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Abstract

Objective: In end stage renal disease, the synthesis of vitamin D is disturbed.Hyperparathyroidism is one 
of the key factors in the pathogenesis of many of the complications of dialysis mainly bone and cardiovascular 
complications.Aim:This study aimed at assessing vitamin D receptor gene polymorphisms BsmIand FokI in 
Egyptian patients with end stage renal disease on maintenance haemodialysis and the assosciation of these 
polymorphisms with cardiovascular complications and hyperparathyroidism among these patients.

Methods: One hundred subjects, recruited from Medical Research Institute, from March to July 2014, 
divided into two main groups; the control group which included thirty apparently healthy subjects and the 
patients group which included seventy patients with end stage renal disease on maintenance haemodialysis 
with median 4 years. To all studied subjects, detailed history was taken, thorough physical examination, carotid 
intima media thickness, presence of plaques and ECG ischemic changes. Laboratory investigations included 
serum levels of: glucouse, urea, creatinine, uric acid, albumin, total cholesterol, low and high density lipoproteins, 
calcium, phosphorus, and CRP as well as plasma PTH level. For molecular studies, the detection of BsmI and 
FokI polymorphisms using polymerase chain reaction and restriction fragment length polymorphism (PCR / 
RFLP) technique. 

Results: 1.No statistically signifi cant difference could be detected in both BsmI and FokI gene 
polymorphisms between the hemodialysis patients and the controls, suggesting that the development of ESRD 
had no relation with either VDR BsmI or FokI gene polymorphisms.2.No statistically signifi cant difference were 
found in these polymorphisms between the hemodialysis patients with or without cardiovascular complications 
or between patients with PTH level less or more than 300 pg/ml. These results suggest that the development 
of cardiovascular complications and secondary hyperparathyroidism among Egyptian patients on maintenance 
haemodialysis cannot be attributed to these two gene polymorphisms.

Conclusion: No association could be found between the variant alleles of BsmI and FokI gene polymorphisms 
and the development of ESRD, cardiovascular complications and secondary hyperparathyroidism among the 
studied samples of Egyptian patients on maintenance haemodialysis.
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Introduction 

Vitamin D is a group of fat soluble steroids that primarily maintain normal blood 
levels of calcium and phosphorus [1].The active metabolite (1,25-dihydroxyvitamin D3) 
is essential in bone and mineral homeostasis and it is a mediator of cell proliferation, 
differentiation and immune regulation [2,3]. Vitamin D promotes parathyroid hormone 
(PTH) and works with PTH in directing the mobilization of calcium and phosphorus 
from bone to normalize blood calcium levels. The actions of vitamin D are mediated 
by both genomic and non-genomic pathways. The genomic pathways are activated by 
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the binding of 1, 25(OH)2D3 to nuclear vitamin D receptor (VDR). The non-genomic 
pathways are activated via cell membrane receptors for vitamin D, and might be 
responsible for the rapid effects of the hormone [4]. However, most of the biological 
actions of vitamin D are believed to be exerted through the nuclear VDR mediated 
control of target genes [5]. 

Vitamin D receptor (VDR) is a member of the nuclear receptor superfamily of 
transcription factors, and regulates gene expression in a ligand-dependent manner [6]. 
VDRs are expressed by cells in most organs, including the brain, heart, skin, gonads, 
prostate, and breast. VDR activation in the intestine, bone, kidney, and parathyroid 
gland cells leads to the maintenance of calcium and phosphorus levels in the blood 
(with the assistance of parathyroid hormone and calcitonin) and to the maintenance 
of bone content [7].

The VDR is a member of the superfamily of nuclear hormone receptors (NHRs) [8]. 
In humans, the VDR protein consists of 427 amino acids, with a molecular mass of ~48 
kDa. 

The human vitamin D receptor gene (hVDR) is located on the long (q) arm of 
chromosome 12 at position 13.11 [9]. 

The VDR can be divided by function into several domains. VDR domains are deϐined 
as the N-terminal A/B domain, region C or the DNA-binding domain (DBD), the hinge 
region, and the multifunctional ligand-binding domain [10].

A polymorphism is a genetic variant that appears in at least 1% of the population. 
These changes can occur in non-coding parts of the gene (introns), so they would not 
be seen in the protein product. Changes in the regulatory parts of the gene would 
then affect the degree of expression of the gene, and thus the levels of the protein. 
For instance, changes in the 5′-promoter of the VDR gene can affect mRNA expression 
patterns and levels, while 3′ untranslated region (UTR) sequence variations can affect 
the mRNA stability and protein translation efϐiciency. However, the changes can take 
place in exonic parts of the DNA, then leading to changes in the protein sequence. 
Nonetheless, changes in exonic sequences of the DNA which do not alter the protein 
structure are also possible, and are called synonymous polymorphisms [11]. 

