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Objective: This study aimed to evaluate Serum 25-hydroxyvitamin D (25[OH]D) levels in
diabetic men with and without hypogonadism and figured out the potential factors
influencing the connection between vitamin D and testosterone.

Methods: A total of 367 men with type 2 diabetes mellitus (T2DM) were investigated,
including 254 men with normal gonadal function (Group 1) and 113 men with
hypogonadism (Group 2). Men with hypogonadism were classified as either
hypogonadotropic hypogonadism (Group 2a) or hypergonadotropic hypogonadism
(Group 2b). Serum 25(OH)D levels were detected by liquid chromatography-tandem
mass spectrometry in all cases. Morning total testosterone (TT), estradiol (E),
dehydroepiandrosterone (DHEA), prolactin (PRL), sex hormone-binding globulin
(SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH), thyroid function,
parathyroid and adrenal hormones, fasting blood glucose (FBG), fasting insulin (Fins) and
hemoglobin A1c (HbA1c) were also assessed.

Results: The prevalence of hypovitaminosis D in men with T2DM was up to 96.46%.
Serum 25(0OH)D levels were significantly lower in men with hypogonadism than those with
eugonadism (16.65 + 6.44 ng/mL vs. 18.17 £ 6.17 ng/mL, P=0.033). The lowest 25(0H)D
level was observed in Group 2a (16.22 + 6.52 ng/mL). After adjustment for the selected
factors, serum 25(0OH)D concentrations were shown to be positively correlated with TT
concentrations (r=0.137, P=0.032). The relationship between 25(0OH)D and testosterone
was altered by age, duration of T2DM, body mass index, and HbA1c. Serum 25(0OH)D
level was positively associated with serum TT level in men with age <60 years (~=0.180,
P=0.003), or with duration>5 years (r=0.186, P=0.013), or with body mass index
(BMI)=28kg/m? (r=0.431, P=0.000), or with HbA1c=9% (r=0.145, P=0.031).
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Conclusions: These findings indicate that type 2 diabetes patients with hypogonadism
have lower 25(0OH)D levels than those without hypogonadism. There seems to be a
positive association between the serum 25(0OH)D and TT levels, which affected by age,

duration, BMI, and HbA1c
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INTRODUCTION

Vitamin D deficiency has become a global public health concern
(1-3). Over the past few decades, the prevalence of
hypovitaminosis D has increased in the general population (4-
6). Low vitamin D is associated with the risk of cardiovascular
disorders, cancer, type 2 diabetes mellitus (T2DM),
neurodegenerative diseases, hypogonadism and even life-
threatening conditions (7).

Once vitamin D produced in the skin or ingested gets to the
liver, it is mainly converted to 25-hydroxyvitamin D [25(OH)D]
by the microsomal enzyme CYP2R1 with 25-hydroxylase
activity, but also by CYP27A1 enzyme, widely distributed in
several tissues with hydroxylase activity. 25(OH)D is the major
circulating form of vitamin D that is measured to determine a
person’s vitamin D status. However 25(OH)D is biologically
inert and is transported to the kidneys where it is converted by
the only enzyme with 1o hydroxylase activity, CYP27B1, to its
fully active form 1,25-dihydroxyvitamin D [1,25(OH)2D] and
most potent metabolite of vitamin D (8). Recent research
highlights a close link between vitamin D deficiency and
hypogonadism. A total of 4254 men in the Survey on
Prevalence in East China for Metabolic Diseases and Risk
Factors (SPECT-China) study showed that lower 25(OH)D
levels were associated with lower total testosterone (TT) after
multivariable adjustment (9). According to the findings of a
meta-analysis, a low blood 25(OH)D level was slightly associated
with a low testosterone level (10). Moreover, there has been some
evidences indicating that the expression of the vitamin D
receptor (VDR) and vitamin D metabolizing enzymes in the
testis (11, 12). Notably, a clinical investigation discovered that
type 2 diabetic patients with hypogonadism had a higher rate of
vitamin D deficiency than those without hypogonadism (13).

It seems possible that vitamin D interacts with testosterone in
patients with T2DM. However, no studies have investigated the
prevalence of vitamin D deficiency in Chinese men with T2DM
and hypogonadism. In addition, the relationship between 25
(OH)D and testosterone still remains unknown. Hence, we
evaluated serum 25(OH)D levels in diabetic men with and
without hypogonadism and figured out the potential factors
influencing the connection between vitamin D and testosterone.

MATERIALS AND METHODS

Participants and Enroliment
From January 2015 to December 2016, we conducted a
retrospective study among 367 males with T2DM from the

Department of Endocrinology and Metabolic Diseases at
Affiliated Hospital of Integrated Traditional Chinese and
Western Medicine, Nanjing University of Chinese Medicine,
including 254 with normal gonadal function (Group 1) and
113 with hypogonadism (Group 2).

Inclusion criteria were age >18 years, type 2 diabetes mellitus,
and a previous screening for morning serum testosterone.
Exclusion criteria included congenital hypogonadism, use of
any agent that affected bone metabolism, malabsorption
syndrome, testosterone supplementation, hypoparathyroidism,
history of orchiectomy, and intake of fish oil. This research was
approved by the institutional review board and the informed
consent was obtained from all cases.

The definition of hypogonadism was based on standard
criteria, particularly a morning (between 8 and 10 a.m.) serum
testosterone concentration <11nmol/L with symptoms and signs
of hypogonadal function (14). The differentiation between
hypergonadotropic and hypogonadotropic hypogonadism was
made according to serum luteinizing hormone (LH) levels, which
would be elevated in the former, and low or normal in the latter.
The LH threshold was 8.6 IU/L (the upper limit of the reference
range in our hospital). Serum testosterone and LH levels were
assessed in two different samples.

Although the deficiency and insufficiency cutoff values of
vitamin D remain controversial, 25(OH)D concentrations were
defined as insufficient (20-29.9ng/mL) or deficient (<20ng/mL)
according to the Endocrine Society Clinical Practice Guideline
(15). 25(OH)D is the primary metabolite of vitamin D and the
best maker to monitor vitamin D status (16).

Clinical Parameters

The medical data of all subjects were collected. Age, gender,
height, weight, waist circumference, duration of T2DM and
blood pressure were recorded, and body mass index (BMI) was
also calculated.

