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Vitamin D receptor (VDR) polymorphism influences susceptibility to type 1 diabetes, but the association with type 2 diabetes is not
clear. We investigated the association between VDR polymorphism and type 2 diabetes and metabolic syndrome in a community-
based study of unrelated older adults without known diabetes. Oral glucose tolerance test (75 g), plasma glucose and insulin
measurement, homeostasis model assessment (HOMA), and VDR genotyping were performed. The distributions of genotype
frequencies of Apal, Bsml, and Tagl polymorphism did not differ between persons with and without diabetes, but the frequency
of aa genotype of Apal polymorphism was marginally higher in persons with type 2 diabetes (P = .058). Fasting plasma glucose
(P < .05) and prevalence of glucose intolerance (P < .05) were significantly higher in nondiabetic persons with aa genotype
compared with those with AA genotype. The bb genotype of Bsml polymorphism was associated with insulin resistance as
assessed by HOMA after adjustment for age, sex, body mass index (BMI), and calcium and vitamin D use in persons without
diabetes (P < .05). Our research suggests that Apal polymorphism may be associated with glucose intolerance independent of
defective insulin secretion and Bsml polymorphism with insulin resistance in a nondiabetic Caucasian population.
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ITAMIN D HAS important immunomodulatory proper- We evaluated the association between VDR polymorphism
ties and may influence insulin secretibhFor example, and metabolic syndrome and type 2 diabetes in relation to
Gedick and Akalif reported that insulin secretion, but not insulin secretion or insulin resistance in older Caucasian men
glucagon secretion, was significantly lower before vitamin D and women without known diabetes.
treatment in patients with vitamin D deficiency compared with
healthy subjects, and vitamin D-treatment increased insulin
secretion in these patients. Kumar et also reported that SUBJECTS AND METHODS
B-cell function, but not insulin sensitivity, improved after low- Subjects
dPSe vitamin D treatment of a patient with vitamin D defi- A total of 1,545 older adults participated in this cross-sectional
ciency. study. All participants were members of the Rancho Bernardo cohort,
Vitamin D receptor (VDR) polymorphism has been reported a community-based study of homogenously ethnic Caucasian adults
to be related to type 1 diabetg3.In the nonobese diabetic unrelated to each other. None had a history of diabetes. In the 1984 to
mouse model for insulin-dependent diabetes mellitus, vitaminl987 visit, participants were given a 75-g oral glucose tolerance test in
D is necessary for normal insulin release and maintenance ghe morning after a 12-hour fast. Height and weight were measured
glucose tolerancgRecently, associations have been describedVith persons wearing light clothing and no shoes; body mass index
between allelic variants of the VDR gene and impaired insulin(BM!) was calculated as [Weight(kg)/hei'ght(ﬁ1)Waist and hip girth
secretion in type 1 and type 2 diabetes?Bsm polymorphism were measured in centlmeters, as previously descﬂl.)‘éthlst—'to—hl'p
was shown to be associated with type 1 diabetes in Soutftt,la“o (WHR) was used to estimate upper body obesity. Waist circum-

di s and binati oBsni/ | infl d erence was used as an integrated measure of obesity and fat distribu-
Indians? and combinations oBsm/Apa/Tad influenced sus- tion on the basis of studies suggesting that waist circumference is more

ceptibility to type 1 diabetes in Germahdn a Taiwanese jghly correlated with both total and visceral body fat when measured
population, the AA genotype dfpa polymorphism was asso- py computed tomography or magnetic resonance imaging than by
ciated with type 1 diabete€sThe aa genotype was associated WHR.11.12 Systolic and diastolic blood pressures were measured in
with defective insulin secretion in Bangladeshi Asians, a pop-sitting position. Personal history of diabetes and behavioral factors,
ulation at increased risk for type 2 diabe®e$hese findings including alcohol consumption, and current use of vitamin D or cal-

suggest that the VDR gene is a novel candidate gene contrifsium were determined by standard interviews. Type 2 diabetes was
uting to susceptibility to both types of diabetes. However, theredefined by a fasting plasma glucose level7.0 mmol/L or a 2-hour

are no data reporting the direct effect on type 2 diabetes postchallenge glucose leval 11.1 mmol/L!3 Persons with a previous
' physician diagnosis of type 2 diabetes or those using antidiabetic

medication were excluded. Persons with a fasting plasma glucose level
between 6.1 and 7.0 mmol/L were considered to have impaired fasting