These changes usually create or abolish sites for restriction enzymes to cut the 
DNA. Digestion with the enzyme then produces DNA fragments of a different length 
which can be detected by electrophoresis. These polymorphisms are called Restriction 
Fragment Length Polymorphisms (RFLPs). A single nucleotide polymorphism (SNP) is 
a site on the DNA in which a single base pair varies from person to person [12]. SNPs 
have gained popularity in recent years and are touted as the genetic markers of choice 
for the study of complex genetic traits [13]. Because of their abundance in the human 
genome as well as their high frequencies in the human population, polymorphisms 
have often been studied with the aim of explaining variations in the risk for common 
diseases [14]. 

Several common genetic variants have been identiϐied in the VDR gene. Most of these 
variants, including the FokI(‘f’), BsmI (‘b’), Tru9I (‘u’), EcoRV, ApaI(‘a’), and TaqI(‘t’) 
polymorphisms, are identiϐied by a biallelic variation in a restriction endonuclease site 
and are named based on the restriction endonuclease [15].

The BsmI polymorphism is unlikely to have functional consequences as this variants 
is located in intron 8. BsmI does not alter the amount, structure, or function of the ϐinal 
VDR protein produced, but it is strongly linked with a poly (A) repeat and may affect 
VDR messenger RNA stability [16]. It has also been reported that the b alleles appear 
to be more active than the B alleles. According to the SNP database VDR BB, Bb, and bb 
genotypes are referred to as AA, AG, and GG. The size of the PCR product for the BsmI 
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polymorphism was 825 bp. Following the digestion, two restriction fragments of 650 
and 175 bp were observed for GG homozygotes, a single 825 bp band was obtained 
for AA homozygotes, and AG individuals displaying all three bands [9], the genotype 
frequency of BsmI (rs: 1544410) among Caucasians was found to be: (BB):(Bb): 
(bb)=22.1 : 43.4 : 34.5 [17].

Exon 2 contains the FokI polymorphism, a T/C transition polymorphism (ATG to 
ACG) occurs at the ϐirst of two potential translation initiation sites and results in an 
alteration of the VDR protein structure [18].

Individuals with the T allele (designated f, indicating the presence of the FokI, initiate 
translation at the ϐirst ATG site to synthesize the full-length (427 amino acid) VDR 
protein. Individuals with the C allele (designated F, indicating the absence of the FokI 
site) .These individuals lack the three NH2- terminal amino acids of the full-length VDR 
protein, resulting in a protein of only 427 amino acids [16,18]. Thus, Ff and ff genotypes 
express the full-length VDR isoform, while the FF genotype expresses the shorter 
isoform. The F alleles of the FokI polymorphism appear to be more transcriptionally 
active than the f alleles .According to population based allele frequencies of disease 
associated polymorphisms in the Personalized Medicine Research Project which was 
published in 2010 [19], the minimum allele frequency (MAF) of FokI (rs: 2228570) 
among Caucasians was found to be: (FF) : (Ff) : (ff)=37.2 : 43.4 : 19.5

The discovery of genetic variants linked with susceptibility of diseases can be the 
key to advances in preventive medicine.If a relationship with the disease emerges from 
association studies, this ϐinding would strongly support the idea that the candidate 
gene is in some way involved in the disease [11].

Chronic kidney disease (CKD) is a modern day global epidemic and is now 
recognized as a public health issue.Disturbance in mineral and bone metabolism 
accompanied by soft tissue and vascular calciϐication is one of the most common and 
important consequences of CKD development and progression. Mineral and bone 
disorders are common in CKD and are collectively referred to as CKD- mineral and 
bone disorder [20].

Chronic kidney failure is also referred to as end-stage renal disease (ESRD).Some 
studies reported that about 40% of patients with ESRD undergoing heamodialysis 
developed cardiovascular diseases (CVD). In 8.8% of them, death occurred, of these 
deaths 63.6% were due to CVD [20,21].

Secondary hyperparathyroidism (sHPT) describes a complex alteration in bone 
and mineral metabolism that occurs as a direct result of chronic kidney disease (CKD) 
[20]. Identifying patients at risk and evaluating for sHPT is imperative because early 
intervention may slow or arrest the progression of both bone and cardiac diseases. 
Dietary concerns, pharmacotherapy, and patient adherence are all important 
considerations in creating a successful treatment plan [22].

The FokI and BsmIpolymorphisms of the vitaminD receptor gene are regarded as 
strong markers of disturbed of vitamin D signaling pathway [23].

Some reports showed a relationship between BsmI polymorphism and primary 
HPT. These results led to hypothesize that VDR polymorphisms could be involved in 
sHPT due to chronic renal failure [11].