Biochemical Parameters

Serum 25(OH)D levels were detected by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). Fasting blood glucose
(FBG) was measured by enzymatic test; glycated hemoglobin
(HbA1lc) analysis was performed with high performance liquid
chromatography (HPLC); total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), albumin, calcium and
phosphate were determined by enzymatic colorimetric test;
serum creatinine was measured by enzymatic test. Levels of
hormones, including fasting insulin (Fins), TT, sex hormone-
binding globulin (SHBG), dehydroepiandrosterone (DHEA),
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LH, follicle-stimulating hormone (FSH), TT, estradiol (E2),
prolactin (PRL), adrenocorticotropic hormone (ACTH),
cortisol (F), thyroid-stimulating hormone (TSH), free
thyroxine (fT4), free triiodothyronine (fI3), parathyroid
hormone (PTH), were assayed by electrochemiluminescence
immunoassay (ECLIA). Assays for urine albumin were also
performed by immunity transmission turbidity. The levels of
Homeostasis Model Assessment-insulin resistance (HOMA-IR),
Homeostasis Model Assessment- (HOMA-B), free testosterone,
glomerular filtration rate (GFR) and urine albumin to creatinine
ratio (ACR) were calculated. HOMA-IR was calculated
according to the formula: Fins (uIU/L)xFBG (nmol/L)/22.5,
and HOMA-B was calculated according to the formula:
20xFins (uIU/L)/[FBG (nmol/L)-3.5]. In order to avoid the
effects of seasonal variations, serum 25(OH)D levels were
evaluated in plasma samples drawn from July through early
September in 2015 and 2016.

Statistical Analysis

Data analysis was performed through IBM SPSS Statistics,
Version 21 (IBM Corporation, Armonk, NY, USA). Results
were expressed as mean and standard deviation, median
(interquartile range), or number (percentage). All the data
passed the normality test except for those on FIns, HOMA-IR,
HOMA-B, TG, ACR, LH, FSH and TSH and LH, which are
expressed as median (interquartile range). Normal distribution
was verified through the Kolmogorov-Smirnov test. Differences
between two groups were evaluated by t-test and rank-sum test.
Differences between frequencies were determined by chi-square
test or Fisher’s exact test. Differences among groups were
evaluated by one-way anova. Comparison among three groups
was performed using Kruskal-Wallis H test. Correlations
between 25(OH)D and age, BMI, HbAlc, FBG, FIns, HOMA-
IR, HOMA-B, TT, free testosterone, sex hormone-binding
globulin, dehydroepiandrosterone, luteinizing hormone,
follicular stimulating hormone, estradiol, prolactin were
evaluated by Pearson or Spearmen test. To address the
independent relationships between 25(OH)D and the selected
variable, a multiple linear regression model was used. A P-value
of <0.05 was considered statistically significant.

RESULTS

We investigated 367 men with T2DM (mean age 52.24 + 11.51
years), including 254 men with normal gonadal function and 113
with hypogonadism. The main anthropometric, clinical,
glucometabolic and hormonal characteristics are summarized
in Table 1. The mean serum 25(OH)D level was 17.70 + 6.29 ng/
mL. The serum 25(OH)D level was significantly lower in men
with T2DM with hypogonadism than in men with eugonadism
(16.65 + 6.44 ng/mL vs. 18.17 + 6.17 ng/mL, P=0.033) (Figure 1).
The prevalence of vitamin D deficiency (serum 25[OH]D<20 ng/
mL) and insufficiency (serum 25[OH]D 20-29.9 ng/mL) was
62.99% and 33.47% in Group 1, and 69.03% and 27.43% in
Group 2, respectively. No differences in vitamin D deficiency,

insufficiency, or sufficiency prevalence have been found between
Groups 1 and 2 (P=0.556).

Group 2 was further categorized into Group 2a (mean age
49.27 + 11.46 years, BMI 26.46 + 3.69 kg/m”), which included 94
men with hypogonadotropic hypogonadism (low
testosterone+low or normal LH) and Group 2b (mean age
60.32 + 10.56 years, BMI 25.42 + 2.38 kg/m?), which included
19 men with hypergonadotropic hypogonadism (low
testosterone+high LH) (Table 1). For serum 25(OH)D levels,
we found a statistically significant difference between Groups 1
and 2a (18.17 £ 6.17 ng/mL vs. 16.22 + 6.52 ng/mL, P=0.011), but
not between Groups 1 and 2b (18.17 + 6.17 ng/mL vs. 18.82 +
5.71 ng/mL, P=0.659) (Figure 1). Besides, there was no
significant difference in serum 25(OH)D levels between Groups
2a and 2b (P=0.098). No differences in vitamin D deficiency,
insufficiency, or sufficiency prevalence have been found among
Groups 1, 2a, and 2b (P=0.301) (Table 1).

Serum 25(OH)D showed significant differences between
Groups 1, 2a, and 2b (P=0.025) in men with serum 25(OH)D
levels <20 ng/mL (14.43 + 3.82 ng/mL vs. 13.26 + 4.14 ng/mL vs.
12.96 + 4.20 ng/mL), but not in men with serum 25(OH)D of 20-
29.9 ng/mL (P=0.701) (Table 2).

Our correlation analysis showed a significant association
between serum vitamin D concentration and age (r=0.150,
P=0.004), duration (r=-0.124, P=0.017), BMI (r=-0.172,
P=0.001), FBG (r=-0.108, P=0.039), Fins (r=-0.131, P=0.012),
HOMA-IR (r=-0.157, P=0.003), TT (r=0.142, P=0.006), and
SHBG levels (r=0.187, P=0.000) (Table 3). Multiple linear
regression analysis was performed to investigate the association
between serum 25(OH)D level and testosterone levels (Table 4).
In Model 1, the level of serum 25(OH)D was significantly
associated with that of TT without adjustment for any factors
(r =0.174, P=0.006). In Model 2, serum 25(OH)D was
significantly associated with the TT after adjustment for age,
duration, BMI (r=0.135, P=0.035). In Model 3, serum 25(OH)D
was significantly associated with the TT after adjustment for
HbAlc, FBG, FIns, HOMA-IR, HOMA-f (r=0.174, P=0.006). In
Model 4, serum 25(OH)D was significantly associated with the
TT after adjustment for LH, FSH, E,, DHEA, PRL (r=0.177,
P=0.005). In Model 5, serum 25(OH)D was significantly
associated with the TT after adjustment for all the factors
above (r=0.137, P=0.032).

