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Abstract: Evidences reveal that vitamin D deficiency and vitamin D receptor gene polymorphism can 

influence the cognitive abilities of the normal aged subjects. The study was conducted on 50 non demented 

subjects ≥ 60 years old. Global assessment of cognitive function by: Modified Mini-Mental State examination 

test (3MS; Addenbrooke’s Cognitive Examination Revised). Assessment of specific cognitive functions; for 

attention: Paced Auditory Serial Addition Test and Trail B Test. Memory: Story A from logical memory subtest 

of the Wechsler Memory Scale-Revised, Paired Associate learning test and Benton Visual Retention test. 

Language: Token test. Visuospatial abilities: Block Design test. Measurement of 25 hydroxy vitamin D in serum 

and genotyping using PCR to detect the polymorphisms of VDRApaI and VDR-TaqI was done. Vitamin D 

deficiency was found to be associated with poor performance in tests assessing memory and attention, but no 

relation was with performance in executive functions, language or visuospatial abilities. VDR-ApaI 

polymorphism was found to affect memory and psychomotor speed but no effect on the performance in tests 

assessing attention, executive functions, language or visuospatial abilities. No effect for VDR-TaqI 

polymorphism on the performance in different tests. So, vitamin Vitamin D deficiency and vitamin D receptor 

gene polymorphism play an important role in exacerbating cognitive impairment of normal aging. 

Keywords -Vitamin D,   vitamin D receptor gene polymorphism,  cognition, elderly. 

 

I. INTRODUCTION 

Nutritional factors play an important role in promoting health and a preponderance of evidence has linked 

nutritional deficiencies to exacerbating cognitive deterioration. Elderly individuals with inadequate dietary 

intake having certain nutrients deficiency such as, vitamin B12, vitamin C, vitamin E and folate[1, 2]. The 

current vitamin receiving attention is vitamin D. Several epidemiologic studies revealed the high prevalence of 

vitamin D deficiency among elderly and this was attributed to the effect of aging on multiple steps in the 

metabolism of vitamin D [3]. There is increasing evidence that, vitamin D deficiency influences a variety of 

pathophysiologic conditions that could account for age related cognitive decline [4].A beneficial effect of 

vitamin D for cognition could be mediated through a number of mechanisms. A direct effect might be by 

increasing acetylcholine concentration in the brain [5],and through increased neurotrophins synthesis which 

support the survival of existing neurons and encourage the growth and differentiation of new neurons and 

synapses [6].It has been reported that vitamin D receptor VDR gene polymorphism; that influences the affinity 

of vitamin D to its receptor, may contribute to differences in cognitive function in old age [7]. Most biological 

activities of vitamin D3 metabolites are mediated through binding to a nuclear high-affinity receptor [8]. The 

human VDR gene (which encodes the vitamin D receptor), located on chromosome 12q, is composed of 

promoter and regulatory regions (1a–1f), and exons 2–9 which encode 6 domains (A – F) of the full length VDR 

protein [9]. The existence of several RFLPs in the VDR gene has been described using different restriction 

enzymes. Examples of these include the synonymous Tru9I, TaqI, BsmI, EcoRV and ApaI polymorphisms. All 
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these RFLPs are located in the 3' end of the gene, between the 8 and 9 exons and lay in an area with unknown 

function [10]. This work aimed at studying the relationship between the serum level of vitamin D, vitamin D 

receptor gene polymorphism (VDR– Apal& VDR- Taql) and cognitive impairment in elderly. 

