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Introduction. To evaluate whether waist circumference (WC) or hyperglycemia is more closely associated with hypogonadism in
middle-aged men. Research Design and Methods. This cross-sectional study analyzed male participants under 65 years old from
the MJ Health Screening Center in Taiwan from 2007 to 2016. Basic patient characteristics with relevant parameters were
obtained. We used the chi-square test to perform a correlation analysis for HbA1c and WC between participants with and
without hypogonadism. A one-way ANOVA with post hoc Scheﬀe’s method was applied to compare the mean testosterone (T)
among the HbAlc and WC groups (normal blood sugar with normal WC (NBSNW), abnormal blood sugar with normal WC
(ABSNW), normal blood sugar with abnormal WC (NBSAW), and abnormal blood sugar with abnormal waist circumference
(ABSAW)). Results. The 5,680 participants were divided into two groups based on the presence (n = 599) or absence of
hypogonadism (n = 5,081), which was deﬁned as total testosterone ðTTÞ < 300 ng/dL. The mean TT of group NBSAW
(443:71 ± 220:59 ng/dl) was signiﬁcantly lower than that of group ABSNW (506:64 ± 191:08 ng/dl, p < 0:001). Moreover, the
mean TT of group ABSAW (398:89 ± 146:24 ng/dl) was signiﬁcantly lower than that of group ABSNW (506:64 ± 191:08 ng/dl,
p < 0:001). The ORs after adjusting for BMI, TG, HDL, SBP, and DBP were statistically signiﬁcant when comparing NBSAW
vs. NBSNW (OR = 2:846; 95%CI = 2:266 – 3:575; p < 0:001), ABSNW vs. NDNW (OR = 1:693; 95%CI = 1:309 – 2:189; p <
0:001), and ABSAW vs. NBSNW (OR = 4:613; 95%CI = 3:634 – 5:856; p < 0:001). Conclusion. The current study showed that
WC should be the risk factor that is more closely associated with hypogonadism than hyperglycemia in middle-aged men.

1. Introduction
Testosterone (T) plays an important role in the maintenance
and development of male reproductive and sexual functions,
muscle and bone health, body composition, and cognitive
functions [1]. T also maintains psychological features,
including mood, vitality, and sexual interest, which contrib-

ute to quality of life [2]. Male hypogonadism is the failure of
the testes to produce T because of a distant (pituitary/hypothalamus) or local (testicular) deﬁciency [3, 4]. Hypogonadism is typically diagnosed based on the signs and symptoms
associated with low T, followed by biochemical conﬁrmation. One study based on the general United States population revealed that hypogonadism is estimated to aﬀect
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between 2.1% and 12.8% of adult males, and more than 4
million American men are diagnosed with symptomatic
androgen deﬁciency [5]. The hypogonadism in Males
(HIS) study in 2006 revealed a 38.7% crude prevalence of
hypogonadism (total testosterone ðTTÞ < 300 ng/dL) in men
aged >45 years [6].
Previous cross-sectional studies reported that type 2 diabetes is associated with lower TT levels [7, 8]. Over the last
three decades, it has become apparent that T plays an important role in glucose homeostasis in men. Speciﬁcally, low
levels of T are associated with or can predict the development of metabolic syndrome and diabetes mellitus [9].
Waist circumference (WC) is also considered a hypogonadism risk factor, which may contribute to sexual dysfunction,
voiding symptoms, and other psychosomatic problems [10].
A European article revealed that the lowest levels of total and
free T were observed in men with a relatively high WC
despite relatively low overall obesity (measured by body
mass index (BMI)), which suggests that WC should be the
preferred anthropometric measurement for predicting
endogenous T levels [11].
Many studies have indicated that male hypogonadism is
associated with a higher risk of metabolic syndrome [12],
incident cardiovascular disease [13], and erectile dysfunction
[14]. These conditions may also develop in people with
abnormal HbA1c levels and increased WC because both factors are inversely associated with TT [7, 15].
Based on previously published research, we are unable to
determine whether WC or hyperglycemia has a greater association with hypogonadism.
Therefore, this study is aimed at evaluating the risk factors of hypogonadism among middle-aged Taiwanese men
to determine whether hyperglycemia or WC has a greater
impact on the risk of hypogonadism. This study is aimed
at identifying a more convenient and speciﬁc parameter for
the easy and early detection of hypogonadism.