Then, we investigated the association between serum 25(OH)
D and testosterone levels after age, duration, BMI and HbAlc
stratification (Tables 5-8). First, we observed that serum 25(OH)
D level was positively associated with TT level in younger men
(age <60 years) (r=0.180, P=0.003), but not in men aged =60
years (r=0.052, P=0.615) (Figure 2). Second, serum 25(OH)D
level was significantly related to TT level in cases with
duration>5 years (r=0.186, P=0.013), but not in cases with
duration<5 years (r=0.103, P=0.158) (Figure 3). Third, serum
25(OH)D level was significantly related to TT level in men with
BMI>28kg/m?> (r=0.431, P=0.000), but not in men with
BMI<18.5kg/m2 (r=0.065, P=0.265) (Figure 4). At last, serum
25(OH)D level was significantly associated with TT level in cases
with HbA1¢>9% (r=0.145, P=0.031), but not in cases with
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TABLE 1 | Clinical, metabolic, and hormonal parameters of patients.

Group 1 Group 2 Group 2a Group 2b P
n =254 n=113 n=94 n=19

Age (yrs) 52.74 + 11.26 51.12 + 12.01 49.27 + 11.464 60.32 + 10.564# <0.001
Duration (yrs) 4.98 + 4.41 4.20 + 3.50 4.33 +3.54 3.59 + 3.36 0.176
Height (mz) 1.71 £ 0.06 1.71 £ 0.06 1.71 £ 0.06 1.71 £0.04 0.527
Weight (kg) 72.75 +10.79 77.36 + 11.71* 77.95 + 12,384 7445+ 715 0.001
BMI (kg/m?) 24,93 + 3.22 26.29 + 3.52* 26.46 + 3.694 25.42 + 2.38 0.001
25(OH)VD (ng/mL) 18.17 £ 6.17 16.65 + 6.44* 16.22 + 6.504 18.82 + 5.71 0.026
<20, n (%) 160 (62.99%) 78 (69.03%) 67 (71.28%) 11 (57.90%)

20-29.9, n (%) 85 (33.47%) 31 (27.43%) 24 (25.53%) 7 (36.84%)

>30, n (%) 9 (3.54%) 4 (3.54%) 3(3.19%) 1(5.26%)

HbA1c (%) 9.74 + 2.39 9.79 + 2.23 9.78 +2.34 9.81 + 1.58 0.986
FBG (mmol/L) 8.33 + 3.08 9.14 + 2.87* 9.01 +2.79 9.80 + 3.26 0.035
Fins (ulU/ml) 6.24 (3.90-9.86) 8.96 (5.62-13.15)* 9.57 (5.82-14.00)4 9.49 (5.79-12.85)2 <0.001
HOMA-IR 2.14 (1.35-3.59) 3.46 (2.13-5.51) 3.72 (2.25-5.62)A 3.40 (2.52-6.26)2 <0.001
HOMA-B 31.38 (16.34-63.21) 34.00 (19.64-66.31) 35.64 (20.88-66.45) 24.87 (15.90-82.24) 0.339
ALB (g/L) 42.66 + 3.35 42.79 + 3.80 42.73 + 3.96 43.07 + 3.00 0.882
TC (mmol/L) 4.55 + 1.02 4.67 +1.23 4.72 +1.26 441 +1.05 0.337
TG (mmol/L) 1.34 (0.90-1.87) 2.1 (1.23-3.84)* 2.22 (1.34-4.37) 1.41 (1.01-2.75) <0.001
LDL (mmol/L) 3.08 + 0.91 2.86 + 1.02* 2.88 + 1.03 2.76 + 1.04 0.114
HDL (mmol/L) 112 +0.34 0.93 + 0.27* 0.91 = 0.264 1.01 £ 0.29 <0.001
Cr (umol/L) 73.34 + 19.38 70.05 + 14.81 69.32 + 14.21 73.68 + 17.44 0.176
GFR (ml/min-1.73m?) 111.85 + 33.39 126.29 + 40.93* 130.86 + 41.604 103.67 + 28.74" <0.001
Ca (mmol/L) 2.25+0.11 2.24 + 0.11 2.24 + 0.11 2.25 +0.11 0.863
P (mmol/L) 1.18 + 0.20 1.15+0.19 1.14 £ 0.20 1.18 + 0.13 0.277
PTH (pg/ml) 41.88 + 14.25 4110 + 16.73 41.62 £ 17.30 38.54 + 13.70 0.649
ACR (mg/g) 6.66 (3.81-15.94) 11.03 (4.65-41.99) 11.39 (4.80-42.21)4& 11.60 (3.69-62.17) 0.004
TT (hmol/L) 16.53 + 4.20 8.65 + 1.71* 8.56 + 1.754 9.12 £ 1.444 <0.001
T (pmol/L) 333.18 + 73.64 222.06 + 60.61* 223.91 + 61.424 212.89 + 57.108 <0.001
SHBG (nmol/L) 36.79 + 16.90 20.75 + 9.89* 19.73 + 8.974A 25.76 + 12.674 <0.001
DHEA (umol/L) 555 +2.44 6.27 + 2.57F 6.43 + 2.534 5.47 + 2.68" 0.011
LH (mIU/mL) 6.18 (4.55-8.53) 5.47 (3.78-7.34)* 4.76 (3.52-6.58)4 10.42 (9.34-13.00)2* <0.001
FSH (mIU/mL) 7.01 (4.89-10.25) 5.84 (3.65-9.64)* 5.12 (3.42-7.50)4 12.45 (9.74-17.53)2> * <0.001
E2 (pmol/L) 104.20 + 43.09 83.51 + 39.13" 84.13 + 30.664 80.43 + 37.2248 <0.001
PRL (ulU/ml) 292.91 + 158.36 288.05 + 138.11 284.57 + 136.81 306.22 + 147.46 0.826
F (nmol/L) 470.91 + 1568.19 482.85 + 177.96 479.46 + 178.06 499.23 + 181.38 0.731
ACTH (pg/mi) 34.96 + 19.15 34.93 + 24.96 33.50 + 25.29 41.93 + 22.60 0.284
TSH (uIU/ml) 1.61 (1.09-2.29) 1.565 (1.13-2.27) 1.48 (1.13-2.27) 1.74 (1.05-2.31) 0.843
fT3 (pmol/L) 4.96 + 0.72 4.88 + 0.64 4.87 +0.66 4.95 + 0.51 0.526
T4 (pmol/L) 17.05 + 2.95 1718 £ 2.24 17.23 + 2.32 16.94 + 1.82 0.836

