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Abstract

Background

Aging-related hypogonadism in men is related to the deterioration of overall health. Those
with this disease rarely receive treatment. The hypertriglyceridemic waist (HTGW) pheno-
type is a tool for predicting abnormalities of cardiovascular metabolism. However, the rela-
tionship between the HTGW phenotype and hypogonadism remains undetermined. This
study aimed to determine the association between HTGW phenotype and hypogonadism in
different age groups.

Methods

Data of this cross-sectional study were obtained from MJ Health Screening Center in Tai-
wan from 2007 to 2016. The HTGW phenotype was divided into four categories based on
whether the waist circumference (WC) and triglyceride levels were normal. WC of <90 cm
and triglyceride level of <150 mg/dL were defined as normal. Hypogonadism was defined as
a testosterone level of <300 ng/dL.

Results

Overall, 6442 male participants were divided into three age groups: <50, 50-64, and >65
years (n = 4135, 1958, and 349; age groups 1, 2, and 3, respectively). The overall preva-

lence of hypogonadism was 10.6%. In group 1, participants with HTGW (odds ratio, 1.98;
95% confidence interval (Cl), 1.354—2.896) had a higher risk of hypogonadism than those
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with normal WC and normal triglyceride levels after adjustment for body mass index and
fasting blood glucose level. In group 2, participants with HTGW (odds ratio, 1.873; 95% Cl,
1.099-3.193) had an increased risk of hypogonadism after adjustment for body mass index,
fasting blood glucose level, Cholesterol levels, high-density lipoprotein (HDL) levels, low-
density lipoprptein (LDL) levels and smoking status. However, no relationship was observed
between HTGW phenotype and hypogonadism in group 3.

Conclusion

HTGW phenotype was highly associated with hypogonadism in Taiwanese adult men. More
attention should be paid to men aged <50 years with HTGW.

Introduction

Male hypogonadism is characterized by a deficiency of testosterone, a critical hormone
required for sexual, cognitive, and body functions and development [1]. Studies have found
that testosterone deficiency not only affects the quality of life but also increases the risk of erec-
tile dysfunction, metabolic syndrome, diabetes, osteoporosis, fracture, and cardiovascular dis-
ease [2-7]. Studies have also reported that middle-aged and elderly men with low testosterone
levels have increased overall mortality and cardiovascular disease mortality rates in long-term
follow-up [8-12]. Therefore, low testosterone levels may be regarded as a threat to men’s
health. Based on population studies, the prevalence of hypogonadism is 3.8%-28.1%. Hypogo-
nadism is estimated to affect 4 million men in the United States; low testosterone levels are
especially common in older men. However, the treatment rates varied in different populations
and were generally low (9.65%-11.3% of men with hypogonadism) [13, 14]. In addition, many
men with hypogonadism who may benefit from testosterone replacement are not receiving
such treatment [15].

The hypertriglyceridemic waist (HTGW) phenotype was proposed in 2000, which was
defined as high waist circumference (WC) and triglyceride (TG) levels [16]. Many studies indi-
cated that the HTGW phenotype is associated with diabetes and cardiovascular disease and is
a simple and inexpensive tool for predicting cardiovascular metabolism abnormalities in peo-
ple with excess visceral adipose tissue [17-20]. Both HTGW phenotype and hypogonadism are
associated with diseases such as diabetes and cardiovascular disease, and HTGW phenotype is
an easier and more economical screening tool. However, studies have rarely discussed the rela-
tionship between hypogonadism and HTGW, even in Taiwan. Therefore, we conducted this
cross-sectional study to examine the relationship between hypogonadism and HTGW in mid-
dle-aged men in Taiwan.

