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OBJECTIVEdInterpopulation as well as interindividual variations in response to vitamin D
intake commonly observed in subjects with type 2 diabetes may be related to genetic makeup.
One of the candidate genes potentially responsible for this diversity is vitamin D receptor (VDR).
This study aimed to investigate the interactive effect of VDR Fok-I polymorphism and vitamin D
intake on diverse aspects of diabetic host response.

RESEARCH DESIGN AND METHODSdGlycemic status, lipid profiles, inflammatory
biomarkers, and VDR Fok-I genotypes were determined in diabetic subjects (n = 140) who
participated in a randomized controlled trial. Participants consumed two 250-mL bottles per
day of yogurt drink (doogh) fortified with 500 IU vitamin D/250 mL for 12 weeks.

RESULTSdMean serum25(OH)D increasedby ~30nmol/L (P,0.001). The time3 intervention
effect was significant for 25(OH)D (P = 0.030), HDL (P = 0.011), high-sensitivity C-reactive protein
(hsCRP) (P , 0.001), interleukin (IL)-4 (P = 0.008), and IL-6 (P = 0.017) among the genotypic
groups. The alleles were defined as ‘‘F’’ or ‘‘f’’ depending on the absence or presence of the restriction
site, respectively. The least increment in 25(OH)D was in ff (23.06 3.8 nmol/L) compared with Ff
(31.2 6 3.4 nmol/L) and FF (35.6 6 2.7 nmol/L) (P for trend = 0.009), but only the difference
between ff and FFwas significant (P = 0.023). FF group had the largest decrement of both hsCRP and
IL-6 compared with Ff (P, 0.001 and P = 0.038) and ff (P = 0.010 and P = 0.048), respectively.

CONCLUSIONSdWe concluded that those of VDR ff genotype may be regarded as “low
responders” to vitamin D intake in terms of response of circulating 25(OH)D and certain in-
flammatory biomarkers. A nutrigenetic approach may, therefore, be needed to protect diabetic
patients from vitamin D deficiency.
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Type 2 diabetes is associated with
considerable morbidity and mortal-
ity (1). Interaction between genetic

and environmental factors, including
diet, has an important role in devel-
opment of this disease. Accumulating
evidence indicates that insufficient
concentrations of circulating 25(OH)D

are associated with glucose intolerance,
insulin resistance, metabolic syndrome,
and increased risk for diabetes (2). De-
spite some evidence of ameliorated glyce-
mic control (3) and inflammatory
biomarkers (3,4) after improvement in vi-
tamin D status, vitamin D supplementa-
tions have not resulted in improvement of

glycemic ormetabolic status in some pop-
ulations, and interindividual variations in
response to vitamin D intake are generally
considerable (5). This heterogeneity in di-
abetic host responses to vitamin D may
partly be explained by variations in the
genes affecting the individual response
to vitamin D intake. One of the candidate
genes for controlling responses to vitamin
D is vitamin D receptor (VDR), a member
of the nuclear hormone receptor super-
family that modulates the transcription
of target genes and mediates vitamin D
genomic actions. VDR is expressed in a
vast array of tissues, including those in-
volved in the regulation of glucose metab-
olism, such as pancreatic b-cells (6).
Several polymorphisms of the VDR gene
have been identified, and their possible
significance in diabetes has been incon-
clusively assessed in epidemiological in-
vestigations across multiethnic groups
(7). One of such polymorphisms is Fok-I
variants, whose restriction site is located
on exon 2 in the 59-coding region (6).
This polymorphism results in different
translation initiation sites on VDR. A thy-
mine to cytosine conversion in the first
translation initiation codon adenine thy-
mine guanine (ATG) (methionine) gener-
ates long and short variants of VDR. The
alleles were defined as ‘‘F’’ or ‘‘f’’ depend-
ing on the absence or presence of the re-
striction site, respectively. In the ff
variant, initiation of translation occurs at
the first ATG site, giving a long version of
VDR protein comprised 427 amino acids.
Conversely, in the FF variant, translation
begins at the second ATG site instead of
the first, resulting in a protein shortened
by three amino acids. This is the only
known VDR polymorphism, in contrast
to other variants, that is translated in
two different VDR protein products.
Moreover, it is the only polymorphism
that is not linked to any of the other
VDR variants, thus giving it a unique
role (6).

