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REVIEW

The vitamin D receptor functional variant rs2228570 (C>T) does not associate
with type 2 diabetes mellitus
Laura Bertoccinia, Federica Sentinellia, Frida Leonettia, Diego Bailettia, Danila Capocciaa, Flavia A. Ciminib,
Ilaria Barchettab, Michela Incanic, Andrea Lenzia, Efisio Cossuc, M. Gisella Cavallob, and Marco G. Baroni a,d

aDepartment of Experimental Medicine, Sapienza University of Rome, Rome, Italy; bInternal Medicine Unit, Department of Internal Medicine
and Medical Specialties, Sapienza University of Rome, Rome, Italy; cEndocrinology and Diabetes, Department of Medical Sciences, University
of Cagliari, Cagliari, Italy; dIRCCS Neuromed, Pozzilli

ABSTRACT
Aim: Vitamin D acts through the binding to the vitamin D receptor (VDR). Several polymorphisms in
VDR gene have been studied. Among these, the rs2228570 C>T (FokI) variant has been demon-
strated to be functional, leading to a protein with a different size and activity. So far, genetic studies
on the association between VDR gene rs2228570 single nucleotide polymorphism (SNP) and type 2
diabetes mellitus (T2DM) showed contradictory results. Thus, we performed an association study in
a large cohort of adult Italian subjects with T2DM and in nondiabetic controls. Materials and
methods: For this study, 1713 subjects, 883 T2DM patients and 830 controls, were genotyped for
the polymorphism. All participants without a diagnosis of diabetes underwent oral glucose toler-
ance test (OGTT), with measurement of glucose and insulin levels. Indices of insulin resistance
(Homeostatic model assessment of insulin resistance, insulin sensitivity index), secretion (homeo-
static model assessment for beta-cell, corrected insulin response at 30 minutes) and disposition
index were calculated. Results: Genotype distributions and allele frequencies did not show differ-
ence between T2DM subjects and controls. We did not find significant differences among the three
genotypes regarding gender, age, BMI, waist, hip, waist-to-hip ratio, and blood pressure. There were
also no significant differences in lipid parameters, aspartate aminotransferase, and alanine amino-
transferase levels. We tested for association with OGTT-derived data and surrogate indices of insulin
resistance and secretion. We did not find significant differences among the genotypes in any of
above-mentioned parameters. Furthermore, vitamin D levels were measured in a subgroup of
subjects. We did not find significant differences among the genotypes. Conclusions: Our study
does not provide evidence for the association of the rs2228570 polymorphism with T2DM in a
Caucasian population.
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Introduction

The 1,25-dihydroxyvitamin D3 [1,25(OH)2D3],
the biologically active form of vitamin D, plays a
central role in a large variety of metabolic path-
ways. Vitamin D acts at the molecular level
through the binding to the vitamin D receptor
(VDR), which is a member of the nuclear receptor
superfamily of transcriptional regulators (1). The
VDR regulates positively or negatively gene tran-
scription by binding to vitamin D responsive ele-
ments (VDREs and nVDREs, respectively), located
in the promoter region of target genes (2). The
VDR is expressed in many different cell types such
as pancreatic b-cells (3), vascular smooth muscle
cells (4), osteoblasts and chondrocytes (5), liver,

adipose tissue (6), muscle (7), dendritic cells, and
lymphocytes (8).

Several polymorphisms in the gene encoding
the VDR, such as rs2228570 (FokI), rs11568820
(Cdx2), rs1544410 (BsmI), rs7975232 (ApaI), and
rs731236 (TaqI), have been previously studied.
The last 3 polymorphisms are located between
the 8 and 9 exons and lay in an area with unknown
function.

Recently, we have provided evidence, for the first
time, of an association between the functional
rs11568820 variant of the VDR gene and type 2
diabetes mellitus (T2DM) in an Italian adult popula-
tion. This variant was also associated with reduced
HOMA-B (homeostatic model assessment for beta-
cell function), CIR30 (corrected insulin response at
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30 minutes) and DI (disposition index),suggesting a
reduced insulin secretion independent from insulin
sensitivity (9).

A different case is the rs2228570 C > T SNP. This
polymorphism was detected in the early 1990s, is in
exon 2, and consists of a C–T change (10,11). The
change is inside a start codon, so when the C variant is
present, an alternative start site is used, leading to a
protein with a different size. Most of the functional
experiments conducted so far, in COS7 andHela cells,
show that the shorter form of the protein (424 aa) is
more active than the long form (427 aa) in terms of its
transactivation activity as a transcription factor (12).

