutual influence of SAT and T level. This suggests that when a metabolic
status deteriorates to overweight/obesity with MS, T negatively regulates SAT instead of VAT, but since VAT rather than
SAT accumulation is associated with increased metabolic risk,37 T can no longer prevent the occurrence of MS at this
stage. However, a study in men under 40 found that T was related with neither SAT nor VAT in obese men with MS.22

This discrepancy could be attributed to different ages and population.19 In addition, our study found that T interacted with
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SAT in all subjects; the same trend could only be found in the MUO group. Therefore, obese and metabolic status should
be considered in studies exploring the interrelationships between sex hormones and fat mass.

This study also has the following drawbacks: First, the sample size is relatively small. The alpha level is set to 0.10 to
reduce the risk of type II errors, but this also increases the risk of type I errors. However, the linear regression analysis of
each group could provide about 70–80% power to detect the relationships between sex hormones and fat distribution,
which means that this study is relatively reliable. Second, further studies that take other variables such as socioeconomic
factors and smoking/drinking status into account is needed to validate our findings. The mechanism by which the
relationship between sex hormones and body fat distribution differed depending on obese and metabolic status is worthy
of further study. Thirdly, this study only analyzes the relationship between fat distribution and T routinely measured by
the Chinese Medical Center.

Conclusion
The relationship between sex hormones and body fat distribution differed depending on the severity of obese and
metabolic status. In the MHO group, E2 and VAT had a mutual influence thus resulting in a vicious circle; and at the
same time, T was negatively correlated with VAT, which may be related to the decrease of the MS occurrence. Moreover,
the negative correlation between T and VAT disappeared in the MUO group. Therefore, in clinical practice, the difference
in metabolically healthy obesity and metabolically unhealthy obesity should be considered.

Abbreviations
MHNO, non-overweight/obese men; MHO, metabolically healthy overweight/obese men; MUO, metabolically unhealthy
overweight/obese men; SAT, subcutaneous adipose tissue; T, testosterone; VAT, visceral adipose tissue; E2, estradiol; MS,
metabolic syndrome; CT, computed tomography; MRI, magnetic resonance; DEXA, dual-energy X-ray absorptiometry;
BMI, body mass index; WC, waist circumference; HC, hip circumference; ROI, region of interest; WHR, waist–hip ratio.
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