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Abstract: Nutritional rickets may be caused by either calcium or vitamin D deficiency. Vitamin D affects skeletal 
metabolism indirectly. The association between Vitamin D receptor (VDR) gene polymorphisms and genetic and 
environmental factors plays a role in the majority of cases. Several studies reported association between rickets and 
VDR gene polymorphism and growth parameters. Vitamin D affects skeletal metabolism by regulating calcium and 
phosphate homeostasis. The aim of this study was to examine the association between VDR gene polymorphism and 
vitamin D deficiency in Egyptian children with rickets and assess the relationship between the VDR gene 
polymorphisms and growth parameters. The study included 42 (16 girls and 26 boys) patients recruited from AL-
Zharaa hospital, AL-Azhar University. Their age ranged from 4-36 months. Forty eight healthy individuals matched 
in age and sex with patients was recruited for comparison.VDR gene ApaI, FokI, and TaqI polymorphisms, 
biochemical and growth parameters were studied. Results showed that the most common VDR genotype was Ff 
among patients and Aa among controls, with no significant differences. The allele frequency showed significant 
increase in the “f” (FokI) allele in patients compared to controls (33.3% vs 20.8%, P=0.04). While, there were no 
significant differences between patients and controls in frequency of TaqI and ApaI alleles. The frequencies of 
combinations of VDR genotypes for the FokI, ApaI, and TaqI polymorphic sites, were significantly different 
between rachitic and control subjects (p <0.01). The AaFfTT genotype was the most frequent one among the rachitic 
group, while the AaFFTT is the most predominant in the control group. The FF and tt genotypes were associated 
with reduced SDS of weight and height. This denotes that the VDR polymorphism has functional significance on 
growth parameters. In conclusions, the study shows that there is a relation between VDR gene polymorphisms and 
susceptibility to rickets. These results might help in risk assessment of rickets and in predicting response to 
treatment.  
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1. Introduction: 
      Nutritional rickets is gaining the attention of 
public health professionals and clinicians world wide 
as the disease remains an endemic problem in many 
developing countries and has re-emerged in a number 
of developed countries, where it was thought that the 
disease has been almost eradicated (Thacher et al., 
2006). In Egypt, vitamin D deficiency rickets 
continues to be a public health problem despite 
abundant sun shine all the year (Pettifor, 2008). 
Limited sun shine exposure due to more time indoors 
to watch TV and work on computer or avoiding sun 
shine internationally for fear of air pollution and skin 
cancer development  have been reported as causes 
(Chesney, 2001; Hatun et al., 2007). Vitamin D 
regulates calcium and phosphate homeostasis in the 
body and has a positive impact of bone mineralization 
(Holick, 2006). The active form of vitamin D (1, 25-
dihydroxyvitamin D3) exerts its effect on the target 

tissues through the VDR. Many tissues contain the 
VDR and thus the active form of vitamin D is 
expected to affect these tissues and cells like 
epidermis, macrophages, prostate, pancreas, 
parathyroid gland ((Fischer et al., 2000; Bora et al.,  
2008; Valdivielso and  Fernadez, 2006; Bikle, 2007). 
     The emerging field in nutrition science, so called 
nutritional genomics (nutrigenomics) draws attentions 
to the fact that certain conditions of diseases may be 
linked to polymorphisms that individual carry.  
Presence of certain polymorphisms renders the most 
susceptible for certain disease even in the presence of 
recommended intake of offending nutrients whether is 
so for vitamin D and calcium is not clear, there have 
been some studies conducted in Africa indicating a 
possible risk between VDR polymorphisms and 
rickets (Fischer et al., 2000; Bora et al., 2008). 
    Vitamin D has direct effects on the skeleton, and 
the active metabolites regulate differentiation, 
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proliferation, and migration of osteoblasts and of 
chondrocytes of the epiphyseal growth plate, cells 
determining skeletal growth.VDR polymorphism 
could rather be related to growth and parameters of 
body constitution (Suarez et al., 1997; Minamitani et 
al., 1998; Lorentzon et al., 2000). 
       The vitamin D3 receptor (VDR) is an intracellular 
hormone receptor, which specifically binds to the 
active form of vitamin D (1, 25-dihydroxyvitamin D3 
or calcitriol). It interacts with target-cell nuclei and 
produces a variety of biologic effects. The VDR 
protein is encoded by the VDR gene, which is linked 
to 12q13.1. VDR gene is about 100 kb, consists of 9 
exons and has highly polymorphic sites. Several 
polymorphisms in the VDR gene have been reported 
so far, including FokI, TaqI, and ApaI. FokI, which is 
a translation start codon polymorphism, is located in 
exon 2, and due to the T to C transition. The other 
polymorphism, which is localized in exon 9, is TaqI 
and ATT codon is converted to ATC, but either of 
them encodes isoleucine amino acid. ApaI is an 
intronic polymorphism, which is G/T transition, 
localized in intron 8 (Audi et al., 1999; Uitterlinden et 
al., 2004). The aim of this study was to examine the 
association between VDR gene polymorphism and 
vitamin D deficiency in Egyptian children with rickets 
and assess the relationship between the VDR gene 
polymorphism and growth parameters. 
 
