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Abstract
Objectives Obesity and metabolic syndrome have been reported to exert an impact on male reproductive
system with decreasing levels of serum total testosterone (TT), however, the effect of different metabolic
obesity phenotypes on testosterone has been poorly studied. We aimed to evaluate the association of
metabolic obesity phenotypes and total testosterone levels in male population.

Methods We performed a retrospective study based on an epidemiological investigation, a total of 4 081
middle-aged and elderly male individuals were recruited. The population was classi�ed as metabolically
healthy normal weight (MHNW); metabolically healthy obese (MHO); metabolically unhealthy normal
weight (MUNW) and metabolically unhealthy obese (MUO) according to normal weight (BMI<25.0) and
obesity (BMI≥25.0) with or without metabolic syndrome.

Results We collected 563 hypotestosteronemia among 4 081 middle-aged and elderly male individuals.
The odds ratios (ORs) (95% CIs) of hypotestosteronemia in obesity and metabolic syndrome was 3.072
(2.414-3.911) and 3.294 (2.631-4.125) respectively, after adjusting for age, luteinizing hormone, smoking
status and alcohol consumption. Compared to MHNW group, male subjects in MHO, MUNW and MUO
groups had a decreased serum TT levels. Additionally, MUO group have a lowest concentration of serum
TT and a highest proportion of hypotestosteronemia. There was no signi�cant difference of TT levels
between MHO and MUNW group.

Conclusions Obesity and metabolic syndrome are independent risk factor of hypotestosteronemia in
middle-aged and elderly male populations. Our study also suggested that individuals with MHO, MUNW
and MUO have a higher risk of developing hypotestosteronemia.

Introduction
Obesity is an important chronic disease all over the world because of the increasing prevalence and high
risk for public health. Obesity can result in multiple alterations in the endocrine systems, including altered
circulating blood hormone concentrations, because of changes in the pattern of secretion and/or
metabolism, abnormal hormonal transport, and/or action at levels of target tissues [1]. It has been
demonstrated that obesity has an impact on male reproductive system. And obesity has been considered
a risk for male hypotestosteronemia with low testosterone levels. It has been reported that there are 20%
to 64% of obese men with low total testosterone (TT) or free testosterone (FT) levels [2]. Related studies
have reported that the increasing BMI is associated with low testosterone and sex-hormone-binding-
globulin (SHBG) levels in male population [3-6]. Weight reduction by lifestyle intervention or bariatric
surgery can increase the levels of TT and SHBG [3].

Metabolic syndrome (MS), gathering of abdominal obesity, hypertension, hyperglycemia and
dyslipidemia is an important challenge for health problem. The prevalence of metabolic syndrome ranges
from 10 to 34 percent according to different de�nitions or populations [7]. Several studies have pointed
that metabolic syndrome can be regarded as an independent association with low levels of total
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testosterone in male population [8-11]. And low levels TT and SHBG can be considered as independent
risk factors for metabolic syndrome [12-13]. However, the relationship of TT with metabolic syndrome
remains inconsistent. A cross-sectional study reported that there was no signi�cant difference of total
testosterone among MS and non-metabolic syndrome group. It is supposed that the more parameters are
abnormal, the lower levels of SHBG would be measured, without alternations of TT [14]. And several
studies have concluded that their data were not consistent with the hypothesis that low levels of TT were
associated with incidence of metabolic syndrome [15-16].

Recent studies have demonstrated that not all obesity individuals have metabolic abnormal risk factors,
and not all lean individuals are metabolic healthy [17]. Therefore, different metabolic phenotypes of
obesity attract researchers’ attention in recent years. Although obesity may induce decreased serum TT
concentration by some related mechanisms, the fact is that only a small proportion of obese men are
hypotestosteronemia, probably those genetically predisposed or morbidly obese [18]. Metabolic healthy
obesity (MHO) is considered to be obesity (BMI≧25 kg/m2) without metabolic diseases (hypertension,
type 2 diabetes mellitus (T2DM) and dyslipidemia). In addition, metabolically unhealthy obesity (MUO)
refers to a proportion of obesity subjects with metabolic diseases. A recent study based on 4945 men
with sexual dysfunction and 231 male partners of infertile couples demonstrated that men in MHO
groups had lower total testosterone levels compared to men with normal weight [19]. However, the effect
of speci�c metabolic obesity phenotypes on total testosterone in general male population remains
unknown. Hypotestosteronemia classi�ed into primary hypotestosteronemia which results from testicular
defects and is associated with low testosterone levels and elevated LH and FSH levels and secondary
hypotestosteronemia which results from dysfunction of hypothalamus and/or pituitary and refers to
patients with low testosterone levels and low or inappropriately normal LH and FSH levels. And whether
the in�uence of different metabolic obesity phenotypes on TT levels is caused by affecting
hypothalamus and/or pituitary levels or testicular levels remains unknown.

