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Objective. There is a bidirectional interaction between circulating testosterone and blood glucose levels. We aim to investigate the
testosterone levels in men with early-onset type 2 diabetes (T2DM). Methods. A total of 153 drug naive men with T2DM were
enrolled in the study. Early- (n=63) and late-onset (n=90) T2DM was classified according to age 40 years old. Clinical
characteristics and plasma for biochemical criterions were collected. Gonadal hormones were measured using
chemiluminescent immunometric assay. The concentrations of 38- and 17B-HSD were determined using ELISA. Results.
Compared with men with late-onset T2DM, those with early-onset T2DM had lower serum total testosterone (TT), sex
hormone-binding globulin (SHBG), and FSH, but higher dehydroepiandrosterone sulfate (DHEA-S) level (p <0.05). The
mediating effect analysis showed that the decreased TT levels in patients with early-onset T2DM were associated with the
higher HbAlc, BMI, and triglyceride in these patients (both p <0.05). The early-onset of T2DM directly correlated with
increased DHEA-S (both p < 0.01). The 33-HSD concentration in the early-onset T2DM group was lower than that in the late-
onset T2DM group (11.07 +3.05 vs. 12.40 + 2.72 pg/mL, p = 0.048) and was positively correlated with fasting C-peptide, while
negatively correlated with HbAlc and fasting glucagon (p all < 0.05). Conclusions. Patients with early-onset T2DM showed
inhibition of conversion from DHEA to testosterone, which may attribute to the low level of 35-HSD and high blood glucose
in these patients.

1. Introduction

Prevalence of type 2 diabetes mellitus (T2DM) is rapidly
increasing worldwide and observed increasingly among
younger adults in China [1]. Early-onset T2DM was defined
as diagnosis before 40 years of age [2]. According to the Joint
Asia Diabetes Evaluation (JADE) programme, 18% of Asian
adults with T2DM were early onset [3]. In China, the prev-
alence of T2DM among 18-29 and 30-39 years old was
4.5% and 6.6%, respectively, and the prevalence of prediabe-
tes aged <40 was as high as 40-50% [4].

Compared with late-onset T2DM, patients with early-
onset T2DM had more severe metabolic disorders and dia-
betic complications [5]. Early-onset T2DM is also associated

with more unfavorable cardiovascular disease risk factors as
well as greater morbidity and mortality when compared with
TIDM [6]. A cross-sectional study using data from China
National HbAlc Surveillance System showed that Chinese
patients with early-onset T2DM were at increased risk of
nonfatal cardiovascular disease [7].

Testosterone is a hormone that plays a key role in carbo-
hydrate, fat, and protein metabolism, and it has been known
for some time that testosterone has a major influence on
body fat composition and muscle mass in males, both of
which are closely related to insulin resistance [8]. Previous
study showed that the prevalence of testosterone deficiency
was significantly higher in men with type 2 diabetes than
in the normal population (51% vs. 30%) [9], and long-term
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testosterone therapy prevented prediabetes progression to
T2DM in men with hypogonadism [10].

In normal men, testosterone levels decreased about 0.3-
2.0% per year naturally [11]. However, Li et al. found that
patients with early-onset T2DM showed much higher prev-
alence of hypogonadism than those with late-onset T2DM
(48.0% vs. 26.7%) [12]. Unfortunately, the study was per-
formed in patients with the age of 18~80 years, and the
mean age of late-onset group was 64.56 + 10.74 years. It
has been demonstrated that testosterone begins to drop after
the age of 30~40, but more quickly after 65 years [13, 14]. As
a result, Li et al. did not find a difference in testosterone
levels between the patients with early- and late-onset
T2DM [12]. Therefore, we performed the present study to
compare the levels of gonadal hormones between men with
early-onset T2DM and those with late-onset T2DM before
65 years old and attempt to investigate the role of metabolic
indicators and hydroxysteroid dehydrogenase (HSD) levels
in the relationship between the age of T2DM onset and tes-
tosterone levels.