Some studies have been conducted in chronic renal failure and hemodialysis patients 

in order to investigate any relation between PTH levels and VDR polymorphisms and 
it was found that the allele B of the VDR BsmI polymorphism has been associated with 
protection against end stage renal failure. Also, BsmI gene polymorphism seemed to be 
associated with PTH function; as levels of the intact PTH were found lower in patients 
with BB genotype than those with Bb or bb genotypes [23,24].
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It has been suggested that FokI polymorphism of VDR gene may determine PTH 
response in chronic renal failure patients as serum PTH level was often found to be 
higher in CRF patients having FF genotype than in those having Ff or ff genotypes [25].

The effect of VDR polymorphisms is one of the growing ϐield of research due to the 
complex role played by vitamin D in chronic renal disease patients [11].

Regarding insufϐicient studies in the literature about CRDand VDRpolymorphisms, 
a lot is still needed to explore the complex relation between CRF, PTH, vitamin D and 
VDR polymorphisms.

Aim 

The present study aimed at assessing vitamin D receptor gene polymorphisms BsmI 
and FokI in end stage renal disease Egyptian patients on maintenance hemodialysis. 

Subjects

The present study included one hundred subjects, recruited from march to july 
2014 from Medical Research Institute, divided into two main groups; the control 
group which included thirty apparently healthy subjectswith a median age 49 years, 
14 (47.6%) were males and 16 (53.3%) females and the patients group which included 
seventy patients with end stage renal disease on maintenance haemodialysis with 
median 4 years. Their median age was 52 years, 33(47.1%) were males and 37 (52.9%)
were females.

Methods

To all studied subjects, detailed history was taken, thorough physical examination, 
carotid intima media thickness (CIMT) [26], presence of plaques and ECG [27], 
ischemic changes. Laboratory investigations included serum levels [28] of: glucouse, 
urea, creatinine, uric acid, albumin, total cholesterol, low and high density lipoprotein- 
cholesterol, calcium, phosphorus, and CRP as well as plasma PTH level. For molecular 
studies [29,30], the detection of BsmI and FokI polymorphisms using polymerase 
chain reaction and restriction fragment length polymorphism (PCR / RFLP) technique. 
Statistical analysis [31], was done using SPSS program version 20 (Statistical Package 
of social sciences, Chicago, USA) [32], D’Agostino-Pearson K-squared test for normality 
,Unpaired Student’s t-test, Mann Whitney test, The Chi-Square test (χ2 test), Fisher’s 
Exact Test waHardy-Weinberg Equilibrium using Pearson’s Chi-Squared goodness of 
ϐit test were used. 

Results 
For BsmI

The 825 bp PCR product derived from an allele having a BsmI site in intron 8, 
designated b, where split into two bands: 650 bp and 175 bp upon digestion with 
BsmI. While those derived from an allele not having a BsmI site in the corresponding 
sequence, designated B, remained a single band with 825 bp. So there were three 
possible genotypes for BsmI gene polymorphism: BB (1 band at 825 bp), Bb (3 bands 
at 825,650 and 175 bp) and bb (2 bands at 650 and 175 bp) (Figure 1).

For FokI

The 265 bp PCR product derived from an allele having a FokI site in exon 2, 
designated f, where split into two bands: 196 bp and 69 bp upon digestion with 
FokI. While those derived from an allele not having a FokI site in the corresponding 
sequence, designated F, remained a single band with 265 bp. So there were three 
possible genotypes for FokI gene polymorphism: FF (1 band at 265 bp), Ff (3 bands at 
265,196 and 69 bp) and ff (2 bands at 196 and 69 bp) (Figure 2).
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Discussion

In end stage renal disease, the synthesis of vitamin D is disturbed [33]. Active 
vitamin D level decreases as renal function deteriorates and becomes very low or 
even undetectable. Low active vitamin D is well known to play an important role in the 
pathogenesis of hyperparathyroidism [34].

Hyperparathyroidism is one of the key factors in the pathogenesis of many of the 
complications of dialysis mainly bone and cardiovascular complications [35].

The VDR is an important element for physiologic regulation of parathyroid function 
and is responsible for the inhibitory effects of vitamin D on parathyroid hormone 
secretion and parathyroid cell proliferation [34].

Diminished activation of VDR in the parathyroid glands leads to increased release 
of PTH. Moreover, calcium sensing receptors (CaR) expressed in parathyroid glands 
react rapidly to extracellular calcium concentration and low calcium level leads to 
further increase in the release of PTH (secondary hyperparathyroidism) [34]. 

The present study aimed at assessing vitamin D receptor gene polymorphisms 
BsmIand FokI in Egyptian patients with end stage renal disease on maintenance 
haemodialysis. The assosciation of these polymorphisms with cardiovascular 
complications and hyperparathyroidism among these patients was also performed.