2. Patients and Methods: 
       This study included 42 rachitic children, 26 boys 
and 16 girls and 48 non rachitic control group, 23 
boys and 25girls matched in sex and age. They were 
selected from those attending the out patients clinic of 
AL-Zahraa hospital, AL-Azhar University. Their age 
was ranged from 4-36 months. A formal consent letter 
from the parents of each child was obtained after 
explaining to them the whole procedure. The study 
was approved by the Ethics Committee of the 
Hospital. The studied groups; cases and control were 
subjected to full history taking with special emphasis 
on the type and quantity of milk fed during infancy, 
calcium and vitamin D supplements, sun exposure (2 
hours of sunlight per week). Clinical examination was 
performed with special stress on clinical signs of 
rickets; cranoitabes, rachitic rosary, Harrison groove, 
delayed closure of fontanels, muscular hypotonia, 
spinal deformity, pigeon chest or bowed legs. 
Children with chronic renal, hepatic, malabsorption 
disorders, congenital bone deformities, 
hypophosphatemia were excluded. Anthropometric 
measurements were taken including: weight, height or 
length, head circumference, waist and hip 
circumference, and mid arm circumference. The 
anthropometric measurements and instruments used 
followed the International Biological Programmer 

(IBP) (Tanner et al., 1969). Measurements were taken 
on the left side of the body. Body mass index (BMI in 
kg/m2); and relative head circumference (head 
circumference / height) were calculated. Physical 
growth was assessed for each child by determining the 
standard deviation scores of weight, height, BMI, 
head and mid-upper arm circumference, using the 
Egyptian growth reference data (Ghalli et al., 2002). 
We calculated standard deviation score (SDS) 
independent of sex and age (child measurement minus 
population mean/population SD). Radiological 
assessment of rickets in all cases for wrist and ankle 
was done. Serum calcium, phosphate and alkaline 
phosphates levels were measured by standard 
methods. Peripheral venous blood samples were 
collected on EDTA. Genomic DNA was extracted 
from peripheral white blood cells using salting out 
procedure (Miller et al., 1988). DNA was amplified 
by polymerase chain reaction (PCR) and examined 
(by specific restriction enzymes) using the restriction 
fragment length polymorphism (RFLP) technique. 
The VDR genotype of each subject was identified 
according to the digestion pattern and alleles 
according to the presence (f, t, and a) or the absence 
(F, T, and A) of the FokI, TaqI, and ApaI, restriction 
enzyme cleavage sites, respectively. Each VDR 
markers were amplified as following:  
 