2. Materials and Methods
2.1. Study Population. This cross-sectional study retrieved
data from a large private health examination institute (MJ
Health Screening Center) in Taiwan from 2007 to 2016.
Given that this institute provides self-paid health examination services in major districts in Taiwan with a general payment of approximately 200-730 USD (about 17 USD,
speciﬁcally on serum T), the demographic characteristics of
the included patients were believed to be similar to those
of the general Taiwanese population [12].
Overall, 5,680 male participants, regardless of any
underlying disease, were identiﬁed during the designated
period. Participants with insuﬃcient data for evaluating the
status of metabolic syndrome, serum T, or were female, as
well as males > 65 years, were excluded.
All participants were divided into groups according to
the presence or absence of hypogonadism. The cutoﬀ point
for T was set according to HIS study from 2006 [6], which
deﬁned hypogonadism as TT < 300 ng/dL. There were
5,081 participants without hypogonadism and 599 participants with hypogonadism. All data used in this research
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were authorized by and received from the MJ Health Research
Foundation (Authorization Code: MJHRF2019016A). This
study was approved by the Tri-Service General Hospital Institutional Review Board (number: A202005160) and was conducted in accordance with the principles stated in the
Declaration of Helsinki. Any interpretations or conclusions
presented in this paper do not represent the views of the MJ
Health Research Foundation. All participants in the research
gave written informed consent before the health examination
to authorize the data analysis. Personal identiﬁcation data
were removed from the MJ Health Research Foundation, so
the participants remained anonymous throughout the entire
research process. The details of the study population and data
collection are described and reported elsewhere [12].
2.2. Deﬁnition of Baseline Parameters. Clinical data and
baseline parameters, including BMI, blood pressure, WC,
high-density lipoprotein (HDL), triglycerides (TG), and fasting blood sugar (FBS), were collected. The chemiluminescent microparticle immunoassay (ARCHITECT i2000) was
used for measuring T, the Homogeneous Direct method
(TOSHIBA C8000) was used for HDL cholesterol, the
GPO-POD-ESPT method (TOSHIBA C8000) was used for
TG, and the HK.G-6-PD.NADP method (TOSHIBA
C8000) was used for FBS.
The waistline was measured at the middle of the top of
the hip bone and the bottom of the ribs, without clothing
that might interfere with the measurement.
Hemoglobin A1C (HbA1c; glycated hemoglobin) is the
most widely used clinical test to estimate mean blood glucose levels. It is used to diagnose diabetes and to monitor
the eﬃcacy of medical treatment. HbA1c has become
increasingly use for diabetes screening among physicians
due to its convenience of sampling, suitability as a chronic
hyperglycemia index, low intraindividual variability, and
propitious assay standardization. In 2010, the American
Diabetes Association (ADA) suggested that HbA1c values
of 5.7%–6.4% could be used to establish a diagnosis of prediabetes, whereas a value of >6.5% indicates diabetes [16].
2.3. Subgroup Analysis. We divided the patients into subgroups according to their HbA1c and WC status as follows:
NBSNW, normal blood sugar (HbA1c < 5:7%) with normal
WC (WC ≤ 90 cm); NBSAW, normal blood sugar
(HbA1c < 5:7%) with abnormal WC (WC > 90 cm); ABSNW,
abnormal blood sugar (HbA1c ≥ 5:7%) with normal WC
(WC ≤ 90 cm); and ABSAW: abnormal blood sugar
(HbA1c ≥ 5:7%) with abnormal WC (WC > 90 cm).
2.4. Statistical Analysis. Comparisons between participants
with and without hypogonadism were performed using
independent T tests. Chi-square test was used to perform a
correlation analysis for HbA1c and WC between participants with and without hypogonadism. One-way ANOVA
with the post hoc Scheﬀe’s method was applied to compare
the mean T values among the HbA1c and WC groups
(NBSNW, ABSNW, NBSAW, and ABSAW). Finally, a
regression model was applied to analyze the odds ratios
(ORs) for the presence or absence of hypogonadism in the
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Table 1: Characteristics of the participants with or without hypogonadism.
Without hypogonadism
(n = 5081)