The Fok-I polymorphism, either sin-
gly or in combination with other VDR
polymorphisms, has been investigated
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in a few studies on diabetes risk assess-
ment (8,9). Some studies reported the as-
sociation between FF genotype (either
alone or together with other VDR poly-
morphisms) and diabetes risk in Indian
population (8) and Caucasians (10),
whereas one study found the subjects
with ff genotype, compared with FF sub-
jects, more susceptible to insulin resis-
tance (10). Another study did not find
any association between Fok-I polymor-
phism and increased risk for type 2 dia-
betes and its complications in a Polish
population (9). These data have mostly
been derived from descriptive studies,
and there has not been a report of a clin-
ical trial on the nutrigenetic association
of VDR Fok-I variants with response to
vitamin D intake in diabetes to date.
This study aimed to compare the effect
of vitamin D intake on glycemic, lipi-
demic, and inflammatory responses
among Fok-I VDR variants of diabetic
hosts.

RESEARCH DESIGN AND
METHODSdOne hundred and forty
type 2 diabetic patients aged 29–67 years
recruited from the Iranian Diabetes
Society and Gabric Diabetes Education
Association, both located in Tehran,
participated in the study. To be eligible,
patients needed to be free of any clinical
disease including gastrointestinal, cardio-
vascular, and other endocrinological dis-
orders (i.e., absence of specific symptoms
and history of the diseases); a nonsmoker;
nonpregnant; and not using insulin or any
dietary supplements at least 3 months
prior to the study.

This study was approved by the ethics
committees of the National Nutrition and
Food Technology Research Institute
(NNFTRI), Shahid Beheshti University
of Medical Sciences, and Tehran Univer-
sity of Medical Sciences (TUMS). All
participants provided written informed
consent.

Study design
This studywas a part of a larger controlled
randomized clinical trial that has previ-
ously been described (11). Briefly, after a
2-week run-in period, all subjects were
instructed to consume a 250-mL bottle
of vitamin D–fortified Persian yogurt
drink (doogh), containing 170mg calcium
and 500 IU vitamin D/250 mL per bottle,
twice a day with their meals (i.e., lunch
and dinner). Two bottles of doogh were
replaced for one exchange of dairy prod-
uct (one glass of milk or yogurt) in the

participants’ diets so that the total energy
intake was not affected by the interven-
tion. The subjects were asked to keep
their physical activity unchanged during
the intervention. Fortified dooghs were
given to the participants in 15-bottle
packages. Every two weeks, all subjects
were visited for assessment of their com-
pliance and provision to them of a new
package. Blood pressuremeasurements as
well as anthropometric, dietary, physical
activity, and biochemical evaluations
were performed for all of the subjects be-
fore and after the intervention. Finally, all
participants were divided in three groups
according to VDR Fok-I variants, i.e., FF,
Ff, and ff. Responses to the intervention
were compared among the Fok-I geno-
typic groups. To ascribe changes of the
variables to vitamin D intake, the inter-
vention was performed during fall and
winter, when dermal vitamin D synthesis
was negligible. Moreover, a control group
(n = 50) receiving equal amount of plain
doogh was also included in the main
study. As the results of the comparisons
between fortified and plain groups have
previously been reported (3,4), data are
not presented here.

Anthropometric measurements and
blood pressure
Weight was measured in light clothing
without shoes using a digital scale (Seca
808; Seca, Hamburg, Germany). Height
was measured by a stadiometer (Seca).
Waist circumference and blood pressure
were measured as previously described
(11). BMIwas calculated as weight in kilo-
grams divided by the square of height in
meters.

Body composition analysis and
dietary assessment
Body fat mass was evaluated by bioelec-
trical impedance analysis (Quadscan
4000 system; Bodystat, Beaconsfield, U.K.).
Subjects were asked to maintain their
usual dietary intake throughout the
study. Dietary intakes were assessed by
three 24-h recalls on 3 days (including 2
working days and 1 weekend day) at the
beginning and the end of the intervention
period. Trained dietitians completed all
questionnaires through face-to-face
interviews with the participants using a
multipass approach. For better quantifi-
cation of portion sizes, a food album was
used during an interview. This method
has been used in a national survey on
household food consumption patterns
in Iran (12).

