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Abstract- Longevity is a multifaceted trait in which variety of genes and environmental factors are 

involved. Newly, the role of vitamin D has been revived regarding its potential advantage on delaying the 

aging process. Vitamin D exerts its effect through vitamin D receptor (VDR). VDR-FokI is the only 

polymorphism which alters the VDR length. We examined the frequency of FokI genotypes in old age 

population as compared to young adults to determine the discerning genotype of FokI polymorphism leading 

to longer living. In addition, to highlight the position of FokІ polymorphism in quality of life; a cognitive 

function assessment was performed. 728 participants participated in this study of which 166 individuals were 

elderly residents of Kahrizak Charity Foundation. The rest were participants of Iranian Multicenter 

Osteoporosis Study (IMOS). Genomic DNA was extracted from peripheral blood and VDR genotype was 

detected by the polymerase chain reaction. The participants in the elderly group underwent a cognitive 

function assessment. Cognitive function was measured with the mini mental state examination (MMSE). Data 

were analyzed by SPSS 16.5. The prevalence of ff genotype showed 48% decrease in elderly population as 

compared to young adults (P=0.06). In addition, F allele was over-represented in the elderly group as 

compared to controls (P=0.05). Also, “FF” participants of elderly group had higher MMSE as compared to 

“ff” genotype (18.16Vs17.12). Our data suggest that single nucleotide polymorphisms (SNPs) in FokI may be 

possibly involved in longevity and cognitive function. 
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Introduction 
 
Aging is associated with several age-related  
disorders which can potentially deteriorate health  
status and worsen quality of life. Longevity which is 
usually accompanied by healthy aging is a multifaceted 
trait in which a variety of genes, environmental  
factors, social and stochastic issues are involved (1). 
During the last century longevity has been extended  
due to socioeconomic improvement and prevention  

of life-threatening diseases. In the few past years,  
the role of vitamin D has been revived as an  
anti-inflammatory and immune-modulating hormone 
(2). 

In addition, vitamin D as a great aid for  
reducing inflammation has been related to telomere and 
its stabilizer length enzyme, telomerase (3). Telomeres, 
the termini of linear chromosomes which shorten  
in each cell division, have been stated as the  
primary cause of human senescence and telomere  
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length has been determined as a biological marker  
of aging (4). Besides, the telomere attrition rate  
is enhanced by inflammation and oxidative stress  
(5). In this view, recent study reported a positive 
correlation between serum vitamin D concentration and 
telomere length which emphasizes the potential 
advantages of vitamin D for delaying the aging process 
(6). 

Vitamin D exerts its effect by binding to the  
widely expressed vitamin D receptor (VDR) (1). 
Depends on variation in the VDR activity; vitamin  
D effects may alter among individuals. A number of 
VDR polymorphisms have been identified as  
BsmI, TaqІ, ApaІ and FokI. FokІ variants in  
the VDR first start codon are the only  
polymorphisms which alter the VDR protein length; 
producing the truncated F allele and the lengthened f 
allele (7). 

Since vitamin D in cooperation with its receptor 
could improve longevity (8), we hypothesize that 
surviving to extreme old age might be influenced by 
VDR-Fok1 genotypes. In this respect, genome wide 
association (GWA) studies have identified several 
polymorphisms associated with increased risk of many 
common diseases which potentially limit the life span 
(9). 

In addition, it has been shown that VDR binding 
sites are significantly enriched near autoimmune and 
cancer associated genes (10). Therefore, GWA studies 
may lead to insight on longevity by providing  
new potential goals that are important to the aging 
process. 

In this study, we evaluated the frequency of VDR-
Fok1 polymorphism genotypes in old age population as 
compared to young adult individuals to determine the 
discerning genotype of FokI polymorphism leading to 
longer living. 

In addition, to highlight the role of FokІ genotype 
polymorphisms in quality of life and healthy aging; we 
performed a cognitive function assessment with mini 
mental status examination (MMSE) in old age 
population to investigate any significant difference in 
cognition among various genotypes of FokI 
polymorphism. 

