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Objectives. The aim of this study was to investigate the relationship between serum vitamin D and insulin resistance in Chinese
subjects without diabetes mellitus. Methods. Serum 25(OH)D was measured in 897 individuals with normal glucose tolerance
(NGT). Oral glucose tolerance tests (OGTTs) were conducted to exclude cases with diabetes, impaired fasting glucose (IFG),
and impaired glucose tolerance (IGT). Metabolic parameters were measured and compared between the highest and lowest
25(OH)D quartiles. The relationship between serum 25(OH)D and homeostatic model assessment-insulin resistance (HOMA-IR)
was analyzed. Results. Indexes, such as HOMA-IR, FINS, and SBP, were negatively correlated with serum 25(OH)D concentrations.
Compared with the lowest quartile, individuals in the highest group had decreased Lg (HOMA-IR), Lg (FINS), and SBP. Pearson
correlation analyses showed that serum 25(OH)D was negatively associated with age, BMI, Lg (HOMA-IR), and Lg (FINS).
Multivariate linear regression analysis confirmed the negative correlation of Lg (HOMA-IR) and 25(OH)D.Conclusions.This study
showed that serum 25(OH)D could be regarded as an independent predictor of insulin resistance for subjects without diabetes
mellitus in China. Adequate vitamin D supplementation may improve multiple metabolic disturbances.

1. Introduction

The importance of vitamin D in the maintenance of calcium
homeostasis and bone health is well known. In recent years,
there is a growing interest in the nonclassical effects of
vitamin D, which is based on findings showing the presence
of vitaminD receptors (VDRs) in tissues other than bone, gut,
and kidneys. The previous studies had shown that vitamin
D status was correlated with a plethora of adverse health
conditions such as endocrine [1], cardiovascular diseases [2],
cancer [3], and autoimmune diseases [4]. Patients with type
2 diabetes had lower serum 25(OH)D compared to control
subjects without diabetes [5]. The 25(OH)D concentrations
were lower in subjects at risk of diabetes than those without
the risk. Moreover, vitamin D supplementation showed ben-
eficial effects on glucose homeostasis and insulin resistance
both in patients with type 2 diabetes and in adults at risk of
type 2 diabetes [6, 7].

The study on the relationship between serum 25(OH)D
and insulin resistance in subjects with NGT is insufficient
currently. First of all, the previous studiesmainly focus on the
Western populations as well as established diabetic subjects,
while those conducted among Asian subjects free of diabetes
are much less [8, 9]. Besides, existing results from observa-
tional and experimental studies are not entirely consistent
[10–14]. Scragg et al. [10] had shown racial/ethnic disparities
in the associations of 25(OH)D with insulin resistance in
USA adults. Our study aimed to investigate the relationship
between serum vitamin D and insulin resistance in Chinese
populations with NGT.

2. Subjects and Methods

2.1. Study Participants. Study participants were individuals
who were referred to our hospital for physical examinations
from August to November in 2011. A total of 897 subjects
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aged 27–68 years, including 485 males and 412 females,
with normal glucose tolerance were enrolled. Subjects were
excluded in the following situations: diabetes, IFG and IGT,
digestive system diseases leading to malabsorption, liver or
kidney diseases, osteoporosis, and other abnormalities in
bonemetabolism. All participants denied a history of vitamin
D and calcium intake. The 2003 ADA diagnostic criteria for
diabetes and for lesser degrees of impaired glucose regulation
(IFG/IGT) were adopted.

Protocols were approved by review boards of the Jinan
Central Hospital. Written informed consent and investiga-
tions were conducted according to the principles in the
Declaration of Helsinki.

2.2. Methods. Height was measured to the nearest cm using
a rigid stadiometer and weight was measured in under-
wear to the nearest 0.1 kg using a calibrated balance scale.
Body mass index (BMI) was calculated as weight (kg)
divided by squared height (m2). Bloodpressurewasmeasured
according to standard methods by special trainees. After an
8–12-hour overnight fast, a 75-g OGTT was administered,
subjects with IFG, IGT, and diabetes were excluded, and
those with NGT were enrolled according to 2003 American
Diabetes Association criteria. 0-hour and 2-hour OGTT
plasma glucose samples were measured with a hexokinase
reagent kit (A-gent glucose test, Abbott Laboratories). Glu-
cose assays were performed in duplicate; intra-assay CV
was <3%. Fasting plasma insulin (FINS) was measured with
an insulin assay specific to insulin (Linco Research); the
assay CV was <6.8%. Indicators, such as triacylglycerol (TG)
and total cholesterol (TCH), were measured by the enzy-
matic method. Measurement of HDL-cholesterol (HDLC)
and LDL-cholesterol (LDLC) was conducted by the direct
method. Serum 25(OH)D concentrations were measured by
enzyme-linked immunosorbent assays (Immunodiagnostic
SystemsLimited, Boldon,UK)with intra-assay and interassay
CVs of<6%.HOMA-IR ismeasured as fasting plasma insulin
(mIU/L) × fasting plasma glucose (mmol/L)/22.5.

