
O R I G I N A L  R E S E A R C H

The Relationship Between Vitamin D Deficiency 
and Glycated Hemoglobin Levels in Patients with 
Type 2 Diabetes Mellitus

This article was published in the following Dove Press journal: 
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Hang Zhao 1 

Yunfeng Zhen1 

Zijing Wang1 

Licui Qi2 

Yong Li3 

Luping Ren1,* 
Shuchun Chen1,*
1Endocrinology Department, Hebei 
General Hospital, Shijiazhuang, Hebei 
050051, People’s Republic of China; 
2Graduate School of Hebei North 
University, Zhangjiakou, Hebei 07500, 
People’s Republic of China; 3Graduate 
School of North China University of 
Science and Technology, Caofeidian New 
Town, Tangshan, Hebei 063210, People’s 
Republic of China  

*These authors contributed equally to 
this work  

Purpose: The aims of this study were to determine the relationship between 25- 
hydroxyvitamin D [25(OH) D] and glycated hemoglobin (HbA1c) levels in male and female 
patients with type 2 diabetes mellitus (T2DM).
Patients and Methods: The participants were adults diagnosed with T2DM recruited from 
Hebei General Hospital. Patient information and information regarding blood indicators were 
collected. The subjects were divided into no vitamin D deficiency group [25(OH) D >20 ng/ 
mL] and vitamin D deficiency group [25(OH) D <20 ng/mL], and these groups were then 
further subdivided into male-only or female-only subgroups. And then, the subjects were 
divided into male group and female group in different 25(OH) D levels.
Results: HbA1c levels in the vitamin D deficiency group were significantly higher than 
those in the no vitamin D deficiency group for all subjects. The same was true for female 
patients but not for male patients. There was no difference in HbA1c levels between male 
and female patients with T2DM, regardless of 25(OH) D deficiency. A negative correlation 
existed between 25(OH) D and HbA1c in all subjects, as well as in the male-only and 
female-only subgroups. Vitamin D deficiency was associated with high HbA1c levels before 
and after adjusting for confounding factors in all participants and in the female-only 
subgroup, but not in the male-only subgroup.
Conclusion: This study confirmed that vitamin D deficiency was related with high HbA1c 
levels in patients with T2DM, and this relationship differs between female and male 
patients.
Keywords: diabetes mellitus, type 2, 25-hydroxyvitamin D, glycated hemoglobin

Introduction
Vitamin D deficiency is common worldwide. Vitamin D has attracted increasing 
attention in recent decades. It not only regulates calcium homeostasis and bone 
health,1 but also relates to many chronic diseases such as metabolic syndrome 
(MetS),2 type 2 diabetes mellitus (T2DM),3 cardiovascular disease,4 cancer,5 and 
dementia.6 Vitamin D deficiency is generally defined as having a serum 25 hydro
xyvitamin D [25(OH) D] level <20 ng/mL (50 nmol/L), and severe deficiency is 
defined as 25(OH) D <10 ng/mL (25 nmol/L).

The high incidence of diabetes mellitus (DM) has resulted in a substantial 
economic and social burden worldwide. Preventing and treating DM has become 
a top public health priority in many countries. Studies have shown that low levels of 
25(OH) D are associated with an increased incidence of MetS7 and DM.8 
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A meta-analysis performed by Song9 indicated that the 
risk of developing T2DM decreases by 4% with each 10 
nmol/L increase in 25(OH) D. Alvarez10 reported 
a negative correlation between 25(OH) D levels and home
ostasis model assessment-insulin resistance index. 
Furthermore, the United States National Health and 
Nutrition Examination Survey reported an inverse relation
ship between 25(OH) D and glycated hemoglobin 
(HbA1c) levels in individuals aged 35–74 with no history 
of DM.11

However, it is unclear whether the relationship 
between 25(OH) D and HbA1c varies between male and 
female patients with T2DM, and whether 25(OH) 
D deficiency is an independent risk factor for high 
HbA1c levels. The aim of this study was to address these 
two questions.

Patients and Methods
Study Design
This was a cross-sectional study. The Clinical Trial 
Registry Number is ChiCTR2000029391 (http://www. 
chictr.org.cn/enIndex.aspx), and the study was conducted 
in accordance with the Declaration of Helsinki and 
approved by the Hebei General Hospital Ethics 
Committee.