Conclusively, based on the facts describing about 
VDR polymorphism relationship as a complex with 
longevity and healthy aging effects, the present 
hypothesis is to discriminate any alteration in frequency 
of FokІ genotype polymorphisms in elderly population 
for detecting a novel pattern of FokІ polymorphism 
distribution.  

Materials and Methods 
 
Study population 
A total of 728 participants were studied of which 166 
Individuals were elderly residents of Kahrizak Charity 
Foundation in Tehran, Iran, restricted to age 65 years 
and older as a representative of elderly population. The 
control group were 562 young adults with the mean age 
of 30.98 years from the participants of Iranian 
Multicenter Osteoporosis Study (IMOS) as a 
representative of young adult population (11). In terms 
of ethnicity, there was no difference between the 
Kahrizak and IMOS participants. In addition, the study 
population of both studies was selected from Iranian 
population that was residing in Tehran for at least ten 
years. 

The participants of Kahrizak and IMOS were both 
selected by a randomized sampling based on unique 
code, if they fulfilled the criteria. The exclusion criteria 
for each population were as described before (12). 

Informed written consent was obtained from each 
subject before data collection. The study was approved 
by the Research Ethics Committee of the Tehran 
University of Medical Sciences and conforms to the 
Declaration of Helsinki. 
 
Single nucleotide polymorphisms (SNP) genotyping 

About 4 ml aliquots of peripheral blood samples 
were collected from the participants and stored in EDTA 
coated vacutainers. Genomic DNA was isolated from 
peripheral blood leukocytes according to standard 
methods previously described(13). The FokI 
polymorphism of the VDR gene was detected by the 
polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) method. PCR was 
performed to amplify target regions of DNA. The 
amplification conditions were as follows: an initial 
denaturation at 94°C for 5 min, followed by 35 
amplification cycles (denaturation at 94°C for 15 sec, 
annealing at 60°C for 30 sec, and extension at 72°C for 
30 sec) and a final extension at 72°C for 10 min. PCR 
products were digested with FokI (Boehringer 
Mannheim) for 1.5–2 h at 37°C. 

The digested PCR products were resolved on 2.0% 
agarose gels. For FokI polymorphism sited in exon 2, 
the f genotype was indicated by the presence of the 
restriction site that generates two fragments of 196 bp 
and 69 bp and the F genotype by a single uncleaved 265-
bp fragment. To confirm the accuracy of genotyping, 
partial samples (20% of all samples) were examined by 
DNA sequencing. 
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Cognitive function 
The participants in the elderly group underwent a 

cognitive function assessment. Overall cognitive 
function was measured with the MMSE. It consists of 11 
questions assessing a broad range of cognitive functions 
including orientation, recall, attention, calculation, 
language manipulation, and constructional praxis. The 
validity of MMSE in Persian language has been tested 
by Iranian experts (14). 
 
Statistical analysis 

Data were analyzed by means of a personal computer 
implemented with dedicated software (SPSS 16.5), to 
obtain mean ± SD values, correlation matrix, Student’s 
t-test, analysis of variance and/or Chi-square tests, as 
appropriate.  

A Chi-square test was used to confirm that the SNPs 
were in Hardy Weinberg equilibrium. The level of 
significance was settled at < 5%, as usual. 
 
Results 
 
In total, 166 elderly participants and 562 sex-matched 
young adults were recruited in this study. Their 
demographic characteristics are summarized in table 1. 
Mean age of the elderly and control groups were 77.49 
and 30.98 years respectively. In the elderly group, 
60.8% were females and 39.2% were males. Mean age 

and BMI in elderly females were higher as compared to 
elderly males. All study participants were genotyped for 
FokІ in the VDR gene. Allele and genotype frequencies 
for the Fok1 polymorphism are shown in table 2. The 
genotype frequencies of the SNPs (Table 2) were in 
agreement with Hardy–Weinberg equilibrium in both 
young adult and elderly population. 