The present study included one hundred subjects, divided into two main groups. 
The control group included thirty apparently healthy volunteers; 14 males (46.7%) and 
16 females (53.3%). Their age ranged from 42 to 69 years with median of 49 years. The 
patients group included seventy patients with end stage renal disease on maintenance 
haemodialysis; 33males (47.1%) and 37 females (52.9%).Their age ranged from 37 to 
75 years with median of 52 years and their duration of dialysis ranged from 1-19 years 
with median of 4 years.

Figure 1: Agarose gel electrophoresis of PCR products digested with BsmI restriction enzyme visualized by 
ethidium bromide.

Figure 2: Agarose gel electrophoresis of PCR products digested with FokI restriction enzyme visualized by ethidium 
bromide.
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In the present work there was no signiϐicant difference between the control and 
total patients group regarding age and sex (P=0.36, 0.97 respectively) which denoted 
that both groups were of comparable conditions (Table 1).

In the current work, the distribution frequencies of BB, Bb, and bb genotypes in the 
control group were 23.3 %, 53.3 %, and 23.3 %; respectively. In the patients group, 
they were 28.6 %, 45.7 % and 25.7%; respectively (Table 2), showing no signiϐicant 
difference in the genotype distribution of BsmI polymorphism among the control 
group and the total patients group (X2 = 0.515 and p= 0.773). While, the distribution of 
B and b alleles were 50 % and 50 %; respectively in the control group and were 51.4 
% and 48.6 % in the patients group (Table 3), showing no significant difference in the 
frequency of the BsmI alleles among the the control group and the total patients group 
(X2= 0.034, p= 0.853). 

In an Egyptian study conducted by El Gawad et al. (2012) [36], the distribution 
frequencies of BB, Bb, and bb genotypes in the control group were similar to the 
present study, showing 26.7 %, 50 %, and 23.3 % ; respectively. However, another 
study was conducted on Polish population by Kaleta et al. (2013) [10] and the genotype 
distribution among the control groups was as follows; 17% for the BB genotype, 42% 
for the Bb genotype and 41% for the bb genotype. This difference could be attributed 
to racial variability in the studied populations.

Table 1: Statistical analysis of some clinical data among the studied groups.

X ± SD Range
 Median

Control group (n=30) Total patients (n=70) P-value

Age 
(years)

Range 42-69 37-75
P=0.36

Median 49 52

Sex
Females 16 (53.3%) 37 (52.9%)

P=0.97
Males 14 (46.7%) 33 (47.1%)

Duration
of dialysis 

(years)

Range - 1-19

Median - 4

SBP
(mmHg)

Range 100-120 100-170
P=0.000**

Median 117.5 120
DBP

(mmHg)
Range 70-80 70-100

P=0.000**
Median 77.5 80

MBP
(mmHg)

Range 80-93.3 80-123.3
P=0.000**

Median 88.35 96.7

CIMT
(mm)

X 0.29 0.704
P=0.000**

± SD 0.131 0.221
Parametric data is presented by mean± standard deviation, Student t-test statistics for parametric data analysis, 
Nonparametric data is presented by median (Range) Mann-Whitney test statistics for non-parametric data analysis.
SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, MBP: Mean Blood Pressure, CIMT: Carotid Intima Media 
Thickness.
N: Number of subjects, ECG (+) = Electrocardiographic changes of ischemic heart diseases, Plaque (+) = presence of 
atherosclerotic plaque in the carotid arteries.
n: Number of subjects.
P: Statistical signifi cance between control group and total patients group.
*: Signifi cant at P<0.05; **: Highly Signifi cant at P<0.01.

Table 2: Genotype frequencies of BsmI polymorphism among the studied groups.
Genotype n % Control group (n=30) Total patients (n=70)

BB n 7 20
% 23.33 28.6

Bb n 16 32
% 53.33 45.7

bb              n 7 18
% 23.33 25.7

Chi-square
p-value

            0.515
            0.773
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In addition, the genotype distribution of the BsmI polymorphism in the present 
study did not deviate from the Hardy-Weinberg equilibrium (HWE) among the control 
group and among the total patients group (Table 4a: X2 = 0.133, 0.505 and p= 0.715, 
0.477; respectively). 

As regards FokI in the current study, the distribution frequencies of FF, Ff, and ff 
genotypes in the control group were 56.7 %, 40 %, and 3.3 %; respectively. In the 
patients group, they were 57.1 %, 31.4 % and 11.4 %; respectively (Table 4b). There 
was no signiϐicant difference in the genotype distribution of FokI polymorphism among 
the the control group and the total patients group (X2 = 1.984 and p=0.371). 