Materials and methods
Study population

This cross-sectional study was conducted from 2007 to 2016. The participant flow chart is
shown in Fig 1. Data were retrieved from the MJ Health Screening Center in Taiwan, a large
private health examination institute. This institute provides self-paid health examination ser-
vices in Taiwan at a general cost of approximately 200-730 USD. The serum testosterone test
costs approximately 17 USD.
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M1 Health Screening Database 2007 to 2016

n=125,414
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e} n=113,819
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hypogonadism hypogonadism
n=5,762 n=685

Fig 1. Flow diagram of participant enrollment.

https://doi.org/10.1371/journal.pone.0265629.g001

A total of 125,414 male participants were originally included in the study. Subsequently, we
excluded participants with prostate cancer and insufficient data on serum testosterone level.
We categorized the participants into three groups according to age (<50, 50-64, and >65
years, with n = 4135, 1958, and 349 participants, respectively) and further classified them into
those with and those without hypogonadism.

Prior to the health examination, all the participants provided written informed consent to
participate in the study. The MJ Health Research Foundation authorized (MJHRF2019016A)
the use of all the data they provided for this study. All identifiable participant data were
removed to maintain participant anonymity. The data collection procedure and detailed char-
acteristics of the study population are reported elsewhere [5]. The research protocol was
approved by the Institutional Review Board of the Tri-Service General Hospital, National
Defense Medical Center (A202005160).

Definition of the participants’ baseline characteristics

Data on the participants’ body mass index (BMI; kg/m?), WC, TG level, fasting blood glucose
(FBG) level, and testosterone level were retrieved. WC was measured at the middle level of the
top of the hip bone and bottom of the rib bone without clothing that might interfere with the
measurement. The homogeneous direct method (Toshiba C8000) for measurement of high-
density lipoprotein (HDL)-cholesterol, GPO-POD-ESPT method (Toshiba C8000) for mea-
surement of TG, and HK.G-6-PD.NADP method (Toshiba C8000) for measurement of FBG
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were employed. A chemiluminescent micro-particle immunoassay (ARCHITECT i2000) was
performed to measure the testosterone level. The details of these parameters have been
reported previously [5].

2.3. Definitions of hyertriglyceridemic waist and hypogonadism

Four phenotypes were categorized in accordance with the 2005 American Heart Association/
National Heart, Lung, and Blood Institute guideline for metabolic syndrome [21]. WC < 90
cm for men and TG level < 150 mg/dL were defined as normal. The four phenotypes [16]
were as follows: (1) normal waist and normal TG level (NWNT); (2) hypertriglyceridemia and
normal waist (HTG); (3) enlarged waist and normal TG level (EW); and (4) WC > 90 cm and
serum TG level > 150 mg/dL in men (HTGW). Hypogonadism was defined as total testoster-
one level of < 300 ng/dL for men [22, 23].

2.4. Statistical analyses

An independent t-test was performed to compare age, BMI, WC, TG level, and FBG level
between the participants with and without hypogonadism. The TG level and WC (four pheno-
types) of participants with and without hypogonadism were compared using a chi-square test.
Finally, a logistic regression model was applied to analyze the relationships between those with
or without hypogonadism and the four phenotypes after adjusting for BMI, FBG levels, choles-
terol levels, HDL levels, LDL levels and smoking status in the different age groups. All statisti-
cal analyses were conducted using SPSS version 22.0 (IBM, Armonk, NY, USA) software, and
a p-value of <0.05 was considered statistically significant.

Results
Baseline characteristics of the participants

A total of 6,442 men aged <50 years (n = 4135, age group 1), 50-64 years (n = 1958, age group
2), and >65 years (n = 349, age group 3) participated in the study. In age groups 1 and 2, the
mean BMI, WC, and TG and FBG levels were significantly higher in the hypogonadism group
than in the non-hypogonadism group (p < 0.05; Table 1). The HDL level was significantly
lower in the hypogonadism group than in the non-hypogonadism group. Furthermore, the
cholesterol and LDL levels were significantly higher in the hypogonadism group than in the
non-hypogonadism group (age groupl, p<0.05; Table 1). There were no statistically signifi-
cant differences in FBG, cholesterol, or LDL levels in age group 3 between the hypogonadism
and non-hypogonadism groups (p >0.05; Table 1). Participants with hypogonadism were sig-
nificantly more likely to be non-smokers (p<0.001).