FokI polymorphism 
      Patients and control subjects DNA was amplified 
by PCR reaction in 25 µl total volume for FokI 
containing 10 mM tris HCl, 200 µM dNTPs, 20 pmol 
from the primer sequences F: 5'-AGC TGG CCC 
TGG CAC TGACTC GCT CT-3' and R: 5'- ATG 
GAA ACA CCT TGC TTC TTC TCC CTC-3', 1.5 
mM MgCl2, 0.5u taq polymerase (fenzyme), and 
using 50-100 ng of DNA as template. The temperature 
sittings  were as follows; five min at 94ºC, followed 
by 35 cycles of 95ºC for 60 sec, 68ºC for 60 sec and 
72 ºC for 2 min followed by 72 ºC  for 7 min as a final 
extension step.  
        The PCR product was electrophoresed on 2 % 
agarose gel stained with ethidium bromide. PCR 
product 265 bp were visualized on UV 
transilluminator with using molecular weight marker 
to determine the quality of PCR products. Then 
conduct 10 µl of PCR product to 1 unite restriction 
enzyme (FastDigest Fok-I, Fermentas) at 37 ºC for 15 
min, followed by 65 ºC for 3 min for digestion. After 
digestion were loaded the products on 2% agarose gel 
stained with ethidium bromide to identify the 
digestion pattern. The FF genotype, homozygote of 
common allele its meaning absence of restriction site 
and showed one band at 265 bp. The ff genotype 
(homozygote of infrequent allele) generated two 
fragments at 196 bp and 69 bp. Presence of three 
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fragments at 265 bp, 196 bp and 69 bp was 
appearance as Ff.  
TaqI polymorphism 
      The PCR cycle conditions were initially 
denaturized at 94 ºC for 4 min, followed by 35 cycles 
at 94 ºC for 60 sec, 68 ºC for 60 sec and 72 ºC for 2 
min followed by 72 ºC  for 7 min as a final extension 
step. In total volume 25 µl were containing 10 mM 
tris HCl, 200 µM dNTPs, 20 pmol from the primer 
sequences F;5'- CAG AGC ATG GAC AGG GAG 
CAA-3'and R: 5'-CAC TTC GAG CAC AAG GGG 
CGT TAG C-3', 1.5 mM MgCl2, 0.5u taq polymerase 
(fenzyme), and using 50-100 ng of DNA as template. 
The PCR product was electrophoresed on 2 % agarose 
gel stained with ethidium bromide. PCR product 600 
bp were visualized on UV transilluminator with using 
molecular weight marker to determine the quality of 
PCR product. 
         The PCR product was digested with the 
restriction enzyme Taq-I (fastDigest-Taq-I, fermentas) 
10 unit for 15 min at 37 ºC and followed by 65 ºC for 
3 min according to manufacturer's instructions. The 
digested samples were added to loading dye and size 
fractionated by electrophoresis in a 1.5 % agarose gel. 
Visualization after ethidium bromide staining was 
accomplished by UV transilluminator. Taq-I digestion 
revealed one obligatory restriction site, the 
homozygous TT (absence of the specific Taq-I 
restriction site) yielded bands of    500 bp and   210   
bp. The homozygous tt exhibited 210 bp and the 
heterozygous Tt 290 bp fragments.  
 
ApaI polymorphism 
      The PCR cycle conditions were initially 
denaturized at 94 ºC for 4 min, followed by 35 cycles 
at 94 ºC for 30 sec, 65 ºC for 30 sec, and 72 ºC for 2 
min and final extension at 72 ºC for 4 min. In total 
volume 25 µl were containing 10 mM tris HCl, 200 
µM dNTPs, 20 pmol from the  primer sequences F:5'- 
CAA CCA AGA CTA CAA GTA CCG CGT CAG 
TGA-3' and R: 5'- CAC TTC GAG CAC AAG GGG 
CGT TAG C-3', 1.5 mM MgCl2, 0.5u taq polymerase 
(Fenzyme), and using 50-100 ng of DNA as template. 
The PCR product was electrophoresed on 1.5% 
agarose gel stained with ethidium bromide to check 
the quality of reaction. The amplified 2000 bp PCR 
product was subjected to Apa-I restriction enzyme 
(FastDigest, Fermentas) for digestion. 10 µl of PCR 
product was digested with 10 units of Apa-I 
restriction enzyme in a 20 µl total volume using green 
buffer at 37 ºC for 15 min and followed by 65 ºC for 3 
min . The Apa-I enzyme digested product was loaded 
on a 1.5% agarose gel stained with ethidium bromide.  
The 2000 bp was digested as a common allele A (wild 
type) and presence of restriction site resulting in 1700 
bp and 300 bp was assigned as infrequent allele 

(mutant allele). Genotypes were exhibited as 
homozygote's for common allele AA and 
homozygotes for mutant allele aa. Presence of 2000 
bp, 1700 bp and 300 bp fragments was exhibited as 
heterozygotes Aa. 
 
Statistical Analysis 
     Statistical presentation and analysis of the results 
were carried out using SPSS software version 11. 
Statistical tests used included chi-square test, 
student’s t test, analysis of variance, and tukey tests. 
Correlations were tested between VDR gene 
polymorphisms, growth pattern and biochemical 
markers of vitamin D deficiency rickets. 

