
 

 

 

 

 

Iranian J Publ Health, Vol. 42, No. 11, Nov 2013, pp.1253-1258                                                           Original Article 

1253                                                                                                     Available at:    http://ijph.tums.ac.ir 

 

 

Vitamin D Receptor (VDR) Polymorphisms and Late-Onset Alz-
heimer’s Disease: An Association Study 

 

Hamid Reza KHORRAM KHORSHID 1, Elnaz GOZALPOUR 1, Kioomars 

SALIMINEJAD 3, Masood KARIMLOO 2, Mina OHADI 1, *Koorosh KAMALI 3 
 

1. Genetic Research Centre, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran 
2. Dept. of Epidemiology and Biostatistics, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran 

3. Reproductive Biotechnology Research Center, Avicenna Research Institute, ACECR, Tehran, Iran 
 

*Corresponding Author: Email: k.kamali@avicenna.ac.ir 
 

(Received 25 May 2013; accepted 10 Sep 2013) 
 

 
 

Introduction 
 
Alzheimer’s disease (AD), the most common 
cause of dementia in the elderly, is a neurode-
generative disorder characterized by progressive 
cognitive defects such as memory loss, apraxia 
and personality changes (1, 2). Late-onset Alzh-
eimer's disease, a type of AD, is the most com-
mon form of late-onset dementia affecting people 
over 65 years old (3). AD is a genetically 
heterogeneous condition; it has many etiologies, 
but one pathogenesis (4). Early-onset AD, also 
known as familial AD, is caused mutations in the 

amyloid precursor protein (APP), presenilin 1 (PS1) and 
presenilin 2 (PS2) genes (5). The apolipoprotein E 
(APOE) gene, on chromosome 19, is the only 
confirmed susceptibility locus for the late-onset 
form (6-8). However, 50% of late-onset AD 
patients do not carry the APOEε4 allele (9, 10). 
Numerous studies showed that there is strong 
evidence for linkage of late-onset AD and another 
locus on chromosome 12q13 (11-14). The vitamin 
D receptor (VDR) gene, located on chromosome 
12q13, is a genetic risk factor for late-onset AD (5, 
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13, 15, 16). The VDR gene consists of 14 exons 
and it spans approximately 75 kb of genomic 
DNA (17). The VDR gene encodes a nuclear 
receptor with pluripotent effects (18); it is able to 
specifically bind DNA response elements when 
bound to ligand (19). It is expressed in the human 
brain, with the highest expression in the 
hypothalamus and in the large neurons of the sub-
stantia nigra (20). VDR is the receptor for 1, 25-
(OH) 2 D3, the active metabolite of vitamin D, and 
mediates biological actions of vitamin D (21). 
Epidemiological studies have indicated that vitamin 
D insufficiency is a risk factor for AD (22, 23).  
Given that VDR is the major mediator for vita-
min D’s actions, a few studies evaluated the role 
of VDR polymorphisms in Alzheimer disease (5, 
15, 16, 24). We investigated the association of the 
VDR gene polymorphisms with sporadic AD in 

an Iranian population. 
 

Materials and Methods 
 
Subjects 
This case-control study was carreid out in the Ge-
netics Research Center, University of Social Wel-
fare and Rehabilitation Sciences, Tehran, Iran 
(2007-2008). Totally, 156 Alzheimer’s patients and 
161 age-matched and unrelated healthy controls 
from several old peoples’ homes in Tehran were 
recruited. Diagnosis of the Alzheimer’s disease 
was confirmed by a psychiatrist, and the control 
subjects were selected based on comprehensive 
evaluation of their medical histories and physical 
conditions. The participants included if they were 
older than 65 years and in agreement to enter the 
study. The main inclusion criterion in the case 
group was the diagnosis of AD according to DSM-
IV criteria. In the control group, if the participants 
had any serious neurologic or psychological 
disorder they were excluded from the study. The 
participants/ guardians were asked about some 
personal and baseline information. Additionally, 
ethnicity, job, educational level and gender were 
considered as co-variables. We obtained informed 

consent from all participants or guardians .  
 