Similar results were obtained in the study of Vigo et al. (2005) [25], which was 
conducted on Spanish patients with chronic renal failure, the FokI genotype frequencies 
in the healthy controls were 46.7% FF, 43.3% Ff and 10% ff vs 54.7% FF, 28.1% Ff and 
17.2% ff in the CRF patients. Another study was conducted on Polish population by 
Mostowska et al. (2013) [37] and the genotype distribution among the control groups 
was as follows; 37% for the FF genotype, 45% for the Ff genotype and 18% for the ff 
genotype.

In addition, the present study showed that the distribution of F and f alleles were 
76.7% and 23.3 %; respectively in the control group and 72.9 % and 27.1 % in the 
patients group (Table 4c). There was no significant difference in the frequency of the 
FokI alleles among the studied groups (X2= 0.317, p= 0.574). 

In the present study, the genotype distribution patterns of FokI polymorphism 
among the control group and among the total patients group were also found to be in 
agreement with HWE (Table 4d : X2 = 0.418, 2.952 and p= 0.518, 0.0857; respectively). 

Assessment of atherosclerosis was achieved in this study by carotid ultrasonography 
[11]. There was a signiϐicant increase in CIMT in the total patients group than in the 
controls (P= 0.000) (Table 1). The present result was in agreement with the recent study 
of Paul et al. (2012) [38, who found that patients on haemodialysis had signiϐicantly 
greater CIMT than age- and sex-matched non-dialyzed chronic renal failure patients, 
suggesting that hemodialysis is an independent risk factor for atherosclerosis in CRF 
patients. 

In the present work, there were 37 patients (52.9% of total patients) with high 
CIMT values (whom were chosen as having CIMT > 0.6 mm which was the highest 
value in the control group). While 33 patients (47.1%) had CIMT ≤ 0.6 mm (Table 4e). 
There was no signiϐicant difference in the genotype distribution of both BsmI and FokI 
polymorphisms among the patients with high and normal CIMT (X2 = 0.19, 1.78 and p= 
0.91, 0.41; respectively)

Carotid ultrasonography also allows visualization and measurement of the extent of 
carotid plaques which are considered a direct reϐlection of the atherosclerotic process 
[12]. In the present study, carotid plaques were present in 27 patients (38.6% of total 
patients), while 43 patients (61.4% total patients) did not had carotid plaques. (Table 
4e) There was no signiϐicant difference in the genotype distribution of both BsmI and 
FokI polymorphisms among the patients with and without carotid plaques (X2 = 0.94, 
2.19 and p= 0.63, 0.33; respectively).

Table 3: BsmI allele frequency among the studied groups.
Allele n  % Control group (n=30) Total patients n=70)

B
n 30 72
% 50 51.4

b
n 30 68
% 50 48.6

Chi-square
p-value

         0.034
         0.853

n: Number of subjects. P<0.05 is signifi cant
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Table 4a: Comparison between BsmI polymorphism genotype frequencies among the studied groups with Hardy-
Weinberg (HW) prediction using Chi-square (X2) analysis.

Genotype Count HW prediction Control group (n=30) Total patients (n=70) Total subjects (n=100)

BB
Observed 7 20 27

HW Expected 7.5 18.5 26

Bb
Observed 16 32 48

HW Expected 15 35 50

bb
Observed 7 18 25

HW Expected 7.5 16.5 24
X2

p-value
0.133
0.715

0.505
0.477

0.157
0.692

n: Number of subjects.
P<0.05 is signifi cant

Table 4b: Genotype frequencies of FokI polymorphism among the studied groups.
Genotype n  % Control group (n=30) Total patients (n=70)

FF
n 17 40
% 56.7 57.1

Ff
n 12 22
% 40 31.4

ff
n 1 8
% 3.3 11.4

Chi-square
p-value

                 1.984
                 0.371

Table 4c: FokI allele frequency among the studied groups.
Allele n  % Control group (n=30) Total patients (n=70)

F
n 46 102
% 76.7 72.9

f
n 14 38
% 23.3 27.1

Chi-square
p-value

                0.317
                0.574

n: Number of subjects, 
P<0.05 is signifi cant.

Table 4d: Comparison between FokI polymorphism genotype frequencies among the studied groups with Hardy-
Weinberg (HW) prediction using Chi-square (X2) analysis.

Genotype Count HW prediction Control group (n=30) Total patients (n=70) Total subjects (n=100)

FF
Observed 17 40 57

HW Expected 17.6 37.2 54.8

Ff
Observed 12 22 34

HW Expected 10.7 27.7 38.5

ff
Observed 1 8 9

HW Expected 1.6 5.2 6.8
X2

p-value
0.418
0.518

2.952
0.0857

1.355
0.244

n: Number of subjects.
P<0.05 is signifi cant

Tables 4e: Frequency of patients with ESRD on maintenance hemodialysis with cardiovascular complications and 
hyperparathyroidism.