Laboratory investigations
Blood sampling and handling. Blood
samples collected from all participants
after 12–14 h fasting by phlebotomy were
divided in two tubes either with EDTA for
genotyping and HbA1c determination or
without the anticoagulant for serum
chemical analyses as previously described
(11).
Glycemic status, lipid profile, and uri-
nary albumin-to-creatinine ratio. Fast-
ing serum glucose (FSG) and insulin
concentrations as well as serum lipid
profile and albumin-to-creatinine ratio
(ACR) were determined as previously
described (3). Insulin resistance was eval-
uated by quantitative insulin check index
(QUICKI) (13).
Circulatory 25(OH)D and intact para-
thyroid hormone. Serum 25(OH)D3
concentrations were measured by high-
performance liquid chromatography
method (14). In this study, vitamin D sta-
tus was defined based on serum 25(OH)
D3 concentration as deficiency, ,27.5
nmol/L; insufficiency, .27.5 nmol/L but
, 50nmol/L; and sufficiency,.50nmol/L.
According to the Institute of Medicine,
these cutoffs were set based on the fact
that the vitamin D requirements of at
least 97.5% of the population can be
met with circulating 25(OH)D concen-
trations of 50 nmol/L (15). Serum intact
parathyroid hormone (iPTH) was mea-
sured by enzyme immunoassay (EIA)
(DRG, Marburg, Germany) with the aid
of a semiautomatic plate reader (StatFax
3200; Awareness Technology, Palm City,
FL).
Systemic and endothelial inflamma-
tory biomarkers. Systemic inflammatory
biomarkers including high-sensitivity
C-reactive protein (hsCRP) and serum
amyloid A (SAA) were determined as
previously described (4). Serum endothe-
lial biomarkers including endothelin 1, E-
selectin, and matrix metalloproteinase
(MMP)-9 were measured as reported
earlier (3).
Cytokine assays. Peripheral blood
mononuclear cells were separated using
Ficoll density gradient and cultured in
RPMI-1640 (16). After 24 h incubation,
cell culture supernatants were used for
cytokine measurements using enzyme-
linked immunosorbent assay (4).
DNA analysis. DNA was extracted from
anticoagulated blood samples using
Genet Bio DNA Isolation kit (PrimePrep,
Chungnam, South Korea) according to the
manufacturer’s protocol. The genotypes
of VDR gene polymorphisms were

care.diabetesjournals.org DIABETES CARE, VOLUME 36, MARCH 2013 551

Neyestani and Associates



determined by PCR amplification and en-
zymatic digestion of the products with
Fok-I restriction enzyme. The forward
and reverse primers (59-AGC TGG CCC
TGG CAC TGA CTC TGC TCT-39 vs.
59-ATG GAA ACA CCT TGC TTC TTC
TCC CTC-39) for amplification of the
Fok-I VDR polymorphism were the same
as those used elsewhere (17). PCR was
performed with a gradient palm-cycler
(Corbett Research, Sydney, Australia) for
30 cycles and at 588C annealing tempera-
ture. DNAwas digested with Fok-I enzyme
(Fermentas; Thermo Scientific, Burling-
ton, Ontario, Canada), and the products
were analyzed by electrophoresis on a
1.5% agarose gel containing ethidium bro-
mide and visualized in a gel documenta-
tion system (UVIdoc; UVItec, Cambridge,
U.K.).

Statistical analysis
Normality of data distribution was evalu-
ated using Kolmogrov-Smirnov. Geno-
type frequencies of Fok-I were tested for
Hardy-Weinberg equilibrium using x2

test. x2 for trend was done to compare
the proportions of vitamin D status
among the groups. The statistical differ-
ence in genotype distribution among the
groups was assessed by x2. Two-factor
repeated-measures ANOVA was used to
evaluated time-group interactions, with
time and group as factors. In case of a
significant time 3 group interaction,
between-group comparison of changes
was done using ANOVA followed by
Tukey post hoc analysis and with polyno-
mial contrast analysis for trend when in-
dicated. Within-group comparisons were
performed using paired t test. Kruskal-
Wallis H test was used to compare
cigarettes smoked. Categorical and con-
tinuous variables are expressed as n (%)
and means 6 SD, respectively. In this
study, P value,0.05 was considered sta-
tistically significant. All statistical analyses
were done using SPSS (version 14; SPSS,
Chicago, IL).