It is important to note that the rs2228570 poly-
morphism is not in linkage disequilibrium (LD) with
any of the other VDR polymorphisms, and therefore
can be considered a putative independent marker in
the VDR gene, and also the LD area surrounding this
polymorphism seems to be very small (12).

A very recent meta-analysis, which included 12
papers on the rs2228570 polymorphism involving
2218 cases and 1859 controls, demonstrated that
the T allele and TT genotype of rs2228570 were
significantly associated with T2DM, only among
Chinese populations (13). In contrast, no significant
association was observed among other ethnic
cohorts (from Poland (14), India (15), and Saudi
Arabia (16)) involving a total of 772 cases and 658
controls (13).

A relatively recent study has demonstrated the
rs2228570 polymorphism of the VDR gene as a
possible risk factor for T2DM (17).

Furthermore, previous studies, performed in two
small Caucasian cohorts, reported that rs2228570
SNP was associated with indices of insulin resistance
and with insulin sensitivity (18,19).

Other association has been found between the
rs2228570 SNP, out of 30 SNPs of the VDR
gene, with winter 25(OH)D levels in a twin
population of 198 MS patients and healthy con-
trols (20).

So far, genetic studies on the association between
rs2228570 SNP and T2DM showed contradictory
data, probably due to studies performed in different
ethnic cohorts or in very small populations, showing
overall unreliable data. Thus, we performed an asso-
ciation study in a large cohort of adult Italian sub-
jects with T2DM and in nondiabetic controls.

Materials and methods

Population

For this study, we selected 1713 subjects, 883
affected by T2DM (male = 430, female = 453)
and 830 nondiabetic controls (male = 230,
female = 600), among subjects attending the
Internal Medicine outpatient clinics of Sapienza
University of Rome and the Metabolic and
Diabetes Unit of the Department of
Experimental Medicine, Sapienza University of
Rome. All subjects without a diagnosis of dia-
betes underwent a standard 75 g oral glucose
tolerance test (OGTT) with measurements of
glucose and insulin at baseline and after 30, 60,
90, and 120 minutes. Subjects were classified
according to the ADA 2015 diagnostic criteria
in normal glucose tolerant (NGT) and affected
by T2DM (21). The 257 subjects presenting
impaired fasting glucose, 222 impaired glucose
tolerance, and 188 with both conditions after the
OGTT were excluded from the study.

All subjects had a complete work-up including
clinical examination, anthropometric measure-
ments, and laboratory tests. BMI was calculated
as body weight (kg)/height (m2). The diagnosis of
hypertension was based on the presence of ele-
vated systolic (>140 mmHg) and/or diastolic
(>90 mmHg) blood pressure, and/or the current
use of antihypertensive medications.

Laboratory determinations

The study cohort underwent fasting blood sam-
pling to assess FBG, glycosylated hemoglobin, total
cholesterol, high-density lipoprotein (HDL) cho-
lesterol, triglycerides, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) by
standard laboratory methods. Insulin was mea-
sured by radioimmunoassay (ADVIA Insulin
Ready Pack 100, Bayer Diagnostics, Milan, Italy),
with intra- and inter-assay coefficients of variation
<5%. Low-density lipoprotein (LDL) cholesterol
value was obtained using Friedwald formula.

Serum 25(OH) vitamin D concentration (25
(OH)D) was measured by a validated colorimetric
method LAISON (DiaSorin SpA, Saluggia, VC).
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Surrogate indices of insulin resistance and
secretion

HOMA-IR for insulin resistance assessment, HOMA-
B for insulin secretion evaluation, and insulin sensi-
tivity index (ISI) indices were calculated as previously
shown byMatthews et al. (22) andMatsuda et al. (23).
The corrected insulin response at 30 minutes (CIR30)
to estimate insulin secretionwas calculated as glucose-
independent parameter of β-cell function (100 x I30/
[G30 x (G30–3.89)] with I30 = insulin at 30 min of
OGTT in μUI/ml and G30 = glucose at 30 min of
OGTT in mmol/l) (24). The main advantage of this
parameter lies in its independence from the initial or
30ʹ glucose levels. DI, i.e., insulin secretion adjusted
for insulin sensitivity, was calculated using the for-
mula CIR30 × ISI (25).