From the Division of Epidemiology, Department of Family and glucose (IFG), and those with a 2-hour postchallenge glucose level
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CA. glucose tolerance (IGT). Persons with either IFG or IGT were consid-
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Table 1. Clinical Characteristics by Diabetic Status the data. An analysis of covariance (ANCOVA) with age, sex, BMI,
bi ) and calcium and vitamin D intake as covariates was used to examine
iabetes No Diabetes P o X .
Variables (n = 242) (n=1,303) Value the association between VDR polymorphism and glucose metabolism,
insulin secretion, and insulin resistance.
Age (yr) 71.7+86 688=92 .000
% Male 47.9 40.4 .031 RESULTS
BMI (kg/m?) 255+39 248=*35 .007 o ]
Waist (cm) 914 +59.9 854+ 37.7 .040 Of the total 1,545 participants who had no personal history of
WHR 0.91 +0.05 0.86 = 0.09 .048 diabetes, 242 (15.7%) were newly diagnosed with diabetes by
Systolic blood pressure (mm Hg) 143.1 = 20.6 135.7 = 21.2 .000 oral glucose tolerance test. Persons with newly diagnosed type
Diastolic blood pressure (mm Hg) 76.3+9.9 76.2+9.0 .845 2 diabetes were significantly older and more obese, had more
NOTE. Data are means + SD. unfavorable body fat distribution and higher systolic blood

pressure, and also were more likely to be male than persons
without diabetes (Table 1). Table 2 shows the genotype fre-
of the study were explained. The study was approved by the instituquency in persons with and without type 2 diabetes. Genotype
tional review board of University of California, San Diego. frequencies oBsm and Tad polymorphisms did not differ by
Studi diabetes status, but persons with diabetes had a higher preva-
DNA Studies lence of aa genotype compared with those without diabetes
A 4-mL blood sample, drawn by venipuncture from each individual, with marginal significance (27.4% 20.3%,P = .058).
was stored at -70°C until DNA extraction using the Qiagen (Valencia,  after excluding all persons with newly diagnosed type 2

CA) blood DNA extraction kit. Purified DNA was stored in 04 TE diabetes, we evaluated the association between VDR polymor-
solution at -20°C. Previously published primers were used to amplify a '

900-bp fragment of DNA using the polymerase chain reaction (PCR)Ehlsrg and Insull.nt.secrgtlton g:fZCt OT msu“?}. reSISta(;lcteh. We
technique to determine thHgsm genotypet4 The fragment was subse- ound no association betwesipa polymorphism an e

quently digested using the restriction endonuclézsd. The Apa and 'n_su“n Secret'on_'nde?(' calculated by the HOMBin persons
Tad genotypes were determined by digestion of a 280-bp fragmentWith normal and impaired glucose tolerance (IFG and IGT). We
amplified using the primers '6GTGGGATTGAGCAGTG3 and  also found no association between VDR polymorphism and
5'ATGCTGCACTCAGGCTGS3. In each case, PCR was performed metabolic syndrome, defined as the combination of glucose
using 20 ng of genomic DNA in a final reaction volume of 20, and intolerance, hypertension, and dyslipidemia (Table 3). How-
amplification occurred during 35 cycles of 94°C for 30 seconds, 56°Cever' the preva|ence of g|ucose intolerance increased S|gn|f|_
for 30 seconds, and 72°C for 30 seconds. Of the PCR produgil.15 cantly from AA to aa genotype (30.9% in AA, 33.8% in Aa,
was incubated with 7.5 U of restriction endonuclease for 2 hours in 3and 39.9% in aaP for trend < .05). After adjustment for age,
final volume of 20 mL. Digestion witffad (Stratagene, La Jolla, CA) sex, BMI, and calcium and vitamin D use, fasting plasma

andBsmi (Stratagene) occurred at 65°C and wipa (Stratagene) at | ianifi tlv higher i ith i
37°C. All products were resolved by agarose gel electrophoresis and'tCOSE Was signicantly igher in persons with aa genotype

visualized by ethidium bromide staining under ultraviolet light (Uv) compared with those with AA genotype (5.430.56 mmol/L
light. The genotype of each sample was determined by 2 technician¥ 5.35 = 0.57 mmol/L,P < .05, Table 4). Fasting insulin,
working independently, and 10% of samples were genotyped at eachlOMA-B, and HOMA-IR did not differ significantly among
site more than once to ensure that 100% reproducibility was achievednondiabetic persons with AA, Aa, and aa genotypes.