Data are expressed as mean + SD, median (interquartile range), number (percentage).
Group 1, patients with type 2 diabetes and normal gonadal function; Group 2, patients with type 2 diabetes and hypogonadism; Group 2a, patients with type 2 diabetes and
hypogonadotropic hypogonadism; Group 2b, patients with type 2 diabetes and hypergonadotropic hypogonadism.
P value represents statistically significant difference between Group 1, Group 2a and Group 2b (ANOVA).

*P < 0.05, Group 1 vs. Group 2; 2 P < 0.05, Group 1 vs. Group 2a; “P < 0.05, Group 1 vs. Group 2b; *P < 0.05, Group 2a vs. Group 2b (t-test or rank-sum test).

25(0H)VD, 25-hydroxyvitamin D; ACR, urine albumin to creatinine ratio; ACTH, adrenocorticotropic hormone; ALB, albumin; BMI, body mass index; Ca, calcium; Cr, creatinie; DHEA,
dehydroepiandrosterone; E2, estradiol; F, cortisol; FBG, fasting blood glucose, Fins, fasting insulin; FSH, follicular stimulating hormone; fT, free testosterone; fT3, free triiodothyronine; T4,
free thyroxine; GFR, glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LH, luteinizing hormone; P, phosphorus; PRL, prolactin;
PTH, parathyroid hormone; SHBG, sex hormone-binding globulin; TC, total cholesterol; TG, triglyceride; TSH, thyroid-stimulating hormone; TT, total testosterone.

HbA1c<9% (r=0.150, P=0.071) (Figure 5). Hence, age, duration,
BMI and HbAlc affected the association between 25(OH)D

and testosterone.

DISCUSSION

Hypovitaminosis D is a major public health concern around the
world (5, 17-19). In individuals with type 2 diabetes, the
prevalence of hypovitaminosis D has grown. A large-scale
prospective study has reported that approximately 50% of the
patients with type 2 diabetes showed low vitamin D

concentrations (<50 nmol/L [20 ng/mL]) (20). Additionally, a
cross-sectional survey of 280 patients with diabetes
demonstrated that 34.2% of the patients showed low vitamin D
levels (21). In our study, > 90% of men with T2DM showed
vitamin D deficiency or insufficiency. Our results concur with
those of a previous study that observed a hypovitaminosis D rate
as high as 97.8% in Chinese patients with T2DM (22). Another
study performed in Shanghai, including 861 patients with
T2DM, reported that approximately 90% of the patients had
low vitamin D concentrations (23). However, the serum 25(OH)
D cutoff value used by studies tends to vary; a high value may
result in an inaccurately estimated high prevalence of
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FIGURE 1 | Vitamin D levels in patients with type 2 diabetes and normal
testosterone levels (Group 1), patients with type 2 diabetes and
hypogonadism (Group 2; hypogonadotropic hypogonadism [Group 2a] and
hypergonadotropic hypogonadism [Group 2b]). Data are expressed as
mean + SD. *P < 0.05 vs. Group 1; **P < 0.05 vs. Group 1.

hypovitaminosis D, leading to aggressive but unnecessary
vitamin D supplementation. According to a recent survey in
China, the optimal cutoff concentration was 22 ng/mL (55 nmol/
L) (24). As previously stated, we defined insufficiency as serum
25(OH)D of 12-20 ng/mL and deficiency as serum 25(OH)D
levels of <12 ng/mL in our region.

To our knowledge, previous studies have described the vitamin
D profile in patients with concomitant diabetes and
hypogonadism. Recent studies reported that patients with T2DM
and hypogonadism, particularly those with hypogonadotropic
hypogonadism, showed the lowest serum 25(OH)D levels and
the highest prevalence of vitamin D deficiency (13). Remarkably,
our study results also showed that patients with T2DM and
hypogonadotropic hypogonadism had the lowest serum 25(OH)
D concentrations. A few studies reported that hypovitaminosis D
was associated with low serum testosterone, which may usually be
accompanied by low gonadotropin (25-27). A cross-sectional
survey of 3369 elder men aged 40-79 years revealed that vitamin
D deficiency was significantly associated with compensated and
secondary hypogonadism (25). Given the relationship between 25

(OH)D and hypogonadism, including testosterone and LH, it is
plausible that low serum vitamin D levels have an effect on
multiple levels of the HPT axis. Additionally, these results
implied that low vitamin D and hypogonadism are both
indicators of aging, possibly sharing common underlying
etiologies. Besides, secondary hypogonadism is predominately
associated with overweight and obesity, which makes it likely
that increased aromatization of T to E2 in adipocytes, increased
insulin resistance, and proinflammatory cytokine production
(tumor necrosis factor a and interleukin 6) from adipose tissues
may have a negative impact on the vitamin D endocrine axis (28).
Hence, we hypothesized that VDR might interfere with
gonadotropin synthesis. It is known that VDRs are abundant in
the adenohypophysis and LH is produced exclusively by the
gonadotropic cells of the anterior pituitary (29). It is reasonable
to conclude that VDRs may participate in LH production and that
efficient VDR C-alleles may directly regulate the transcriptional
activity of genes associated with LH synthesis. Conversely, the
finding of decreased vitamin D levels in hypogonadotropic
hypogonadism patients compared to hypergonadotropic
hypogonadism patients contradicts previous research
demonstrating that the testis is an important site of vitamin D
hydroxylation (30, 31). In addition, one study discovered high
levels of CYP2R1 expression in Leydig cells, implying a link
between vitamin D metabolism and testis function (11). Further
investigations are needed to elucidate these issues.