Correlations between phenotypes and hypogonadism

The overall prevalence of hypogonadism among all participants was 10.63%. As shown in
Table 2, the distribution of phenotypes NWNT, EW, HTG, and HTGW) was significantly dif-
ferent between participants with and without hypogonadism (p<0.001). Participants without
hypogonadism were more likely to have the NWNT phenotype than those with
hypobonadism.

The prevalence of each phenotype in those with and without hypogonadism in each age
group is shown in Table 3. In age group 1, participants with hypogonadism were significantly
more likely to be HTGW than those without (p<0.001). In age group 2, the NWNT was signif-
icantly more prevalent among those with hypogonadism than those without (p<0.001).
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Table 1. Characteristics of participants in different age groups with and without hypogonadism.

Age < 50 years (n = 4135)

Age 50-64 years (n = 1958)

Age > 65 years (n = 349)

Without With P Without With P Without With p-value
hypogonadis m | hypogonadism hypogonadism hypogonadism hypogonadis m | hypogonadis m
(n = 3696) (n =439) (n=1742) (n=216) (n=319) (n = 30)
Age 39.0+6.7 39.4+5.9 0.166 55.5+4.1 55.3+4.2 0.498 70.0 £ 4.9 70.4 +4.2 0.660
BMI 24.6 £ 3.4 27.9+4.3 <0.001*** 24.6+2.9 26.8 3.4 <0.001*** 24.4+29 26.3 +3.1 <0.001**
WC 83.2+8.7 90.9+9.5 <0.001*** 84.5+7.9 90.0 + 8.8 <0.001*** 86.2 +8.3 91.5+8.0 <0.001**
TG 136.0 + 105.5 186.7 + 154.2 <0.001*** 133.3+£92.3 167.8 £ 91.0 <0.001*** 111.8 +72.8 148.6 + 113.0 0.036"
FBG 102.2 + 16.7 110.9 + 31.3 <0.001*** 109.6 + 21.3 118.8 +£27.8 <0.001*** 113.1 +25.0 117.2 £20.2 0.381
cholesterol 198.44+34.37 203.36+35.67 0.005"* 200.78+34.66 199.75+37.77 0.686 193.30+34.72 180.77+28.29 0.056
HDL 51.50+11.03 47.07+9.48 <0.001*** 53.12+12.32 47.10+9.67 <0.001*** 53.84+11.97 45.90+9.01 <0.001***
LDL 122.78+32.06 127.97+32.52 0.001** 122.80+31.56 124.27+32.33 0.518 117.79+32.91 115.50+24.83 0.711
T 542.3 +188.1 241.6 £ 52.0 <0.001*** 553.6 + 224.6 237.6 +53.1 <0.001*** 570.7 £ 236.1 216.1 +74.6 <0.001***
Smoking 0.007** 0.011* 0.829
status
Non- 2,050(56.9) 270(63.4) 933(55.6) 134(64.1) 208(67.1) 20(71.4)
smoker
Past 805(22.4) 94(22.1) 438(26.1) 53(25.4) 71(22.9) 5(17.9)
smoker
Smoker 746(20.7) 62(14.6) 308(18.3) 22(10.5) 31(10.0) 3(10.7)

BMLI: body mass index (kg/m*); WC: waist circumference (cm); TG: triglyceride (mg/dL); FBG: fasting blood glucose (mg/dL); cholesterol, Total Cholesterol (mg/dL);
LDL, low-density lipoprotein (mg/dL); HDL, high-density lipoprotein (mg/dL); T: testosterone (ng/dL).

*p < 0.05

**p < 0.01;

¥ p < 0.001.

https://doi.org/10.1371/journal.pone.0265629.t001

However, there were no significant differences in phenotypes between those with and without

hypogonadismin age group 3.