2. Materials and Methods

2.1. Subjects. The present study is a subsequent research of
our previous studies (clinicaltrials.gov, NCT03982238) [15,
16]. We consecutively included the patients who were
admitted to Nanjing First Hospital from March 2021 to
May 2022 because of high blood glucose with or without dia-
betes symptoms and met the inclusion criteria. The inclu-
sion criteria were as follows: newly diagnosed male T2DM
patients who met the World Health Organization (WHO)
1999 diagnostic criteria, aged 18-65 years, and had not been
treated with any hypoglycemic drugs. Exclusion criteria were
as follows: (1) already on treatment with lipid-lowering or
antihypertensive medications, (2) with serum alanine ami-
notransferase (ALT) level more than 2.5 times the upper
normal range (100 U/L) or creatinine level more than 1.3
times the upper normal range (105ymol/L), (3) a history of
systemic corticosteroid use in the past 3 months, and (4)
any infection or acute diabetic complications such as ketoac-
idosis or hyperosmolar state (coma). The classification of
type 2 diabetes was judged by at least two endocrinologists,
and type 1 diabetes was excluded according to the “Stan-
dards of Medical Care for Type 2 Diabetes in China”
(2017) [17]: usually under 30 years old; obvious symptoms
of polydipsia, polyuria, polyphagia, and emaciation begin
with ketosis or ketoacidosis and nonobese; fasting or post-
prandial serum C-peptide concentration significantly
decreased; positive autoimmune markers include islet cell
autoantibodies (ICA-Ab), autoantibodies to glutamic acid
decarboxylase (GAD-ADb), tyrosine phosphatases IA-2, and
zinc transporter 8 (ZnT8). We performed ICA-Ab and
GAD-Ab in the present study at the same time as the
patients were diagnosed with diabetes.

2.2. Anthropometric and Laboratory Measurements. After
admission, baseline parameters including age, height,
weight, waist circumference (WC), and medical history were
collected. Body mass index (BMI) was calculated as weight
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divided by the square of height (kg/m?). Blood samples were
collected following an overnight fast for the assessment of
biochemical indicators. Fasting blood glucose (FBG), creati-
nine (Cr), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
apolipoprotein A-1 (ApoA-1), and apolipoprotein B (ApoB)
were measured by an autoanalyzer (Modular E170; Roche,
Mannheim, Germany). Glycated hemoglobin (HbAlc) was
determined using high-performance liquid chromatography
assay (Bio-Rad Laboratories, USA). Fasting C-peptide (FC-
p), fasting glucagon (FGLA), postprandial C-peptide (PC-
p), postprandial glucagon (PGLA), and gonadal hormones
including follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E), progestin (P), prolactin
(PRL), testosterone (T), and dehydroepiandrosterone sulfate
(DHEA-S) were measured with chemiluminescent micro-
particle immunoassay (Architect system, USA). GAD-Ab
(reference range, <10 IU/mL) and ICA-Ab were tested using
chemiluminescent immunoassay (YHLO, China). 33-HSD
and 17p3-HSD were determined by enzyme-linked immuno-
sorbent assay following the manufacturer’s recommenda-
tions (Jiangsu Meimian Industrial, China). Both the intra-
and interassay coefficients of variation were less than 10%.
Free testosterone (FT) and bioactive testosterone (Bio-T)
were calculated through the web site http://www.issam.ch/
freetesto.htm. Homeostatic model assessment of insulin
resistance (HOMA-IR) index was determined with FBG
and FC-P through HOMA?2 calculator software (download
from  http://www.dtu.ox.ac.uk/homacalculator/download
.php) [18].

2.3. Statistical Analysis. Data are presented as mean +
standard error (SE), median (interquartile range), or per-
centage as appropriate. Standard ¢ test was used to compare
normally distributed data, and the Wilcoxon test was used
for asymmetrically distributed data. The categorical data
were examined with chi-square test. The Pearson or Spear-
man correlation analysis was performed between biochemi-
cal indicators and the levels of sex hormones. Mediation
analysis was conducted to explore the potential mediating
effects on the association of gonadal hormone with the age
of diabetes onset. All statistical analyses were performed
using SPSS version 22.0 software (IBM Corp., USA). A p
value < 0.05 was considered statistically significant.

3. Results

3.1. General Characteristics of Patients. Finally, a total of 153
men with newly diagnosed T2DM with the mean age of
44.99 +0.88 years were recruited in this study. The mean
BMI was 25.73 +0.29kg/m’ and the HbAlc was 9.99 +
0.17%. According to the diagnosis age before 40 years or
not, we divided patients into two groups: early-onset group
(n=63) and late-onset group (n = 90). Compared to patients
with late-onset T2DM, those with early-onset T2DM had
higher BMI and WC. There were no significant differences
in the proportion of smoking and hypertension between
the two groups (Table 1).
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TaBLE 1: General characteristics between two groups.