Furthermore, there was no significant difference in blood 25
(OH)D concentrations between Groups 1 and 2, and this
concentration had no relationship with vitamin D deficiency,
insufficiency, or sufficiency. In contrast, recent research has
shown various relationships between 25(OH) D levels and
vitamin D deficiency, insufficiency, or sufficiency in men with
T2DM and those without hypogonadism (13). The prevalence of
vitamin D deficiency and insufficiency in men with T2DM
concomitant with hypogonadism was 50.9% and 33.3%,
respectively, in contrast to 18.3% and 60.5% in men with T2DM
with eugonadal function (13). It is well known that vitamin D status
is affected by several factors, including geographical latitude, season,
ethnicity, age, sex, genetics, and renal function (17). In our study,
ethnicity and geography may account for the differences in 25(OH)
D arising from vitamin D deficiency, insufficiency, or sufficiency.

Our finding indicated a positive association between serum
25(0OH)D and TT levels, which concurs with the findings of

TABLE 2 | Serum 25(0H)D levels of patients in Group 1, Group 2, Group 2a and Group 2b.

Group 1 Group 2 Group 2a Group 2b P

n =254 n=113 n=94 n=19
<20 14.43 + 3.82 13.26 + 4.14* 12.96 + 4.204 15.08 + 3.32 0.025
20-29.9 283.67 +2.74 23.28 + 2.53 23.40 + 2.53 22.86 + 2.69 0.701
>30 32.49 + 2.29 31.45+1.20 31.37 + 1.46 31.7 NA

Data are expressed as mean + SD, median (interquartile range).

Group 1, patients with type 2 diabetes and normal testosterone levels; Group 2, patients with type 2 diabetes and hypogonadism; Group 2a, patients with type 2 diabetes and
hypogonadotropic hypogonadism; Group 2b, patients with type 2 diabetes and hypergonadotropic hypogonadism.
P value represents statistically significant difference between Group 1, Group 2a and Group 2b (ANOVA).

*P < 0.05, Group 1 vs. Group 2; * P < 0.05, Group 1 vs. Group 2a (t-test or rank-sum test).

NA, not applicable.

Frontiers in Endocrinology | www.frontiersin.org

April 2022 | Volume 13 | Article 842722


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Hu et al. Vitamin D and Testosterone in Diabetes

TABLE 3 | Relationship between serum 25(0OH)D and age, BMI, sex hormone and glycometabolic parameters.

Age Duration BMI HbA1c FBG Fins HOMA-IR HOMA-f
r 0.150 -0.124 -0.172 -0.035 -0.108 -0.131 -0.157 -0.008
P 0.004 0.017 0.001 0.503 0.039 0.012 0.003 0.878
T T SHBG DHEA LH FSH E2 PRL
r 0.142 0.011 0.187 -0.034 0.091 0.101 -0.042 -0.074
P 0.006 0.838 0.000 0.520 0.080 0.052 0.419 0.159

r, correlation coefficient.
BMI, body mass index; DHEA, dehydroepiandrosterone; E2, estradiol; FBG, fasting blood glucose; Fins, fasting insulin; FSH, follicular stimulating hormone; fT, free testosterone; HbATc,
hemoglobin Alc; LH, luteinizing hormone; PRL, prolactin; SHBG, sex hormone-binding globulin; TT, total testosterone.

TABLE 4 | Multiple linear regression analysis of 25(OH)D, testosterone and other parameters.

Dependent variable Slope Model 1 Model 2 Model 3 Model 4 Model 5
VD Beta 0.174 0.135 0.174 0.177 0.137
P 0.006 0.0385 0.006 0.005 0.082

Model 1: Not adjusted; Model 2: Adjusted age, duration, BMI; Model 3: Adjusted HbA1c, FBG, Fins, HOMA-IR, HOMA-B; Model 4: Adjusted LH, FSH, E2, DHEA, PRL,; Model 5: Adjusted
age, duration, BMI, HbATc, FBG, Fins, HOMA-IR, HOMA-B, LH, FSH, E2, DHEA, PRL.

TABLE 5 | Relationship between serum 25(0OH)D and total testosterone after age stratification.

Age r P

20-29 yrs (n=11) 0.323 0.333
30-39 yrs (n=42) 0.209 0.184
40-49 yrs (n=75) 0.130 0.267
50-59 yrs (n=143) 0.149 0.076
60-69 yrs (n=73) 0.071 0.552
>70 yrs (n=23) -0.031 0.887

r, correlation coefficient.

TABLE 6 | Relationship between serum 25(0OH)D and total testosterone after duration stratification.

Duration (years) r P

<1 0.213 0.427
1-5 0.064 0.401
5-10 0.165 0.079
>10 0.265 0.036

r, correlation coefficient.

TABLE 7 | Relationship between serum 25(0OH)D and total testosterone after BMI stratification.

BMI (kg/m?) r P
<18.5 0.100 0.873
18.5-24 0.039 0.667
24-28 0.092 0.236
>28 0.431 0.000
TABLE 8 | Relationship between serum 25(0OH)D and total testosterone after HoA1c stratification.

HbA1c (%) r P
<7.5 0.092 0.472
7.5-9 0.176 0.113
>9 0.145 0.031
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with age < 60 years old; (B) Patients with age > 60 years old.

previous studies (25, 27, 32-34). Multiple linear regression
analysis showed that serum 25(OH)D was significantly
associated with total serum testosterone, age, BMI, FBG, Flns,
HOMA-IR, and SHBG. It is worth noting that age, duration, BMI
and HbA1c affected the connection between 25(OH)D and
testosterone. In contrast to previous studies (35-38), our
results revealed that no significant correlation between serum
25(OH)D and testosterone was identified in younger males. A
recent study that investigated 122 men with diabetes (mean age
55 + 8.85 years) revealed an insignificant association between
serum 25(0OH)D and testosterone (13). Interestingly, we found
that serum 25(OH)D was positively associated with total serum
testosterone in younger men (age <60 years), but not in men aged
260 years. Recent similar results reported that 25(OH)D level
was positively correlated with TT level in males aged 18-60 years
(39). However, another indicated a positive association between
25 (OH) D level and free testosterone level only in men aged
more than 70 years, but not in men aged below 70 years (26). It’s
worth noting that the age of the participants between 40-75 years
old in the latter study were much older. Apart from age,
duration, BMI and HbAlc were observed to affect the
association between serum 25(OH)D and testosterone in men
with T2DM.
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FIGURE 2 | Relationship between serum 25(0OH)D and total testosterone in patients less than 60 years old (n=271) and more than 60 years old (n=96). (A) Patients

Following are the limitations of this study: (a) Our results
were based on cross-sectional data, and it was hard to unveil
causal relationships among variables. (b) Smoking status, sexual
symptoms and VDR polymorphism were not investigated in this
study. (c) Our results may not be generalizable across all
populations owing to the limited numbers and ethnicities of
patients analyzed in this study. Further investigations are needed
to warrant the causal association between hypovitaminosis D
and multilevel disorders of the hypothalamic-pituitary-testicular
(HPT) axis.