Thus, we performed the study to verify the in�uence of MS and obesity separately on male
hypotestosteronemia, and investigate the relationship of different metabolic obesity phenotypes and
male total testosterone levels in a large-scale male population.

Subjects And Methods
Subjects

We recruited nearly 11,000 persons participated in the population-based cross-sectional study in
Ningyang County (Taian, Shandong Province, China) from June to November 2011. All participants were
local-registered residents aged 40 years and older who have lived there for at least 5 years. All
participants were asked to complete a self-reported questionnaire and provided an overnight fasting
blood sample. In our study, the exclusion criteria were as follows: i) female; ii) no information on vital
statistics (such as age, sex, height or weight) or missing data on serum total testosterone (TT), blood
pressure, fasting serum glucose or lipid levels; iii) taking medications that might affect TT level (such as
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androgens, steroid hormones); and iv) severe hepatic or renal disorders, lung diseases, hypothalamus
and/or pituitary gland diseases, neurologic diseases, or tumors that might affect TT level (such as brain
cancer or prostate cancer). At last, a total of 4,081 participants were recruited in this study. We
retrospectively reviewed the patients’ medical records for research purposes only, which was approved by
the Ethics Committee of Shandong Provincial Hospital a�liated to Shandong University.

Data and specimen collection

Height and WC were measured adjusting by 0.1 cm. Weight was measured adjusting by 0.1 kg. BMI was
obtained by dividing weight in kilograms by the square of height in meters. The average of the three
blood pressure measurements in sitting position after a 5-minute rest was used in the analysis. Past
medical history, smoking status and alcohol consumption were obtained by a questionnaire. The
diseases (hypertension, diabetes mellitus, and coronary heart disease) were based on previous diagnosis
by a physician. Smoking status and alcohol consumption were de�ned as never, ever and current.

Venous blood samples were collected from all patients after at least 10-h overnight fast. And samples
were separated and preserved in -80℃. The concentrations of total cholesterol (TC), triglyceride (TG),
high density lipoprotein cholesterol (HDL-C), fasting plasma glucose (FPG) and glycosylated hemoglobin
(HbA1c) were measured directly with an ARCHITECT ci16200 Integrated System (Abbott). Serum TT,
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were measured using
electrochemiluminescent procedures (Cobas E601; Roche) at the clinical laboratory of Shandong
Provincial Hospital.

Study outcome de�nition

Total testosterone level < 12 nmol/L is suggestive of hypotestosteronemia [20]. Secondary
hypotestosteronemia refers to patients with low testosterone levels and low or inappropriately normal LH
and FSH levels. Primary hypotestosteronemia is associated with low testosterone levels and elevated LH
(>8.6 mIU/L) and FSH (>12.4 mIU/L) levels. We used the Adult Treatment Panel  de�nition of metabolic
syndrome in male population: having three or more following criteria: waist circumference >102 cm,
triglycerides >1.7 mmol/L (or treatment for hyperlipidemia), HDL-C <1 mmol/L, plasma fasting glucose
>100 mg/dl, and systolic/diastolic blood pressure >130/85 mmHg (or treatment for hypertension) [21].
And we classi�ed the population as normal weight (BMI<25.0) and obesity (BMI≥25.0) with or without
metabolic syndrome. Then the participants were classi�ed as four groups: metabolically healthy normal
weight (MHNW); metabolically healthy obese (MHO); metabolically unhealthy normal weight (MUNW)
and metabolically unhealthy obese (MUO).