Genotyping assay

The rs2228570 C>T transition of the human VDR
gene was assayed using the TaqMan assay ID
C_12060045_20 (Applied Biosystems, Foster City,
CA), in a total volume of 10 µl on an EcoTM Real-
Time PCR System by Illumina (San Diego, CA,). The
plate was run at 95°C for 10 minutes, 95°C for 15
seconds, and 60°C for 1 minute for 50 cycles. Allele
frequencies were in Hardy Weinberg Equilibrium.

Statistical analysis

All statistical analyses were performed with SPSS 17.0
statistical package. Categorical variable distribution
was compared by χ2 test. Differences between contin-
uous variables across the genotype classes were eval-
uated by ANOVA including gender, age, and BMI as
covariates. Skewed variables were logarithmically
transformed before the analyses.

Power calculation: Considering minor allele fre-
quencies in controls of 0.46 (probability of exposure)
with an odds ratio of 1.21 (13), we will be able to reject
the null hypothesis with power 0.80 with our sample
size. The type I error probability associated with this
test of this null hypothesis was 0.05.

Ethics statement

The adult study was reviewed and approved by the
Ethical Committee of Policlinico Umberto I,

Sapienza University of Rome and conducted in
conformance with the Helsinki Declaration.
Written consent was obtained from all subjects
before the study.

The study was approved by the Ethical
Committee of the University of Rome.

Results

In the study population, the T-allele frequency of
rs2228570 was 0.33, similar to those reported in
HAPMAP-TSI (0.38 in a population from Tuscany
in Italy).

Genotype distributions and allele frequencies in
NGT and T2DM subjects did not show difference
between the two populations (Table 1). We then
analyzed the clinical characteristics of the study sub-
jects, comparing the three genotypes. We did not find
significant differences among genotypes regarding
gender, age, BMI, waist, hip, waist-to-hip ratio, and
blood pressure (data not shown). There were also no
significant differences among the three groups in
plasma concentration of total cholesterol, HDL and
LDL cholesterol, and circulating triglycerides, AST
and ALT levels (data not shown).

Given the reported association of the rs2228570
VDR variant and indices of insulin resistance
(18,19), we then tested for association with OGTT-
derived data, including glucose and insulin at baseline
(0ʹ), and surrogate indices of insulin resistance
(HOMA-IR and Matsuda Insulin Sensitivity Index),
and of insulin secretion (HOMA-B and CIR30).
Given that both β-cell function and insulin sensitivity
may be impaired in T2DM, we excluded from the
analyses all T2DM subjects. We did not find signifi-
cant differences among the three genotypes in any of
above-mentioned parameters (data not shown).

The same analyses were performed according to
dominant (TT versus CT + CC) and recessive (TT +

Table 1. Association of rs2228570 polymorphism with T2DM.
T2DM
n = 883

NGT
n = 830 p

Genotype n (%)
CC 395 (44.7) 378 (45.5)
CT 379 (43) 359 (43.3)
TT 109 (12.3) 93 (11.2) n.s.
Allele frequency (%)
C-allele 66.2 67.2
T-allele 33.8 32.8 n.s.
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CT versus CC) models, and did not yield any sig-
nificant difference in all metabolic, clinical, and
OGTT-derived parameters.

Serum 25(OH)D levels were measured in a sub-
group (n = 637, NGT= 166, and T2DM= 471) of our
study subjects. We did not find significant differ-
ences among the three genotypes (CC = 22.7 ±
11.1, CT = 22.6 ± 10.6, TT = 23.5 ± 11.2, p = 0.806).

When we performed the same analyses according
to a dominant and recessive genetic model, again we
observed no differences between genotypes.

Furthermore, we compared 25(OH)D levels
among males and females; as expected females
showed a significantly lower level of Vitamin D
compared to males (21.2 ± 11.1 versus 24.3 ± 10.3,
p < 0.001 respectively). This difference was present
only in T2DM subjects (females versus males: 22.8 ±
11.8 versus 24.9 ± 10.4, p = 0.036), showing a relation
with metabolic status.

Discussion

In the present study we tested the hypothesis that
rs2228570 polymorphism of VDR gene might be
associated with T2DM. Indeed vitamin D system
has been shown to play a significant role in T2DM
and in cardiovascular diseases (26,27).