With hypogonadism
(n = 599)

p

Age (yr)

45:9 ± 10:1

45:7 ± 9:5

0.627

WC (cm)

83:89 ± 8:62

90:91 ± 9:61

<0.001∗∗∗

BMI (kg/m2)

24:62 ± 3:30

27:64 ± 4:21

<0.001∗∗∗

HbA1c (%)

5:36 ± 0:70

5:65 ± 0:93

<0.001∗∗∗

FBS (mg/dl)

105:40 ± 19:11

113:96 ± 30:21

<0.001∗∗∗

TG (mg/dl)

135:05 ± 106:49

177:34 ± 113:48

<0.001∗∗∗

HDL (mg/dl)

52:20 ± 11:57

46:86 ± 9:37

<0.001∗∗∗

SBP (mmHg)

119:23 ± 14:67

124:19 ± 15:61

<0.001∗∗∗

DBP (mmHg)

77:58 ± 10:15

80:37 ± 10:48

<0.001∗∗∗

553:24 ± 205:73

242:17 ± 49:66

<0.001∗∗∗

Total testosterone (ng/dl)

2

WC: waist circumference (cm); BMI: body mass index (kg/m ); HbAlc: glycated hemoglobin (%); FBS: fasting blood sugar (mg/dl); TG: triglyceride (mg/dl);
HDL: high-density lipoprotein cholesterol (mg/dl); SBP: systolic blood pressure (mmHg); DBP: diastolic blood pressure (mmHg). Comparisons between
participants with and without hypogonadism were performed using an independent T test. ∗ p < 0:05; ∗∗ p < 0:01; ∗∗∗ p < 0:001.

HbA1c and WC groups after adjusting for BMI, TG, HDL,
systolic blood pressure (SBP), and diastolic blood pressure
(DBP). Two-sided p < 0:05 indicated statistical signiﬁcance.
SPSS 26.0 was used for the statistical analysis.

Table 2: The correlation analysis for HbAlc and WC in patients
with and without hypogonadism.

3. Results

WC
Normal
(≤90 cm)
Abnormal
(>90 cm)
HbAlc
Normal
(<5.7%)
Abnormal
(≥5.7%)
Hba1c &
WC
NBSNW
NBSAW
ABSNW
ABSAW

3.1. Characteristics of the Participants with and without
Hypogonadism. Basic patient characteristics are summarized
in Table 1. After determining the mean values of each
parameter, signiﬁcant diﬀerences in all variables except for
age were observed between the groups with and without
hypogonadism. The hypogonadism group had signiﬁcantly
lower serum T levels, higher BMI, larger WC, higher HbA1c,
higher TG, lower HDL, higher blood pressure, and higher
FBS compared with the group without hypogonadism.
3.2. Correlation Analysis of HbA1c and WC in Patients with
and without Hypogonadism. We used the chi-square test to
perform a correlation analysis for HbA1c and WC between
the groups with and without hypogonadism (Table 2). The
results revealed signiﬁcant diﬀerences in the correlation
analysis by HbA1c alone, WC alone, and HbA1c and WC
together (p < 0:001).
3.3. Logistic Regression Analysis Stratiﬁed by WC or HbA1c.
We used the logistic regression analysis for analyzing the
relationship between with or without hypogonadism in the
HbA1c and WC groups after adjusting for BMI, TG, HDL,
systolic blood pressure (SBP), and diastolic blood pressure
(DBP) (Table 3).
If we use logistic regression analysis for HbA1c stratiﬁed
by WC, the OR of hypogonadism in the normal waist circumference group is 1.433 (p = 0:010); the OR of hypogonadism in the abnormal waist circumference group is 1.473
(p = 0:008). If we use logistic regression analysis for WC
stratiﬁed by HbA1c, the OR of hypogonadism in the normal