Statistical analysis

SPSS22.0 software was used for the statistical analysis. Continuous variables were presented as mean ±
standard deviations, and between-group differences were assessed by a single-factor analysis of
variance (ANOVA). Categorical variables were presented as percentage, and between-group differences



Page 6/18

were assessed by Chi-squared test. Multiple logistic regression analysis was performed to assess the risk
factors of hypotestosteronemia. All P-values were 2-sided, and less than 0.05 were considered
statistically signi�cant.

Results
Baseline characteristics of participants in different metabolic obesity phenotypes

A total of 4 081 male participants aging from 40 to 75 years were enrolled into the �nal analysis. There
were 563 participants suffering from hypotestosteronemia (13.80%). Within metabolic categories, obese
men tended to be younger with a high level of BMI and WC than male normal weight. And obese men
were more likely to have a high level of TC, TG, LDC-C, ALT, GGT, DBP and a low level of HDL-C, TT, LH and
FSH, without difference of AST, FBG and HbA1C. As expected, compared to metabolic healthy group,
metabolic unhealthy patients were more likely to have a high level of TG, TC, ALT, AST, GGT, FPG, HbA1C,
systolic blood pressure and diastolic blood pressure and a low level of HDL-C and TT. There was high
prevalence of diabetes mellitus, hypertension and coronary heart disease in metabolic unhealthy
population. Compared to MHNW group, MHO, MUNW and MUO group tended to have a high level of BMI,
WC, elevated liver function index, altered metabolic syndrome components and high risk of development
of hypertension and coronary heart disease, as well as decreased levels of serum TT, LH and FSH (Tab 1).
There was no signi�cant difference of serum testosterone level between MHO and MUNW group. The
signi�cant differences in the composition of the four groups with respect to smoking status and alcohol
consumption were also shown in Tab 1.

The prevalence of hypotestosteronemia in different metabolic obesity phenotypes

To compare the difference of prevalence of hypotestosteronemia among different metabolic obesity
phenotypes, we performed Chi-squared test between each two groups. We observed obvious elevated
trend of prevalence of hypotestosteronemia in these four metabolic obesity phenotypes in Fig 1.
Compared to MHNW group, other three groups have been demonstrated to have a higher risk of
hypotestosteronemia. At the same time, compared to MUO group, other three groups were more likely to
have a lower risk of hypotestosteronemia. However, no difference existence between MUNW and MHO
group (Fig 1). The results of comparison of prevalence of secondary hypotestosteronemia or primary
hypotestosteronemia in four groups were similar to hypotestosteronemia. However, the difference of
prevalence of primary hypotestosteronemia in MHO and MUO groups was not signi�cant. These
differences demonstrated that different metabolic obesity phenotypes could have a different impact on
serum testosterone levels.

The separated and synergistic effect of obesity and metabolic status on serum TT concentration

To examine the separated and synergistic effect of obesity and metabolic status on serum TT
concentration, we carried out multivariate logistic regression analysis of hypotestosteronemia with low
serum TT levels (<12nmol/l) adjusting for age, LH, smoking status (never, ever, current) and alcohol
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intake (never, ever, current). Both obesity and metabolic syndrome, considered separately, were risk factor
of low serum TT levels. Multivariate-adjusted Odd ratio (OR) of low serum TT levels in obesity men was
3.072 (95%CI: 2.414-3.911). The risk of low serum TT levels increased appropriately 3.294-fold in
metabolic syndrome individuals compared to metabolic healthy individuals. Although the risk of obesity
and metabolic syndrome were attenuated after mutual analysis, the OR of low serum TT levels remained
statistically signi�cant adjusting for age, LH, smoking status (never, ever, current) and alcohol intake
(never, ever, current).