For the statistical analysis, capital letters denote the absence and Although the frequency of metabolic syndrome did not differ
lowercase letters denote the presence of the site of the restrictiogjgnificantly between BB, Bb, and bb genotypes, persons with
enzymesBsmi (B/b), Apd (A/a), andTad (T/t) on each of the alleles.  ph genotype showed more insulin resistance. HOMA-IR was
significantly higher in persons with bb genotype compared with
those with BB genotype after adjustment for age, sex, BMI, and

Fasting and 2-hour postchallenge plasma glucose levels were meg5|cium and vitamin D use (2.8 1.5in BB, 3.0+ 2.0 in Bb
sured using a glucose oxidase assay. Fasting insulin was determined by

double-antibody, as previously describéd.ipids were measured in a
lipid research laboratory certified by the Centers for Disease Control

Biochemical Measurements

' Table 2. Genotype Distribution (%) of VDR Polymorphism Among

Atlanta, GA. Total cholesterol and triglyceride were measured by Persons With and Without Diabetes
enzymatic methods using an ABA-200 biochromatic analyzer (Abbott,
Irving, TX). HDL cholesterol was measured by precipitation according D?:tﬁmfn ([r’]ia:b‘;ﬁ ’\(‘: :Di?b;;;)s
to Lipid Research Clinic protocdf and low-density lipoprotein (LDL) !
cholesterol was calculated using the formula of Friedewald &t al. Apal* AA 34.8 374
HOMA-insulin resistance (HOMA-IR) was calculated as {fasting glu- Aa 37.8 42.4
cose (mmol/L)X fasting insulin (£U/mL)}/22.5, and HOMA-8-cell aa 27.4 20.3
function (HOMA-B) as 20X fasting insulin uU/mL)/{fasting glucose Bsml BB 20.2 19.4
(mmol/L)-3.5}, as described by Levy et &. Bb 44.2 45.3
bb 35.6 35.3
Statistical Analyses Taql TT 38.6 38.6
Statistical analyses were performed using SPSS (SPSS Inc, Chicago, tT: ?g': ‘11:':

IL; SPSS Base 10.0 for Windows). Student'sests were used for
continuous variables, ang tests for trend were used for categorical ~ *P = .058 between persons with diabetes and those without diabe-
variables to test for statistical significance. Data for fasting insulin, tes. The distribution of the VDR alleles was in the Hardy-Weinberg
HOMA- B, and HOMA-IR were log transformed to reduce skewness of equilibrium.
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Table 3. Prevalences of Metabolic Syndrome by VDR tolerance in aa genotype is associated with an insulin secretion
Polymorphism in Persons Without Diabetes defect or insulin resistance. We cannot, at present, suggest the
Glucose Metabolic possible mechanism of the association betwépd polymor-
Intolerance  Dyslipidemia  Hypertension  Syndrome phism and glucose metabolism. Functional studies of molecular
) ) ) ) basis will further elucidate the potential causality of this poly-
p y poly
Apal  AA 309 37.5 36.2 55 morphism and glucose metabolism.
Aa 338 40.8 33.8 7.7 We found no association between VDR polymorphism and
aa 39.9% 39.9 827 85 metabolic syndrome in persons without diabetes. The relation
Bsml BB 325 40.1 36.1 6.3 - .
Bb 320 38.9 346 7.0 of VDR polymorph_lsm and meta_bollc_ syndrome h_as not been
bb 36.4 201 333 72 reportgd_. Other ewdenc_e for a vitamin I;)-metapollc syndrome
Tagl TT 352 40.0 324 6.4 association was found in a study of Pima Indians, in which
Tt 326 40.0 35.4 7.6 linkage was reported between prediabetic metabolic traits and a
tt 33.0 37.2 37.2 6.4 few microsatellite markers on chromosome 4q in the region
NOTE. Metabolic syndrome is defined as glucose intolerance, hy- containing the vitamin D-blndl!’]g protein geffe.
pertension, and dyslipidemia; see text. We observed that persons with bb genotyp8sifit polymor-
*P < .05 using y? tests for trend. phism showed significantly higher levels of HOMA-IR compared