∗

p < 0:05;

∗∗

Without
hypogonadism
(n = 5081)

With hypogonadism
(n = 599)

4013 (79.7)

329 (55.7)

1023 (20.3)

262 (44.3)

3980 (78.3)

381 (63.6)

1101 (21.7)

218 (36.4)

p

<0.00 l
3301 (65.5)
640 (12.7)
712 (14.1)
383 (7.6)

241 (40.8)
133 (22.5)
88 (14.9)
129 (21.8)

p < 0:01; ∗∗∗ p < 0:001.

HbA1c group is 1.591 (p < 0:001); the OR of hypogonadism
in the abnormal HbA1c group is 1.837 (p = 0:001).
3.4. One-Way ANOVA Analysis. Figure 1 shows the statistical diﬀerences among the groups. The mean TT of group
NBSNW was signiﬁcantly higher than that of every other
group (558:18 ± 219:34 ng/dl, p < 0:01). The mean TT of
group NBSAW (443:71 ± 220:59 ng/dl) was signiﬁcantly
lower than that of group ABSNW (506:64 ± 191:08 ng/dl, p
< 0:001) and was signiﬁcantly higher than that of group
ABSAW (398:89 ± 146:24 ng/dl, p < 0:01). The mean TT of
group ABSAW (398:89 ± 146:24 ng/dl) was signiﬁcantly
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Table 3: Logistic regression analysis for HbA1c or WC by stratiﬁed by WC or HbA1c.
Stratiﬁed by WC
Normal (≤90 cm)
Abnormal (>90 cm)
95.0% C.I.
95.0% C.I.
a
ORa
OR
Lower Upper
Lower Upper

HbA1c
Normal
Abnormal

Ref.
1.433∗

1.088

1.887

Ref.
1.473∗∗

1.106

1.962

WC
Normal

Ref.
1.591∗∗∗

Abnormal
∗

∗∗

Stratiﬁed by HbA1c
Normal (<5.7%)
Abnormal (≥5.7%)
95.0% C.I.
95.0% C.I.
a
OR
ORa
Lower Upper
Lower Upper

∗∗∗

1.230

2.058

Ref.
1.837∗∗

1.289

2.618

p < 0:05; p < 0:01;
p < 0:001. Model was applied for analyzing the relationship between with or without hypogonadism and in the HbA1c and WC
groups after adjusting for BMI, TG, HDL, systolic blood pressure (SBP), and diastolic blood pressure (DBP).
a

⁎⁎⁎
558.18±
219.34

506.64±
191.08

443.71±
220.59

⁎⁎⁎
NBSNW

⁎⁎⁎
NBSAW

⁎⁎

850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

398.89±
146.24

⁎⁎⁎
⁎⁎⁎
ABSNW

ABSAW

Figure 1: Comparisons between the HbA1c and WC groups were performed using an ANOVA test, followed by Scheﬀe’s posttest. ∗ p < 0:05;
∗∗
p < 0:01; ∗∗∗ p < 0:001.

lower than that of group ABSNW (506:64 ± 191:08 ng/dl,
p < 0:001).
3.5. Logistic Regression Analysis for the Odd Ratios of the
Groups with and without Hypogonadism. After adjusting
for BMI, TG, HDL, SBP, and DBP in the multivariable logistic regression (Figure 2), the adjusted ORs highlighted statistically signiﬁcant diﬀerences in NBSAW vs. NBSNW
(OR = 2:846; 95%CI = 2:266 – 3:575; p < 0:001), ABSNW
vs. NDNW (OR = 1:693; 95%CI = 1:309 – 2:189; p < 0:001),
and ABSAW vs. NBSNW (OR = 4:613; 95%CI = 3:634 –
5:856; p < 0:001).