2.3. Groups. Serum 25(OH)D values were categorized into
quartiles. Metabolic indexes were compared between 225
individuals (180 males and 45 females) in the highest quartile
[serum25(OH)D> 39.33 nmol/L] and 224 subjects (149males
and 75 females) in the lowest 25(OH)D quartile [serum
25(OH)D ≤ 24.38 nmol/L], based on a significance level of
0.05 for comparing the metabolic parameters.

2.4. Statistical Analysis. The data were analyzed with the Sta-
tistical Package for the Social Sciences (SPSS Inc., Chicago),
Version 18.0. 𝑃 < 0.05was considered statistically significant.
Normal distribution data was described as means ± SD.
Considering that the distributions of FINS, HOMA-IR, and
25(OH)D were skewed, we used logarithmic transformations
to normalize the distributions of these variables. A two-
sample (independent group) t-testwas performed to compare
characteristics between the highest and lowest 25(OH)D
quartiles. The relationship between 25(OH)D and insulin

Table 1: Characteristics of the subjects by quartile categories of
serum 25(OH)D.

25(OH)D
The highest quartile The lowest quartile

Cases 225 224
Sex (male/female) 180/45 149/75

BMI (Kg/m2) 24.47 ± 3.29 25.32 ± 2.78

Age (y) 45.72 ± 7.10 51.75 ± 6.12

FPG (mmol/L) 5.58 ± 0.57 5.59 ± 0.49

Lg (HOMA-IR) 0.42 ± 0.29 0.61 ± 0.31
∗∗

LgFINS (mIU/L) 1.03 ± 0.28 1.21 ± 0.30
∗∗

SBP (mmHg) 128.72 ± 1.53 134.70 ± 1.61
∗∗

DBP (mmHg) 84.96 ± 0.95 81.69 ± 1.11

TG (mmol/L) 1.76 ± 0.09 2.01 ± 0.14

TCH (mmol/L) 5.40 ± 0.08 5.64 ± 0.09

HDLC(mmol/L) 1.22 ± 0.27 1.24 ± 0.28

LDLC (mmol/L) 3.34 ± 0.82 3.35 ± 0.85

∗∗ indicates 𝑃 < 0.01, compared with the highest quartile.

Table 2: The correlation and regression analyses of Lg (vitamin D).

Pearson correlation Stepwise regression
𝑟 𝑃 𝛽 𝑃

Sex 0.20 0.000 0.140 0.001
Age −0.27 0.000 −0.248 0.000
BMI −0.11 0.008 −0.130 0.002
SBP −0.11 0.007 −0.010 0.820
DBP −0.10 0.018 −0.009 0.845
Lg (HOMA-IR) −0.18 0.000 −0.183 0.000
lgFINS −0.19 0.000 0.128 0.657

resistance was evaluated using Pearson correlation coefficient
and multivariable linear regression analysis.

3. Results

3.1. Indexes Comparisons among 25(OH)D Categories. Of
the enrolled subjects, with low serum 25(OH)D concen-
tration, HOMA-IR, FINS, and SBP increased significantly
(all 𝑃 < 0.01). Table 1 displayed that, compared with the
lowest 25(OH)Dquartile, individuals in the highest 25(OH)D
quartile had Lg (HOMA-IR), Lg (FINS), and SBP decreased
by 31.4%, 14.9%, and 4.4%, respectively (all 𝑃 < 0.01)
(Table 1).

3.2. Correlation and Regression Analyses of Vitamin D and
Metabolic Indexes. Pearson correlation analyses (Table 2)
showed that vitamin D was correlated with sex. The percent-
age of females in the lowest 25(OH)D quartile (75/149) was
larger than the highest quartile (45/180). Serum 25(OH)D
concentrations were negatively associated with age, BMI,
Lg (HOMA-IR), and Lg (FINS), with coefficients −0.27,
−0.11, −0.18, and −0.19, respectively, with all 𝑃 < 0.01.
No correlations were found between serum 25(OH)D and
fasting plasma glucose (FPG), TG, TCH, HDLC, or LDLC.
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Table 3: The variables entering into the multivariate linear regression equation.