CONCLUSION

This study verifies the high prevalence of low vitamin D level in
patients with T2DM. Notably, deficient serum 25(OH)D was
mainly observed in men with T2DM with hypogonadotropic
hypotestosteronemia, which indicates a positive association
between the serum 25(OH)D and total serum testosterone
concentrations after adjustment for age, duration, BMI,
HbAlc, FBG, FIns, HOMA-IR, HOMA-B, LH, FSH, E2,
DHEA, PRL. Additionally, age, duration, BMI and HbAlc
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FIGURE 3 | Relationship between serum 25(0OH)D and total testosterone in patients with duration less than 5 years (n=189) and more than 5 years (n=178).

Frontiers in Endocrinology | www.frontiersin.org

April 2022 | Volume 13 | Article 842722


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Hu et al.

Vitamin D and Testosterone in Diabetes

BMI < 28 kg/m?

S
o
I

r=0.065, P=0.265

w
o
I

25(0OH)VD (ng/mL)
s 8

0 10 20 30 40
Total Testosterone (nmol/L)

Patients with BMI < 28 kg/m?; (B) Patients with BMI > 28kg/m?.

BMI = 28kg/m?

S
o
I

r=0.431, P=0.000

W
o
I

25(0H)VD (ng/mL)
s 8

0 10 20 30
Total Testosterone (nmol/L)

FIGURE 4 | Relationship between serum 25(0H)D and total testosterone in patients with BMI less than 28kg/m? (n=298) and more than 28kg/m? (n=69). (A)
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FIGURE 5 | Relationship between serum 25(0OH)D and total testosterone in patients with HoA1c less than 9% (n=146) and more than 9% (n=221). (A) Patients with

affected the association between serum 25(OH)D and
testosterone. Further investigations are needed to warrant the
causal association between serum vitamin D and the action of the
HPT axis and uncover the underlying mechanisms.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

XHu, XHa, YC, TG, GC, and CL conceived and designed
research. XHu, XHa, PX, XW, TG, ZH, YS, GC, and CL

collected data and conducted research. TG, ZH, GC, and CL
analyzed and interpreted data. XHu wrote the initial paper. YC,
GC, and CL revised the paper. CL had primary responsibility for
final content. All authors contributed to the article and approved
the submitted version.

FUNDING

This study was funded by grants from National Natural Science
Foundation of China (Grant no. 81800756 to GC).

ACKNOWLEDGMENTS

The authors would like to thank all of the team members and the
participants in this study. We would also like to thank the
National Natural Science Foundation of China (81800756) for
the support.

Frontiers in Endocrinology | www.frontiersin.org

April 2022 | Volume 13 | Article 842722


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Hu et al.

Vitamin D and Testosterone in Diabetes

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Holick MF. Vitamin D Deficiency. N Engl ] Med (2007) 357:266-81. doi:
10.1056/NEJMra070553

Kahwati LC, LeBlanc E, Weber RP, Giger K, Clark R, Suvada K, et al.
Screening for Vitamin D Deficiency in Adults: Updated Evidence Report and
Systematic Review for the US Preventive Services Task Force. JAMA (2021)
325:1443-63. doi: 10.1001/jama.2020.26498

. Burnett-Bowie SM, Cappola AR. The USPSTF 2021 Recommendations on

Screening for Asymptomatic Vitamin D Deficiency in Adults: The Challenge
for Clinicians Continues. JAMA (2021) 325:1401-2. doi: 10.1001/
jama.2021.2227

. Cesareo R, Attanasio R, Caputo M, Castello R, Chiodini I, Falchetti A, et al.

Ttalian Association of Clinical Endocrinologists (AME) and Italian Chapter of
the American Association of Clinical Endocrinologists (AACE) Position
Statement: Clinical Management of Vitamin D Deficiency in Adults.
Nutrients (2018) 10(5):546. doi: 10.3390/nu10050546

. Pereira-Santos M, Santos J, Carvalho GQ, Santos DBD, Oliveira AM.

Epidemiology of Vitamin D Insufficiency and Deficiency in a Population in
a Sunny Country: Geospatial Meta-Analysis in Brazil. Crit Rev Food Sci Nutr
(2019) 59(13):2102-9. doi: 10.1080/10408398.2018.1437711

. Jiang Z, Pu R, Li N, Chen C, Li ], Dai W, et al. High Prevalence of Vitamin D

Deficiency in Asia: A Systematic Review and Meta-Analysis. Crit Rev Food Sci
Nutr (2021), 1-10. doi: 10.1080/10408398.2021.1990850

. Autier P, Boniol M, Pizot C, Mullie P. Vitamin D Status and Ill Health: A

Systematic Review. Lancet Diabetes Endocrinol (2014) 2:76-89. doi: 10.1016/
$2213-8587(13)70165-7

. Negri M, Gentile A, de Angelis C, Monto T, Patalano R, Colao A, et al.