High CIMT
(mm)

Plaque (+) ECG (+)
Hyperparathyroidism
(PTH > 300 pg/mL )

Number 37 27 36 43

% of patients 52.9 38.6 51.4 61.4

CIMT: Carotid intima media thickness
Plaque (+)= presence of atherosclerotic plaque in the carotid arteries
ECG (+)= Electrocardiographic changes of ischemic heart diseases 
PTH: Parathyroid hormone
- Patients with high CIMT were chosen as patients having CIMT > 0.6 mm which was the highest value in the control 
group.
- Hyperparathyroid patients were chosen as patients having PTH level > 300 pg/mL.



Profi le of vitamin D receptor polymorphism Bsm I and FokI in end stage renal disease Egyptian patients on maintenance hemodialysis

Published: August 30, 2017 34/40

In addition, blood pressure (systolic, diastolic, and mean blood pressure) was 
signiϐicantly higher in total patients group than in control group [P=0.000 (SBP), 
P=0.000 (DBP), P=0.000 (MBP)] (Table 1). It is known that hypertension is a common 
ϐinding in dialysis patients, and based upon multiple studies, over 50 to 60 percent of 
hemodialysis patients (up to 85 percent in some reports) are hypertensive [39,40]. It 
is known that the etiology of hypertension in end-stage renal disease is multifactorial 
which may be due to sodium and volume excess due to diminished sodium excretory 
capacity, activation of the renin-angiotensin-aldosterone system, increased activity of 
the sympathetic nervous system, administration of erythropoietin, calciϐication of the 
arterial tree, and preexistent essential hypertension [41,42].

In the present work, the ischemic ECG changes were present in 36 patients (51.4% 
of total patients), while 34 patients (48.6% of total patients) did not have ECG changes. 
There was no signiϐicant difference in the genotype distribution of both BsmI and FokI 
polymorphisms among the patients with and without ECG changes (X2 = 0.068, 2.126 
and p= 0.97, 0.35; respectively).

In the present study, the patients group was further subdivided into two subgroups 
according to the presence and abscence of cardiovascular complications as evidenced 
by the presence of one or more of the following: high carotid intima media thickness 
measurement (CIMT > 0.6 mm) or presence of plaques or presence of ECG changes. 
Group A included 30 patients without cardiovascular complications and Group B 
included 40 patients with cardiovascular complications.

The distribution frequencies of BB, Bb, and bb genotypes were 30 %, 43.3 %, and 26.7 
%; respectively in the patients without cardiovascular complications (group A) and 27.5 
%, 47.5 % and 25 %; respectively in patients with cardiovascular complications (group 
B) (Table 5a). No signiϐicant difference was observed in the genotype distribution of 
BsmI polymorphism among patients with and without cardiovascular complications in 
the patients group (X2 = 0.121 and p= 0.941).

In addition, no signiϐicant difference was observed in the genotype distribution of 
FokI polymorphism among patients with and without cardiovascular complications 
in the patients group (X2 = 1.502 and p= 0.472). The distribution frequencies of FF, Ff, 
and ff genotypes were 56.67 %, 36.67 %, and 6.67 %; respectively in patients group A, 
while 57.5 %, 27.5 % and 15 %; respectively in patients group B (Table 5b).

The present results were in agreement with that of Pan et al. (2009) [43], in which 
no signiϐicant differences were observed in the genotype and allele frequencies of both 
BsmI and FokI polymorphisms between the two groups. Another study by Ortlepp 
et al. (2003) [44], found that the VDR gene variant BsmI was not associated with 
prevalence and severity of coronary artery disease in a large-scale cohort phenotyped 
by angiography. In addition, there is an agreement with Yokoyama et al. (2012) [45], 
who found that FokI polymorphisms by themselves showed no signiϐicant associations 
with CKD stage. 

Table 5a: Genotype frequencies of BsmI polymorphism among patients with and without cardiovascular 
complications in the patients group with ESRD on maintenance haemodialysis:

Genotype n  %
Patients without cardiovascular 
complications (group A) (n=30)

Patients with cardiovascular 
complications (group B) (n=40)

BB
n 9 11
% 30 27.5

Bb
n 13 19
% 43.3 47.5

bb
           n 8 10

% 26.7 25
Chi-square

p-value
       0.121
       0.941

n: Number of subjects, P<0.05 is signifi cant
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C-reactive protein was signiϐicantly higher in total patients group than control 
group (P=0.000) (Table 4e). CRP is an active participant in pro-atherosclerotic 
phenomenon including local pro-inϐlammatory and thrombotic events. Baravkar et al. 
(2013) [46], concluded that CRP estimation in CKD is helpful in predicting an increased 
risk of cardiovascular death. 