Participants Recruitment
Patients hospitalized in Department of Endocrinology in 
Hebei General Hospital (Shijiazhuang, China) were 
recruited from June 2018 to December 2019. The 
researchers explained the study purpose and procedure to 
the recruited patients. Each patient signed an informed 
consent form. The recruitment was carried out by two 
researchers according to the inclusion and exclusion 
criteria.

Inclusion Criteria
I. Age ≥ 18 years old.

II. Diagnosis of T2DM according to World Health 
Organization criteria.

III. No acute diabetic complications (diabetic ketoaci
dosis, hyperglycemic hyperosmolar syndrome, or hypogly
cemia) in the past 3 months.

Exclusion Criteria
I. Other types of diabetes (for example type 1 diabetes, 
gestational diabetes).

II. A history of myocardial infarction/cerebral hemor
rhage in past 3 months.

III. Secondary OP such as hyperthyroidism, hyperpar
athyroidism, or kidney disease.

IV. Use of oral medications and supplements (vitamin 
D, bisphosphonates, or others) that may have affected 
bone metabolism in the past 6 months.

V. Pregnant women.

Information and Data Collection
We administrated a questionnaire to each participant to collect 
basic information including recorded sex, age, DM disease 
course, family history of DM (for three generations), tobacco 
use (defined as smoking regularly for ≥6 months with 
a cumulative total of ≥1 cigarette per day), alcohol use (defined 
as continuous drinking ≥6 months with a cumulative average 
daily consumption of ≥50 g [converted into liquor]), history of 
hypertension and history of gastrointestinal disease. Body 
mass index (BMI) was calculated by measuring height and 
weight twice and calculating the average values. All partici
pants were fasted overnight, and the blood was drawn in the 
next morning. All patients’ blood indicators were tested in the 
same laboratory. Blood indicators included HbA1c, albumin, 
urea nitrogen (BUN), creatinine (Cr), total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein-cholesterol 
(HDL-C), low-density lipoprotein-cholesterol (LDL-C), very- 
low-density lipoprotein-cholesterol (VLDL-C), apolipopro
tein A1 (ApoA1), apolipoprotein B (ApoB), 25(OH) D, OC 
(osteocalcin), β-C-terminal cross-linked telopeptide of type 
I collagen (β-CTX), procollagen type 1 N-terminal propeptide 
(P1NP), and parathyroid hormone (PTH). The data were 
entered into an Excel spreadsheet and checked by two 
researchers.

Statistical Analysis
The statistical analysis will be performed using SPSS 22.0. 
Comparisons were performed between the following groups: 
(1) no vitamin D deficiency [25(OH) D >20 ng/mL] and 
vitamin D deficiency [25(OH) D <20ng/mL] for all partici
pants; (2) no vitamin D deficiency and vitamin D deficiency 
male participants; (3) no vitamin D deficiency and vitamin 
D deficiency female participants; (4) male and female 25 
(OH) D-deficient patients with T2DM; (5) male and female 
patients with T2DM and no 25(OH) D deficiency. If the data 
for continuous variables conformed to a normal distribution, 
they were expressed as mean±SD, and independent t-tests 
were used to compare the groups; if the data did not conform 
normal distribution, they were expressed as median values 
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(P25, P75) and non-parametric tests were used to compare 
the groups. For categorical variables, data were expressed as 
numbers (percentages), and Chi-square tests were performed 
to compare groups. A P-value <0.05 was considered signifi
cant. Linear correlation analysis was performed to determine 
the relationship between 25(OH) D and HbA1c. Based on the 
results from these three comparisons, variables with 
a P-value <0.1 were selected. The linear regression analysis 
was performed to determine whether 25(OH) D levels affect 
HbA1c levels based on three different models (model 1: 
crude model; model 2: adjusted for some variables; model 
3: adjusted for all variables).

Results
The Cohort Characteristics in the Study
There were 238 participants aged 54.9±11.6 years old 
including 81 females (34.0%). The average HbA1c was 
8.9% (7.4, 10.6) and BMI was (25.97±3.41) kg/m2. 31.9% 
had DM course >10 years. 37.4% had history of DM, 
44.5% had hypertension, 11.3% had gastrointestinal dis
orders. The other indicators are shown in Table 1.