 

II. SUBJECTS AND METHODS 

The current study is an observational cross-sectional study conducted on 50Egyptian subjects with cognitive 

impairement.  They were recruited from Kaser El-Aini Hospital, Cairo University, Neurology 

department.Selected subjects should fulfill inclusion criteria as they are ≥ 60 years old, have the ability to read, 

write and do simple calculation, have a score ≥ 28 on Mini-mental state examination [11] and should have a 

score < 10 on Hamilton Rating Scale of Depression [12]. By exclusion criteria, subjects with major language 

disturbance, severe physical, auditory orvisual impairment affecting their ability to complete testing , subjects 

with a history of drug intake known to affect cognition or mentalitye.g. anti-epileptic, anti-psychotic or anti-

cholinergic, subjects with a history of alcohol or any substance abuse, subjects with concomitant medical or 

metabolic illness known to affect cognition e.g. thyroid or parathyroid diseases, liver or kidney failure, or any 

other disease known to affect the serum level of vitamin D or calcium, subjects with a previous history of 

neurological condition known to cause cognitive impairment e.g. epilepsy or cerebrovascular stroke.Subjects 

with MRI brain showing structural lesion like infarctions,intracerebral hemorrhage, subdural hematoma, tumors, 

hydrocephalus or cerebral venous thrombosis,subjects using prescribed vitamin D supplements or non 

prescribed vitamin D greater than 800 IU/day, medications that affect vitamin D level or steroid medications. 

  

2.1. Sampling: 

Venous Blood samples were collected after a 12-14 h fast from resting subjects then divided into 2 tubes. The 

first tube contains EDTA blood samples and the second tube is a plain tube which is centrifuged. Serum samples 

were collected into three tubes, the first for fasting blood sugar, liver function tests, kidney function tests, lipid 

profile and total serum Ca. All these labs were done on Dimension Auto Analyzer using reagents supplied by 

Siemens(Siemens Healthcare Diagnostic Inc., Newark, DE 19714, U.S.A.), the second for Parathyroid hormone (PTH) 

and Thyroid stimulating hormone (TSH). They were measured on the IMMULITE 1000 using reagents supplied 

by DPC(Diagnostic Products Corporation, 5700 West 96th Street, Los Angeles, CA 90045-5597.). The third were stored 

at -80 prior to analysis of vitamin D. Serum 25- hydroxy vitamin D was measured using test kits (supplied 

fromImmunodiagnostik AG, Stubenwald-Alee 8a, D64625 Bensheim, Germany.) based on competitive radio 

immune proteinbinding assay[13]. EDTA samples were used for the determination of VDR Genotypes. DNA 

was extracted and stored at –20°C until analysis. 

 

 

2.2. Determination of VDR genotypes: 

DNA was extracted from white blood cells of 2 ml of K3 EDTA samples by columnextraction method using 

QIAamp DNA blood Mini kit-Qiagen (from Hoffmann-La Roche AG, Max-Volmer-Strabe 4-40724-Hilden-

Germany.). A 740 base pair (bp) fragment which includes intron 8 and exon 9 of the vitamin D receptor gene on 

chromosome 12 was amplified by polymerase chain reaction (PCR) with forward (5' 

CAGAGCATGGACAGGGAGCAAG-3') and reverse (5'-GCAACTCCTCATGG-CTGAGGTCTCA-3') 

primers to detect ApaI and TaqI restriction sites [14]. PCR products were generated in a 25 ul reaction volume 

containing 50 ng of genomic DNA, 1×PCR buffer, 1.8 m M MgCl2, 200 uM of dNTP, 10pmol/ul of each 

primerand 0.5 U of Taq DNA polymerase. PCR was performed as follows: incubation for 5 minutes at 94
o
C, 10 

cycles of incubation for 20 seconds at 94
o
C, 40 seconds at 64

o
C, and 1 minute at 72

o
C, 25 cycles of incubation 

for 20 seconds at 94
o
C, 40 seconds at 62

o
C, and 1 minute at 72

o
C, followed by an extension step of 6 minutes at 

72
o
C. To determine the presence of ApaI and TaqI restriction sites, Restriction Fragment Length Polymorphism 

(RFLP) was performed. Five ul PCR products were digested with 2 ul of DNase, RNase free water and 2 U of 

ApaI enzyme at 37
o
C and 2 U of TaqI enzyme at 66

o
C separately. Digestion products were analyzed in 1.5% 

agarose gel stained with ethidium bromide (Applichem, Darmstadt, Germany). DNA fragments were visualized 

by ultraviolet illumination and fragment size was estimated by comparing with a ladder of 50 bp. The presence 
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of ApaI restriction site causes splitting of the PCR products into two bands; 529 bp and 211 bp (designated as a, 

which is the wild type). when ApaI restriction site is not found in the corresponding sequence the PCR product 

remains as a 740 bp single band (designated as A, which is the common type) (Fig. 1).  