RESULTSdIn our study population,
the occurrence of VDR variants was
in Hardy-Weinberg equilibrium (P =
0.056), with highest frequency of FF ge-
notype, followed by Ff and ff genotypes,
respectively. Personal characteristics
among the genotypic groups, including
age (P = 0.248), sex (P = 0.600), and dura-
tion of sun exposure in a day (P = 0.230),
did not show any significant difference. In
the whole-study population, the supple-
mentation resulted in a considerable

decrease in the occurrence of vitamin D
insufficiency/deficiency and a remarkable
increase in vitamin D sufficiency (from 26
to 92%). However, 4.4 and 14.9% of the
subjects still remained vitamin D deficient
and insufficient, respectively. Reanalysis
of data among Fok-I–variant subgroups
revealed no significant trend of distribu-
tion of vitamin D deficiency through Fok-I
genotypes (x2 = 0.24; Ptrend = 0.620) at
baseline. However, after intervention,
trend test was significant (x2 = 5.3; P for
trend = 0.020) showing that 50% of the
initially vitamin D–deficient subjects in
the ff genotype still remained deficient
after 12 weeks’ intervention (Table 1).
There was no significant difference in
any of the initial variables among the ge-
notypic groups except for FSG, which
showed a significant difference (P =
0.011). Post hoc Tukey test revealed
that the Ff group had significantly lower
FSG compared with FF (P = 0.034) and ff
(P = 0.019). However, this difference was
not accompanied by a significant differ-
ence of other glycemic variables such as
HbA1c or QUICKI. Circulating 25(OH)D
was expectedly raised in the three geno-
typic groups.

Improvement of vitamin D status was
accompanied by amelioration of glyce-
mic, lipidemic, and inflammatory markers
in the whole-study population as previ-
ously described (3). Repeated-measures
ANOVA revealed a significant time effect
(i.e., within-subject difference over time)
for 25(OH)D (P , 0.001), iPTH (P ,
0.001), fat mass (P , 0.001), waist cir-
cumference (P = 0.002), systolic blood
pressure (SBP) (P = 0.003), diastolic
blood pressure (DBP) (P = 0.001), FSG
(P, 0.001), HbA1c (P, 0.001), QUICKI
(P , 0.001), total cholesterol (P ,
0.001), triglycerides (P , 0.001), HDL
(P , 0.001), LDL (P , 0.001), hsCRP
(P , 0.001), SAA (P = 0.013), E-selectin
(P = 0.012), endothelin-1 (P = 0.001), in-
terleukin (IL)-2 (P = 0.006), IL-4 (P ,
0.001), and tumor necrosis factor

(TNF)-a (P = 0.044). The time effect
was insignificant for g-interferon (IFN-g)
(P = 0.058) (Table 2). However, time 3
intervention effect was significant only
for 25(OH)D (P = 0.031), HDL (P =
0.011), hsCRP (P , 0.001), IL-4 (P =
0.018), and IL-6 (P = 0.011). When
changes of the variables were compared
using ANOVA followed by Tukey post
hoc test, a significant difference in
25(OH)D was observed between FF and
ff (P = 0.023), but the differences between
FF and Ff (P = 0.573) or Ff and ff (P = 0.23)
were not statistically significant. As for
hsCRP, FF differed significantly with
both Ff (P , 0.001) and ff (P = 0.010),
but there was no significant difference be-
tween Ff and ff (P = 0.833). The proin-
flammatory cytokine IL-6 also showed a
significant difference between FF and Ff
(P = 0.038) as well as between FF and ff
(P = 0.048). Again, here, Ff and ff did not
differ significantly (P = 0.990). Table 3
demonstrates the results of ANOVA of
the changes of the variables among the
three VDR Fok-I genotypes.

CONCLUSIONSdOur data show a
significant difference in the diabetic host
response to supplemental intake of vita-
min D according to Fok-I VDR variants.
Specifically, the significantly lowest se-
rum 25(OH)D response to daily intake
of vitamin D–fortified doogh in the ff
group is considerable. The occurrence of
VDR genotypes could, therefore, be piv-
otal in the outcome of any vitamin D in-
tervention in a healthy as well as a patient
population. Some fortification experiences
failed to protect the desirable proportion
of the study population from vitamin D
deficiency (18), which might be, at least
partly, due to the genetic variations.

The influence of VDR genotypes on
absorption of both calcium and vitamin
D has already been reported (19). In a pi-
lot study on the efficacy of vitamin D plus
calcium supplementation in 92 U.S. adult
subjects, after 6months’ supplementation

Table 1dVitamin D status among the Fok-I genotypic subgroups before and after the
intervention

FF (n1 = 58) Ff (n2 = 47) ff (n3 = 35) Overall

Before After Before After Before After Before After

Deficiency 23 (39.6) 1 (1.7) 9 (19.2) 0 (0) 8 (22.9) 5 (14.3) 40 6
Insufficiency 13 (22.4) 6 (10.3) 26 (55.4) 6 (12.77) 15 (42.9) 5 (14.3) 54 17
Sufficiency 22 (38) 51 (88) 12 (25.5) 41 (87.23) 12 (34.2) 25 (71.4) 46 117

Data are n (%). x2 test showed a Ptrend = 0.62 at baseline and Ptrend = 0.02 at the end of the study.