with those with BB and Bb genotypes only after additional ad-
justment for calcium and vitamin D use. This result supports a
and 3.2+ 2.2 in bb,P < .05, Table 4). This association was not report by Kiel et &* who found an association between dietary
significant after adjusting for age, sex, and BMI. calcium intake and bone mineral density only in the bb genotype.
They suggested thasnmi genotype might play a role in the
DISCUSSION absorption of dietary calcium. Although vitamin D plays a role in
The genotype distribution and allele frequency of personsinsulin secretion, the exact mechanism is unclear. The effects of
without diabetes in this study of unrelated community-dwelling 1,25-dihydroxyvitamin Q directly influence insulin secretion in
adults was similar to healthy Caucasian persons in other studhe g cell through an increase in intracellular free calcium con-
ies?19 We observed no significantly different genotype distri- centration via the nonselective calcium charfidih addition,
bution and allele frequency between persons with newly diag-l,25-dihydroxyvitamin Q@ has been shown to inhibiB-cell
nosed type 2 diabetes and persons without diabetes. growth by upregulation of vitamin D receptors, suggesting VDR
We found a consistent association between aa genotype ofariants might alter insulin responses through egrlyell differ-
Apd polymorphism and glucose intolerance. Persons withentiation?? We did not investigate the direct effect of calcium and
newly diagnosed type 2 diabetes had higher frequency of a&itamin D intake on insulin secretion or insulin sensitivity accord-
genotype with marginal significance compared with personsng to VDR polymorphism. These studies are restricted to the
without diabetes. After exclusion of persons with diabetes, wechronic effects of vitamin D on insulin secretion through a signal
also found that prevalence of glucose intolerance (IFG andransduction system involving the nuclear VDR. Recently, Ka-
IGT) was significantly higher in nondiabetic persons with aajikawa et at4reported a rapid nongenomic effect of vitamin D, via
genotype compared with those with Aa and AA genotypes.membrane VDR, on pancreafi:cell function.
Fasting plasma glucose was also significantly higher in nondi- There are several limitations to this study. First, it is cross-
abetic persons with aa genotype after adjustment for age, sesgctional, which limits the investigation of causal relationships.
BMI, and calcium and vitamin D use. However, insulin secre- Second, there is the possibility that the sequence differences in
tion or insulin resistance as assessed by HOMA did not diffedinkage dysequilibrium are responsible for our observations.
significantly between 3 genotypes @pd polymorphism.  Because linkage dysequilibrium only occurs over very short
Therefore, these data do not suggest that abnormal glucosgenetic distances in outbred populations, association study is

Table 4. Metabolic Parameters According to VDR Polymorphism in Persons Without Diabetes

Apal Bsml Taql
AA Aa aa BB Bb bb T Tt tt
SBP (mm Hg) 136.1 = 20.7 135.8 =21.6 135.1 =21.0 136.2 = 21.2 136.2 = 21.3 134.7 + 20.8 134.4 = 20.6 136.2 = 21.5 1374 +21.4
DBP (mm Hg) 76.7 = 9.4 75.6 = 8.9 76.1 £ 9.1 77.1£95 76.1 = 8.9 75.8 = 9.1 75.7 £ 9.1 76.1 = 8.8 775 *9.4
FPG (mmol/L) 5.35 + 0.57 5.43 + 0.57 5.43 + 0.56* 5.35 + 0.60 5.42 + 0.56 5.40 + 0.56 5.38 + 0.57 5.43 + 0.55 5.34 + 0.61
PCPG (mmol/L) 6.76 = 1.76 6.78 = 1.88 7.02 +=1.76 6.77 = 1.88 6.77 = 1.78 6.86 = 1.81 6.84 = 1.79 6.78 = 1.79 6.75 = 1.89
FPI (pmol/L) 73.1 =427 74.7 = 50.0 75.3 = 52.2 69.2 = 34.8 733 +47.1 77.9 = 52.6 76.0 = 50.1 74.2 = 48.2 69.2 = 35.6
HOMA-B 144.2 +198.3 130.5 = 131.6 135.0 = 97.3 141.4 = 2456 137.1 =1340 138.0=139.6 144.6 *216.2 138.1 =134.7 1253 *91.3
HOMA-IR 3.0+18 3.1+21 3.1+20 28+15 3.0*20 3.2=*22t 3.1 %21 3.0 2.1 28+16

NOTE. Data are means *+ SD. Fasting insulin, HOMA-B, and HOMA-IR were log-transformed for ANCOVA. Data are adjusted for age, sex, BMI,
and calcium and vitamin D use.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PCPG, postchallenge glucose; FPI,
fasting plasma insulin, HOMA-B, homeostasis model assessment of B-cell function;, HOMA-IR, homeostasis model assessment of insulin
resistance.

*P < .05 v AA.

tP < .05 v BB.
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not suitable for studying random markers in a genome scan, but In summary, aa genotype &f{pa polymorphism in nondia-

is the current method of choice for candidate gene studybetic persons was associated with a significantly higher prev-
Further studies are needed to evaluate the direct effect of thialence of glucose intolerance independent of insulin secretion
polymorphism on type 2 diabetes by genetic linkage study.defect. Persons with bb genotype &sm polymorphism
Finally, Apa, Bsmi, and Tad restriction sites are localized to showed significantly more insulin resistance. Further studies
introns and are unlikely to cause disease. Therefore, DNAare needed to elucidate the association between vitamin D,
sequencing studies are indicated in subjects possessing theggamin D receptors, and vitamin D-binding protein with type 2
diabetes-related VDR genotypes and haplotypes. diabetes and the metabolic syndrome.
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