The independence of different metabolic obesity phenotypes for hypotestosteronemia

To study the independence of different metabolic obesity phenotypes for male hypotestosteronemia, we
performed logistic regression analysis to observe the OR of hypotestosteronemia in four groups.
Compared to participants in MHNW group, the risk of developing hypotestosteronemia in MHO, MUNW
and MUO groups signi�cantly increased. OR of hypotestosteronemia in MHO, MUNW and MUO groups
was 2.736 (95%CI:2.132-3.512), 3.332 (2.314-4.799) and 6.213 (4.842-7.972), respectively. After adjusted
for age, OR of hypotestosteronemia in MHO and MUO groups decreased, but it was still signi�cant. Male
subjects in MHO, MUNW and MUO also had a signi�cantly increased risk of hypotestosteronemia in
contrast to MHO group after adjusted for age, LH, smoking status (never, ever, current) and alcohol intake
(never, ever, current).

Discussion
Obesity and metabolic syndrome are all considered to be risk factor of low serum TT levels. We provided
precise insight into the association between different metabolic obesity phenotypes and low serum TT
levels in a large-scale population of Chinese middle-aged and elderly men. It demonstrated that different
metabolic obesity phenotypes including MHO, MUNW and MUO can both increase the risk of low serum
TT levels, especially signi�cantly in MUO group.

In our study, we draw a conclusion that both obese men and metabolic unhealthy men had a higher risk
of developing low serum TT levels than normal weight and metabolic healthy individuals, which is
consistent with the results in previous study [8-11, 13]. It demonstrated that serum TT levels in male
population were associated with BMI and different components of metabolic syndrome. A Korean study
have shown that serum TT levels was negatively associated with BMI, WC, FPG, TG and blood pressure,
and positively associated with HDL-L levels [11]. A meta-analysis that included 9,525 men of different
ethnics proved that serum TT levels were negatively correlated with each component of metabolic
syndrome [8]. It has been reported that hyperinsulinemia which was associated with metabolic syndrome
can inhibit the secretion of testosterone through insulin receptors which were expressed on Leydig cells
[22]. And excess adiposity tissue could lead to high levels of leptin, which can inhibit the steroidogenesis
and the secretion of testosterone. In�ammatory cytokines, specially IL-1β, IL-6 and TNF-α, which were
elevated in obesity or metabolic unhealthy individuals, can directly inhibit the steroidogenesis and
subsequent testosterone production [23]. Although there are several studies investigating the association
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of obesity and metabolic syndrome components with testosterone levels separately, there is still quite a
gap in the literature considering the relationship of different metabolic obesity phenotypes with total
testosterone levels.

As we have proved, different metabolic obesity phenotypes except for MHNW group are at a high risk of
developing low serum TT levels. Among these groups, MUO individuals are more likely to have a low level
of serum TT than others. Studies have demonstrated that age, smoking status and alcohol consumption
were associated with different metabolic obesity phenotypes [24,25]. However, after adjusting these
above confounding factors, the relationship between TT levels and metabolic obesity phenotypes
remained signi�cant. To the best of our knowledge, the only study on this topic was performed and
explored male sexual dysfunction with different metabolic obesity phenotypes [19]. It showed that the
men with MHO and metabolically complicated obesity (MCO) had lower testosterone levels and only
MCO men had worse erectile function compared with normal weight men. However, the results were
derived from male patients with sexual dysfunction or infertility, which could have different
characteristics with the general male population. What’s more, the de�nition of MCO was the presence of
at least 1 abnormality among hypertension, low HDL-C and diabetes in obese men, and the contrast
group was men with normal weight regardless of metabolic status.

In our study, there was a higher risk of developing hypotestosteronemia in male patients in MHO
compared to MHNW group, but a lower risk than MUO group. MHO individuals referred to obese people
without the risk factor of metabolic syndrome, and several studies have reported that these individuals
were fat but �t with a more favorable in�ammatory and metabolic pro�les [26]. However, the recent
systematic review and meta-analysis showed that MHO subjects had an increased risk for the
development of cardiovascular diseases and all-cause mortality in contrast to MHNW subjects [27]. And
our results indicated that MHO individuals had a decreased total testosterone level compared to MHNW
individuals. It has been reported that metabolic healthy obese individuals have certain difference in
multiple aspects, such as, fat distribution, in�ammatory status, insulin resistance and postprandial
lipaemia, compared with metabolic unhealthy obese [28,29]. Compared with MUO individuals, MHO was
shown to have increased subcutaneous fat relative to visceral fat, lower liver fat and insulin sensitivity.
Excessive visceral fat or insulin resistance rather than general adiposity in obese individuals were high
risk of pre-diabetes and type 2 diabetes mellitus. Metabolic healthy subjects displayed lower postprandial
response of plasma TG and hs-CRP, compared with those metabolic unhealthy, independently whether or
not they were obese. We also observed that testosterone levels were decreased in male subjects with
MUO compared to MHO. Clinical features and metabolism difference caused by metabolic healthy
obesity phenotype can partly explain the alternations of testosterone concentration in MHO group
compared to MHNW and MUO group. Since MHO is a dynamic state (with a signi�cant proportion of
MHO subjects progressing to MUO over time), it is necessary to encourage weight control in MHO
phenotypes to prevent the development of metabolic related disease including hypotestosteronemia.