Overall prevalence of the VDR-FokІ genotypes in 
young adult population was 55.16 %, 36.12 % and 
8.71% respectively in FF, Ff and ff genotype (Figure 1). 
Overall prevalence of the VDR-FokІ genotypes in the 
elderly population was 61.44%, 21.68% and 4.21 
respectively in FF, Ff and ff (Figure 1). The prevalence 
of ff genotype showed 48% decrease in the elderly 
population as compared to young adult controls 
(p=0.06). In addition, F allele was over-represented in 
elderly group as compared to controls [P=0.05, odds 
ratio= 1.344 (1.002 to 1.804)]. 

In the elderly group, participants with “FF” genotype 
were older than those with “ff” genotype. Mean age of 
the participants with “ff” genotype was 73.80 as 
compared to 77.39 in “FF” and 76.78 in “Ff”. Also, 
“FF” participants of the elderly group had higher MMSE 
as compared to those with “ff” genotype (18.16 
Vs17.12). It should be noted that in “ff” genotype 
42.85% participants were hospitalized due to physical 
causes compared with only 19.6% hospitalization rate in 
the “FF” and 13.88% in the “Ff” genotypes. 

 
 
 

Table1. Characteristic of population under study. 

Characteristic  Elderly group Young adult P-value 

Age 77.49 ± 7.43 30.98 ± 6.05 <0.01 

Weight 60.42 ± 14.39 69.90 ± 13.88 0.20 

Height 154.04 ± 10.49 163.77 ± 10.54 0.40 

BMI 25.42 ± 5.34 26.06 ± 5.67 0.10 

BMI: Body Mass Index 

 
 
 

Table 2. Genotype and allele distribution. 

Genotypes 

alleles 

Elderly population 

n (%) 

Young adult 

n (%) 

Odds ratio 

(95% CI) 

P-value 

 

FF 

Ff 

ff 

F 

f 

102 (61.44) 

57 (21.68) 

7 (4.21) 

261 (78.61) 

71 (21.38) 

310 (55.16) 

203 (36.12) 

49 (8.71) 

823 (73.22) 

301 (26.77) 

0.29 (0.9-1.84) 

0.9 (0.64-1.33) 

0.46 (0.2-1.03) 

1.34 (1.00-1.80) 

0.74 (0.55-0.99) 

0.11 

0.70 

0.06 

0.05 

0.05 

 

 



F. Najmi Varzaneh, et al. 

    Acta Medica Iranica, Vol. 51, No. 4 (2013)    239 

 

0

10

20

30

40

50

60

70

FF Ff ff

Senile  population

Young adult

 
Figure 1. FokI polymorphism genotypes distribution in 

elderly and young adult. 

 

Discussion 
 
Life expectancy is influenced by genetic and 
environmental factors. For this reason, most studies of 
extended longevity have been performed through these 
two components. It is remarkable that vitamin D as an 
important environmental factor plays a significant role 
in conferring exceptional longevity and delaying the 
aging process (15). The positive role of vitamin D in 
slowing the aging process, as an anti-tumor agent and 
prohibitory of different malignancies has been supported 
by additional evidence (16). VDR as a nuclear receptor 
for vitamin-D regulates vitamin D-response genes and is 
responsible for its genomic action (1).  

The gene encoding the VDR protein is known to 
display polymorphic variation. In this study, we selected 
FokI genotype with its polymorphisms FF, Ff and ff. 
The reason is that FokI is less likely to be in linkage 
disequilibrium (LD) with other genotypes and is the 
only genotype which alters the length of VDR, leading 
to potential differences in VDR function (7). Some 
evidences have represented F allele as an advantage 
factor (17). Arai et al. have shown that F-allele is 
approximately 1.7-fold greater in transactivation 
experiment than did the f-allele (7). Besides, our 
previous study detected a greater amount of vitamin D3 
in FF genotype compared to other polymorphisms of 
FokI despite equivalent consumption of vitamin D 
supplements (17). In this regard, some evidence support 
that FokI polymorphism associate with various life-
limiting disorders such as cancers (18-20), 
cardiovascular disease (21), neurologic disease (22) and 
auto immune disorders (23). 

A meta-analysis of 67 independent studies revealed 
that the risk of breast, skin and prostate cancers may 
possibly be modulated by FokI polymorphisms (24). 
Some studies unveiled that the risk of breast and prostate 

cancer were higher in ff homozygote compare to the 
common FF genotype (20, 25). Also it has been 
mentioned that the carriers of ff genotype with less than 
median levels of circulating vitamin D are at higher risk 
of total and aggressive cancers (25). 