552 DIABETES CARE, VOLUME 36, MARCH 2013 care.diabetesjournals.org

VDR Fok-I and response to vitamin D



with 800 IU vitamin D and 2,000 mg cal-
cium, 25(OH)D reached the desirable lev-
els in only half of the subjects (20).
Similarly, supplementation with 800 IU/
day vitamin D during the winter resulted
in normalization of circulating 25(OH)D
in 80% of the postmenopausal women
(21). Although no genetic analyses were
performed in these studies, genetic varia-
tions of VDR among the study popula-
tions could be one explanation. In
support of this notion, in subjects with
low bone density who are heterozygous
for allele f, compared with ff homozy-
gotes, an increased tendency for being re-
sponsive to supplementation has been
reported (22). The inverse association be-
tween VDR Fok-I ff genotype and lower
vitamin D status has also been observed
among the subjects with multiple sclero-
sis (23) and b-thalassemia (24).

It is noteworthy that despite different
25(OH)D responses, changes of iPTH did
not differ significantly among the groups.

Contrary to our finding, in an observa-
tional study on 95 postmenopausal
women, Fok-I variants were related to
both secretion and degradation of para-
thyroid hormone (25). Notwithstanding,
our data showed that a parathyroid hor-
mone–suppressing effect of intake of
1,000 IU/day vitamin D could be similar
among Fok-I VDR genotypic groups.

The ameliorating effect of vitamin D
intake on glycemic status of diabetic sub-
jects was observed in our previous study
(3). In the current study, lower 25(OH)D
response to vitamin D intake in the ff
group had no remarkable effect on either
FSG or QUICKI. This might be due to the
compensatory increased formation of the
active vitamin D metabolite, 1,25(OH)D2
from 25(OH)D by 1-a-hydroxylase, which
is also expressed in pancreaticb-cells (26).
Although VDR Fok-I polymorphism has
been shown to explain some 29% of the
variability in insulin sensitivity, it has no
influence on b-cell function in healthy

Caucasians (10). The association of VDR
genotypes with glycemic status has been
the focus of several studies. Polymor-
phisms of VDR Bsm-I have been linked
to development of both diabetes and
coronary artery disease (CAD) in 293
subjects at high risk of CAD (27). In an-
other study, while the distribution of
Apa-I, Bsm-I, and Taq-I variants did
not differ between diabetic and nondia-
betic subjects, Bsm-I polymorphism was
associated with insulin resistance only
in nondiabetic Caucasians (28). High
prevalence of vitamin D deficiency and
its inverse association with Apa-I aa
genotype and Fok-I f allele in Caribbean
subjects with type 2 diabetes has been
described previously (29).

As previously reported (3), daily con-
sumption of vitamin D–fortified doogh re-
sulted in a small but significant increase
in serum HDL. However, only in homo-
zygotic subgroups (i.e., FF and ff) were
the changes of HDL concentrations

Table 2dComparisons of the variables among the Fok-I genotypic groups with type 2 diabetes before and after 12 weeks’ intervention

FF (n1 = 58) Ff (n2 = 47) ff (n3 = 35)