Vitamin D-Induced Molecular Mechanisms to Potentiate Cancer Therapy
and to Reverse Drug-Resistance in Cancer Cells. Nutrients (2020) 12(6):1798.
doi: 10.3390/nul12061798

. Chen C, Zhai H, Cheng J, Weng P, Chen Y, Li Q, et al. Causal Link Between

Vitamin D and Total Testosterone in Men: A Mendelian Randomization
Analysis. J Clin Endocrinol Metab (2019) 104:3148-56. doi: 10.1210/jc.2018-
01874

D'Andrea S, Martorella A, Coccia F, Castellini C, Minaldi E, Totaro M, et al.
Relationship of Vitamin D Status With Testosterone Levels: A Systematic
Review and Meta-Analysis. Endocrine (2021) 72:49-61. doi: 10.1007/s12020-
020-02482-3

Blomberg Jensen M, Nielsen JE, Jorgensen A, Rajpert-De Meyts E, Kristensen
DM, Jorgensen N, et al. Vitamin D Receptor and Vitamin D Metabolizing
Enzymes are Expressed in the Human Male Reproductive Tract. Hum Reprod
(2010) 25:1303-11. doi: 10.1093/humrep/deq024

Haussler MR, Jurutka PW, Mizwicki M, Norman AW. Vitamin D Receptor
(VDR)-Mediated Actions of lalpha,25(OH)(2)vitamin D(3): Genomic and
Non-Genomic Mechanisms. Best Pract Res Clin Endocrinol Metab (2011)
25:543-59. doi: 10.1016/j.beem.2011.05.010

Bellastella G, Maiorino MI, Olita L, Capuano A, Rafaniello C, Giugliano D,
et al. Vitamin D Deficiency in Type 2 Diabetic Patients With Hypogonadism.
J Sex Med (2014) 11:536-42. doi: 10.1111/jsm.12384

Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, et al. Identification
of Late-Onset Hypogonadism in Middle-Aged and Elderly Men. N Engl ] Med
(2010) 363:123-35. doi: 10.1056/NEJM0a0911101

Holick MF, Binkley NC, Bischoft-Ferrari HA, Gordon CM, Hanley DA,
Heaney RP, et al. Evaluation, Treatment, and Prevention of Vitamin D
Deficiency: An Endocrine Society Clinical Practice Guideline. J Clin
Endocrinol Metab (2011) 96:1911-30. doi: 10.1210/jc.2011-0385

Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G, Vitamin D.
Metabolism, Molecular Mechanism of Action, and Pleiotropic Effects. Physiol
Rev (2016) 96:365-408. doi: 10.1152/physrev.00014.2015

Holick MF. The Vitamin D Deficiency Pandemic: Approaches for Diagnosis,
Treatment and Prevention. Rev Endocr Metab Disord (2017) 18:153-65. doi:
10.1007/s11154-017-9424-1

Laird E, O'Halloran AM, Carey D, Healy M, O'Connor D, Moore P, et al. The
Prevalence of Vitamin D Deficiency and the Determinants of 25(OH)D
Concentration in Older Irish Adults: Data From The Irish Longitudinal
Study on Ageing (TILDA). J Gerontol A Biol Sci Med Sci (2018) 73:519-25.
doi: 10.1093/gerona/glx168

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Herrick KA, Storandt RJ, Afful ], Pfeiffer CM, Schleicher RL, Gahche JJ, et al.
Vitamin D Status in the United States, 2011-2014. Am J Clin Nutr (2019) 110
(1):150-7. doi: 10.1093/ajcn/nqz037

Herrmann M, Sullivan DR, Veillard AS, McCorquodale T, Straub IR, Scott R,
et al. Serum 25-Hydroxyvitamin D: A Predictor of Macrovascular and
Microvascular Complications in Patients With Type 2 Diabetes. Diabetes
Care (2015) 38:521-8. doi: 10.2337/dc14-0180

Yiu YF, Chan YH, Yiu KH, Siu CW, Li SW, Wong LY, et al. Vitamin D
Deficiency is Associated With Depletion of Circulating Endothelial Progenitor
Cells and Endothelial Dysfunction in Patients With Type 2 Diabetes. J Clin
Endocrinol Metab (2011) 96:E830-5. doi: 10.1210/jc.2010-2212

Wang XF, Yu JJ, Wang X]J, Jing YX, Sun LH, Tao B, et al. The Associations
Between Hypovitaminosis D, Higher Pth Levels With Bone Mineral Densities,
and Risk of the 10-Year Probability of Major Osteoporotic Fractures in
Chinese Patients With T2dm. Endocr Pract (2018) 24:334-41. doi: 10.4158/
EP-2017-0164

He R, Hu Y, Zeng H, Zhao ], Zhao ], Chai Y, et al. Vitamin D Deficiency
Increases the Risk of Peripheral Neuropathy in Chinese Patients With Type 2
Diabetes. Diabetes Metab Res Rev (2017) 33(2). doi: 10.1002/dmrr.2820
Aleteng Q, Zhao L, Lin H, Xia M, Ma H, Gao J, et al. Optimal Vitamin D
Status in a Middle-Aged and Elderly Population Residing in Shanghai, China.
Med Sci Monit (2017) 23:6001-11. doi: 10.12659/MSM.904495

Lee DM, Tajar A, Pye SR, Boonen S, Vanderschueren D, Bouillon R, et al.
Association of Hypogonadism With Vitamin D Status: The European Male
Ageing Study. Eur ] Endocrinol (2012) 166:77-85. doi: 10.1530/EJE-11-0743
Nimptsch K, Platz EA, Willett WC, Giovannucci E. Association Between
Plasma 25-OH Vitamin D and Testosterone Levels in Men. Clin Endocrinol
(Oxf) (2012) 77:106-12. doi: 10.1111/j.1365-2265.2012.04332.x

Wang N, Han B, Li Q, Chen Y, Chen Y, Xia F, et al. Vitamin D is Associated
With Testosterone and Hypogonadism in Chinese Men: Results From a
Cross-Sectional SPECT-China Study. Reprod Biol Endocrinol (2015) 13:74.
doi: 10.1186/s12958-015-0068-2

Wu FC, Tajar A, Pye SR, Silman AJ, Finn JD, O'Neill TW, et al.
Hypothalamic-Pituitary-Testicular Axis Disruptions in Older Men are
Differentially Linked to Age and Modifiable Risk Factors: The European
Male Aging Study. J Clin Endocrinol Metab (2008) 93:2737-45. doi: 10.1210/
jc.2007-1972

Lee SM, Meyer MB, Benkusky NA, O'Brien CA, Pike JW. Mechanisms of
Enhancer-Mediated Hormonal Control of Vitamin D Receptor Gene
Expression in Target Cells. J Biol Chem (2015) 290:30573-86. doi: 10.1074/
jbc.M115.693614