Therefore, the effect of VDR polymorphisms on 
some cancer risk modulation has highlighted its crucial 
role as a valuable factor in modifying life expectancy 
and longevity.  

In a recent study of Laplana et al., a new scenario 
has been suggested in which VDR as a candidate gene is 
involved in human longevity and healthy aging (1). In 
our study, the ff genotype showed a marked decrease in 
prevalence in long-lived individuals as compared to 
young adult group and F allele was significantly over-
represented in elderly group in comparison with e 
controls.  

This is so explained that the genes which are 
resistant against life-limiting diseases are transferred to 
the next generation. Hence, individuals who carry these 
genes, have the chance to live longer. As a result, most 
of the octogenarians which have escaped from the age-
related diseases are characterized by these resistant 
genes. This issue bolsters our findings which show that 
participants in the elderly group with FF (resistance) 
genotype are older than those with other genotypes.  

To elucidate the relationship between genetic 
variants of FokI genotype and healthy aging, we 
performed MMSE to determine any cognitive 
impairment in elderly society. 

In the present study, participants with “FF” genotype 
in elderly group achieved 5.72% higher MMSE scores 
as compared to those with “ff” genotype (18.16 vs. 
17.12). So it can be assumed that SNPs in FokI may 
possibly be involved in cognitive function. The current 
assumption is in agreement with the result of a 
prospective study on 563 participants which revealed 
substantial variability in cognition among different 
polymorphisms of VDR gene (26). 

Cognitive impairment as the salient feature of 
dementia is one of the most common age-related 
disorders which are responsible for not attaining 
successful aging. The role of inflammation in early onset 
dementia has been revealed recently (27).; i.e. 
inflammation is associated with cognitive impairment. 
So, it would be rational that vitamin D can retard early 
onset by its anti-inflammatory action via VDR. In this 
regard, there is some evidence which provides the 
association between low levels of vitamin D and worse 
cognitive function (28). In addition, it has been 
previously shown that vitamin D has a potential neuro-
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protective effect through its nuclear receptors which are 
broadly distributed in human cortex and hippocampus 
(26,29).  

Our study is consistent with the mentioned studies 
which showed that polymorphisms of VDR influence 
cognitive function. Regarding association between 
dementia and life expectancy, it has been shown that 
median survival of individuals with dementia is much 
lower than normal population (9). Since cognitive 
impairment was more prevalent in “ff” genotype in this 
study, it could be concluded that this genotype would 
play a role in decreasing longevity through its effects on 
cognitive function. 

The reason for admission in about half of individuals 
of the elderly group with “ff” genotype was due to 
physical causes which represent the high prevalence of 
physical co-morbidity in this genotype as compared the 
two other genotypes.  

The drop of ff genotype in the elderly group has two 
probable implications. First, the longer f allele in first 
start codon is less functional than the truncated F allele 
(7). So the “ff” genotype is associated with reduced 
level of vitamin D and less profits from its role as a 
down-regulator of telomerase which could inhibit the 
growth of cancer (3) and its immunosuppressive and 
anti-inflammatory actions. So “ff” genotype is 
associated with much more malignancies and other life-
limiting disorders. Second, the high prevalence of 
cognitive impairment in “ff” genotype as compared to 
“FF” may be a factor leading to shorter life expectancy 
in this genotype. 

There are two types of limitation in this study. First, 
it was better to select the participants of both groups 
from one society, but there was a lack of data for old age 
population in IMOS study and we could not selected 
young adult population from Kahrizak due to other 
confounder issues. Second, elderly residents of Kahrizak 
charity foundation may not be an exact prototype of 
Iranian old people, despite it is the center where more 
than 1050 old people live and receive health care. 

This research reveals recent advance with regard to 
contribution of VDR-FokI polymorphism on life 
expectancy and cognition in old age population. 
Therefore, we suggest that more attention to be paid to 
people with “ff” genotype to help protect them from 
cognitive impairment and other life limited disorders. 
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