Initial Final P Initial Final P Initial Final P

Weight (kg) 74.3 6 13.7 74.35 6 12.7 0.84 76.3 6 14.0 76.0 6 13.8 0.35 80.0 6 17.4 79.4 6 17.3 0.41
BMI (kg/m2) 27.8 6 4.7 28.0 6 4.5 0.69 29.0 6 4.2 29.0 6 4.4 0.43 30.0 6 5.0 29.7 6 4.9 0.32
WC (cm) 97.8 6 10.1 96.3 6 9.4 ,0.001 99.0 6 12.7 97.6 6 11.2 0.049 99.5 6 10.4 99.0 6 10.2 0.66
Fat mass (%) 37.0 6 9.1 34.4 6 9.0 0.001 36.8 6 8.8 35.3 6 8.0 0.10 36.8 6 10.3 34.5 6 10.6 0.041
SBP (mmHg) 124.3 6 14.3 120.1 6 14.1 0.003 126.1 6 16.7 124.3 6 14.0 0.36 125.2 6 12.8 117.8 6 26.6 0.13
DBP (mmHg) 75.5 6 9.3 73.1 6 8.5 0.021 76.7 6 9.5 74.6 6 8.3 0.097 76.4 6 7.1 73.8 6 9.1 0.11
FSG (mmol/L) 10.8 6 3.1 8.9 6 2.9 0.005 9.3 6 2.2 8.2 6 2.2 ,0.001 11.6 6 4.2 9.6 6 2.8 0.001
Insulin (pmol/L) 159.7 6 134.0 120.8 6 92.4 ,0.001 145.8 6 112.5 122.2 6 79.8 ,0.001 145.8 6 93.1 83.3 6 98.0 0.001
QUICKI 0.28 6 0.03 0.3 6 0.025 ,0.001 0.29 6 0.03 0.3 6 0.025 0.031 0.28 6 0.028 0.29 6 0.023 0.51
HbA1c (%)* 9.1 6 2.1 7.8 6 1.6 ,0.001 8.7 6 1.8 7.6 6 1.4 0.033 8.6 6 1.5 7.8 6 1.6 0.09
Cholesterol (mmol/L) 5.1 6 1.3 4.2 6 0.97 0.045 4.9 6 1.1 4.1 6 0.8 ,0.001 4.9 6 1.3 165.6 6 0.84 0.001
Triglycerides (mmol/L) 2.3 6 1.3 1.5 6 0.69 ,0.001 2.1 6 1.1 1.7 6 0.81 0.016 2.2 6 1.4 1.8 6 1.0 0.003
LDL (mmol/L) 2.7 6 0.7 2.4 6 0.58 ,0.001 2.6 6 0.75 2.2 6 0.47 ,0.001 2.6 6 0.94 2.3 6 0.66 0.002
HDL (mmol/L) 1.2 6 0.26 1.3 6 0.20 ,0.001 1.3 6 0.23 1.3 6 0.22 0.69 1.2 6 0.22 1.3 6 0.21 0.012
25(OH)D (nmol/L) 38.1 6 21.5 73.6 6 25.0 ,0.001 39.4 6 17.8 70.6 6 22.0 ,0.001 36.5 6 15.6 59.4 6 26.6 0.001
iPTH (ng/L) 52.0 6 24.1 33.4 6 17.0 ,0.001 58.4 6 18.5 35.3 6 11.5 ,0.001 51.1 6 18.0 36.6 6 12.7 ,0.001
IL-2 (ng/L) 96.1 6 117.5 37.1 6 33.1 0.009 70.3 6 94.7 35.9 6 36.6 0.13 146.9 6 151.8 106.7 6 176.1 0.27
hsCRP (mg/L) 2.9 6 1.4 1.6 6 0.87 ,0.001 2.4 6 1.6 1.9 6 1.3 0.002 2.9 6 1.8 2.3 6 1.4 0.005
SAA (ng/L) 83.7 6 42.4 81.6 6 38.4 0.92 90.8 6 32.4 80.5 6 30.4 0.04 99.4 6 34.4 83.2 6 34.0 0.02
Endothelin-1 (mg/L) 1.2 6 0.62 0.84 6 0.51 0.06 1.1 6 0.80 0.81 6 0.36 0.02 1.1 6 0.66 0.76 6 0.36 0.01
E-selectin (mg/L) 16.5 6 6.7 14.4 6 5.6 0.12 18.9 6 7.2 15.9 6 5.8 0.01 17.9 6 7.2 17.6 6 5.8 0.75
MMP-9 (mg/L) 11.7 6 5.7 9.9 6 3.4 0.09 10.7 6 4.7 9.8 6 3.5 0.43 11.0 6 4.7 10.8 6 3.5 0.082
ACR (mg/mmol) 0.24 6 0.45 0.27 6 0.61 0.73 0.35 6 0.96 0.31 6 0.62 0.65 0.19 6 0.41 0.42 6 1.42 0.38
IL-4 (ng/L) 9.3 6 13.1 20.8 6 22.5 ,0.001 9.8 6 10.0 11.5 6 12.4 0.28 7.4 6 10.0 15.5 6 12.4 ,0.001
IL-6 (ng/L) 564.8 6 169.5 442.7 6 225.5 0.001 565.0 6 201.8 567.2 6 173.6 0.52 538.0 6 201.8 548.0 6 173.6 0.92
IL-10 (ng/L) 128.2 6 132.7 187.2 6 137.4 0.011 187.3 6 132.6 169.0 6 121.0 0.68 147.3 6 132.6 191.9 6 121.0 0.22
TNF-a (ng/L) 294.5 6 240.6 199.8 6 185.6 0.006 292.5 6 270.0 236.0 6 224.1 0.12 199.3 6 269.3 194.2 6 224.1 0.49
IFN-g (ng/L) 64.1 6 45.2 54.3 6 43.6 0.30 49.8 6 45.8 46.9 6 42.6 0.76 53.7 6 45.8 40.3 6 42.7 0.04

