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Purpose: This study aimed to examine whether 25-hydroxyvitamin D (25OHD) levels (an 
indicator of vitamin D status) are independently associated with insulin resistance (IR) in 
patients with type 2 diabetes mellitus (T2DM).
Patients and Methods: This was a cross-sectional study. Participants with T2DM were 
recruited from the Department of Endocrinology in Hebei General Hospital according to 
inclusion and exclusion criteria. Data on basic characteristics and blood parameters were 
collected. We used the IR index (20/[fasting C-peptide × fasting plasma glucose]) to evaluate 
IR. Potential confounding factors were selected from comparisons among different IR index 
groups of quartiles and were adjusted in different models.
Results: We included 172 subjects (121 men and 51 women) whose mean age was 53.2 
±10.6 years. Body mass index (BMI), DM course, insulin use, glycated hemoglobin 
(HbA1c), fasting blood glucose, fasting C-peptide, triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C), apolipoprotein A1 (ApoA1), and albumin were differed among 
different IR-index groups (all P value <0.05). In models 1 and 2, no or some confounding 
factors were adjusted for, and we found that there was no relationship between 25OHD and 
the IR index. In model 3, when all confounding factors (DM course, insulin use, BMI, 
HbA1c, TG, HDL-C, ApoA1, albumin and other bone turnover markers) were adjusted for, 
the IR index was increased by 5.6% when 25OHD levels increased by 1 ng/mL (odds ratio: 
1.056; 95% confidence interval: 1.009, 1.105).
Conclusion: Vitamin D is independently associated with IR in patients with T2DM.
Keywords: diabetes mellitus, type 2, vitamin D, insulin resistance

Introduction
Insulin resistance (IR) or decreased insulin sensitivity refers to the inability of insulin to 
effectively promote glucose uptake by peripheral tissues (eg, skeletal muscle and 
adipose tissue) and inhibit liver glucose output. If insulin can produce enough insulin 
to compensate for IR, blood glucose levels can be maintained at a normal level. 
However, if pancreatic function is insufficient to allow for IR, blood glucose levels 
rise and diabetes mellitus (DM) gradually develop. IR is a compensatory response 
mechanism of the body to excess energy. In the early stage of type 2 diabetes mellitus 
(T2DM), its main feature is IR, and IR is the central link in the onset and progression of 
T2DM.1 Therefore, evaluation of IR is important.

With regard to the evaluation method of IR, the gold standard is the euglyce-
mic–hyperinsulinemic clamp, and others include the insulin suppression test,2 
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homeostasis model assessment-IR,3 and the quantitative 
insulin sensitivity check index.4 Because of the difficulty 
in technical use of these methods, their overall complexity, 
and the nature of the population, their clinical applications 
are relatively limited. In recent years, researchers have 
continuously proposed new methods for evaluating IR, 
which not only ensure the accuracy but also ensure the 
universality of clinical applications. In our research, we 
adopted the new formula proposed by Ohkura et al5 who 
found that it is a simple and effective method of determin-
ing IR.

Recently, calcium and vitamin D were found to be 
related to IR and T2DM, but few studies have determined 
whether vitamin D is independently associated with IR. 
Therefore, the current study aimed to examine whether 25- 
hydroxyvitamin D (25OHD), as an indicator of vitamin 
D status, is independently associated with IR in patients 
with T2DM.

Patients and Methods
Study Protocol
This was a cross-sectional study and was registered in 
Chinese Clinical Trial Registry (Registration Number: 
ChiCTR2000029391).

The primary outcome was the association of 25OHD 
with IR as evaluated by the following equation: IR index = 
20/(fasting C-peptide × fasting plasma glucose). This asso-
ciation was adjusted for different confounding factors. The 
secondary outcome was differences among different IR 
levels.

This study protocol was approved by Hebei General 
Hospital Ethics Committee and the study was in accor-
dance with the Declaration of Helsinki. The researchers 
explained the study purpose to the participants and 
recruited patients signed informed consent forms. We 
kept the participants’ information confidential.

Subjects
Participants were recruited from inpatients of the 
Department of Endocrinology in Hebei General Hospital. 
Male and female participants were aged ≥18 years old. 
Inclusion criteria were as follows: (i) T2DM as diagnosed 
according to the definition of the World Health 
Organization and (ii) complete data. Exclusion criteria 
were as follows: (i) other types of DM, such as type 1 
diabetes, gestational diabetes, and other special types of 
DM; (ii) incomplete data; (iii) patients with severe 

diseases, such as malignancy, myocardial infarction, cere-
bral infarction, renal failure, and heart failure; (iv) infec-
tious diseases, such as pneumonia, urinary infection, and 
diabetic foot infection; and (v) acute complications of DM, 
such as diabetic ketoacidosis, diabetic hyperosmolar syn-
drome, and hypoglycemic coma.