Risk of hypogonadism according to the four phenotypes

As shown in Fig 2, we investigated the effects of the four phenotypes on the risk of hypogonad-
ism. In age group 1, participants with the HTGW (odds ratio [OR], 1.980; 95% confidence
interval [CI], 1.354-2.896) and HT'G phenotype (OR, 1.803; 95% CI, 1.297-2.505) had higher
risks of hypogonadism than those with the NWNT phenotype, after adjustment for BMI, FBG
levels, cholesterol levels, HDL levels, LDL levels and smoking status. In age group 2, partici-
pants with the HTGW (OR, 1.873; 95% CI, 1.099-3.193) and HTG (OR, 2.098; 95% CI, 1.334-

Table 2. Incidence of hypogonadism in the four phenotypes.

Without hypogonadism (n = 5762) With hypogonadism (n = 685) p-value
Prevalence
Overall 10.63%
Phenotype <0.001 ***
NWNT 3,357 (58.3) 194 (28.3)
EW 734 (12.7) 150 (21.9)
HTG 1,068 (18.5) 150 (21.9)
HTGW 603 (10.5) 191 (27.9)

https://doi.org/10.1371/journal.pone.0265629.t002
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Table 3. Incidence of the four phenotypes in the different age groups with and without hypogonadism.

Prevalence
Age group
Phenotype

NWNT
EwW
HTG
HTGW

*p < 0.05;
p<0.01;

*** p < 0.001.

https://doi.org/10.1371/journal.pone.0265629.1003

Age < 50 years (n = 4135, age group 1) Age 50-64 years (n = 1958, age group 2) Age > 65 years (n = 349, age group 3)
Without With P Without With P Without With p-
hypogonadism hypogonadism hypogonadism hypogonadism hypogonadism hypogonadism | value
(n = 3696) (n = 439) (n=1742) (n=216) (n=319) (n = 30)
439(10.62) 216(11.03) 30(8.60)
<0.001 <0.001 0.071
2,209 (59.8) 124 (28.2) 972 (55.8) 60 (27.8) 173 (54.2) 10 (33.3)
406 (11.0) 85 (19.4) 264 (15.2) 54 (25.0) 64 (20.1) 11 (36.7)
709 (19.2) 97 (22.1) 318 (18.3) 50 (23.1) 41 (12.9) 3(10.0)
372 (10.1) 133 (30.3) 188 (10.8) 52 (24.1) 41 (12.9) 6 (20.0)

3.298) phenotypes also had higher risks of hypogonadism than those with NWNT after adjust-
ment for BMI, FBG levels, cholesterol levels, HDL levels, LDL levels and smoking status. How-
ever, no relationship was observed between the phenotypes and hypogonadism in age group 3.

NWNT, normal waist circumference and normal triglyceride levels; HT'G, hypertriglyceri-
demia and normal waist circumference; EW, enlarged waist and normal triglyceride levels;
HTGW, hypertriglyceridemia and waist (circumference > 90 cm).

Discussion

This is the first study to examine the correlation between the HTGW phenotype and hypogo-
nadism since the concept of the HTGW phenotype as a relatively inexpensive and common
screening tool in 2000 [16]. Our research shows that the HTGW phenotype is independently
associated with hypogonadism in Taiwanese adult men aged <65 years. Our findings suggest
that the management of high TG and WC may have potential health benefits for the treatment
of hypogonadism. Moreover, in the stratified analysis of age groups, we found that the HTGW
group in the middle-aged population (age < 50 years) had the highest OR (1.980) for hypogo-
nadism. This implies that the HTGW phenotype as a screening tool for hypogonadism might
serve as a basis for early intervention in the middle-aged population, which comprises younger
adults and the main workforce, to reduce the incidence of hypogonadism and its more serious
complications.