The presence of TaqI restriction site causes splitting of the PCR products into three bands; 291 bp, 247 and 202 

bp respectively (designated as t, which is the wild type).When TaqI restriction site is not found in the 

corresponding sequence the PCR product splits into two bands only; 493 bp and 247 bp respectively (designated 

as T, which is the common type) [15](Fig. 2). 

 

III. STATISTICAL ANALYSIS 

 

The SPSS 10.0 for windows was used for data management and analysis and the Microsoft power point for 

charts. Quantitative data were presented as mean + SD. For the comparison of the three groups' means, one way 

analysis of variance (ANOVA) was used followed by Post Hoc test. Non parametric quantitative data were 

expressed as median (quartilerange), Kruskall-wallis and Mann-whitney tests were used for comparison of 

medians. Qualitative data was expressed as frequency and percentage. Association between qualitative data was 

done using χ2- test. Spearman correlation coefficient was used to correlate between quantitative variables. 

Multiple logistic regression analysis with forward stepwise selection was performed. 

 

IV. RESULTS 

 

There was significant association between ApaI genotypes and vitamin D deficiency but TaqI genotypes were 

not(Table 1). 

There was a negative correlation betweenserum vitamin D and parathyroid hormonebut there was no correlation 

between serum vitamin D and calcium(Table 2). 

There was a correlation between vitamin D and scores of different psychometric tests (Table 3).  

There was significant difference between VDR gene ApaI genotypes and the specific psychometric tests (Fig. 

3). 

 

V. DISCUSSION: 

 

Age-related changes (ARCs) refer to the declines in component biologic processes occurring with senescence 

that result in impaired brainstructure, cognitive performance and behavior [16]. It has been shown that there is 

role of vitamin D in brain function and  certain VDR polymorphisms, which affect the affinity of vitamin D 

receptors to its ligand; vitamin D, contribute to differences in cognitive function [7]. Gezen-Ak et al. [15]also 

provided an evidence for an association between VDR polymorphisms and Alzheimer disease (AD). In the 

present study there was significant association between ApaI genotypes and vitamin D deficiency but TaqI 

genotypes were not. In the present study we used both 3MS and ACE-R for global assessmentof cognitive 

function. Both tests were consistent in revealing asignificant positive correlation between vitamin D level and 

the total score ofboth tests. Subjects with vitamin D deficiency were found to have significantlylower total 

scores than those with normal vitamin D level.On genotyping subjects with normal vitamin D level forApaI and 

TaqI polymorphisms in VDR gene, there was a significantdifference between subjects with different ApaI 

genotypes in the mean value of total scores of both 3MS and ACE-R; subjects with Aa genotype 

havesignificantly lower scores than AA genotype and aa genotype. Also, there was a correlation between 

vitamin D and different scores of psychometric tests. As regards the relationship between vitamin D, PTH and 

Calcium, our studyprovided an evidence for the presence of an association between vitamin Ddeficiency and 

elevation of serum PTH. Such elevation of serum PTH isconsidered an expected physiological compensatory 

response secondary tovitamin D deficiency [17].Our study was in accordance with a recent study done 

byPrzybelski&Binkley [18]. They provided evidence for a positive correlation betweenvitamin D and cognitive 

function through a retrospective review of older adults having memory problems. Another study done by 

Llewellyn et al. [19]suggested that low serum25-hydroxyvitamin D is associated with increased odds of global 
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cognitiveimpairment. Similar findings were obtained by another recent cross-sectional study ledby Wilkins et al. 