Assessment
Basic characteristics of the participants, including age, sex, 
family history of DM, course of DM, alcohol drinking, 
cigarette smoking, and insulin use, were collected by ques-
tionnaires. Anthropometric values (body weight, height) 
were measured by one researcher. Levels of fasting blood 
glucose (FBG), fasting C-peptide (FCP), glycated hemo-
globin (HbA1c), the serum lipid profile (triglycerides 
[TG], total cholesterol, high-density lipoprotein choles-
terol [HDL-C], low-density lipoprotein cholesterol, very 
low-density lipoprotein cholesterol, apolipoprotein A1 
[ApoA1], and apolipoprotein B), bone turnover markers 
(25OHD, β-C-terminal cross-linked telopeptide of type 
I collagen [β-CTX], osteocalcin [OC], procollagen type 1 
N-terminal propeptide [P1NP], and parathyroid hormone 
[PTH]), total protein, and albumin were measured after 12- 
h overnight fasting (Note: LDL-C levels were measured 
directly). Body mass index (BMI) was calculated as body 
weight (kg)/height2 (m2).

Statistical Analyses
All statistical analyses were performed by SPSS 22.0 
(IBM, Inc., Armonk, NY, USA). The IR index was 
divided into four groups of quartiles. For continuous 
variables, ANOVA (normally distributed data, expressed 
as mean ± SD) and a nonparametric test (Kruskal–Wallis 
test) (data with a skewed distribution, expressed as med-
ian, 25th, 75th percentiles) were used to compare differ-
ences among different groups. For categorical variables, 
the Chi-Square test was used for comparisons (expressed 
as number and percentage). After comparisons, several 
factors were selected on the basis of P<0.1 and the 
clinical background. Ordinal regression analysis was 
used to examine the relationship of 25OHD and the IR 
index. Different models (models 1, 2, and 3) had adjust-
ment for different confounding factors. The results are 
shown as odds ratios (ORs) and 95% confidence inter-
vals (CIs). P<0.05 was considered as statistically 
significant.
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Results
Study Population
A total of 212 subjects with T2DM were recruited from the 
Department of Endocrinology. Thirty-one patients with 
infectious diseases, acute complications of DM, and severe 
diseases were excluded. Nine patients with incomplete data 
were also excluded. Finally, 172 subjects were included in 
the current study (Flow diagram shown in Figure 1). There 
were 121 male and 51 female subjects whose mean age was 
53.2±10.6 years. The median FBG level was 6.53 mmol/L 
(5.69, 7.88). The 25OHD level ranged from 4.37 to 45.14 ng/ 
mL. General characteristics of subjects are shown in Table 1.

Comparisons of Clinical and Biochemical 
Characteristics of All Subjects
The IR index was divided into four groups (Q1, Q2, Q3 
and Q4). The course of T2DM differed among the differ-
ent IR groups. In the Q1 group (P=0.003), BMI (P<0.001) 
and FBG (P<0.001) levels were significantly higher com-
pared with the other three groups. FCP levels in the groups 
increased in the order of Q1>Q2>Q3>Q4 (P<0.001). TG 
levels in the Q1 group were higher than those in the Q4 
group (P=0.032). HDL-C levels were higher in the Q3 and 
Q4 groups compared with the Q1 group (P=0.002). 
ApoA1 levels in the Q2 and Q4 groups were higher than 

those in the Q1 group (P=0.008). HbA1c was significant 
for comparisons between groups, but there was no differ-
ence when compared within groups (P=0.031) (Table 2).

Association of 25OHD and the IR Index
BMI, DM course, insulin use, HbA1c, FBG, FCP, TG, 
HDL-C, ApoA1, and albumin were selected for further 
analysis on the basis of the finding that they showed 
P<0.1 in the above-mentioned analyses. On the basis of 
clinical perspectives, bone turnover markers were also 
selected as confounding factors.