3. Results: 
    The present study was performed on 42 patients 
with rickets and 48 healthy individuals, with the mean 
age 11.9±3.3 months and 15.3±3.3, respectively. 
DNA was obtained from both groups for identification 
of their VDR genotypes and allelic frequency. The 
Hardy- Weinberg equilibrium was satisfied to verify 
the allelic frequency. Table 1 and Fig.1 show the 
distribution of each allele in patients and controls. It 
was F (66.7 %), f (33.3%), T (59.1%), t (40.9%), A 
(61.3%) and a (38.8%) in patients and it was F (79.2 
%), f (20.8%), T (59.3%), t (40.7%), A (59.7%) and a 
(40.3%) in controls. The most common VDR 
genotypes were Ff (47.6%), Tt (45.5%), and Aa (60%) 
among patients and FF (52.08%), Tt (41.8%), and Aa 
(67.7%) among controls, with no statistical significant 
differences. The allele frequency showed significant 
increase in the “f” (FokI) allele in patients compared 
to controls (33.3% vs 20.8%, P < 0.04). While, there 
were no significant differences in frequencies of TaqI 
and ApaI alleles between patients and controls.  
 
 Table 2 shows the frequency distribution of 
combinations of VDR genotypes for the Fok I, Apa I, 
and Taq I polymorphic sites in patients and controls.  
Statistical analysis shows significant difference 
between the rachitic and control subjects (p <0.015). 
In the rachitic patients, the AaFfTT genotype is the 
most frequent (23.3%), followed by the AAFFTt 
genotype (13.3%). Regarding the control group 
AaFFTT is the most predominant (40%). Tables 3 and 
4 show the associations of VDR Apa I, and Taq I and 
FokI genotypes with biochemical parameters, in 
patients and controls, respectively. Table 3 shows that 
patients with the FF genotype had significant decrease 
in serum phosphate compared to patients with the ff 
genotype (P<0.05). Also, patients with tt genotype 
had significant decrease in serum phosphate compared 
to patients with TT genotype (P<0.05). There were no 
significant differences between VDR genotypes in 
control group (Table 4).   
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 Table 5 shows the mean SDS of growth parameters in 
rachitic children by vitamin D receptor (VDR) 
genotypes. The values of SDS for the weight, height, 
BMI, as well as mid-upper arm circumference 
(MUAC) lied at the lower limits of reference Egyptian 
growth data for all VDR genotypes with no statistical 
significant differences. However, the delay of weight 
SDS and height SDS is more pronounced in FF 
genotype compared to other genotypes in the rachitic 
children.  Also, the SDS of weight and SDS of height 
in patients with tt genotype were delayed, with 
statistical significant difference when compared to 
other genotypes in the rachitic children (Fig.2&3). 
Head circumference measurements show normal SDS 
values. 
The amplified products of the VDR gene are shown in 
Fig. 4.  Panel A shows Fok-I digestion. Absence of 
Fok-I restriction site 265 bp was assigned as the 
common allele F and the genotype was considered as 
homozygous FF as in lane (2&4). The presence of 
Fok-I restriction site 196 bp and 69 bp was assigned 
as mutant allele f and the genotype was homozygous 

ff as in lane 1. Presence of 265, 196 and 69 bp 
indicated that genotype is heterozygous Ff as in lane 
3. 
Panel B shows Apa-I digestion of the amplified 
products of the VDR gene. Absence of Apa-I 
restriction site 2000 bp was assigned as the common 
allele A and the genotype was considered as 
homozygous AA as in lane (2). The presence of Apa-I 
restriction site 1700 bp and 300 bp was assigned as 
mutant allele a and the genotype was homozygous aa 
as in lane 1. Presence of 2000, 1700 and 300 bp 
indicated that genotype is heterozygous Aa as I lane 
3(data not shown). 
Panel C shows Taq-I digestion of the amplified 
products of the VDR gene. Absence of Taq-I 
restriction site 520 bp was assigned as the common 
allele T and the genotype was considered as 
homozygous TT as in lane 3. The presence of Taq-I 
restriction site 320 bp and 200 bp was assigned as 
mutant allele t and the genotype was homozygous tt as 
in lane 2. Presence of 520, 320 and 200 bp indicated 
that genotype is heterozygous Tt as in lane1. 