4. Discussion
The current study found that WC is more closely associated
with hypogonadism than hyperglycemia in middle-aged
men. To evaluate the associations between HbA1c and WC
with hypogonadism, we applied Scheﬀe’s posttest and compared the mean T values among the groups (Figure 1). The
mean TT of group NBSAW ± was signiﬁcantly lower than
that of group ABSNW ±, and the mean TT of group
ABSAW ± was signiﬁcantly lower than that of group
ABSNW ±, which indicates that the impact of WC on hypogonadism may be superior to the impact of HbA1c on hypo-

gonadism. When we focus on Figure 2, we notice that the
adjusted ORs show signiﬁcant diﬀerences between NBSAW
vs. NBSNW, ABSNW vs. NDNW, and ABSAW vs. NBSNW,
which also indicates that an abnormal WC leads to a higher
risk for HIS than does HbA1c.
A previous cross-sectional study that investigated associations of sex hormones and anthropometric markers in men
and women from the general population found that TT was
inversely associated with all anthropometric parameters and
leptin in men, including WC [17]. That study is in line with
other previous cross-sectional observational studies, which
also revealed inverse associations between TT and multiple
anthropometric markers in men, in particular with BMI
and WC [18–20]. That is one of the reasons why we adjusted
for BMI in Figure 2. WC was also reported to be inversely
associated with total and free T, and WC was considered a
useful tool in predicting lower T levels in men [21].
Furthermore, in recent decades, the validity of body
mass index as an appropriate indicator of obesity has been
questioned, and the most important limitation of body mass
index is that it does not reﬂect regional body fat distribution.
A previous systematic review and meta-analysis study indicated that waist circumference and other indices of central
fatness that measures of central adiposity which represent
visceral fat deposition could be used with body mass index
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Adjusted OR

OR

95%CI

ABSAW vs. NBSNW

2.414⁎⁎⁎

1.845-3.160

ABSNW vs. NBSNW

1.431⁎⁎

1.088-1.882

NBSAW vs. NBSNW

1.633⁎⁎⁎

1.268-2.104

OR

95%CI

ABSAW vs. NBSNW

4.613⁎⁎⁎

3.634-5.856

ABSNW vs. NBSNW

1.693⁎⁎⁎

1.309-2.189

NBSAW vs. NBSNW

2.846⁎⁎⁎

2.266-3.575

Crude OR

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Figure 2: Odds ratios for groups with or without hypogonadism by logistic regression.

as a supplementary approach to determine the risk of premature death [22]. The improved ability of waist circumference to predict health outcomes over BMI might be at least
partially explained by the ability of waist circumference to
identify adults with increased visceral adipose tissue mass
[23]. Additionally, in a Chinese population-based study, we
observed that the visceral adipose tissue dysfunction was signiﬁcantly associated with lower total T levels after adjusting
for age, smoking, neck and hip circumference, diabetes, and
hypertension [24].
The association of low T with type 2 diabetes has been
established in many studies. The two most famous large
long-term studies, the MRFIT [25] and MMAS [26], suggest
that low TT, FT, and SHBG are independent risk factors for
the later development of type 2 diabetes. HbA1c was also
strongly inversely associated with TT, with a previous study
indicating that higher HbA1c levels lead to lower TT levels
[14]. As previous studies have indicated, WC and HbA1c
are both inversely associated with TT, but those studies did
not determine which factor had a greater impact on
hypogonadism.
WC is a more convenient parameter to measure than
HbA1c. Thus, if we can prove that WC is better than HbA1c
for predicting the risk of male hypogonadism, WC will be an
easier method for detecting participants who may have a
higher risk of hypogonadism in the future. After identifying
such high-risk participants, earlier lifestyle interventions
through exercise and diet control can oﬀer this higher risk
of hypogonadism group a chance to prevent the disadvantages associated with hypogonadism, such as a higher risk
of metabolic syndrome [12], incident cardiovascular disease
[13], and erectile dysfunction [14]. The question thus arises
as to how abnormal WC and diabetes lead to hypogonadism.
Kapoor et al. [15] found that T levels are inversely correlated
with WC and diabetes, which is in line with our study. They
noted that a plausible explanation for the inverse correlation
of T levels with WC is the hypogonadal obesity cycle, which
they expanded upon [27]. Speciﬁcally, visceral adipocytes