[20]on 60 older adults. The investigators found thatparticipants with vitamin D deficiency performed worse on a 

measure of cognitive performance. More recently,  [21] found that 25(OH)D deficiency was significantly 

associated with impaired global cognitive function.On the other hand, Luckhaus et al. [22]didn't discover a 

statisticallysignificant difference in the vitamin D levels between subjects having AD, those having mild 

cognitive impairment and the control group.The discrepancy between the results of different studies may be 

explainedby using different threshold values to define vitamin D deficiency. Some studiesdefined vitamin D 

deficiency at a threshold value 75 nmol/L [18], others defined it at 50 nmol/L [23],whileLlewellyn et al. 

[24]defined vitamin D deficiency at a threshold value 25nmol/L.Differences of methodology in the studies may 

also partly explain thecontradictions between results. Most of the study designs were limited to case–control and 

cross-sectional studies, providing not only a low level of proof inexploring an association between vitamin D 

and cognition, but also do notclarify the temporal relationships between the two variables compared 

toprospective longitudinal cohort studies [25].Conflicting results may be also due to the choice of the cognitive 

tasks used to assess cognitive performance. The studies which failed to show anysignificant association between 

25(OH)D concentrations and cognitiveperformance used tasks that explored specific aspects of cognition [26], 

whereas those which showed significant positive associationexamined global cognitive function using 

composite neuropsychological tests[18].The discrepancy between results can be also attributed to the presence 

ofnormal human VDR gene polymorphism that can influence the affinity ofvitamin D to its receptor and 

consequently decreases its effect, giving a falseimpression of vitamin D deficiency. Indeed, the latest 

experimental publicationsuggested that this gene polymorphism could explain the existence of respondersand 

non-responders to vitamin D substitution [27]. 
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ApaI                             AA        AAAAaaAa 

740                               740       740         740        529    740 

                                                                                                                                   211    529 

                                                                                                                                             211 

Figure 1: RFLP genotyping of the ApaI polymorphisms. 
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TaqI          TT          TtTtTtTtTT 

                                           740           493         493           493          493         493          493 

                                                            247         291           291          291         291          247 

                                                                           247           247          247         247 

                                                                           202           202          202         202 

 

Figure 2: RFLP genotyping of the TaqI polymorphisms. 
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Figure 3: Comparison between VDR gene ApaI genotypes as regards mean scores ofthe specific 

psychometric tests. 
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Table 1: Distribution of apal and Taql genotypes among study population 

 Study population (n = 48)* 

No % 

Apal genotypes  

AA 27 56.25% 

Aa 17 35.42% 

Aa 4 8.33% 

Taq I genotypes  

TT 21 43.75% 

Tt 22 45.83% 

tt 5 10.42% 

*Two samples couldn't be amplified. 

Table 2: The distribution of ApaI genotypes among subjects with and without vitamin D 

deficiency 

 

 Subjects with normal vitamin 

D (n =29) 

Subjects with vitamin D 

deficiency (n =19) 

p-value 

No % No % 

Apal genotypes  

AA 20 68.97% 7 36.84%  

0.03* Aa 6 20.68% 11 57.9% 

Aa 3 10.34% 1 5.26% 

TaqI genotypes 

TT 12 41.38% 9 47.37%  

0.63 Tt 13 44.83% 9 47.37% 

Tt 4 13.79% 1 5.26% 

pvalue ≥ 0.05 (non significant), and *P value < 0.05 (significant). 

Table 3: Correlation between serum vitamin D and both serum calcium and parathyroid 

hormone 

 Calcium Parathyroid hormone 

 (r) coef. p-value  (r) coef. p-value  

Vitamin D  0.21 0.15 -0.34 0.02* 

(r) using Pearson coefficient 

pvalue ≥ 0.05 (non significant), and * p value < 0.05 (significant) 