DNA Extraction and Genotyping  
Genomic DNA was extracted using the salting out 
method from 5 ml of peripheral blood samples 
which collected in tubes containing 200 µl EDTA 
(0.5 M), as an anti-clotting factor, and stored at -
20°C until DNA extraction. We studied two poly-
morphisms in the human VDR gene including 
ApaI (G>T) in intron 8 (rs7975232), and TaqI 
(C>T) in exon 9 (rs731236).  
Genotyping of the VDR polymorphisms were 
performed using polymerase chain reaction and 
restriction fragment length polymorphism (PCR-
RFLP) analysis. Both ApaI (G>T) and TaqI 
(C>T) polymorphisms were assessed by a forward 
primer 5′- CCGGTCAGCAGTCATAGAGG -3′ and 
reverse primer 5′-GAATGGGCTGGGTGGA-
TAG-3′, followed by digestion with the restriction 
enzymes ApaI and TaqI (New England BioLabs, 
USA), respectively. 
The PCR reactions carried out in final volume of 
25 µl containing: 10× PCR Buffer (Roche, Ger-
many), 4.5 mM MgCl2 (Roche, Germany), 0.4 mM 
of each dNTP (Fermentas, Germany), 10 pmol of 
each primer, 30 ng template DNA, 1U Taq DNA 
polymerase (Roche, Germany) and sterile distilled 
water up to 25 µL. Amplification conditions start 
with an initial denaturation step of 5 min at 94 °C, 
followed by 30 cycles of 30 sec denaturation (94 
°C), 20 sec annealing (62 °C) and 30 sec extension 
(72 °C), ended by a final extension for 5 min (72 
°C)  and finally cooling to 4°C.  
All PCR products were subjected to electr-
ophoresis on 1.5% agarose gel prepared in 1× 
TAE, stained with ethidium bromide and visua-
lized by exposure to ultraviolet light. Briefly, the 
PCR products of VDR were digested with the 
two restriction enzymes ApaI and TaqI at 37 °C 
overnight. DNA fragments were subjected to 8% 
polyacrylamide gel elect-rphoresis and stained 
with Silver Nitrate. The ApaI G allele produced 
two fragments 91 and 453 bp, whereas the ApaI T 
allele remained uncut (544 bp). The TaqI T allele 
was cut into two fragments 176 and 368 bp, while 
the TaqI C allele produced three fragments 167, 
176 and 201 bp.  
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Statistical Analysis 
The data was analyzed using SPSS ver. 11.5 (SPSS, 
Chicago, Ill., USA). Chi-square and independent 
sample t tests were performed to compare sex, job, 
education level, genetic background and mean age 
between the study groups. Logistic regression 
analysis was performed to assess the effect of mu-
tant genotype or allele in the study groups and 
related Odds Ratio (OR) and 95% confidence 
interval (CI) reported. P values less than 0.05 were 
considered as significant. The results were also 
reported by the ApoE ε4 allele. 

 

Result 
 
The distribution of important potential confound-
ers in the study groups were similar (Table 1). The 
mean age of case and control groups were 78.5 
(SD=7.8) and 77.4 (SD=7), respectively. The most 
frequent ethnicities in the study population were 
Fars and Azari. Approximately, 2% of AD pa-
tients had academic education.  

 
Table 1: Comparison of mean age, sex, jobs, education levels and genetic backgrounds between the study groups 

 

 AD Patients 
(n=145) 

Control Subjects 
(n=162) 

P Value 

Age  78.55 ± 7.80a 77.14 ± 6.95 0.091 
Sex (M/F)b  63/91 63/99 0.714 
Previous Job Housewife 55.8% 56.2% 0.938 
 Own Busi-

ness 
23.4% 21.0%  

 Worker 9.2% 8.6%  
 Farmer 3.2% 3.1%  
 Employee 8.4% 11.1%  
Education Levels Illiterate 41.6% 43.2% 0.427 
 Primary 

School 
29.2% 29.6%  

 Secondary 
School 

16.2% 12.3%  

 Diploma 11.1% 9.3%  
 Academic 1.9% 5.6%  
Genetic Background Fars 61.0% 63.6% 0.490 
 Azari 25.3% 25.3%  
 Kurd 3.9% 1.8%  
 Lor 0.7% 2.5%  
 Gilak and 

Mazani 
9.1% 6.8%  

a Mean ± S.D./ b  Male/Female 

 
Totally, 145 AD patients and 162 healthy controls 
were analyzed using PCR-RFLP methods. Geno-
type and allele distributions for the ApaI and TaqI 
polymorphisms are summarized in Tables 2 and 3. 
There were no statistically significant differences 
in the genotype distributions or allele frequencies 
of the ApaI (G>T) and TaqI (C>T) polymor-
phisms between the cases and controls. Subgroup 
analysis of the genotype and allele frequency by 