have high aromatase activity, which converts T to estrogen.
T inhibits the enzyme lipoprotein lipase, which takes up free
fatty acids from adipocytes. Lower levels of T result in
increased triglyceride levels in adipocytes, which promotes
further adipocyte proliferation and hence higher aromatase
activity. T levels are further lowered as a result of leptin
resistance at the hypothalamic pituitary and testicular levels,
causing reduced LH release and testosterone secretion. T
levels are inversely correlated with WC, which is positively
correlated with visceral adipose tissue. The nature of the
relationship between diabetes and lower testosterone is
unclear; however, men who have type 2 diabetes mellitus
are more likely to have low serum T concentrations than
nondiabetic men. In a review of 43 studies comprising
6,427 men, cross-sectional studies showed that men with
type 2 diabetes had a mean serum T concentration that
was 76 ng/dL lower than that of nondiabetic men. In the
same review, longitudinal studies showed that men who
had higher T concentrations had a lower risk of developing
type 2 diabetes [28].
This study has some limitations, including its crosssectional design. As such, despite observing an association
between low T and abnormal HbA1c and WC values among
the Asian population, the causality could not be clariﬁed.
Secondly, given the fact that the health examination of the
MJ Health Screening Center is self-paid, we might have a
population sample selection bias regarding income level.
Finally, in the United Kingdom, which conducts a high percentage of immunoassays, considerable variation was noted
in T measurements, and further work is required to achieve
standardization [29].

5. Conclusions
The current study showed that WC should be the risk factor
that is more closely associated with hypogonadism than
hyperglycemia in middle-aged men.

6

Data Availability
Data are available from the MJ Health Research Foundation.
Due to the legal restrictions imposed by the government of
Taiwan in relation to the “Personal Information Protection
Act,” data cannot be made publicly available.

Disclosure
All or part of the data used in this research were authorized
by and received from the MJ Health Research Foundation
(Authorization Code: MJHRF2019016A). Any interpretation or conclusion described in this paper does not represent
the views of MJ Health Research Foundation.

Conflicts of Interest
The authors declare that there is no conﬂict of interest
regarding the publication of this article.

Acknowledgments
This study received assistance from the Department of Medical Education and Research, Taichung Armed Forces General Hospital.