Several studies have shown that visceral obesity in men is associated with low testosterone
levels, male infertility, and erectile dysfunction [24-28]. In animal experiments, weight loss
was associated with a rise in testosterone, free testosterone (FT) and sex hormone-binding
globulin (SHBG), whereas weight gain was associated with a fall in these levels [29]. However,
hypogonadism may induce visceral obesity. In castrated animal model, weight significantly
increased, especially in terms of visceral fat accumulation [30]. This implies that hypogonad-
ism has a bidirectional relationship with obesity. Among the components of metabolic syn-
drome, it has the strongest association with visceral obesity [31, 32]. Indeed, male
hypogonadism can result from complex interactions between lifestyle, metabolic health and
genetic background. Endocrine disruption caused by metabolic diseases can trigger the onset
of hypogonadism, although the underlying mechanisms are not fully understood [33]. Meta-
bolic disorders may modify the hypothalamic pituitary gonadal (HPA) axis by periodically
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Fig 2. Odds ratio for hypogonadism stratified by age group. Adjusted OR were adjusted for body mass index, fasting blood glucose levels, cholesterol
levels, high-density lipoprotein levels, low-density lipoprotein levels, and smoking status.

https://doi.org/10.1371/journal.pone.0265629.g002
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suppressing one or more of its components, whereas, in permanent forms of hypogonadism
one or more of the HPA axis components has irrevocably loses functionality [34].

Instead of measuring BMI alone, the HTGW phenotype represents a simple screening
method to identify individuals likely to have excess visceral adiposity and ectopic fat [24]. The
TG level and WC are commonly measured in health examinations in Taiwan, but testosterone
level is rarely measured in middle-aged people. Therefore, by screening of the HTGW pheno-
type, a surrogate marker of visceral obesity that combines at-risk TG level measurement with
at-risk WC measurement has been proposed [16, 17]. Screening of the HTGW phenotype
allows for earlier identification of the high-risk group of patients with hypogonadism and fur-
ther examination of testosterone level in this population to facilitate early diagnosis and treat-
ment. However, in current geriatric practice, testosterone analysis during routine health
examinations is yet to be included. Therefore, the present study suggests incorporating testos-
terone analysis in the health examination list for men, especially those aged <50 years with
HTGW. This may be used as a more economical and effective screening method for hypogo-
nadism to prevent the subsequent development of hypogonadism and related serious
complications.

Whether the serum testosterone level in men decreases with age is still disputable. Although
the average testosterone level was found to decline with age in many studies [23, 35, 36], in the
present study, the prevalence of hypogonadism in each age group did not increase with age
(<50 years: 10.62%; 50 < age < 65 years: 11.03%; and age > 65 years: 8.60%). This age-related
decline in testosterone level was not observed in studies performed in China [37, 38] and
Japan [39]. The precise causes of this variation are unknown, but ethnic factors or differences
in study design may account for this variation. As the health examinations performed at the
M]J Health Screening Center are self-paid, our research participants might have had deviations
in their income level or health awareness.

This study has several limitations. First, this cross-sectional study could not clarify the cau-
sality between the HTGW phenotype and hypogonadism in the Asian population. Further
studies with a prospective design are necessary to verify our findings in different ethnic popu-
lations. Second, we evaluated testosterone deficiency based on a single measurement of total
testosterone level because the FT data could not be obtained from the health examination data-
base used in this study. Furthermore, some pathological conditions that may affect testes func-
tion (eg injury, trauma, infection or tumor, endocrine disease, etc.) were not able to include in
our data. We hope to conduct another retrospective study in the future to investigate the rela-
tionship between the HTGW phenotype and FT without previous pathological conditions.
Third, this study did not use imaging technologies such as computed tomography and mag-
netic resonance imaging to evaluate the visceral fat content of the participants, so we could not
understand the relationship between visceral fat and testosterone level. Additional studies are
needed to examine this relationship.

Conclusions

Based on the results of nearly 6447 middle-aged and elderly participants, the present study
shows that the HTGW phenotype was highly associated with hypogonadism in Taiwanese
adult men. More attention should be paid to people aged <50 years who have the HTGW phe-
notype to reduce the serious complications of hypogonadism.
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