 
 

Table 1. VDR genotype Distribution & Allelic frequency in patients and control 
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Table 2. Distribution of VDR genotypes among patients and control 

 
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 3. Biochemical parameters of children with rickets by VDR genotypes 
 

VDR genotype Calcium (mg/dl) 
Mean±SD 

Phosphate (mg/dl) 
Mean±SD 

Alk.Ph (IU/liter) 
Mean±SD 

ApaI            aa 
                   Aa 
                   AA 

8.6 ± 0.49 3.57 ± 1.24 730.25 ± 63.69 
7.72 ± 1.12 3.66 ± 0.96 627.0 ± 33.85 
8.29 ±1.17 4.03 ± 1.11 499.0 ± 243.18 

FofI            ff 
                  Ff 
                  FF       

8.17 ± 1.05 4.17 ± 1.19 574.5 ± 219.72 
7.95 ± 1.12 4.16 ± 1.26 518.85 ± 355.53 
8.10 ± 1.29 3.34 ± 0.67* 653.77 ± 346.95 

TaqI           tt 
                  Tt 
                  TT 

7.65 ± 2.03 2.83 ± 0.18* 284.35 ± 116.08 
8.07 ± 1.01 3.86 ± 1.20 587.06 ± 382.57 
8.08 ± 0.95 4.19 ± 1.13 468.08 ± 296.84 

 * P < .05 
 

Table 4. Biochemical parameters of normal children by VDR genotypes 
 

VDR genotype Calcium (mg/dl) 
Mean±SD 

Phosphate (mg/dl) 
Mean±SD 

Alk.Ph (IU/liter) 
Mean±SD 

 ApaI              aa 
                       Aa  
                       AA 

8.6 ± 0.56 5.0 ± 0.56 131. 0 ±12.72 
8.92 ± 0.83 4.8 ± 0.94 210.75 ± 45.45 
9.13 ± 0.53 4.56 ± 0.90 195.37 ± 123.35 

 FokI              ff 
                      Ff 
                      FF 

9.0 ± 0. 29 4.00 ± 0. 46 272.0 ± 0. 54 
8.60 ± 0.38 4.87 ± 0.69 163.71 ± 59.03 
9.26 ± 0.49 4.65 ± 0.82 194.00 ± 107.27 

TaqI              tt 
                     Tt 
                     TT 

9.17 ± 1.09 3.80 ± 0.54 268.75 ± 154.57 
8.87 ± 0.29 5.01 ± 0.46 148.44 ± 35.29 
9.12 ± 0.25 4.57 ± 0.67 180.75 ± 65.09 

 
 

VDR genotype Cases (%) Control (%) Total (%) P value 
  Homozygous                     
                         AAFFtt 
                          aaffTT 
                          aaFFTT 
                          AAffTT 

 
3.3% 

 2%  
 
 
 
 
 
 

.015 

3.3%  2% 
 5% 2% 

3.3%  2% 
 Heterozygous               
                           aaFFTt 

 
6.6% 

 
5% 

6% 

                           AaffTT  5% 2% 
                           AaFftt  15% 6% 
                           AaffTT  5% 2% 
                          AaFfTt 13.3%  8% 
                          AaFfTT 23.3%  14% 
                          AaFFtt 10%  6% 
                          AaFFTt  10% 20% 14% 
                          AaFFTT 6.6% 40% 20% 
                          AAffTt 3.3%  2% 
                          AAFfTt 3.3%  2% 
                          AAFFTt 13.3% 10% 12% 
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Table 5. The mean SDS of growth parameters in rachitic children by VDR genotypes 
VDR genotype Weight SDS 

Mean ± SD 
Height SDS 
Mean ±  SD 

BMI SDS 
Mean ± SD 

HC SDS 
Mean ± SD 

M UA SDS 
Mean ± SD 

HC /Ht SDS 
Mean ± SD 

ApaI        aa 
                Aa 
                AA 

-1.54 ±1.29 -1.12±1.20 -1.31±0.76 0.62±1.8 -0.85±1.8 1.81±1.20 
-1.56±0.43 -1.11±0.97 -1.32±0.98 0.64±1.29 -0.96±0.58 1.83±1.37 
-1.15±1.29 -1.12±1.20 -0.62±1.76 -0.52±1.8 -0.25±1.8 1.05±1.24 

FokI         ff 
                Ff 
                FF 

-0.93±0.78 -0.51±0.75 -0.53±1.80 0.8±0.97 -0.52±0.99 1.31±0.87 
-0.94±0.73 -0.52±0.79 -0.67±1.02 0.7±1.27 -0.18±0.99 1.32±1.65 
-1.92±0.78 -1.86±0.75* -1.19±1.80 -0.6±0.97 -1.23±0.88 1.70±0.87 

TaqI         tt 
                Tt 
                TT 

-1.96±0.01 -2.38±0.70* -1.66±0.01 -0.22±0.01 -0.79±0.01 2.22±0.01 
-1.17±1.28 -1.24±1.17 -0.59±1.77 -0.05±1.93 -0.67±0.99 1.55±1.89 
-1.02±0.28 -0.32±0.95 -0.37±0.34 0.68±0.15 -1.19±0.79 1.03±1.17 