Several reports in the past, although in small
cohorts, have shown association of VDR variants,
including the rs2228570 variant examined in our
study, with diabetes and diabetes-related alterations
(13,17–19). At variance, we were unable to find
association between rs2228570 SNP and metabolic
traits, including diabetes in a large cohort. We also
analyzed the rs2228570 variant in males and females
separately. However, no significant differences in
clinical and metabolic parameters between the gen-
otypes within each sex group were observed. When
we performed the same analyses according to a
dominant and a recessive genetic model, again we
observed no differences between genotypes.

We also tested the association between 25(OH)D
levels and rs2228570 genotypes, but we could not find
any difference. To the best of our knowledge, this is
the first study that analyzed the rs2228570 poly-
morphism in a large and very well clinically charac-
terized cohort of Caucasian origin. Indeed, there is

only one study by Malecki et al. performed in a
reasonable sized population of 548 Caucasian sub-
jects. In line with our observations, the authors were
unable to detect an association between this VDR
polymorphism and T2DM (14). Our study, per-
formed in 1713 subjects, had the power to define the
exact role of this variant in diabetes.

Furthermore, a very recent meta-analysis on
the rs2228570 polymorphism demonstrated that
this VDR variant was significantly associated
with T2DM only among Chinese populations
and particularly in studies with a small sample
size (<200). The rs2228570 polymorphism was
not associated in other cohorts of different eth-
nic origin (13).

One limitation of our study is the fact that 25
(OH)D levels were not available for all subjects,
since vitamin D levels were obtained from clin-
ical records. However, vitamin D levels were
available in almost 40% of our population, giv-
ing a sufficient number of subjects to estimate
possible differences. Also, our data are related
to subjects of Caucasian origin, and therefore
not applicable to other populations. On the
other hand, VDR variants have been studied
mostly in populations of Asian origins, and
one strength of our study relies on the selective
analysis in a large and very well clinically char-
acterized cohort of Caucasian origin.

From all the studies published so far, it
appears evident that the association of VDR
rs2228570 polymorphism with T2DM is contra-
dictory and a possible reason for this diver-
gence could be explained by the heterogeneity
of the studies performed in various ethnic
groups but also, and primarily, by the small
samples size analyzed.

In conclusion, our study does not provide
evidence for the association of the rs2228570
VDR polymorphism with T2DM in a
Caucasian population.

Funding

This work was funded by research grants from the Regione
Autonoma della Sardegna (Grant RAS 2007 n. CRP-59453),
and from the Foundation Banca d’Italia (projects 2015), all
awarded to Marco G. Baroni.

4 L. BERTOCCINI ET AL.



Declaration of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

ORCID

Marco G. Baroni http://orcid.org/0000-0002-3224-6078

References

1. Evans RM. The steroid and thyroid hormone receptor
superfamily. Science 1988;240:889–95.

2. Chen K, DeLuca HF. Cloning of the human 1α,
25dihydroxyvitamin D-3 24-hydroxylase gene promo-
ter and identification of two vitamin D-responsive ele-
ments. Biochim Biophys Acta 1995;1263:1–9.

3. Clark SA, Stumpf WE, Sar M, et al. Target cells for 1,25
dihydroxyvitamin D3 in the pancreas. Cell Tissue Res
1980;209:515–520.

4. Mitsuhashi T, Morris RC Jr, Ives HE. 1,25-
Dihydroxyvitamin D3 modulates growth of vascular
smooth muscle cells. J Clin Invest 1991;87:1889–1895.

5. St-Arnaud R. The direct role of vitamin D on bone
homeostasis. Arch Biochem Biophys 2008;473:225–230.

6. Nimitphong H, Holick MF, Fried SK, Lee MJ. 25-
Hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3
promote the differentiation of human subcutaneous
preadipocytes. PLoS One 2012;7:e52171.

7. Simpson RU, Thomas GA, Arnold AJ. Identification of
1,25-dihydroxyvitamin D3 receptors and activities in
muscle . J Biol Chem 1985;260:8882–8891.

8. Veldman CM, Cantorna MT, DeLuca HF.
Expression of 1,25-dihydroxyvitaminD3 receptor in
the immune system. Arch Biochem Biophys
2000;374:334–338.