Early-onset T2DM Late-onset T2DM p
Number 63 90 —
Age (year) 34.39+0.66 52.41+0.73 <0.001
BMI (kg/mz) 26.84 +0.50 24.94+0.32 0.002
WC (cm) 947415 87.01£0.85 <0.001
HbAlc (%) 10.47 £ 0.27 9.66 +£0.22 0.022
TC (mmol/L) 5.3 (4.54, 6.02) 5.08 (4.31, 5.77) 0.116
TG (mmol/L) 2.95 (1.54, 4.25) 1.81 (1.27, 2.41) <0.001
HDL (mmol/L) 0.93 (0.83, 1.07) 1.02 (0.92, 1.15) 0.009
LDL (mmol/L) 2.91 (2.46, 3.72) 2.87 (2.58, 3.44) 0.392
ApoA-1 (g/L) 0.96 +0.02 1.01 £0.02 0.119
ApoB (g/L) 1.11+0.04 0.94£0.03 <0.001
ApoA-1/ApoB 0.91+0.03 1.15+0.04 <0.001
FBG (mmol/L) 10.94+0.5 9.75+0.38 0.055
FC-p (ng/mL) 1.6 (1.06, 2.45) 1.69 (1.24, 2.1) 0.792
PC-p (ng/mL) 2.78 (1.81, 5.76) 4.06 (2.35, 5.33) 0.101
FGLA (pg/mL) 125.16 (102.14, 151.2) 125.3 (104.04, 136.86) 0.605
PGLA (pg/mL) 155.13 (132.28, 181.28) 142.34 (125.68, 169.41) 0.285
HOMA-IR 1.82 (1.14, 2.7) 1.61 (1.23, 2.15) 0.299
GAD-Ab (IU/mL) 0.76 (0.45, 1.30) 0.95 (0.43, 1.83) 0.257
ICA-ADb positive (%) 0 0 —
Smoking (%) 34.92 42.89 0.099
Hypertension (%) 25.40 33.33 0.371

BMI: body mass index; WC: waist circumference; HbAlc: glycated hemoglobin; TC: total cholesterol; TG: triglyceride; LDL: low-density lipoprotein; HDL:
high-density lipoprotein; ApoA-1: apolipoprotein A-1; ApoB: apolipoprotein B; FBG: fasting blood glucose; FC-P: fasting C-peptide; PC-p: postprandial C-
peptide; FGLA: fasting glucagon; PGLA: postprandial glucagon; HOMA-IR: homeostatic model assessment of insulin resistance; GAD-Ab: glutamic acid
decarboxylase antibody; ICA-ADb: islet cell autoantibodies. Data were presented as mean + SE or median (interquartile range).

3.2. Biochemical Characteristics between Two Groups. As
shown in Table 1, compared to patients with late-onset
T2DM, those with early-onset T2DM had higher HbAlc
and severe dysfunction of lipid metabolism (TC, TG, ApoB,
and ApoB/ApoA-1). However, the level of FBG, FC-p,
FGLA, PC-p, PGLA, HDL, LDL, ApoA-1, and HOMA-IR
had no significant differences between the two groups.

3.3. Sex Hormone Concentrations between Two Groups. As
shown in Figure 1, patients with early-onset T2DM had
lower TT (11.93 £0.57 vs. 14.04 £ 0.56 nmol/L, p=0.011),
FSH (4.13+0.3 vs. 5.92+0.32IU/L, p < 0.001), and SHBG
(15.03+1.07 vs. 27.29+1.26nmol/L, p all < 0.05), but
higher level of DHEA-S (263.08 + 12.66 vs. 200.17 + 8.00
umol/L, p <0.001). Therefore, the ratio of T/DHEA-S was
significantly decreased in patients with early-onset of
T2DM (0.02 + 0.001 vs. 0.03 £ 0.003 nmol/pmol, p =0.001)
compared with the late-onset group. There were no signifi-
cant differences in E, LH, RPL, Bio-T, and FT concentration
between two groups (p all > 0.05).