Data aremeans6SD.WC,waist circumference. *Unit of HbA1c can be converted to the SI unit using the following equation: HbA1c (mmol/mol) = 10.933HbA1c (%)2
23.50.
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statistically significant. Contrary to our
findings of increased serum HDL in
VDR Fok-I homozygotic groups FF and
ff, in a study on 276 nondiabetic over-
weight men (BMI 28.06 kg/m2) aged
25–65 years, subjects with FF and Ff gen-
otypes, compared with the ff variant, had
lower HDL concentrations and higher
fasting serum insulin (30). One of the rea-
sons for this inconsistency in observa-
tions could be the interactive effects of
other genes with VDR, including HLA
(31).

Cardiovascular disease (CVD), in-
cluding CAD, stroke, and peripheral vas-
cular disease, is well-known as the major
cause of morbidity and mortality in di-
abetic subjects (32). However, some stud-
ies have shown that intensive treatment of
hyperglycemia would lead to only 16 and
25% risk reduction of myocardial infarc-
tion and microvascular disease, respec-
tively (33). Therefore, normalization of
other risk factors, including inflammatory
status, has been proposed to prevent CVD

in diabetes (34). The association of in-
flammation with diabetes and its long-
term complications has previously been
documented (35). In the current study,
although hsCRP decreased in all groups,
it did so more in FF than in Ff and ff.
Similarly, the decrease of cellular IL-6 in
FF was in order of magnitude compared
with Ff and ff, which was accompanied
by a significant increase in IL-4. These
changes suggest the vitamin D–induced
immune deviance toward T-helper 2,
which was more prominent in FF than
in Ff or ff. Considering the predisposing
effect of inflammation in long-term diabe-
tes morbidities, notably CVD (36), our
findings may indicate different protective
effects of vitamin D intake among diabetic
subjects carrying various VDR Fok-I geno-
types.

Improvement of endothelial (3) as
well as systemic (4,37) inflammatory bio-
markers after vitamin D intake in the sub-
jects with type 2 diabetes has already been
reported. The subsided inflammatory

response, however, was not accompanied
by a significant change in urinary albumin
excretion in either Fok-I genotypic group.
The possible synergistic protective effect
of both suppressed systemic/endothelial
inflammation and raised serum HDL af-
ter improvement of vitamin D status in
diabetic subjects and their interaction
with VDR Fok-I variants could be the fo-
cus of further studies.

As vitamin D deficiency adversely
affects both glycemic and inflammatory
status, it can intuitively be regarded as a
predisposing factor for long-term diabe-
tes complications, including atheroscle-
rosis (32). In the current study, 74% of
the subjects initially had vitamin D
deficiency/insufficiency, similar to 73%
occurrence of hypovitaminosis D ob-
served in another study (38). However,
not all VDR genotypic groups responded
similarly to increased vitamin D intake.
Actually, the ff variant showed the lowest
response in terms of increments of
25(OH)D and certain inflammatory bio-
markers. VDR ff genotype has also been
proposed as a contributing factor in ag-
gressive breast cancer, which is less re-
sponsive to vitamin D therapy (39). The
possible role of VDR variants in diabetes
still remains to be clarified by further
studies. Notwithstanding, some geno-
typic groups, notably VDR ff, may be con-
sidered “low responders” who may have
an increased need for vitamin D. A nutri-
genetic approach may, therefore, be
needed to protect diabetic subjects from
vitamin D deficiency. This possibility
warrants further studies with larger sam-
ple sizes.

However, some limitations of the
current study should be acknowledged.
Polymorphisms of other VDR genotypes,
i.e., Taq-I, Apa-I, Bsm-I, and Cdx-2, and
their possible interactions with Fok-I var-
iants were not evaluated. Measurement of
MMP-9 should preferably have been done
in plasma instead of serum. Extension of
the changes observed after 12 weeks’ in-
tervention to longer periods of time and,
above all, their possible protective effect
against long-term diabetes complications
require well-designed longitudinal con-
trolled studies. Regarding the small
amount of 25(OH)D variation explained
by genetic determinants, a Mendelian
randomization approach could be benefi-
cial to reveal a causal relationship in a
large population (40).