Model 1 was a crude model with no adjustment for 
potential confounding factors. We found that there was 
no relationship between 25OHD and the IR index (OR: 
1.026; 95% CI: 0.989, 1.064). In model 2, there was 
adjustment for DM course, insulin use, BMI, HbA1c, 
TG, HDL-C, ApoA1, and albumin. We found no associa-
tion between 25OHD and the IR index in model 2 (OR: 
1.041; 95% CI: 0.998, 1.085). In model 3, there was 
adjustment for all confounding factors, including DM 
course, insulin use, BMI, HbA1c, TG, HDL-C, ApoA1, 
albumin, β-CTX, OC, P1NP, and PTH. We found that, 
when 25OHD levels increased by 1 ng/mL, the IR index 
was increased by 5.6% (OR: 1.056; 95% CI: 1.009, 
1.105), which indicated that 25OHD was independently 
associated with IR (Table 3).

Figure 1 Flow diagram of recruitment.
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Discussion
T2DM is a metabolic disease characterized by IR and 
defective insulin secretion. An effective method for eval-
uating IR is essential. The pancreas secretes insulin and 
C-peptide at a 1:1 ratio, but unlike insulin, C-peptide is not 
considerably cleared by the liver. Additionally, at physio-
logical and supraphysiological concentrations, the kinetics 
of C-peptide are linear, resulting in a longer half-life.6,7 

Therefore, peripheral C-peptide levels can reflect pancrea-
tic insulin secretion more accurately compared with insu-
lin. However, C-peptide is not restricted by using 
exogenous insulin and can be widely used in patients 
with T2DM.

Recent studies have found that an imbalance of cal-
cium and vitamin D levels is related to IR, dysfunction of 
the pancreas, metabolic syndrome, and DM. Therefore, we 
focused on that determining whether vitamin D status is 
independently associated with IR.

In our study, according to quartiles, the IR index was 
divided into four groups. We found that the course of T2DM, 
BMI, glucose control (FBG, HbA1c) and FCP levels, and 
blood lipid (TG, HDL-C, ApoA1) levels were different 
among the groups. Because all P values were <0.05, these 
factors served as confounding factors to examine the rela-
tionship between IR and 25OHD. To avoid missing other 
confounding factors, we relaxed the screening criteria to 0.1 
and clinical aspects were taken into account. Finally, BMI, 
DM course, insulin use, and levels of HbA1c, FBG, FCP, TG, 
HDL-C, ApoA1, albumin, and bone turnover markers were 
selected as confounding factors that may affect the results. 
Our previous study showed that a high BMI and TG levels 
protected against osteoporosis, and these patients tended to 
have higher vitamin D levels.8 Additionally, with extension 
of the course of DM, pancreatic function showed 
a downward trend, from the state of IR to the stage of insulin 
secretion disorder. Regression analysis showed that 25OHD 
and the IR index were not associated when we adjusted for no 
or some confounding factors. After adjusting for all potential 
confounding factors, we found that 25OHD and the IR index 
were independently related. The degree of IR decreased as 
25OHD levels increased. These results are consistent with 
previous research results. Recent reviews that summarized 
a negative association between vitamin D deficiency and 
glycemic control showed a positive association between 
low vitamin D status and IR.9,10 In Arab American men, 
serum 25OHD levels are negatively correlated with home-
ostasis model assessment-IR, TG, FBG, and HbA1c levels.11 

Table 1 General Characteristics of Subjects in Current Study

All Participants (n=172)

Male (n, %) 121 (70.3%)

Age (years) 53.2±10.6

Family history of DM 61 (35.5%)

DM course (years)

0–1 32 (18.6%)

1–10 75 (43.6%)

10–20 49 (28.5%)

≥20 16 (9.3%)

History of hypertension 72 (41.9%)

Cigarette smoking 65 (37.8%)

Alcohol drinking 53 (30.8%)

Insulin use 53 (30.8%)

BMI (kg/m2) 25.77±3.31

HbA1c (%) 9.1 (7.5, 10.8)

FBG (mmol/L) 6.53 (5.69, 7.88)

FCP (ng/mL) 1.69 (1.16, 2.48)

TC (mmol/L) 4.65 (4.05, 5.45)

TG (mmol/L) 1.47 (0.99, 2.26)

HDL-C (mmol/L) 1.05 (0.90, 1.18)

LDL-C (mmol/L) 3.18±0.83

VLDL-C (mmol/L) 0.50 (0.33, 0.68)

ApoA1 (mmol/L) 1.23 (1.12, 1.38)

ApoB (mmol/L) 0.80 (0.68, 0.98)

Total protein (g/L) 68.50 (63.3, 72.93)

Albumin (g/L) 41.63±2.84

25OHD (ng/mL) 18.15 (13.36, 23.85)