* P< .05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                  Fig.1. VDR Allelic Frequencies of Patients and Controls 
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Fig.2. Mean SDS of weight in rachitic children by vitamin D receptor (VDR) genotypes 
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Fig.3. Mean SDS of height in rachitic children by VDR genotypes 
 

Fig. 4.  PCR-RFLP analysis of the 3 VDR polymorphisms 
Panel A Shows Fok-I digestion of the amplified products of the VDR gene. Absence of Fok-I restriction site 265 bp 
was assigned as the common allele F and the genotype was considered as homozygous FF as in lane (2&4). The 
presence of Fok-I restriction site 196 bp and 69 bp was assigned as mutant allele f and the genotype was 
homozygous ff as in lane 1. Presence of 265, 196 and 69 bp indicated that genotype is heterozygous Ff as in lane 3. 
Panel B Shows Apa-I digestion of the amplified products of the VDR gene. Absence of Apa-I restriction site 2000 
bp was assigned as the common allele A and the genotype was considered as homozygous AA as in lane (2). The 
presence of Apa-I restriction site 1700 bp and 300 bp was assigned as mutant allele a and the genotype was 
homozygous aa as in lane 1. Presence of2000, 1700 and 300 bp indicated that genotype is heterozygous Aa as I lane 
3(data not shown). 
Panel C Shows Taq-I digestion of the amplified products of the VDR gene. Absence of Taq-I restriction site 520 bp 
was assigned as the common allele T and the genotype was considered as homozygous TT as in lane 3. The 
presence of Taq-I restriction site 320 bp and 200 bp was assigned as mutant allele t and the genotype was 
homozygous tt as in lane 2. Presence of  520, 320 and 200 bp indicated that genotype is heterozygous Tt as in lane1. 
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4. Discussion: 
       Nutritional rickets may be caused by either 
vitamin D or calcium deficiency. Genetic and 
environmental factors play a role in the majority of 
cases (Baroncelli et al., 2008; Pettifor, 2008). The 
association between vitamin D receptor (VDR) 
polymorphisms and several diseases in different 
populations has been investigated (Park et al., 1999; 
Ozaki et al., 2000). The VDR gene polymorphism has 
been wildly used as a genetic marker for diseases 
related to calcium metabolism. Several 
polymorphisms in the VDR gene which are able to 
alter the activity of VDR proteins have been described 
(Filus et al., 2008). Expression and nuclear activation 
of the VDR are necessary for the effects of vitamin D. 
Several genetic variations have been identified in the 
VDR (Valdivielso and Fernandez; 2006). The VDR 
gene affects the activity of the receptor and 
subsequent downstream vitamin D mediated effects 
(Gao et al., 2010).  
      The most common genotype frequency in the 
present study in the Egyptian control group is Aa 
(67.7%) but this percentage is higher or nearly similar 
to other populations such as France 50 % (Garnero et 
al. (1995), Mexican, California 55%(Sainz et al., 
1997), Indian 44% (Bid et al., 2005), black 
Pennsylvanian 46%(Zmuda et al., 1997) and Chinas 
36%(Kung et al.; 1998). This may be due to the 
difference in the ethnic background of the population 
being studied. ApaI polymorphism is localized in 3’ 
regulatory region and is in linkage disequilibrium with 
3’UTR. It is an intronic polymorphism, affecting 
neither splicing site nor transcription factor binding 
site. In this study we demonstrated that the 
frequencies of “A” allele and AA genotype were 
increased and Aa genotype was decreased in rachitic 
children compared to controls. This is in agreement 
with the study done by Bora et al. (2008) in the East 
of Turkey on vitamin D deficient rickets. However, 
the study of Wei-Ping et al. (2005) on Chinese 
children reported that the distribution of ApaI 
polymorphism was balanced between rickets and 
controls. Likewise Kaneko et al. (2007) indicated that 
VDR polymorphisms among cases did not differ 
significantly from those of controls in Mongolia. 
Although these polymorphisms seem to be non-
functional; they can be used as a marker to detect a 
functional allele due to the linkage disequilibrium. 
The 3’UTR region of the VDR gene is involved in the 
regulation of gene expression, so these 
polymorphisms may play an important role in mRNA 
stability. It may be normal to find the different allelic 
frequencies among patients, due to the different ethnic 
background of the patients in different countries (Bora 
et al., 2008). 