In the current work, serum calcium and corrected calcium were signiϐicantly lower in 
total patients group than control group (P=0.000). Phosphorus and Ca-P product were 
signiϐicantly higher in total patients group than control group (P=0.000). In addition, 
there was a signiϐicant increase in the parathyroid hormone levels in total patients 
group than control group (P=0.000) (Table 5c). Secondary hyperparathyroidism is 
a common occurrence in patients with chronic renal failure and is characterized by 
excessive serum parathyroid hormone levels, parathyroid hyperplasia and imbalances 
in calcium and phosphorus metabolism [47].

The patient group was further subdivided into two subgroups according to the 
development of hyperparathyroidism as evidenced by PTH level. Group C included 27 
patients with PTH level < 300 pg/mL and and Group D included 43 patients with PTH 
level > 300 pg/mL. 

The distribution frequencies of BB, Bb, and bb genotypes were 33.3%, 51.9%, and 
14.8%; respectively in patients with PTH level < 300 pg/mL (group C), while 25.6%, 
41.9% and 32.6%; respectively in patients with PTH level > 300 pg/mL (group D). No 
signiϐicant difference was observed in the genotype distribution of BsmI polymorphism 
among group C and group D patients (X2 = 2.742 and p= 0.254) (Table 5d). 

The current work agrees with Ozdemir et al. (2005) [35], who found no association 
between secondary hyperparathyroidism and BsmI variants in Turkish end stage 
renal patients. They found that the BB genotype and B allele frequencies were not 
statistically different in the hypo- and hyperparathyroid patients.

Conversely, Fernandez et al. [23], reported that the BB genotype and the B allele 
were signiϐicantly more frequent in Spanish patients with end-stage renal disease with 
low iPTH levels than in patients with high iPTH levels (32.3% versus 12.5% and 58.8% 
versus 39.1%; respectively). 

Similarly, Tagliabue et al. [48], reported a higher frequency of BB variant among 
Italian dialysis patients with hypoparathyroidism compared to patients with secondary 
hyperparathyroidism (34% versus 16%). Also, a protective effect of the B allele has 
been reported in Japanese patients undergoing hemodialysis [49]. 

The discovery of the VDR on parathyroid cells opened an exciting ϐield of research 
since mid-nineties. In 1995 Carling et al. [50], reported a relationship between 
BsmI polymorphism and primary HPT. These results led to the hypothesis that VDR 

Table 5b: Genotype frequencies of FokI polymorphism among patients with and without cardiovascular 
complications in the patients group with ESRD on maintenance haemodialysis:

Genotype  n  %

Patients without cardiovascular 
complications

(group A)
(n=30)

Patients with cardiovascular 
complications

(group B)
(n=40)

FF
n 17 23
% 56.67 57.5

Ff
n 11 11
% 36.67 27.5

ff
              n 2 6

% 6.67 15
Chi-square

p-value
         1.502
         0.472

n: Number of subjects, P<0.05 is signifi cant
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Table 5c: Statistical analysis of the serum levels of some studied parameters among the studied groups.

X ± SD Range
 Median

Control group (n=30) Total patients (n=70) P-value

FSG (mg/dl)
Range 82-104 72-546

P=0.000**
Median 94 105

Urea (mg/dl) X 33.8 155.8
P=0.000**

± SD 5.4 36.19

Creatinine (mg/dl) X 0.90 10.2
P=0.000**

± SD 0.14 2.82

Uric acid (mg/dl) X 4.7 6.52
P=0.000**

± SD 0.95 1.24

Albumin (g/dl)
Range 3.9-4.7 3-5

P=0.000**
Median 4.12 3.9

TG
(mg/dl)

Mean 108.3 175.1
P=0.000**

± SD 24.41 81.57
TC 

(mg/dl)
Mean 171.4 181.9

P=0.176
± SD 22.68 53.93

HDL-C
(mg/dl)

Mean 52.9 35.0
P=0.000**

± SD 6.46 7.56
LDL-C

(mg/dl)
Mean 96.9 110.5

P=0.04*
± SD 21.87 43.08

CRP
(mg/L)

Mean 1.1 6.2
P=0.000**

± SD 0.36 4.1
Calcium
(mg/dl)

Mean 9.5 8.65
P=0.000**

± SD 0.25 0.82
corrected calcium

(mg/dl)
Mean 9.38 8.73

P=0.000**
± SD 0.24 0.84

Phosphorus
(mg/dl)

Mean 3.51 5.83
P=0.000**

± SD 0.28 1.34
Ca-P product

(mg2/dl2)
Mean 32.86 50.88

P=0.000**
± SD 2.55 12.93

PTH
( pg/ml )

Range 17.6-27.8 39.6-2786.4
P=0.000**

Median 21.65 380.6
Parametric data is presented by mean± standard deviation Student t-test statistics for parametric data analysis 
Nonparametric data is presented by median (Range) Mann-Whitney test statistics for non-parametric data analysis.
n: Number of subjects.
P: Statistical signifi cance between control group and total patients group.
*: Signifi cant at P<0.05. **: Highly Signifi cant at P<0.01.