Clinical Characteristics of Patients with 
T2DM with and without Vitamin 
D Deficiency
Compared with the no vitamin D deficiency group (22.5%), 
the proportion of women (40.9%) in the vitamin D deficiency 
group was higher, while the proportion of patients with 
hypertension was lower (39.6% vs 52.8%). The HbA1c 
[9.3 (7.8, 10.7)% vs 8.2 (6.8, 10.3)%] (Figure 1A) and TG 
[1.55 (1.06, 2.43) mmol/L vs 1.43 (0.94, 1.73) mmol/L] 
levels were significantly higher in the vitamin D deficiency 
group than those in the no vitamin D deficiency group. 
Compared with the no vitamin D deficiency group, levels 
of the bone metabolism markers OC [11.16 (9.38, 14.26) ng/ 
mL vs 12.08 (9.80, 16.51) ng/mL] and P1NP [35.85 (28.26, 
44.22) ng/mL vs 39.30 (29.53, 52.18) ng/mL] were signifi
cantly reduced in the vitamin D deficiency group. Cr levels 
showed the same trend (Table 2).

Clinical Characteristics of Male and 
Female Patients with T2DM
The BMI of male patients in the vitamin D deficiency 
group was significantly higher than that of male patients 
in the no vitamin D deficiency group (26.59 ± 3.03 kg/m2 

vs 25.08 ± 3.49 kg/m2). This was also true for TG levels 
[1.61 (1.07, 2.44) mmol/L vs 1.44 (0.90, 1.73) mmol/L], 

but there was no significant difference in HbA1c levels 
between the two groups of male patients (Table 2, 
Figure 1B).

In female patients, HbA1c levels were significantly 
decreased in the no vitamin D deficiency group compared 
with the vitamin D deficiency group (9.5 ± 2.0% vs 8.4 ± 
1.6%). In addition, the DM disease course differed 
between groups (Table 2, Figure 1C).

Clinical Characteristics of Patients with 
T2DM and Different Vitamin D Levels
Compared with 25(OH) D-deficient female patients, 25 
(OH) D-deficient male patients exhibited significantly 

Table 1 The Cohort Characteristics in This Study

Subjects (n=238)

Sex (F, %) 81 (34.0%)
Age (years) 54.9±11.6

DM course (years)
0–1 36 (15.0%)

1–10 126 (52.9%)
>10 76 (31.9%)

Familial history of DM 89 (37.4%)
Hypertension 106 (44.5%)

Gastrointestinal disorders 27 (11.3%)

Smoking 82 (34.5%)
Drinking 64 (26.9%)

BMI (kg/m2) 25.97±3.41

HbA1c (%) 8.9 (7.4, 10.6)
TC (mmol/L) 4.61 (3.95, 5.46)

TG (mmol/L) 1.48 (1.06, 2.27)

HDL-C (mmol/L) 1.05 (0.90, 1.19)
LDL-C (mmol/L) 3.06 (2.57, 3.67)

VLDL-C (mmol/L) 0.50 (0.34, 0.71)

ApoA1 (mmol/L) 1.22 (1.11, 1.35)
ApoB (mmol/L) 0.79 (0.67, 0.96)

Albumin (g/L) 41.70 (39.30, 43.79)

BUN (mmol/L) 5.20 (4.24, 6.29)
Cr (μmmol/L) 71.98 (62.81, 80.75)

OC (ng/mL) 11.76 (9.63, 15.60)

β-CTX (ng/mL) 0.32 (0.22, 0.50)
P1NP (ng/mL) 37.55 (29.25, 50.36)

PTH (pg/mL) 32.56 (24.32, 44.43)

Note: Data were expressed as number (%) or mean ± SD/median (P25, P75). 
Abbreviations: ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, body 
mass index; BUN, blood urea nitrogen; Cr, creatinine; DM, diabetes mellitus; 
HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL- 
C, low-density lipoprotein-cholesterol; T2DM, type 2 diabetes mellitus; TC, total 
cholesterol; TG, triglyceride; VLDL-C, very-low-density lipoprotein-cholesterol; 
OC, osteocalcin; P1NP, procollagen type 1 N-terminal propeptide; PTH, parathyr
oid hormone; 25OHD, 25-hydroxyvitamin D; β-CTX, β-C-terminal cross-linked 
telopeptide of type I collagen.
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higher rates of smoking (52.3% vs 1.7%) and drinking 
(43.2% vs 1.6%), and were significantly younger (51.9 ± 
11.8 years vs 58.1 ± 11.3 years). In addition, male patients 
in these groups exhibited significantly lower HDL-C [0.98 
(0.88, 1.13) mmol/L vs 1.14 (1.02, 1.24) mmol/L] and 
ApoA1 [1.17 (1.07, 1.32) mmol/L vs 1.31 (1.21, 1.49) 
mmol/L] levels. As expected, BUN and Cr levels were 
significantly higher in 25(OH) D-deficient female patients 
compared with 25(OH) D-deficient male patients. There 
was no difference in HbA1c levels between these two 
groups (Table 3, Figure 2A).