β-CTX (ng/mL) 0.36 (0.24, 0.52)

OC (ng/mL) 12.05 (9.70, 15.83)

P1NP (ng/mL) 37.88 (29.40, 51.17)

PTH (pg/mL) 36.35 (25.67, 47.17)

IR-index 4.99 (3.52, 8.02)

Notes: For continuous variables, normally distributed data were expressed as mean ± 
SD and data with a skewed distribution were expressed as median (25th, 75th 
percentiles). For categorical variables, data were expressed as number and percentage. 
Abbreviations: DM, diabetes; BMI, body mass index; HbA1c, glycated hemoglobin; 
FBG, fasting blood glucose; FCP, fasting C-peptide; TC, total cholesterol; TG, triglycerides, 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol, 
VLDL-C, very low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; 25-hydroxy vitamin D, 25OH; β-CTX, β-C-terminal cross-linked telo-
peptide of type I collagen; OC, osteocalcin; P1NP, procollagen type 1 N-terminal propep-
tide; PTH, parathyroid hormone; IR: insulin resistance.
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Denova-Gutiérrez et al found an inverse relationship 
between IR and serum vitamin D levels was observed in 
533 Mexican children and adolescents, approximately 90% 
of whom had sub-optimal vitamin D levels (<30 ng/mL).12

Our study provides clinicians with a simple method to 
assess IR and explore the relationship of IR with vitamin 
D status, suggesting the importance of vitamin 
D supplementation. Vitamin D deficiency is regarded as 

Table 2 Comparison of Parameters According to 20/(Fasting C-Peptide × Fasting Plasma Glucose) Quartiles

Q1 Q2 Q3 Q4 P value

Male (n, %) 32 (74.4%) 31 (72.1%) 30 (69.8%) 28 (65.1%) 0.333

Age (years) 51.6±11.0 51.8±9.2 53.8±11.6 55.6±10.2 0.243

Family history of DM 12 (27.9%) 17 (39.5%) 15 (34.9%) 17 (39.5%) 0.356

DM course (years) 0.003
0–1 9 (20.9%) 8 (18.6%) 9 (20.9%) 6 (14.0%)

1–10 22 (51.2%) 23 (53.5%) 16 (37.2%) 14 (32.6%)
10–20 12 (27.9%) 8 (18.6%) 16 (37.2%) 13 (30.2%)

≥20 0 (0.0%) 4 (9.3%) 2 (4.7%) 10 (23.3%)

History of hypertension 19 (44.2%) 17 (39.5%) 17 (39.5%) 19 (44.2%) 1.000

Cigarette smoking 17 (39.5%) 17 (39.5%) 15 (34.9%) 16 (37.2%) 0.726

Alcohol drinking 14 (32.6%) 14 (32.6%) 11 (25.6%) 14 (32.6%) 0.825

Insulin use 11 (25.6%) 12 (27.9%) 10 (23.3%) 20 (46.5%) 0.066

BMI (kg/m2) 27.53±3.06 25.98±2.86 25.19±3.33 24.36±3.23 <0.001

HbA1c (%) 8.4 (7.2, 10.2) 8.6 (6.8, 10.6) 9.1 (8.3, 11.7) 9.9 (8.2, 11.3) 0.031

FBG (mmol/L) 7.85 (6.66, 8.83) 6.49 (5.90, 8.01) 6.33 (5.61, 7.55) 5.70 (5.19, 6.75) <0.001

FCP (ng/mL) 3.02 (2.49, 3.36) 2.09 (1.61, 2.41) 1.45 (1.29, 1.73) 0.87 (0.69, 1.07) <0.001

TC (mmol/L) 4.44 (3.61, 5.35) 4.66 (4.19, 5.14) 4.75 (4.04, 5.86) 4.60 (4.14, 5.76) 0.320

TG (mmol/L) 1.69 (1.35, 2.43) 1.46 (1.15, 2.24) 1.38 (0.90, 2.43) 1.32 (0.82, 1.71) 0.032

HDL-C (mmol/L) 0.95 (0.84, 1.05) 1.04 (0.92, 1.20) 1.07 (0.90, 1.24) 1.11 (0.93, 1.25) 0.002

LDL-C (mmol/L) 2.99±0.92 3.16±0.64 3.33±0.82 3.26±0.91 0.305

VLDL-C 0.50 (0.33, 0.68) 0.46 (0.35, 0.66) 0.50 (0.32, 0.65) 0.52 (0.34, 0.72) 0.990

ApoA1 (mmol/L) 1.18 (1.06, 1.24) 1.24 (1.13, 1.44) 1.21 (1.13, 1.44) 1.30 (1.19, 1.39) 0.008