        FokI is an exonic polymorphism, which leads to 
T/C transition, and variant alleles generate two VDR 
gene products that differ in length by three amino 
acids (Ferrari et al., 1998; Gross et al., 1998). Many 
Studies have been performed to determine whether 
there is a difference in functionality between these 
receptor variants. Arai et al., (1997) concluded that 
the F allele (short form) functioned better than the f 
allele (long form) in transactivation assays using a 
transfected vitamin D responsive element (VDRE)-
reporter gene construct. Also, Remus et al.,(1998)and 
Jurutka et al., (1998) reported that the F allele 
(producing a shorter VDR) has higher transactivation 
activity, possibly because of better ability to dimerize 
with retinoid X receptors and bind to transcription 
factor II B (TFIIB), a coactivator of vitamin D 
transactivation. In contrast, Gross et al., (1998) were 
unable to detect a difference in VDR affinity or 
abundance, messenger RNA (mRNA) stability, or 
transactivation activity between ff and FF cells.  
        In the present study, no significant difference 
was found in VDR genotypes (FokI) in patients 
against controls. This is in agreement with the study 
done by Baroncelli et al., (2008) on Turkish and 
Egyptian rachitic children. Lu et al., (2003) studied 
the VDR gene (FokI) in Chinese rachitic and control 
subjects and they found a significant difference in the 
frequency distribution of VDR genotypes (FokI) 
between the two groups and in F allele frequency. Our 
study showed significant increase in f allele frequency 
of FokI polymorphism in patients,however there was 
no significant difference in the frequency distribution 
of VDR genotypes (FokI)).   The F allele confers a 
transcriptionally somewhat more efficient VDR (Arai 
et al.; 1997), and its decreased prevalence in patients 
suggests that it may increase predisposition to rickets 
in children.  Fischer et al., (2000) studied the VDR 
genotypes in Nigerian Children and found that “F” 
allele was more abundant in rickets subjects. In 
Turkey, the frequency of the F allele was increased 
and that of the f allele was decreased in patients 
against controls (Baroncelli et al.; 2008). The 
frequency of the Ff genotype in the present control 
group (22.9%) is lower than other populations such as 
France 47 % (Correa et al., 1999), Mexican California 
48 % (Gross et al., 1996), Indian 49% (Bid et al., 
2005) and Japanese 51% (Minamitani et al., 1998).   
        This result may be explained by the small 
number of subjects in this study or it might be because 
of the differences in ethnic backgrounds. 
         The current study demonstrated no significant 
difference in allele and genotype frequencies of TaqI 
among rickets and controls. Likewise, Fischer et al., 
2000) and Kaneko et al., (2007) reported that neither 
allele nor genotype frequencies of TaqI were 
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significantly different between rickets and controls in 
Nigeria and Mongolia populations, respectively. In 
contrast, Bora et al., (2008) found a significant 
increase in TT and tt genotypes and decrease in Tt 
genotypes in Turkish rachitic children. TaqI 
polymorphism is localized in 3’ regulatory region and 
is in linkage disequilibrium with 3’UTR. TaqI is 
exonic polymorphism that does not affect the amino 
acid sequence of encoded protein. Although these 
polymorphisms seem to be non functional, they can be 
used as a marker to detect a functional allele due to 
the linkage disequilibrium. The 3’UTR region of the 
VDR gene is involved in the regulation of gene 
expression, so these polymorphisms may play an 
important role in mRNA stability. Frequencies of 
combinations of genotypes at different sites were not 
significantly different between rachitic and 
community subjects in Nigerian (Fischer et al; 2000). 
In contrast our findings showed that the frequencies of 
combinations of VDR genotypes for the Fok I, Apa I, 
and Taq I polymorphic sites in both groups, were 
significantly different between rachitic and control 
subjects (p <0.015). Uitterlinden et al., (2004) 
reported that it is possible that different allelic 
frequencies and VDR genotypes among populations 
can occur due to the gene-gene and gene-environment 
interactions. 
        In the present study, the most common VDR 
genotypes were Ff among patients and FF among 
controls. These findings support the evidence that FF 
genotype is advantageous for good bone 
mineralization and the prevention of rickets (Arai et 
al.; 1997 and Remus et al.; 1998). Children with the 
FF genotype had increased intestinal calcium 
absorption and increased bone mineral density 
compared with Ff heterozygotes and ff homozygotes. 
In healthy adolescents greater calcium absorption was 
found in FF homozygotes, compared with those of ff  
homozygotes and Ff  heterozygotes (Ames et al., 
1999); however, the positive effect of the FF 
genotype is limited whether dietary calcium is 
severely restricted (Abrams et al., 2005). Baroncelli et 
al., (2008) suggested that it is the interaction of VDR 
polymorphism with reduced calcium intake and 
vitamin D status that could determine the individual 
susceptibility to developing rickets in Egyptian 
patients. 
     The polymorphisms in the VDR gene might cause 
mild defects in VDR function and cause rickets 
(Malloy et al., 1999). The data of Suarez et al., (1997) 
and Minamitani et al., (1998) indicated that VDR 
polymorphism could be related to parameters of body 
growth. In the present study, the values of SDS for the 
weight, height, BMI, and MUAC among the studied 
rachitic group showed values that lies at the extreme 
lower ends of the reference Egyptian growth data 