Variables Partial regression coefficient (𝐵) Standardized partial regression coefficient (𝛽) Standard error 𝑇 value 𝑃 value
Constant 1.166 0.071 16.362 0.000
Sex 0.054 0.140 0.001 3.441 0.001
Age −0.006 −0.248 0.016 −6.252 0.000
BMI 0.007 −0.130 0.002 −3.059 0.002
Lg (HOMA-IR) −0.104 −0.183 0.023 −4.505 0.000
Lg 25(OH)D as dependent variable.

Multivariable linear regression analysis (Table 3) presented
that sex, age, BMI, and Lg (HOMA-IR) were significant
predictors of serum 25(OH)D concentrations (𝑃 = 0.001,
0.016, 0.002, and 0.023, resp.).

4. Discussion

Shaw et al. [15] once estimated that, between 2010 and 2030,
there would be a 69% increase in the number of adults
with diabetes in developing countries and a 20% increase in
developed countries.This prediction suggests a larger burden
of diabetes in the future, especially for undeveloped areas,
including China with the largest population in the world.
It has been gradually recognized that vitamin D could play
a role in the pathogenesis of type 2 diabetes and its compli-
cations (such as diabetic nephropathy, diabetic retinopathy,
and diabetic neuropathy) in recent years [16–18]. Insulin
resistance is a recognized precursor in the development of
type 2 diabetes. It will be useful to reduce the risk of type 2
diabetes by improving insulin resistance.

This study demonstrates a negative relation between
serum 25(OH)D and insulin resistance in Chinese popula-
tions with NGT.This finding is in accordance with the previ-
ous reports [11, 19]. Liu et al. have demonstrated that, in Cau-
casian, higher vitamin D status was inversely associated with
fasting glycemia and fasting markers of insulin resistance
among individuals without diabetes [19].The data from Chiu
show a positive correlation of 25(OH)D concentrations with
insulin sensitivity in 126 healthy, glucose-tolerant USA adults
[11]. Besides, our findings are in agreementwith another latest
study conducted among healthy Chinese female people [8].

There are several suggested mechanisms for how vita-
min D might influence insulin sensitivity. First, vitamin D
insufficiency causes parathyroid hormone (PTH) to com-
pensate for decreased calcium absorption, a response that
leads to increased intracellular calcium, which may prevent
insulin target cells from sensing the intracellular calcium
fluxes necessary for insulin action [1]. Studies have shown
that increased PTH was associated with impaired glucose
tolerance and decreased insulin sensitivity [20]. Second,
vitamin D may have an effect on insulin action through
stimulating the expression of insulin receptors and enhancing
insulin responsiveness for glucose transport [21]. Maestro
et al. [22] demonstrated that treatment with 1,25(OH)

2
D
3
for

24 hours increased in a dose-dependent manner the levels of
the two major insulin receptor (IR) mRNAs (11 and 8.5 Kb)
present in U-937 human promonocytic cells. Third, another

study provided a link between VDR and PPAR signaling by
identifying PPAR𝛿 gene as a primary 1𝛼, 25(OH)

2
D
3
target

gene. Meanwhile, PPAR𝛿 had an effect on insulin sensitivity
[23]. Finally, vitamin D may also be involved in inflam-
matory response and improve insulin sensitivity by directly
modulating the effect of cytokines [24, 25]. Study on serum
25(OH)D and insulin resistance is insufficient in individuals
withNGT, instead of prediabetes or participants with IFG [13,
14]. In this study, we observed that vitamin D independently
negatively correlated with HOMA-IR after adjustment for
possible confounders and those with low serum 25(OH)D
levels were at high risk ofmultiplemetabolic disorders. Just as
revealed byHarinarayan et al. [26], adequate calcium-vitamin
D supplementation might lead to improvement of insulin
resistance and metabolism indexes in nondiabetic subjects
with vitamin D deficiency. Recognizing the importance of
vitamin D, vitamin supplement will be emphasized in clinical
nursing work. Thus, defining a cutoff value of vitamin D
deficiency based on insulin resistance would be significant
[27]. Due to ethnic and dietary as well as age differences,
different cutoff values may be detected in various regions.

Some limitations need to be noted. The cross-sectional
study design used in this study cannot separate the timing
of exposure and outcomes. Besides, a large-scale clinical
experimental study and rigorous prospective study will be
required.

In conclusion, serum 25(OH)D could be regarded as
an independent predictor of insulin resistance for Chinese
people with NGT. Further studies on 25(OH)D and insulin
resistance will provide a new pathway for preventing the
progression fromnormal glucose tolerance to type 2 diabetes.