We also observed that testosterone levels in male subjects with MUNW were decreased compared to
MHNW group, but these were increased in MUNW group than MUO group, and no signi�cant difference to
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MHO group. MUNW individuals displayed several metabolic abnormal risks including insulin resistance,
atherogenic lipid pro�les, visceral adiposity accumulation and lower physical energy expenditures,
despite having a normal BMI, and eventually had the increased risk of cardiovascular disease [30]. It has
been reported that MUNW phenotype exhibited increased arterial stiffness and carotid atherosclerosis
compared to MHNW or MHO subjects [31]. And another report has shown that MUNW individuals had a
higher risk of cardiovascular disease than MHO, as well as reduced morbidity and mortality [32]. The
MHO phenotype was associated with a better overall metabolic pro�le and less oxidative stress than that
observed in MUNW individuals [33]. In our study, there is no signi�cant difference of testosterone levels
between MUNW and MHO group, which indicated that both MUNW and MHO can exert an in�uence on
total testosterone levels. The underlying mechanism needs further study. It was shown that male subjects
in MUO group have a decreased serum TT levels compared to MHO and MUNW groups, which can be
explained by synergistic effect of obesity and metabolic unhealthy on TT levels in patients with MUO. It
also indicated that male patients with MHO or MUNW should pay attention to losing weight or improving
metabolic status in order to prevent the further drop of TT levels.

It is well known that testosterones are mainly synthesized in Leydig cell, which could be modulated by
hypothalamus-pituitary levels. In our study, we also found that gonadotropins FSH and LH was
signi�cantly reduced in MHO and MUO group compared to MHNW. However, there was no signi�cant
difference of FSH and LH levels between MHNW and MUNW, as well as MHO and MUO group. There was
an increasing conversion of androgen precursors into estrogens by aromatase system in adipose tissue
among obese male population. Inappropriate effects of increasing estrogens might reduce LH secretory
mass per secretory burst without any alternation in burst number [34]. The exact mechanism for
decreased gonadotrophins in male obesity could also include leptin, in�ammatory mediators and
hypothalamic kisspeptin affecting gonadotropins- releasing hormone secretion [35]. These results
indicated that low levels of gonadotropins can partly explain the decreasing total testosterone levels in
obesity participants, but not affected by metabolic status. To observe the effect of metabolic obesity
phenotypes on pituitary or testicular levels, we further compared the difference of prevalence of
secondary hypotestosteronemia and primary hypotestosteronemia in four metabolic obesity phenotypes.
It showed that the difference of prevalence of secondary hypotestosteronemia and primary
hypotestosteronemia in four groups was similar to hypotestosteronemia. The results were confusing,
which was inconsistent with the results that LH and FSH levels were only affected by obesity. Although
we didn’t get information about the pulse and frequency of LH and FSH secretory, which also played
important role in regulating the production of testosterone levels. Therefore, further studies about the
pulse and frequency of LH and FSH secretory, the alternations of structure and function in testis are
needed to perform in different metabolic obesity phenotypes.