(Ghalli et al., 2002). This is in agreement with the 
study of Robinson et al., (2004) on rachitic Australian 
children, who reported that rickets has a negative 
impact on growth and the cases presenting with 
nutritional rickets had a lower weight SDS. Bora et 
al., (2008) recorded that, the Turkish vitamin D 
deficient rickets patients are at risk of growth 
retardation. Vitamin D is likely to regulate growth via 
effects on bone size (Lorentzon et al., 2000). It is 
critically important for the development, growth, and 
maintenance of a healthy skeleton throughout life 
(Holick, 2003). It affects skeletal metabolism 
indirectly via regulating calcium and phosphate 
homeostasis through stimulation of intestinal 
absorption of these ions (Bouillon et al., 1995). 
The weight SDS and height SDS among VDR 
genotypes for polymorphisms in ApaI were nearly of 
the same values in our patients. As regards the FokI 
genotypes the delay is more pronounced in the 
rachitic children with FF genotype .These results 
explain that growth delay in rickets is more influenced 
by FokI. Studies on polymorphism in the VDR gene 
suggested a role in skeletal mineralization, with the 
restriction fragment length polymorphism F/f, as 
defined by the endonuclease FokI, conferring a 
greater transcriptional VDR activity for the F than the 
f allele (Arai et al., 1997; Thakkinstian et al.; 2004).   
        In the present study patients with the FF 
genotype had significant decrease in serum 
phosphorus, compared to patients with the ff 
genotype. Also, patients with the FF genotype showed 
pronounced delay in height as compared to the other 
genotypes with statistical significant difference 
(P<0.05). Likewise, Lu et al., (2003) reported that FF 
genotypes were more common in patients suffering 
from vitamin D deficient rickets. This denotes that the 
polymorphic variation at the FokI VDR locus has 
functional significance. It has also been observed that 
there is a relationship between growth and FokI VDR 
polymorphisms in a population (Minamitani et al, 
1998; Tao et al., 1998). 
      Tao et al., 1998 reported that Girls with genotype 
TT were heavier and taller than those with tt. This is 
in agreement with our study on the weight SDS and 
height SDS among VDR genotypes for 
polymorphisms in TaqI. We found that the patients 
with rickets with tt genotype were shorter than 
patients with TT with a statistical significant 
difference. In England, Keen et al., (1997) reported a 
significant association between female infant weight 
and a TaqI polymorphism within the VDR gene. They 
concluded that FokI and TaqI have a determinant 
effect on bone mineral metabolism and growth in 
rickets and the frequency of VDR polymorphisms in 
the rachitic children may determine growth delay in 
rickets.  
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       Mutations affecting genes implicated in vitamin 
D metabolism or vitamin D receptor (VDR) functions 
are responsible for severe alterations in skeletal 
growth. These polymorphisms appear to be associated 
unequivocally with biochemical variables of calcium 
and phosphate metabolism polymorphisms and might 
cause mild defects in VDR function (Lu et al.; 2003). 
We therefore postulated that VDR polymorphisms 
might predict susceptibility to develop rickets in 
Egyptian children 
       The findings of the present study indicate that the 
growth in rachitic children may be regulated by 
mechanisms that are mediated through vitamin D and 
its receptor. The results reinforce the suggestion that 
VDR polymorphisms may play an important role in 
parameters of phospho-calcium metabolism and 
growth in rickets. This might help in risk assessment 
of rickets and in predicting response to treatment. 
Moreover, if a relationship could be established 
between certain polymorphisms and vitamin D 
deficient rickets personalized dietetic approach of 
nutrigenomics, will be applied to carriers of these 
particular polymorphisms and might be supplemented 
with more than the recommended daily dose to 
prevent the development of rickets.  
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