ApoE ε4 allele (ε4 positive or negative) also did 
not show significant statistical differences (Tables 
2 and 3).  Then, the AD patients and controls 
were subdivided into men and women groups. 
However, no significant differences were found in 
allele frequencies of the ApaI (P values were 0.677 
and 0.523 for men and women, respectively) and 
TaqI (P value were 0.874 and 0.817 for men and 
women, respectively) between the subgroups. 
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Table 2: Genotype distributions of the TaqI (C>T) and ApaI (G>T) polymorphisms in the study groups (Totally 
and according to ApoE ε4 allele) 

 

Genotype 
 
Study 
Group 

Alzheimer 
Number 

(%) 

Control 
Number 

(%) 

Alzheimer 
Number 
(%)(ε4+) 

Control 
Number 
(%)(ε4+) 

Alzheimer 
Number 
(%)(ε4-) 

Control 
Number 
(%)(ε4-) 

P 
Value 

P 
Value 
(ε4+) 

P 
Value 
(ε4-) 

CC 64(44.1) 76(46.9) 7(33.3) 15(57.7) 57(46) 61(44.9) Reference Group 
CT 64(44.1) 65(40.1) 12(57.2) 10(38.5) 52(41.9) 55(40.4) .483 .132 .965 
TT 17(11.8) 21(13) 2(9.5) 1(3.8) 15(12.1) 20(14.7) .914 .266 .571 
GG 29(20) 28(17.3) 3(14.3) 3(11.5) 26(21) 25(18.4) Reference Group 
GT 65(44.8) 78(48.1) 8(38.1) 11(42.3) 57(46) 67(49.2) .488 .735 .546 
TT 51(35.2) 56(34.6) 10(47.6) 12(46.2) 41(33) 44(32.4) .695 .843 .757 

 
Table 3: Allele distributions of the TaqI (C>T) and ApaI (G>T) polymorphisms in the study groups (Totally and 

according to ApoE ε4 allele) 
 

Allele 
Study 
Group 

Alzheimer 
Number 

(%) 

Control 
Number 

(%) 

Alzheimer 
Number 
(%)(ε4+) 

Control 
Number 
(%)(ε4+) 

Alzheimer 
Number 
(%)(ε4-) 

Control 
Number 
(%)(ε4-) 

P 
Value 

P Value 
(ε4+) 

P Value 
(ε4-) 

C 192(66.2) 217(67) 26(61.9) 40(76.9) 166(66.9) 177(65.1) Reference Group 
T 98(33.8) 107(33) 16(38.1) 12(23.1) 82(33.1) 95(34.9) .840* .132 .965 
G 123(42.4) 134(41.4) 14(33.3) 17(32.7) 109(44) 117(43) Reference Group 
T 167(57.6) 190(58.6) 28(66.7) 35(67.3) 139(56) 155(57) .791** .735 .546 

*statistical power: 4.2% /**statistical power: 4.55% 

 

Discussion 
 

Late-onset AD is a genetically heterogeneous 
condition which affected by both genetic and 
environmental factors and characterized by a pro-
gressive decline in cognitive function (4). To date, 
hundreds of potential and possible candidate 
genes for late-onset AD have been described in 
the literature (25-27). However, the APOE gene is 
the only well-established susceptibility factor for 
late-onset AD (26). Genome-wide association 
studies have confirmed that there is strong evi-
dence for linkage of late-onset AD and a 
susceptibility locus on chromosome 12q13 (11-14). 
It has been shown that the VDR gene, on 
chromosome 12q13, is a genetic risk factor for 
late-onset AD (5, 13, 15, 16).  
In the current study, we evaluated association of 
the two VDR polymorphisms, ApaI (in intron 8) 
and TaqI (in exon 9), with the risk of late-onset 
AD in an Iranian population. Our results showed 
that neither allele nor genotype frequencies for the 
ApaI and TaqI polymorphisms were significantly 

different between the AD cases and controls. The 
calculated statistical power for allele analysis were 
very low so the study sample size may not be 
sufficient to show the difference between study 
groups, but p values are very far from the signifi-
cant level and it seems that the role of theses poly-
morphisms are not very prominent; to show the 
lack of association we will need a very large sam-
ple size to achieve an acceptable power. The result 
of the recent study can be used for ongoing meta-
analysis in this regard. 
Luedecking-Zimmer et al. examined the first 
association study between late-onset AD and 
VDR polymorphism (24). They assessed the FokI 
polymorphism (rs10735810) and found no evi-
dence for association in a North American Cauca-
sian population (24).  
To our knowledge, there are 3 studies which re-
ported positive results for association between the 
VDR polymorphisms and late-onset AD (5, 15 
and 16). Ours results are not in accordance with 
those of Gezen-AK et al. (15), who reported posi-
tive associations between the ApaI and TaqI poly-
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morphisms and late-onset AD in a Turkish 
population. They found that the frequency of 
heterozygote genotype for the ApaI was signifi-
cantly higher in AD patients than controls (15). 
According to their data, genotypic distributions of 
ApaI in the cases (excess of heterozygotes, P = 
0.001) and genotypic distributions of TaqI in the 
controls (excess of homozygotes, P = 0.04) were 
not in Hardy-Weinberg equilibrium). Lehmann et 
al. showed that the presence of the ApaI T allele 
and TaqI G allele were associated with the risk of 
AD, particularly in people under 75 years old (16). 