Compared with female patients with no vitamin 
D deficiency, male patients with no vitamin D deficiency 
exhibited significantly higher rates of smoking and drink
ing and significantly greater BMI (25.1 ± 3.5 kg/m2 vs 
26.9 ± 3.5 kg/m2). In addition, male patients in this group 
exhibited significantly lower HDL-C (1.05 ± 0.19mmol/L 
vs 1.18 ± 0.22 mmol/L) and ApoA1 [1.21 (1.10, 1.30) 
mmol/L vs 1.29 (1.20, 1.40) mmol/L] levels, but signifi
cantly higher Cr levels than female patients in this group. 
There was no significant difference in HbA1c levels 
between male and female patients with no vitamin 
D deficiency (Table 3, Figure 2B).

Correlation Between 25(OH) D and 
HbA1c Levels
The correlation analysis between 25(OH) D and HbA1c 
levels yielded values of r = −0.254 and P <0.001 for all 
subjects; r = −0.221 and P = 0.005 for male subjects; 

and r = −0.313 and P = 0.004 for female subjects 
(Figure 3A–C).

Linear Regression Analysis of the 
Correlation Between Vitamin 
D Deficiency and HbA1c Levels in 
Patients with T2DM
For all participants, vitamin D deficiency was identified as 
associated with for high HbA1c levels by the crude model 
(P = 0.009), model 2 (adjusted for gender, family history, 
and BMI) (P = 0.018), and model 3 (additionally adjusted 
for TG, VLDL-C, and Cr) (P= 0.032) (Table 4).

Vitamin D deficiency was not associated with high 
HbA1c levels in male patients with T2DM, regardless of 
whether an unadjusted or adjusted model was used (P = 
0.101 for model 1, P = 0.060 for model 2, and P = 0.094 
for model 3) (Table 5).

Vitamin D deficiency was associated with high HbA1c 
levels in female patients with T2DM, regardless of 
whether an unadjusted or adjusted model was used (P = 
0.029 for model 1, P = 0.038 for model 2, and P = 0.016 
for model 3) (Table 6).

Discussion
Serum 25(OH) D levels are an indicator of vitamin 
D status and are related to a variety of diseases, such as 
DM, breast cancer and multiple sclerosis, which may be 
due to the universal expression of vitamin D receptor in 

Figure 1 (A) Comparisons of glycated hemoglobin in No vitamin deficiency group and Vitamin D deficiency group in all participants with type 2 diabetes mellitus. (B) 
Comparisons of glycated hemoglobin in No vitamin deficiency group and Vitamin D deficiency group in male participants with type 2 diabetes mellitus. (C) Comparisons of 
glycated hemoglobin in No vitamin deficiency group and Vitamin D deficiency group in female participants with type 2 diabetes mellitus.
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a variety of tissues and cells, such as adipose tissue,12 

breast13 and nerve cells.14 β-cells within pancreatic islets 
have receptors for active vitamin D,15 enabling vitamin 
D to regulate the insulin response to elevated blood glu
cose levels. In addition, these cells express 1α- 
hydroxylase, which can convert the biologically inert 25 
(OH) D to active vitamin D. Vitamin D can also promote 
insulin-mediated responses by suppressing inflammation.16

Vitamin D deficiency is involved in many complica
tions of DM, such as diabetic retinopathy, diabetic nephro
pathy, and diabetic peripheral neuropathy.17 For example, 
a meta-analysis by Luo involving 15 observational studies 
(17,664 subjects) found that the rate of diabetic retinopa
thy was significantly (2.03-fold) higher in patients with 