3.4. Mediating Effects between the Sex Hormone
Concentrations and the Age of Diabetes Onset. T'T was posi-
tively correlated with age and was also correlated with BMI,
WC, HbAlc, TG, and HOMA-IR (p all < 0.05, Figure 2)

according to the correlation analysis. DHEA-S was nega-
tively correlated with age and significantly correlated with
BMI, WC, TG, fasting and 2h C-peptide, HOMA-IR, and
2h glucagon (p all < 0.05). In both groups, TT remains neg-
atively correlated with BMI and WC, and DHEA-S remains
positively correlated with 2h C-peptide and HOMA-IR.
Moreover, TT was positively correlated to ApoA-1 in
patients with early-onset T2DM and negatively correlated
with HOMA-IR in late-onset T2DM (p all < 0.05). DHEA-
S was positively correlated with BMI, FC-P, and PGLA and
negatively correlated with TC, HDL, ApoA-1, and FBG in
patients with early-onset T2DM only. After age stratifica-
tion, the correlation between TT and age, as well as
DHEA-S and TG, was no longer significant (p all > 0.05,
Figure 2).

We performed a mediating analysis between the age of
T2DM onset and the levels of TT and DHEA-S using the
related factors. The results showed that the total effect of
the age of T2DM onset on the TT levels was 0.11 (0.03
and 0.18) and the total effect of the TT levels on the age of
T2DM onset was 0.49 (0.15 and 0.82), both p=0.005. As
shown in Figure 3(a), without significant direct effect, the
age of T2DM onset had significant indirect effect on TT
levels through HbAlc and BMI (both p<0.05), and TT
levels also had indirect effect on the age through HbAlc,
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FIGURE 1: Serum sex hormone concentrations between patients with early-onset and late-onset T2DM. T2DM patients were divided into
early-onset diabetes group (1 = 63) and late-onset diabetes group (n = 90) according to the age of onset of diabetes at 40 years. DHEA-S:
dehydroepiandrosterone sulfate; SHBG: sex hormone binding globulin; LH: luteinizing hormone; FSH: follicle-stimulating hormone.

BMI, and TG (p all < 0.05). Among these factors, BMI
accounts for 34.12% of the total effect of age on TT, and
TG accounts for 24.98% of the total effect of TT on the age
of diabetes onset. The total effect of age on DHEA-S was
-3.90 (-5.20 and -2.61), and that of DHEA-S on age was
-0.05 (-0.06 and -0.02), both p < 0.001. There were direct
interactions between DHEA-S and age of diabetes onset
(both p<0.01, Figure 3(b)). Moreover, HOMA-IR had
mediating effects between DHEA-S and age (both p < 0.05,
Figure 3(b)), while TG and WC only mediated the effect of
DHEA-S on the age.

3.5. The 3B-HSD and 173-HSD Concentrations in Early-
Onset T2DM. We further measured 3$- and 173-HSD in
76 patients to explore the potential reason of the reduction
of T/DHEA-S ratio, and the 33-HSD concentration in the
early-onset T2DM group (n=33) was lower than that in
the late-onset T2DM group (n =43, 11.07 £ 3.05 vs. 12.40
+2.72 pg/mL, p = 0.048). However, there was no significant
difference of 17B-HSD concentration between the two
groups (28.63+2.00 vs. 25.88+1.63pg/mL, p=0.287).
Moreover, linear regression analysis showed that the 3f3-
HSD level was correlated with fasting C-peptide (standard-

ized $=0.576, p=0.024), HbAlc (standardized 3 =-0.317
, p=0.034), and fasting glucagon (standardized §=-0.357,
p=0.038), while BMI and WC, blood lipids, and HOMA-
IR were excluded.

4. Discussion

The present study describes the characteristics of circulating
sex hormone levels in men with early-onset T2DM. Our
results showed significant decreased serum TT, SHBG, and
FSH levels and increased DHEA-S level in men with early-
onset T2DM compared with men with late-onset T2DM,
which have not been reported previously as we are aware of.

Previous cross-sectional and longitudinal data indicated
that testosterone falls progressively with age [19]. To our
surprise, TT levels were lower in men with early-onset
T2DM. The result explained the higher prevalence of hypo-
gonadism in men with early-onset T2DM than those with
late-onset T2DM in the previous study [12]. Another study
in patients with T2DM also showed higher prevalence of
hypogonadism in men within the range of 31 and 40 years
old (29%) than in men from 41 to 50 years old (12%) [20].
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Therefore, our results indicate that it is necessary to measure
testosterone levels in men with early-onset T2DM.