References
[1] S. Bhasin, J. P. Brito, G. R. Cunningham et al., “Testosterone
therapy in men with hypogonadism: an Endocrine Society
clinical practice guideline,” The Journal of Clinical Endocrinology and Metabolism, vol. 103, no. 5, pp. 1715–1744, 2018.
[2] Y. Almehmadi, A. A. Yassin, J. E. Nettleship, and F. Saad, “Testosterone replacement therapy improves the health-related
quality of life of men diagnosed with late-onset hypogonadism,” Arab Journal of Urology, vol. 14, no. 1, pp. 31–36, 2016.
[3] G. Corona, G. Rastrelli, G. Forti, and M. Maggi, “Update in
Testosterone Therapy for Men (CME),” The Journal of Sexual
Medicine, vol. 8, no. 3, pp. 639–654, 2011.
[4] G. Corona, G. Rastrelli, L. Vignozzi, E. Mannucci, and
M. Maggi, “How to recognize late-onset hypogonadism in
men with sexual dysfunction,” Asian Journal of Andrology,
vol. 14, no. 2, pp. 251–259, 2012.
[5] V. Zarotsky, M. Y. Huang, W. Carman et al., “Systematic literature review of the risk factors, comorbidities, and consequences of hypogonadism in men,” Andrology, vol. 2, no. 6,
pp. 819–834, 2014.
[6] T. Mulligan, M. F. Frick, Q. C. Zuraw, A. Stemhagen, and
C. McWhirter, “Prevalence of hypogonadism in males aged
at least 45 years: the HIM study,” International Journal of Clinical Practice, vol. 60, no. 7, pp. 762–769, 2006.
[7] E. Barrett-Connor, K. T. Khaw, and S. S. Yen, “Endogenous sex
hormone levels in older adult men with diabetes mellitus,”
American Journal of Epidemiology, vol. 132, no. 5, pp. 895–
901, 1990.
[8] S. Dhindsa, S. Prabhakar, M. Sethi, A. Bandyopadhyay,
A. Chaudhuri, and P. Dandona, “Frequent occurrence of
hypogonadotropic hypogonadism in type 2 diabetes,” The
Journal of Clinical Endocrinology and Metabolism, vol. 89,
no. 11, pp. 5462–5468, 2004.

Journal of Diabetes Research
[9] F. Saad, “The role of testosterone in type 2 diabetes and metabolic syndrome in men,” Arquivos Brasileiros de Endocrinologia e Metabologia, vol. 53, no. 8, pp. 901–907, 2009.
[10] A. A. Yassin, J. E. Nettleship, M. Salman, and Y. Almehmadi,
“Waist circumference is superior to weight and BMI in predicting sexual symptoms, voiding symptoms and psychosomatic symptoms in men with hypogonadism and erectile
dysfunction,” Andrologia, vol. 49, no. 4, article e12634, 2017.
[11] J. Svartberg, D. von Mühlen, J. Sundsfjord, and R. Jorde,
“Waist circumference and testosterone levels in community
dwelling men. The Tromsø study,” European Journal of Epidemiology, vol. 19, no. 7, pp. 657–663, 2004.
[12] S. R. Zhong, H. H. Yang, C. H. Liao et al., “Association between
low serum testosterone and the development of metabolic syndrome in elderly Taiwanese men,” Diabetes, Metabolic Syndrome and Obesity, vol. 14, pp. 99–106, 2021.
[13] A. Aversa, R. Bruzziches, D. Francomano et al., “Eﬀects of Testosterone Undecanoate on Cardiovascular Risk Factors and
Atherosclerosis in Middle-Aged Men with Late-Onset Hypogonadism and Metabolic Syndrome: Results from a 24-month,
Randomized, Double-Blind, Placebo- Controlled Study,” The
Journal of Sexual Medicine, vol. 7, no. 10, pp. 3495–3503, 2010.
[14] G. I. Hackett, N. S. Cole, A. A. Deshpande, M. D. Popple,
D. Kennedy, and P. Wilkinson, “Biochemical hypogonadism
in men with type 2 diabetes in primary care practice,” The British Journal of Diabetes and Vascular Disease, vol. 9, no. 5,
pp. 226–231, 2009.
[15] D. Kapoor, H. Aldred, S. Clark, K. S. Channer, and T. H. Jones,
“Clinical and biochemical assessment of hypogonadism in
men with type 2 diabetes: correlations with bioavailable testosterone and visceral adiposity,” Diabetes Care, vol. 30, no. 4,
pp. 911–917, 2007.
[16] G. Li, L. Han, Y. Wang et al., “Evaluation of ADA HbA1c criteria in the diagnosis of pre-diabetes and diabetes in a population of Chinese adolescents and young adults at high risk for
diabetes: a cross-sectional study,” BMJ Open, vol. 8, no. 8, article e020665, 2018.
[17] T. Seyfart, N. Friedrich, H. Kische et al., “Association of sex
hormones with physical, laboratory, and imaging markers of
anthropometry in men and women from the general population,” PLoS One, vol. 13, no. 1, article e0189042, 2018.
[18] N. E. Allen, P. N. Appleby, G. K. Davey, and T. J. Key, “Lifestyle and nutritional determinants of bioavailable androgens
and related hormones in British men,” Cancer Causes & Control, vol. 13, no. 4, pp. 353–363, 2002.
[19] N. Friedrich, D. Rosskopf, G. Brabant, H. Völzke, M. Nauck,
and H. Wallaschofski, “Associations of anthropometric
parameters with serum TSH, prolactin, IGF-I, and testosterone
levels: results of the study of health in Pomerania (SHIP),”
Experimental and Clinical Endocrinology & Diabetes,
vol. 118, no. 4, pp. 266–273, 2010.
[20] S. M. Grundy, J. I. Cleeman, S. R. Daniels et al., “Diagnosis and
management of the metabolic Syndrome,” Circulation,
vol. 112, no. 17, pp. 2735–2752, 2005.
[21] P. E. D. Jaworski, A. Ramos, A. R. Nicoleit, L. F. de Almeida
Bacarin, and P. O. Neto, “Importance of abdominal circumference and body mass index values in predicting male hypogonadism-a practical approach,” Archives of endocrinology and
metabolism, vol. 16, no. 1, pp. 76–80, 2016.
[22] A. Jayedi, S. Soltani, M. S. Zargar, T. A. Khan, and S. ShabBidar, “Central fatness and risk of all cause mortality:

Journal of Diabetes Research

[23]

[24]

[25]

[26]

[27]

[28]

[29]

systematic review and dose-response meta-analysis of 72 prospective cohort studies,” BMJ, vol. 370, 2020.
R. Ross, I. J. Neeland, S. Yamashita et al., “Waist circumference
as a vital sign in clinical practice: a consensus statement from
the IAS and ICCR working group on visceral obesity,” Nature
Reviews Endocrinology, vol. 16, no. 3, pp. 177–189, 2020.
N. Wang, H. Zhai, B. Han et al., “Visceral fat dysfunction is
positively associated with hypogonadism in Chinese men,” Scientiﬁc Reports, vol. 6, no. 1, pp. 1–8, 2016.
S. M. Haﬀner, J. Shaten, M. P. Stem, G. D. Smith, L. Kuller, and
MRFIT Research Group, “Low levels of sex hormone-binding
globulin and testosterone predict the development of noninsulin-dependent diabetes mellitus in men. MRFIT Research
Group. Multiple Risk Factor Intervention Trial,” American
Journal of Epidemiology, vol. 143, no. 9, pp. 889–897, 1996.
H. A. Feldman, I. Goldstein, D. G. Hatzichristou, R. J. Krane,
and J. B. McKinlay, “Impotence and its medical and psychosocial correlates: results of the Massachusetts Male Aging Study,”
The Journal of Urology, vol. 151, no. 1, pp. 54–61, 1994.
D. Kapoor, C. J. Malkin, K. S. Channer, and T. H. Jones,
“Androgens, insulin resistance and vascular disease in men,”
Clinical Endocrinology, vol. 63, no. 3, pp. 239–250, 2005.
E. L. Ding, Y. Song, V. S. Malik, and S. Liu, “Sex diﬀerences of
endogenous sex hormones and risk of type 2 diabetes: a systematic review and meta-analysis,” JAMA, vol. 295, no. 11,
pp. 1288–1299, 2006.
M. Livingston, P. Downie, G. Hackett, R. Marrington,
A. Heald, and S. Ramachandran, “An audit of the measurement and reporting of male testosterone levels in UK clinical
biochemistry laboratories,” International Journal of Clinical
Practice, vol. 74, no. 11, article e13607, 2020.

7