T2DM and vitamin D deficiency than in patients with 
T2DM and no vitamin D deficiency.18 The renin- 
angiotensin-aldosterone system (RAAS) is the leading 
cause of progressive kidney damage. Vitamin D down- 
regulates the RAAS by inhibiting renin expression,19 

thus protecting the kidneys.
Because of the role of vitamin D in metabolic diseases, 

some researchers have conducted interventional studies 
based on vitamin D supplementation. In one study, patients 
with T2DM received 4500 IU/day for 2 months, which 
resulted in a significant reduction in fasting blood glucose 
(from 133 mg/dl to 127 mg/dl) and HbA1c (from 7.7% to 
7.2%) levels compared with baseline values.20 A double- 
blind, placebo-controlled study of 96 subjects conducted 

Table 3 Clinical Characteristics of Patients with T2DM by Sex Category

Vitamin D Deficiency (25OHD>20ng/mL) No Vitamin D Deficiency (25OHD<20ng/mL)

Female Male P value Female Male P value

n 61 88 20 69

Age (years) 58.1±11.3 51.9±11.8 0.002 59.1±9.1 54.7±11.2 0.116
Smoking 1 (1.7%) 46 (52.3%) P<0.001 0 (0.0%) 35 (50.7%) <0.001

Drinking 1 (1.6%) 38 (43.2%) <0.001 0 (0.0%) 25 (36.2%) 0.002

BMI (kg/m2) 25.78±3.59 26.59±3.03 0.138 26.9±3.5 25.1±3.5 0.045
HDL-C (mmol/L) 1.14 (1.02, 1.24) 0.98 (0.88, 1.13) <0.001 1.18±0.22 1.05±0.19 0.009

ApoA1 (mmol/L) 1.31 (1.21, 1.49) 1.17 (1.07, 1.32) <0.001 1.29 (1.20, 1.40) 1.21 (1.10, 1.30) 0.039

BUN (mmol/L) 4.72 (4.00, 5.65) 5.40 (4.35, 6.49) 0.036 5.51 (4.39, 6.34) 5.18 (4.42, 6.45) 0.796
Cr (μmmol/L) 62.30 (53.10, 66.70) 75.70 (69.00, 83.65) <0.001 64.42±11.83 78.74±12.52 <0.001

Note: Data were expressed as number (%) or mean ± SD/median (interquartile range). 
Abbreviations: ApoA1, apolipoprotein A1; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; HDL-C, high-density lipoprotein-cholesterol; T2DM, type 2 
diabetes mellitus.

Figure 2 (A) Comparisons of glycated hemoglobin in female group and male group in participants with type 2 diabetes mellitus and vitamin D deficiency. (B) Comparisons 
of glycated hemoglobin in female group and male group in participants with type 2 diabetes mellitus and without vitamin D deficiency.
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by Lemieux et al found that, in subjects at high risk of 
diabetes or with newly diagnosed T2DM who received 
5000 IU vitamin D3 daily for 6 months, peripheral insulin 
sensitivity and β-cell function increased significantly, sug
gesting that supplementation with vitamin D3 may slow 
metabolic deterioration in this population.21

Previous studies have explored the relationship 
between vitamin D and blood glucose levels. One study 
performed in adolescents (aged 12–17 years) in the United 
States found that vitamin D levels were negatively corre
lated with fasting blood glucose levels, but were not 
related to HbA1c in male subjects.22 Munasinghe23 found 
that individuals with a 25(OH) D level ≥20ng/mL had 

a 0.74-fold less possibility of exhibiting elevated HbA1c 
levels compared with individuals with a 25(OH) D level 
<20ng/mL in a non-diabetic population. Another study 
showed that 25(OH) D levels are negatively correlated 
with HbA1c levels in patients with T2DM.24

In our study, we found that HbA1c levels were signifi
cantly higher in patients with vitamin D deficiency com
pared with the no vitamin D deficiency group for all 
subjects with T2DM. The same was true for female 
patients with T2DM, but there were no differences 
between the two groups for male patients. In addition, 
there was no difference in HbA1c levels between vitamin 
D-deficient male and female patients with T2DM.