Foresta C, Selice R, Di Mambro A, Strapazzon G. Testiculopathy and Vitamin
D Insufficiency. Lancet (2010) 376:1301. doi: 10.1016/50140-6736(10)61916-2
Bieche I, Narjoz C, Asselah T, Vacher S, Marcellin P, Lidereau R, et al. Reverse
Transcriptase-PCR Quantification of mRNA Levels From Cytochrome (CYP)
1, CYP2 and CYP3 Families in 22 Different Human Tissues. Pharmacogenetics
Genomics (2007) 17:731-42. doi: 10.1097/FPC.0b013e32810f2e58

Wehr E, Pilz S, Boehm BO, Marz W, Obermayer-Pietsch B. Association of
Vitamin D Status With Serum Androgen Levels in Men. Clin Endocrinol (Oxf)
(2010) 73:243-8. doi: 10.1111/§.1365-2265.2009.03777 x

Tak YJ, Lee JG, Kim YJ, Park NC, Kim SS, Lee S, et al. Serum 25-
Hydroxyvitamin D Levels and Testosterone Deficiency in Middle-Aged
Korean Men: A Cross-Sectional Study. Asian | Androl (2015) 17:324-8. doi:
10.4103/1008-682X.142137

Rafiq R, van Schoor NM, Sohl E, Zillikens MC, Oosterwerft MM, Schaap L,
et al. Associations of Vitamin D Status and Vitamin D-Related
Polymorphisms With Sex Hormones in Older Men. ] Steroid Biochem Mol
Biol (2016) 164:11-7. doi: 10.1016/j.jsbmb.2015.11.013

Blomberg Jensen M, Gerner Lawaetz ], Andersson AM, Petersen JH, Nordkap
L, Bang AK, et al. Vitamin D Deficiency and Low Ionized Calcium are Linked
With Semen Quality and Sex Steroid Levels in Infertile Men. Hum Reprod
(2016) 31:1875-85. doi: 10.1093/humrep/dew152

Hammoud AO, Meikle AW, Peterson CM, Stanford J, Gibson M, Carrell DT.
Association of 25-Hydroxy-Vitamin D Levels With Semen and Hormonal
Parameters. Asian ] Androl (2012) 14:855-9. doi: 10.1038/aja.2012.77
Lerchbaum E, Pilz S, Trummer C, Rabe T, Schenk M, Heijboer AC, et al.
Serum Vitamin D Levels and Hypogonadism in Men. Andrology (2014)
2:748-54. doi: 10.1111/j.2047-2927.2014.00247 .x

Frontiers in Endocrinology | www.frontiersin.org

April 2022 | Volume 13 | Article 842722


https://doi.org/10.1056/NEJMra070553
https://doi.org/10.1001/jama.2020.26498
https://doi.org/10.1001/jama.2021.2227
https://doi.org/10.1001/jama.2021.2227
https://doi.org/10.3390/nu10050546
https://doi.org/10.1080/10408398.2018.1437711
https://doi.org/10.1080/10408398.2021.1990850
https://doi.org/10.1016/S2213-8587(13)70165-7
https://doi.org/10.1016/S2213-8587(13)70165-7
https://doi.org/10.3390/nu12061798
https://doi.org/10.1210/jc.2018-01874
https://doi.org/10.1210/jc.2018-01874
https://doi.org/10.1007/s12020-020-02482-3
https://doi.org/10.1007/s12020-020-02482-3
https://doi.org/10.1093/humrep/deq024
https://doi.org/10.1016/j.beem.2011.05.010
https://doi.org/10.1111/jsm.12384
https://doi.org/10.1056/NEJMoa0911101
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1152/physrev.00014.2015
https://doi.org/10.1007/s11154-017-9424-1
https://doi.org/10.1093/gerona/glx168
https://doi.org/10.1093/ajcn/nqz037
https://doi.org/10.2337/dc14-0180
https://doi.org/10.1210/jc.2010-2212
https://doi.org/10.4158/EP-2017-0164
https://doi.org/10.4158/EP-2017-0164
https://doi.org/10.1002/dmrr.2820
https://doi.org/10.12659/MSM.904495
https://doi.org/10.1530/EJE-11-0743
https://doi.org/10.1111/j.1365-2265.2012.04332.x
https://doi.org/10.1186/s12958-015-0068-2
https://doi.org/10.1210/jc.2007-1972
https://doi.org/10.1210/jc.2007-1972
https://doi.org/10.1074/jbc.M115.693614
https://doi.org/10.1074/jbc.M115.693614
https://doi.org/10.1016/S0140-6736(10)61916-2
https://doi.org/10.1097/FPC.0b013e32810f2e58
https://doi.org/10.1111/j.1365-2265.2009.03777.x
https://doi.org/10.4103/1008-682X.142137
https://doi.org/10.1016/j.jsbmb.2015.11.013
https://doi.org/10.1093/humrep/dew152
https://doi.org/10.1038/aja.2012.77
https://doi.org/10.1111/j.2047-2927.2014.00247.x
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Hu et al.

Vitamin D and Testosterone in Diabetes

38. Ramlau-Hansen CH, Moeller UK, Bonde JP, Olsen J, Thulstrup AM. Are
Serum Levels of Vitamin D Associated With Semen Quality? Results From a
Cross-Sectional Study in Young Healthy Men. Fertil Steril (2011) 95:1000-4.
doi: 10.1016/j.fertnstert.2010.11.002

Ciccone IM, Costa EM, Pariz JR, Teixeira TA, Drevet JR, Gharagozloo P, et al.
Serum Vitamin D Content is Associated With Semen Parameters and Serum
Testosterone Levels in Men. Asian ] Androl (2021) 23:52-8. doi: 10.4103/
aja.aja_9_20

39.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hu, Han, Chen, Xiang, Wei, Gong, He, Su, Chen and Liu. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

April 2022 | Volume 13 | Article 842722


https://doi.org/10.1016/j.fertnstert.2010.11.002
https://doi.org/10.4103/aja.aja_9_20
https://doi.org/10.4103/aja.aja_9_20
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Factors Defining the Association Between Vitamin D and Testosterone in Males With Type 2 Diabetes and Hypogonadism
	Introduction
	Materials and Methods
	Participants and Enrollment
	Clinical Parameters
	Biochemical Parameters
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