ApoB (mmol/L) 0.77 (0.63, 1.01) 0.80 (0.68, 0.91) 0.83 (0.74, 0.99) 0.76 (0.66, 0.98) 0.628

Total protein (g/L) 68.60 (63.20, 73.30) 66.80 (63.30, 73.10) 69.90 (63.30, 74.20) 68.50 (63.90, 72.30) 0.894

Albumin (g/L) 42.28±2.62 41.43±2.72 42.03±3.26 40.79±2.58 0.068

25OHD (ng/mL) 16.84 (11.86, 23.86) 18.37 (14.48, 25.27) 17.10 (12.29, 23.56) 20.94 (15.25, 24.79) 0.233

β-CTX (ng/mL) 0.31 (0.24, 0.47) 0.43 (0.24, 0.57) 0.31 (0.22, 0.52) 0.35 (0.27, 0.54) 0.610

OC (ng/mL) 11.68 (9.71, 14.95) 12.59 (10.00, 17.61) 11.88 (9.54, 16.05) 12.27 (9.64, 15.53) 0.774

P1NP (ng/mL) 38.21 (29.39, 50.29) 39.15 (30.63, 52.08) 35.97 (29.43, 50.05) 37.99 (28.63, 51.38) 0.986

PTH (pg/mL) 37.54 (28.02, 47.80) 36.09 (24.74, 47.57) 36.43 (22.63, 54.84) 35.11 (26.15, 43.74) 0.914

Abbreviations: DM, diabetes; BMI, body mass index; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; FCP, fasting C-peptide; TC, total cholesterol; TG, 
triglycerides, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol, VLDL-C, very low-density lipoprotein cholesterol; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; 25-hydroxy vitamin D, 25OH; β-CTX, β-C-terminal cross-linked telopeptide of type I collagen; OC, osteocalcin; P1NP, 
procollagen type 1 N-terminal propeptide; PTH, parathyroid hormone; IR, insulin resistance.
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a common health problem, which may affect up to half of the 
general population.13 A sedentary lifestyle for a long time, 
a lack of physical exercise, and minimal exposure to sunshine 
may account for the prevalence of vitamin D deficiency.14 

Osteoporosis is an outcome of vitamin D deficiency15 and 
can lead to fracture and disability, which affect quality of life, 
and cause a burden to family and society.16 The Endocrine 
Society Guidelines recommend supplementation with 50,000 
IU vitamin D3 once per week for 8 weeks.17 A meta-analysis 
of 11 randomized, controlled trails (total of 601 subjects) 
showed that continuous low doses of vitamin D (<4000 IU/d) 
or supplementation with vitamin D as a co-supplement may 
improve insulin sensitivity in women with polycystic ovary 
syndrome.18

The current study has several strengths. First, all poten-
tial confounding factors were adjusted for and 25OHD was 
independently associated with IR. Second, calculating the 
formula of IR was easy. The indicators used in this for-
mula were common in our clinical work. Third, the eva-
luation method of IR in our study was non-invasive.

This study has some limitations. One of the limitations 
in our study is that the sample size was small for a cross- 
sectional study. Another limitation is that only 10 subjects 
had vitamin D deficiency. Therefore, 25OHD levels were 
not divided into three groups of normal vitamin D levels, 
vitamin D insufficiency, and vitamin D deficiency. We 
could not examine the relationship of 25OHD as 
a categorical variable and IR. From a clinical perspective, 
25OHD as a categorical variable is more appropriate.

In conclusion, 25OHD is independently associated with 
IR in patients with T2DM. Proper supplementation of vita-
min D in these patients may improve insulin sensitivity.

Abbreviations
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; 
BMI, body mass index; DM, diabetes mellitus; 
HbA1c, glycated hemoglobin; HDL-C, high-density 
lipoprotein cholesterol; IR, insulin resistance; LDL-C, 
low-density lipoprotein cholesterol; T2DM, type 2 dia-
betes mellitus; TC, total cholesterol; TG, triglyceride; 
VLDL-C, very low-density lipoprotein cholesterol; OC, 
osteocalcin; OR, odds ratio; P1NP, procollagen type 1 
N-terminal propeptide; PTH, parathyroid hormone; 
25OHD, 25-hydroxyvitamin D; CI, confidence interval; 
β-CTX, β-C-terminal cross-linked telopeptide of type 
I collagen.
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