DHEA, a steroid hormone mainly synthesized by the
adrenal cortex, is an important intermediate in the synthesis
of testosterone and exists in the main form of DHEA-S [21].
Both DHEA-S and DHEA plasma levels declined with age in
healthy men [22]. In the present study, DHEA-S was also
significantly declined with age in patients with T2DM.
DHEA is oxidized by 33-HSD on the 33-hydroxy group to
generate Adione, later then catalyzed by 178-HSD and
results in a reduction of its C17 keto group to a 3-hydroxyl
group, and finally generates testosterone [21]. Due to the low
TT and high DHEA-S in men with early-onset T2DM, it is
reasonable to suspect that there is a disorder in the conver-
sion from DHEA to testosterone in these patients, and the
low level of 33-HSD in men with early-onset T2DM in this
study confirmed our hypothesis.

The present study found that SHBG and FSH levels were
lower in the early-onset group than those in the late-onset
group. Previous study also showed an age-related increase
of SHBG (about 1.2% per year) with an increase of fat mass
and insulin levels [22], and Li et al. found significant reduced
FSH levels in early-onset T2DM [12]. These results are con-

sistent with our study. In the present study, there was no
direct effect between the decreased TT levels and the
increased age of diabetes onset, while HbAlc, BMI, and
TG acted as mediating factors. The 35-HSD levels also neg-
atively associated with HbAlc. Hyperglycemia has been
demonstrated as an important factor in the reduction of tes-
tosterone levels in type 2 diabetes [14, 23]. Our previous
studies also demonstrated that blood glucose normalization
in patients with T2DM elevated the TT levels significantly
[15, 24]. Moreover, blood glucose normalization via short-
term intensive insulin therapy increased 35-HSD and 17§-
HSD levels in previous study [16]. Thus, in men with newly
diagnosed early-onset T2DM, higher HbAlc may lead to
lower 3B5-HSD and consequent lower TT levels compared
with men with late-onset T2DM, and intensive hypoglyce-
mic therapy may improve testosterone deficiency and pre-
vent the following hypogonadism. On the other hand, low
TT levels may aggravate the metabolic disorders and acceler-
ate the development of diabetes [8]. Previous study showed
that testosterone treatment can prevent or revert type 2 dia-
betes in men [25]. However, which of the two (low TT and
hyperglycemia) is the priming factor of early-onset T2DM
needs to be further studied. The causal relationship between
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FIGURE 3: Mediating effect analysis between the sex hormone concentrations and the age of diabetes onset. (a) The mediating effects of
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triglyceride (TG), waist circumference (WC), and HbAlc between age of diabetes onset and dehydroepiandrosterone sulfate (DHEA-S).

**p<0.01 and *p <0.05.

sexual hormones and the age of onset of T2DM could not be
concluded in the cross-sectional study, which is a limitation
of this study. The problems of obesity and lipid disorder in
patients with early-onset T2DM were worse than in the
other patients with T2DM [12, 26] and have been demon-
strated as risk factors of hypogonadism and low testosterone
[14], which were also observed in the present study. The
severe metabolic disorder in the patients with early-onset
T2DM may lead to the unexpected age-inappropriate TT
levels.

In the present study, patients with early-onset T2DM
had higher fasting blood glucose than the other group, but
the fasting C-peptide was similar between the two groups.
This may be due to the hepatic insulin resistance or less por-
tal levels of insulin in patients with early-onset diabetes.
These patients had larger BMI and waist circumference, as
well as more severe lipid disorders compared to patients
with late-onset T2DM in this study, which significantly
increased the likelihood of developing nonalcoholic fatty
liver disease. The changes of the liver in patients with
early-onset T2DM may also lead to SHBG reduction, which
was found in the present study. However, the hepatic disor-
der in patients with early-onset T2DM needs to be further
investigated.

Previous study found higher proportions of smoking and
drinking in patients with early-onset T2DM compared with
those in patients with late-onset T2DM ([3], and tobacco
smoking and alcohol drinking may increase testosterone
levels in men [27, 28]. However, the proportion of smoking
was slightly lower in the early-onset group, and the data of
alcohol consumption was lacked in the present study. There-
fore, the effects of smoking or alcohol consumption on the

testosterone reduction in early-onset T2DM remain unclear,
which is one of the limitation of our study.

In conclusion, newly diagnosed male patients with early-
onset T2DM had lower TT levels than those with late-onset
T2DM, which may be associated with the decreased level of
3B-HSD and more severe metabolic disorders before diabe-
tes diagnosis in these patients. The poor glycemic control,
obesity, and lipid disorder, as well as testosterone deficiency
in men with early-onset T2DM, need to be treated
aggressively.
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