Table 4 Linear Regression Model of Vitamin D Deficiency for HbA1c in Patients with T2DM

No Vitamin D Deficiency Vitamin D Deficiency

B (95% CI) Std. Error Beta t P

Model 1 Reference 0.734 (0.182, 1.286) 0.280 0.168 2.619 0.009

Model 2 Reference 0.692 (0.120, 1.264) 0.290 0.158 2.382 0.018

Model 3 Reference 0.641 (0.054, 1.228) 0.298 0.147 2.154 0.032

Notes: Model 1: crude model; Model 2: adjusted for sex, history of DM, BMI; Model 3: adjusted for sex, history of DM, BMI, TG, VLDL-C and Cr. 
Abbreviations: BMI, body mass index; Cr, creatinine; DM, diabetes mellitus; HbA1c, glycated hemoglobin; T2DM, type 2 diabetes mellitus; TG, triglyceride; VLDL-C, very- 
low-density lipoprotein-cholesterol.

Table 5 Linear Regression Model of Vitamin D Deficiency for HbA1c in Male Patients with T2DM

No Vitamin D Deficiency Vitamin D Deficiency

B (95% CI) Std. Error Beta t P

Model 1 Reference 0.581 (−0.115, 1.277) 0.352 0.131 1.649 0.101
Model 2 Reference 0.683 (−0.030, 1.397) 0.361 0.154 1.893 0.060

Model 3 Reference 0.620 (−0.107, 1.346) 0.368 0.140 1.685 0.094

Notes: Model 1: crude model; Model 2: adjusted for BMI; Model 3: adjusted for BMI, TG and VLDL-C. 
Abbreviations: BMI, body mass index; DM, diabetes mellitus; HbA1c, glycated hemoglobin; T2DM, type 2 diabetes mellitus; TG, triglyceride; VLDL-C, very-low-density 
lipoprotein-cholesterol.

Figure 3 (A) Linear correlation of glycated hemoglobin and 25-hydroxyvitamin D in all participants with type 2 diabetes mellitus. (B) Linear correlation of glycated 
hemoglobin and 25-hydroxyvitamin D in male participants with type 2 diabetes mellitus. (C) Linear correlation of glycated hemoglobin and 25-hydroxyvitamin D in female 
participants with type 2 diabetes mellitus.
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For all participants, male participants, and female par
ticipants, there was a negative linear correlation between 
25(OH) D and HbA1c levels. Whether all confounding 
factors were adjusted for or not, we found that 25(OH) 
D was an independent risk factor for high HbA1c levels in 
all patients with T2DM and in female patients with T2DM. 
In the male-only group, 25(OH) D was not a risk factor for 
high HbA1c levels, regardless of whether confounding 
factors were adjusted for. The differences that we observed 
between the male-only and female-only groups may be 
due to the effects of hormones, exercise, or other factors.

There were some limitations to this study. First, it was 
a single-center study, so the sample may not be represen
tative of all patients with T2DM. Second, this was a cross- 
sectional study, and as such provides a lower level of 
evidence than a RCT, cohort study, or case–control study 
would have. Third, confounding factors such as exposure 
sunlight and sedentary lifestyle were not included in our 
study because these indicators were difficult to quantify. 
Fourth, patients hospitalized were recruited, which may 
lead to bias to some extent. Last, the sample size was 
small, especially female population, which led to unba
lanced gender distribution. It is essential to expand the 
sample size in future studies and try to maintain gender 
balance.

In conclusion, the results from our study confirm that 
HbA1c is increased in patients with T2DM with 25(OH) 
D deficiency. Maybe 25(OH) D deficiency is a risk factor 
for high HbA1c levels in patients with T2DM, but it needs 
further investigation. Furthermore, we show that the rela
tionship between 25(OH) D and HbA1c levels is different 
between female and male patients with T2DM.

Abbreviations
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, 
body mass index; BUN, blood urea nitrogen; Cr, creatinine; 
DM, diabetes mellitus; HbA1c; glycated hemoglobin; HDL- 
C, high-density lipoprotein cholesterol; LDL-C, low-density 

lipoprotein cholesterol; MetS, metabolic syndrome; T2DM, 
type 2 diabetes mellitus; TC, total cholesterol; TG, triglycer
ide; VLDL-C, very low-density lipoprotein cholesterol; OC, 
osteocalcin; P1NP, procollagen type 1 N-terminal propeptide; 
PTH, parathyroid hormone; 25OHD, 25-hydroxyvitamin D; 
β-CTX, β-C-terminal cross-linked telopeptide of type 
I collagen.
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