Conflict of Interests

The authors declare no conflict of interests.

Authors’ Contribution

Lin Ding and Congcong Wang contributed equally to this
work.

Acknowledgments

This work was supported by the National Natural Science
Foundation of ChinaGrants 81170771, 81101183, and 81270175,
the Science and Technology Development Programme of



4 International Journal of Endocrinology

Shandong Grant 2012GSF11803, and the International Coop-
eration Programme of Jinan City Grant 201011008.

References

[1] E. Stivelman and R. Retnakaran, “Role of vitamin D in the
pathophysiology and treatment of type 2 diabetes,” Current
Diabetes Reviews, vol. 8, no. 1, pp. 42–47, 2012.

[2] I. R. Reid and M. J. Bolland, “Role of vitamin D deficiency in
cardiovascular disease,” Heart, vol. 98, no. 8, pp. 609–614, 2012.

[3] S. Yao, G. Zirpoli, D. H. Bovbjerg et al., “Variants in the vitamin
D pathway, serum levels of vitamin D, and estrogen receptor
negative breast cancer among African-American women: a
case-control study,” Breast Cancer Research, vol. 14, no. 2, article
R58, 2012.

[4] M. Frieri and A. Valluri, “Vitamin D deficiency as a risk factor
for allergic disorders and immune mechanisms,” Allergy and
Asthma Proceedings, vol. 32, no. 6, pp. 438–444, 2011.

[5] R. Scragg, I. Holdaway, V. Singh, P. Metcalf, J. Baker, and
E. Dryson, “Serum 25-hydroxyvitamin D3 levels decreased
in impaired glucose tolerance and diabetes mellitus,” Diabetes
Research and Clinical Practice, vol. 27, no. 3, pp. 181–188, 1995.

[6] J. Mitri, B. Dawson-Hughes, F. B. Hu, and A. G. Pittas, “Effects
of vitamin D and calcium supplementation on pancreatic 𝛽 cell
function, insulin sensitivity, and glycemia in adults at high risk
of diabetes: the Calcium and Vitamin D for Diabetes Mellitus
(CaDDM) randomized controlled trial,” The American Journal
of Clinical Nutrition, vol. 94, no. 2, pp. 486–494, 2011.

[7] A. Talaei, M. Mohamadi, and Z. Adgi, “The effect of vitamin
D on insulin resistance in patients with type 2 diabetes,”
Diabetology andMetabolic Syndrome, vol. 5, no. 1, article 8, 2013.

[8] M.-F. Tao, Z. Zhang, Y.-H. Ke et al., “Association of serum 25-
hydroxyvitamin D with insulin resistance and 𝛽-cell function
in a healthy Chinese female population,” Acta Pharmacologica
Sinica, vol. 34, no. 8, pp. 1070–1074, 2013.

[9] H. B. Jang, H.-J. Lee, J. Y. Park, J.-H. Kang, and J. Song,
“Association between serum vitamin D and metabolic risk
factors inKorean schoolgirls,”Osong Public Health and Research
Perspectives, vol. 4, no. 4, pp. 179–186, 2013.

[10] R. Scragg, M. Sowers, and C. Bell, “Serum 25-hydroxyvitamin
D, diabetes, and ethnicity in the Third National Health and
Nutrition Examination Survey,” Diabetes Care, vol. 27, no. 12,
pp. 2813–2818, 2004.

[11] K. C. Chiu, A. Chu, V. L. W. Go, and M. F. Saad, “Hypovi-
taminosis D is associated with insulin resistance and 𝛽 cell
dysfunction,”TheAmerican Journal of Clinical Nutrition, vol. 79,
no. 5, pp. 820–825, 2004.

[12] G. Zhao, E. S. Ford, and C. Li, “Associations of serum con-
centrations of 25-hydroxyvitamin D and parathyroid hormone
with surrogate markers of insulin resistance among U.S. adults
without physician-diagnosed diabetes: NHANES, 2003–2006,”
Diabetes Care, vol. 33, no. 2, pp. 344–347, 2010.

[13] A. G. Pittas, S. S. Harris, P. C. Stark, and B. Dawson-Hughes,
“The effects of calcium and vitamin D supplementation on
blood glucose and markers of inflammation in nondiabetic
adults,” Diabetes Care, vol. 30, no. 4, pp. 980–986, 2007.

[14] A. Deleskog, A. Hilding, K. Brismar, A. Hamsten, S. Efendic,
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