As hypovitaminosis D may negatively
affect glycemic status (38), and probably
the related consequences, the very high

Table 3dComparison of the changes of the variables among the Fok-I genotypic groups
with type 2 diabetes

FF (n1 = 58) Ff (n2 = 47) ff (n3 = 35) P*

Weight (kg) 0.22 6 5.6 20.39 6 2.6 20.42 6 2.6 0.473
BMI (kg/m2) 0.12 6 2.1 20.13 6 1.0 20.18 6 0.93 0.663
WC (cm) 21.5 6 2.8 21.5 6 4.6 227 6 3.2 0.211
Fat mass (%) 22.6 6 3.6 21.6 6 5.6 22.3 6 5.9 0.677
SBP (mmHg) 24.2 6 9.0 21.8 6 11.6 27.3 6 24.6 0.533
DBP (mmHg) 22.4 6 6.8 22.1 6 7.4 22.5 6 8.0 0.960
FSG (mmol/L) 21.8 6 3.2 21.0 6 1.8 22.0 6 3.0 0.221
Fasting serum insulin (pmol/L) 238.9 6 81.3 223 6 67.4 27.6 6 65.3 0.173
QUICKI 0.01 6 0.02 0.006 6 0.02 0.007 6 0.02 0.061
HbA1c (%) 21.4 6 0.26 1.1 6 0.24 20.81 6 0.23 0.280
Cholesterol (mmol/L) 20.8 6 1.4 20.8 6 1.0 20.6 6 0.9 0.527
Triglycerides (mmol/L) 20.76 6 0.1 20.43 6 0.06 20.44 6 0.08 0.145
LDL (mmol/L) 20.26 6 0.64 20.39 6 0.64 20.35 6 0.72 0.520
HDL (mmol/L) 0.09 6 0.2a 20.01 6 0.15b 0.19 6 0.2a 0.011
25(OH)D (nmol/L) 35.56 6 18.6a 31.2 6 21.3a 23.0 6 20.4b 0.031
iPTH (ng/L) 28.4 6 20.7 219.4 6 18.1 29.4 6 21.7 0.136
hsCRP (mg/L) 21.4 6 0.93a 20.48 6 1.1b 20.62 6 1.3b ,0.001
SAA (ng/L) 22.1 6 48.3 210.3 6 32.8 216.1 6 36.0 0.123
Endothelin-1 (mg/L) 20.12 6 0.68 20.35 6 0.90 20.54 6 1.3 0.062
E-selectin (mg/L) 22.1 6 7.0 23.0 6 9.1 20.39 6 6.8 0.455
MMP-9 (mg/L) 21.8 6 6.4 20.89 6 5.6 20.19 6 5.6 0.215
ACR (mg/mmol) 0.33 6 3.5 12.4 6 12.4 11.5 6 18.5 0.457
IL-2 (ng/L) 259.1 6 19.7 234.4 6 17.4 240.3 6 49.7 0.578
IL-4 (ng/L) 11.5 6 16.8a 1.7 6 9.4b 7.5 6 14.5a 0.018
IL-6 (ng/L) 212.1 6 250.4a 2.22 6 236.3b 9.9 6 205.3b 0.011
IL-10 (ng/L) 59.0 6 188.7 218.3 6 174.7 44.6 6 149.0 0.494
TNF-a (ng/L) 294.8 6 248.5 256.5 6 310.6 25.1 6 178.0 0. 167
IFN-g (ng/L) 29.8 6 48.7 22.9 6 50.4 213.5 6 44.8 0.850

WC, waist circumference. *P for trend. a,bNumbers in a row not sharing a common superscript are signifi-
cantly different.
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prevalence of vitamin D insufficiency/
deficiency among the participants of
the current study is likely to have a major
impact on the results. Also, evaluation of
a vast array of variables further allowed us
to detect the positive effects of vitamin D
supplementation.

To the best of our knowledge, this is
the first report of the interactive effects of
VDR Fok-I polymorphisms and vitamin D
intake on diverse aspects of diabetes host
response, including glycemic, lipidemic,
and inflammatory as well as immune re-
sponses. Our findings indicated that
those with VDR Fok-I ff genotype may
be regarded as low responders to vitamin
D intake in terms of circulating 25(OH)D
and certain inflammatory biomarkers.
The prevalence of different VDR Fok-I
variants among diabetic subjects could
explain, at least in part, some discrepan-
cies observed in the effect of vitamin D
on various aspects of diabetes host
response.
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