9. Sentinelli F, Bertoccini L, Barchetta I, et al. The vitamin D
receptor (VDR) gene rs11568820 variant is associated with
type 2 diabetes and impaired insulin secretion in Italian
adult subjects, and associates with increased cardio-meta-
bolic risk in children. Nutr Metab Cardiovasc Dis 2016;26
(5):407–413.

10. Gross C, Eccleshall TR, Malloy PJ, et al. The presence
of a polymorphism at the translation initiation site of
the VDR gene is associated with low bone mineral
density in postmenopausal Mexican-American
women. J Bone Miner Res 1996;11(12):1850–1855.

11. Saijo T, Ito M, Takeda E, et al. A unique mutation in the
vitamin-D receptor gene in 3 Japanese patients with vita-
min-D dependent rickets type-2: Utility of single-strand
conformation polymorphism analysis for heterozygous
carrier detection. Am J Hum Genet 1991;49(3):668–673.

12. Uitterlinden AG, Fang Y, Van Meurs JB, et al. Genetics
and biology of vitamin D receptor polymorphisms. Gene
2004;338:143–156.

13. Yu F, Cui LL, Li X, et al. The genetic polymorphisms in
vitamin D receptor and the risk of type 2 diabetes melli-
tus: An updated meta-analysis. Asia Pac J Clin Nutr
2016;25(3):614–624.

14. Malecki MT, Frey J, Moczulski D, et al. Vitamin D
receptor gene polymorphisms and association with
type 2 diabetes mellitus in a Polish population. Exp
Clin Endocrinol Diabetes 2003;111(8):505–509.

15. Bid HK, Konwar R, Aggarwal CG, et al. Vitamin D
receptor (FokI, BsmI and TaqI) gene polymorphisms
and type 2 diabetes mellitus: A North Indian study.
Indian J Med Sci 2009;63(5):187–194.

16. Al-Daghri NM, Al-Attas O, Alokail MS, et al. Vitamin
D receptor gene polymorphisms and HLA DRB1*04
cosegregation in Saudi type 2 diabetes patients. J
Immunol 2012;188:1325–1332.

17. Neyestani TR, Djazayery A, Shab-Bidar S, et al. Vitamin D
receptor Fok-I polymorphism modulates diabetic host
response to vitamin D intake: Need for a nutrigenetic
approach. Diabetes Care 2013;36(3):550–556.

18. Filus A, Trzmiel A, Kuliczkowska-Płaksej J, et al.
Relationship between vitamin D receptor BsmI and
FokI polymorphisms and anthropometric and bio-
chemical parameters describing metabolic syndrome.
Aging Male 2008;11(3):134–139.

19. Chiu KC, Chuang LM, Yoon C. The vitamin D recep-
tor polymorphism in the translation initiation codon is
a risk factor for insulin resistance in glucose tolerant
Caucasians. BMC Med Genet 2001;2:2.

20. Orton SM, Morris AP, Herrera BM, et al. Evidence for
genetic regulation of vitamin D status in twins with
multiple sclerosis. Am J Clin Nutr 2008;88(2):441–447.

21. American Diabetes Association. Standards of medical care
in diabetes-2015. Diabetes Care 2015;38(Supplement 1):
S88-S89

22. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: Insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985;28:412–419.

23. Matsuda M, DeFronzo RA. Insulin sensitivity indices
obtained from oral glucose tolerance testing:
Comparison with the euglycemic insulin clamp.
Diabetes Care 1999;22:1462–1470.

24. Sluiter WJ, Erkelens DW, Reitsma WD, Doorenbos H.
Glucose tolerance and insulin release: A mathematical
approach I. Assay of the beta-cell response after oral
glucose loading. Diabetes 1976;25:241–244.

25. Lyssenko V, Nagorny CL, Erdos MR, et al. Common
variant in MTNR1B associated with increased risk of
type 2 diabetes and impaired early insulin secretion.
Nat Genet 2009;41:82–88.

26. Haussler MR, Whitfield GK, Kaneko I, et al. Molecular
mechanisms of vitamin D action. Calcif Tissue Int
2013;92:77–98.

27. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D
and immune function. Nutrients 2013;5(7):2502–2521.

ENDOCRINE RESEARCH 5


	Abstract
	Introduction
	Materials and methods
	Population
	Laboratory determinations
	Surrogate indices of insulin resistance and secretion
	Genotyping assay
	Statistical analysis
	Ethics statement

	Results
	Discussion
	Funding
	Declaration of interest
	References