However, their results were on the contrary with 
those of Gezen-Ak et al. (15) who found a relative 
excess of heterozygote genotype in AD patients 
for ApaI polymorphism. 
Recently, Wang et al.(5) assessed the association 
of late-onset AD cases with a total of 80 single 
nucleotide polymorphisms (SNPs) within the pro-
moter and coning region as well as intron bounda-
ries of the VDR gene. They identified the most 
significant association at a promoter SNP 
rs11568820 (also known as CDX2) which is lo-
cated in the transcription factor Cdx-2 binding site. 
The T allele (risk-allele) at rs11568820 was associ-
ated with lower VDR promoter activity (5). They 
showed that overexpression of VDR and vitamin 
D treatment suppresses APP promoter activity 
and suggested that APP is a novel target gene for 
VDR signaling. This could provide a molecular 
mechanism for the genetic association between 
VDR and late-onset AD risk (5). 
 

Conclusion 

 
It seems that the two VDR polymorphisms, ApaI 
and TaqI, are not associated with the risk of late-
onset AD in Iranian population. Additional 
association studies may help to further elucidate 
the function of these polymorphisms in AD. 
 

Ethical considerations 

 
Ethical issues (Including plagiarism, Informed 
Consent, misconduct, data fabrication and/or 
falsification, double publication and/or submis-

sion, redundancy, etc.) have been completely ob-
served by the authors.  
  

Acknowledgments 
 
This study was carried out as a part of a PhD the-
sis in Tehran University of Medical Sciences and 
Genetic Research Centre, University of Social 
Welfare and Rehabilitation Sciences. Protocols 
were approved by the University of Social Welfare 
and Rehabilitation Sciences. We acknowledge with 
appreciation all the participants in this study. We 
thank Iran Alzheimer Association, Shayestegan, 
Mehrvarzan and Farzanegan Health Care Centers 
for their sincere corporations.  The authors de-
clare that there is no conflict of interest. 
  

References 
 

1. Bertoli-Avella AM, Oostra BA, Heutink P 
(2004). Chasing genes in Alzheimer's and 
Parkinson's disease. Hum Genet, 114(5):413-38. 

2. St George-Hyslop PH, Petit A (2005). Molecular 
biology and genetics of Alzheimer's disease. C 
R Biol, 328(2):119-30. 

3. Kril JJ (2009). Alzheimer disease: Alzheimer dis-
ease neuropathology in the oldest old. Nat 
Rev Neurol, 5(8):411-12. 

4. Hardy J (1997). The Alzheimer family of dis-
eases: many etiologies, one pathogenesis? Proc 
Nat Acad Sci, 94(6):2095-97. 

5. Wang L, Hara K, Van Baaren JM, et al. (2012). 
Vitamin D receptor and Alzheimer's disease: 
a genetic and functional study. Neurobiol Aging, 
33(8):1844 e1-9. 

6. Corder EH, Saunders AM, Strittmatter WJ, et al. 
(1993). Gene dose of apolipoprotein E type 4 
allele and the risk of Alzheimer's disease in 
late onset families. Science, 261(5123):921-23. 

7. Farrer LA, Cupples LA, Haines JL, et al. (1997). 
Effects of age, sex, and ethnicity on the 
association between apolipoprotein E geno-
type and Alzheimer disease. A meta-analysis. 
APOE and Alzheimer Disease Meta Analysis 
Consortium. JAMA, 278(16):1349-56. 

8. Saunders AM, Strittmatter WJ, Schmechel D, et 
al. (1993). Association of apolipoprotein E al-
lele epsilon 4 with late-onset familial and spo-



Khorram Khorshid et al.: Vitamin D Receptor (VDR) Polymorphisms … 

Available at:    http://ijph.tums.ac.ir                                                                                                      1258 

radic Alzheimer's disease. Neurology, 
43(8):1467-72. 