This is the �rst study to investigate the relation of different metabolic obesity phenotypes with serum TT
concentration in a large-scale male population. In our study, other potential risk factors of low TT levels
such as age, LH levels, smoking status and alcohol consumption were taken into account to make the
result more convincing. However, several limitations also existed in our study. We didn’t obtain
information about other sex hormone such as SHBG, estrogen, which can have an effect on TT levels.
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Meanwhile, we can’t draw a conclusion about the association about different metabolic obesity
phenotypes and other sex hormones. What’s more, the cross-sectional study was unable to detect any
causal relationship between different metabolic obesity phenotypes and testosterone levels. Large
prospective studies are needed to validate this relationship.

In conclusion, both obese men and metabolic unhealthy men have a higher risk of developing low serum
TT levels. Different metabolic obesity phenotypes groups have in�uence on lower serum testosterone
level in different degree, especially in MUO group with a lowest serum TT concentration. Male subjects in
MHO and MUNW groups had signi�cantly decreased testosterone levels compared to MHNW group,
however, there was no signi�cant difference of testosterone levels between MUO and MUNW groups.
Clinical physicians should pay attention to the weight combined with metabolic status of patients when
we explored the reason of decreasing concentration of serum TT in male populations. Individuals weight
control and prevention of metabolic syndrome may be used for the primary prevention of male
hypotestosteronemia. Patients with low level of serum TT can get improved by losing weight or
improving metabolic status.
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Tables
 

Table 1 Baseline characteristics in different metabolic obesity phenotypes. MHNW: metabolically healthy
normal weight; MHO: metabolically healthy obese; MUNW: metabolically unhealthy normal weight; MUO:
metabolically unhealthy obese; BMI: body mass index; WC: waist circumference; TC: total cholesterol; TG:
triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; FBG:
fasting blood glucose; 2hBG: 2-hour blood glucose; HbA1c: glycosylated hemoglobin; LH: luteinizing
hormone; FSH: follicle-stimulating hormone; TT: total testosterone; SBP: systolic blood pressure; DBP:
diastolic blood pressure; DM: diabetes mellitus; CHD: coronary heart disease. *P<0.05, compared to
MHNW; P<0.05, compared to MHO, #P<0.05, compared to MUNW; £P<0.05, compared to MUO.
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Characteristics MHNW

(n=1790)

MHO

(n=1238)

MUNW

(n=278)

MUO

(n=775)

Age 57.25±8.69 £ 54.66±8.59*# 56.24±8.36 £ 54.01±8.80*#

BMI 22.19±1.92 #£ 27.51±2.61*#£ 23.04±1.54* £ 28.69±2.55* #

WC 83.29±7.86 #£ 92.61±7.54*£ 88.44±10.47*£ 98.71±9.39* #

TC 4.93±1.05 #£ 5.06±1.06*£ 5.14±1.46* 5.26±1.30*

TG 1.07±0.67 #£ 1.39±1.04*#£ 2.47±1.71* £ 2.72±2.19* #

LDL-C 2.89±0.83 £ 3.12±0.86*# 2.89±1.10 £ 3.05±0.94*#

HDL-C 1.52±0.39 #£ 1.36±0.31*#£ 1.28±0.42* £ 1.19±0.29* #

ALT 17.84±9.47 #£ 21.44±11.32*£ 20.24±10.28*£ 24.76±12.88* #

AST 22.92±8.53#£ 23.32±8.66# 25.04±12.00* 23.87±8.92*

GGT 29.96±35.61 #£ 36.52±34.44*#£ 59.32±71.50* 53.81±52.10*

FBG 6.23±1.97#£ 6.15±1.54#£ 7.20±2.42* 7.25±2.19*

2hBG 8.85±4.53#£ 8.78±4.12#£ 11.71±5.69* 11.51±5.26*

HbA1C 6.01±1.23#£ 5.98±0.95#£ 6.41±1.46* 6.53±1.26*

FSH 11.69±11.71 £ 10.06±8.61* 11.01±11.86 9.76±9.09*

LH 8.09±5.83 £ 6.76±4.78* 7.78±5.38 £ 6.44±4.21*#

TT 21.92±7.53 #£ 17.77±6.05*£ 17.26±6.28*£ 14.79±5.19* #

SBP 137.59±20.67 #£ 140.50±20.58*#£ 150.11±18.55* 147.40±17.97*

DBP 80.13±12.63 #£ 81.61±13.88*#£ 86.89±10.35* £ 88.17±11.28* #

DM (%) 7.54# £ 8.00# £ 12.59* 16.52*

Hypertension (%) 12.78 # £ 20.06* £ 22.08* £ 29.91* #

CHD (%) 5.49 £ 6.61£ 8.70 9.95*

smoking status (%)

never

ever

 £

35.43

15.44

*#

39.64

19.25

33.79

15.53

*

35.88

20.07
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current 49.13 41.12 50.68 44.05

Alcohol consumption
(%)

never

ever

current

 

 

24.79

12.96

62.25

 

 

23.31

10.63

66.06

 

 

26.99

11.50

61.50

 

 

21.73

11.88

66.38

MHNW: metabolically healthy normal weight; MHO: metabolically healthy obese; MUNW: metabolically
unhealthy normal weight; MUO: metabolically unhealthy obese; BMI: body mass index; WC: waist
circumference; TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C:
high density lipoprotein cholesterol; FBG: fasting blood glucose; 2hBG: 2-hour blood glucose; HbA1c:
glycosylated hemoglobin; LH: luteinizing hormone; FSH: follicle-stimulating hormone; TT: total
testosterone; SBP: systolic blood pressure; DBP: diastolic blood pressure; DM: diabetes mellitus; CHD:
coronary heart disease.

*P<0.05, compared to MHNW; P<0.05, compared to MHO, #P<0.05, compared to MUNW; £P<0.05,
compared to MUO.

 

Table 2 Separate and mutually adjusted correlations of BMI and presence of the MS with total
testosterone. BMI: body mass index; MS: metabolic syndrome; TT: total testosterone; LH: luteinizing
hormone. Adjusted for age, LH, smoking status (never, ever, current), alcohol intake (never, ever, current).

Separate

BMI TT<12nmol/L TT>12nmol/L OR 95%CI

<25.0 157 1911 1.000 Ref

≥25.0 406 1607 3.072 2.414-3.911

MS        

No 293 2735 1.000 Ref

Yes 270 783 3.294 2.631-4.125

Adjusted for age, LH, smoking status (never, ever, current), alcohol intake (never, ever, current). 

 

Mutually
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BMI TT<12nmol/L TT>12nmol/L OR 95%CI

<25.0 157 1911 1.000 Ref

≥25.0 406 1607 2.409 1.873-3.097

MS        

No 293 2735 1.000 Ref

Yes 270 783 2.618 2.073-3.308

BMI: body mass index; MS: metabolic syndrome; TT: total testosterone; LH: luteinizing hormone.

Adjusted for age, LH, smoking status (never, ever, current), alcohol intake (never, ever, current).

  

Table 3 Logistic regression analysis of hypotestosteronemia according to different metabolic phenotypes
of obesity. MHNW: metabolically healthy normal weight; MHO: metabolically healthy obese; MUNW:
metabolically unhealthy normal weight; MUO: metabolically unhealthy obese. Model 1: unadjusted; Model
2: adjusted for age; Model 3: adjusted for age, LH, smoking status and alcohol consumption.

  Model 1 Model 2 Model 3

MHNW Ref. Ref. Ref.

MHO 2.736(2.132-3.512) 2.606(2.027-3.349) 2.540(1.868-3.453)

MUNW 3.332(2.314-4.799) 3.279(2.276-4.726) 2.931(1.890-4.548)

MUO 6.213(4.842-7.972) 5.861(4.558-7.535) 6.370(4.697-8.638)

MHNW: metabolically healthy normal weight; MHO: metabolically healthy obese; MUNW: metabolically
unhealthy normal weight; MUO: metabolically unhealthy obese.

Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, LH, smoking status and
alcohol consumption.

 

Figures
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Figure 1

Prevalence of hypotestosteronemia in different metabolic phenotypes of obesity. metabolically healthy
normal weight (MHNW); metabolically healthy obese (MHO); metabolically unhealthy normal weight
(MUNW) and metabolically unhealthy obese (MUO). *P<0.05, compared to MHNW group; P<0.05,
compared to MHO group; #P<0.05, compared to MUNW group; £P<0.05, compared to MUO group. (Fig 1s
used graph pad prism8 to create the artwork).