9. Daw EW, Payami H, Nemens EJ, et al. (2000). 
The number of trait loci in late-onset Alz-
heimer disease. Am J Hum Genet, 66(1):196-
204. 

10. Slooter AJ, Cruts M, Kalmijn S, et al. (1998). 
Risk estimates of dementia by apolipoprotein 
E genotypes from a population-based inci-
dence study: the Rotterdam Study. Arch Neu-
rol, 55(7):964-68. 

11. Beecham GW, Martin ER, Li YJ, et al. (2009). 
Genome-wide association study implicates a 
chromosome 12 risk locus for late-onset Alz-
heimer disease. Am J Hum Genet, 84(1):35-43. 

12. Kehoe P, Wavrant-De Vrieze F, Crook R, et al. 
(1999). A full genome scan for late onset Alz-
heimer's disease. Hum Mol Genet, 8(2):237-45. 

13. Pericak-Vance MA, Bass MP, Yamaoka LH, et 
al. (1997). Complete genomic screen in late-
onset familial Alzheimer disease. Evidence 
for a new locus on chromosome 12. JAMA, 
278(15):1237-41. 

14. Rogaeva E, Premkumar S, Song Y, et al. (1998). 
Evidence for an Alzheimer disease 
susceptibility locus on chromosome 12 and 
for further locus heterogeneity. JAMA, 
280(7):614-18. 

15. Gezen-Ak D, Dursun E, Bilgic B, et al. (2007). 
Vitamin d receptor gene haplotype is associ-
ated with late-onset Alzheimer's disease. 
Tohoku J Exp Med, 228(3):189-96. 

16. Lehmann DJ, Refsum H, Warden DR, Medway 
C, Wilcock GK, Smith AD (2011). The vita-
min D receptor gene is associated with Alzhei-
mer's disease. Neurosci Lett, 504(2):79-82. 

17. Zmuda JM, Cauley JA, Ferrell RE (2000). 
Molecular epidemiology of vitamin D recep-
tor gene variants. Epidemiol Rev, 22(2):203-17. 

18. McCann JC, Ames BN (2008). Is there convinc-
ing biological or behavioral evidence linking 
vitamin D deficiency to brain dysfunction? 
FASEB J, 22(4):982-1001. 

19. Langub MC, Herman JP, Malluche HH, 
Koszewski NJ (2001). Evidence of functional 
vitamin D receptors in rat hippocampus. 
Neuroscience, 104(1):49-56. 

20. Sutherland MK, Somerville MJ, Yoong LK, Ber-
geron C, Haussler MR, McLachlan DR 
(1992). Reduction of vitamin D hormone 
receptor mRNA levels in Alzheimer as com-
pared to Huntington hippocampus: correla-
tion with calbindin-28k mRNA levels. Brain 
Res Mol Brain Res, 13(3):239-50. 

21. Garcion E, Wion-Barbot N, Montero-Menei 
CN, Berger F, Wion D (2002). New clues 
about vitamin D functions in the nervous sys-
tem. Trends Endocrinol Metab, 13(3):100-5. 

22. Buell JS, Dawson-Hughes B, Scott TM, et al. 
(2010). 25-Hydroxyvitamin D, dementia, and 
cerebrovascular pathology in elders receiving 
home services. Neurology,  74(1):18-26. 

23. Sato Y, Asoh T, Oizumi K (1998). High preva-
lence of vitamin D deficiency and reduced 
bone mass in elderly women with Alzheimer's 
disease. Bone, 23(6):555-57. 

24. Luedecking-Zimmer E, DeKosky ST, Nebes R, 
Kamboh MI (2003). Association of the 3' 
UTR transcription factor LBP-1c/CP2/LSF 
polymorphism with late-onset Alzheimer's 
disease. Am J Med Genet B Neuropsychiatr Genet, 
117B(1):114-17. 

25. Bertram L, McQueen MB, Mullin K, Blacker D, 
Tanzi RE (2007). Systematic meta-analyses of 
Alzheimer disease genetic association studies: 
the AlzGene database. Nat Genet, 39(1):17-23. 

26. Pericak-Vance MA, Bebout JL, Jr Gaskell PC, et 
al. (1991). Linkage studies in familial Alz-
heimer disease: evidence for chromosome 19 
linkage. Am J Hum Genet, 48(6):1034-50. 

27. Günther C, von Hadeln K, Müller-Thomsen T, 
et al. (2004). Possible association of 
mitochondrial transcription factor A (TFAM) 
genotype with sporadic Alzheimer disease. 
Neurosci Lett, 369(3):219-23. 

 