Table 5d: Genotype frequencies of BsmI polymorphism among patients with PTH level < 300 pg/mL and patients with 
PTH level > 300 pg/mL in the patients group with ESRD on maintenance haemodialysis:

Genotype
n
 %

Patients with PTH level < 300 pg/
mL (group C) (n=27)

Patients with PTH level > 300 pg/
mL (group D) (n=43)

BB
n 9 11
% 33.3 25.6

Bb
n 14 18
% 51.9 41.9

bb
                 n 4 14

% 14.8 32.6
Chi-square

p-value
             2.742
             0.254

n: Number of subjects, P<0.05 is signifi cant

polymorphisms could be involved in sHPT due to CRF. Tsukamoto et al. [51], reported 
a higher incidence of the b allele on hemodialysis patients with sHPT. 

Valdivielso (2006) [52], designed a bigger study minimizing the impact of the time 
on hemodialysis as an important risk factor for the development of sHPT. 

It is very difϐicult to determine the increase in the risk of developing sHPT 
associated with having a speciϐic BsmI genotype. Firstly, because of the different and, 
sometimes, contradictory results found in the literature. Secondly, due to the fact 
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that the risk calculation is performed with many variables, and some of those change 
within different studies (sample size, study design, etc.). However, almost all the 
reports published indicate that there is some inϐluence of BsmI genotype on the sHPT 
progress. In an ideal scenario to prevent sHPT in early stages of CRF, the use of BsmI 
polymorphism to evaluate the risk of the patients to develop sHPT could be an option 
[5].

The association of BsmI genotype with PTH levels has also been tested after kidney 
transplantation. In this case, all the reports published so far agree in the association of 
the bb genotype with higher PTH levels [53,54].

Also in the present study, no signiϐicant difference was observed in the genotype 
distribution of FokI polymorphism among patients with PTH level < 300 pg/mL (group 
C) and patients with PTH level > 300 pg/mL (group D) (X2 = 0.074 and p= 0.964). The 
distribution frequencies of FF, Ff, and ff genotypes were 55.6 %, 33.3 %, and 11.1 %; 
respectively in the patients group C, while 58.1 %, 30.2 % and 11.6 %; respectively in 
the patients group D (Table 5e).

In the study of Vigo et al. (2005) [25], they found that within the CRF patients, 
the mean serum PTH level in the FF group was signiϐicantly higher (159.77+/-25.69 
pg/ml) than in both the Ff and ff groups (106.67+/-19.07 and 77.55+/-15.85 pg/ml, 
respectively; p<0.05). These results suggest that FokI polymorphisms of the VDR gene 
may determine parathyroid response in CRF patients. Due to the higher sensitivity of 
the FF phenotype to 1, 25(OH)2D3, it would be reasonable to expect the opposite result. 
However, the authors argue that, before the onset of renal failure, the patients with 
the FF phenotype had a stronger suppression of the PTH levels. Thus, after the renal 
failure and the decrease of 1, 25(OH)2D3 levels, the lack of constrain on PTH secretion 
would lead to higher increases on PTH levels in the FF patients. In predialysis patients, 
levels of 1, 25(OH)2D3 are low. Thus, the authors argue that the higher sensitivity of the 
FF genotype will be suppressing the PTH levels on [25].

From the genetic perspective, it is important to note that the FokI RFLP can 
be considered an independent marker in the VDR gene since there is no linkage 
disequilibrium (LD) with any of the other VDR polymorphisms and the LD area 
surrounding this polymorphism seems to be very small [55].

Differences in race, diet or even latitude could alter the inϐluence of the 
polymorphisms on the susceptibility to diseases, diluting the effects observed in other 
populations [52]. The role of VDR polymorphisms will still be a topic for discussion.

From the present study the following could be concluded

1. No statistically signiϐicant difference could be detected in both BsmI and FokI 
gene polymorphisms between the hemodialysis patients and the controls, 

Table 5e: Genotype frequencies of FokI polymorphism among patients with PTH level < 300 pg/mL and patients with 
PTH level > 300 pg/mL in the patients group with ESRD on maintenance haemodialysis:

Genotype
n
 %

Patients with PTH level
 < 300 pg/mL 

(group C)
(n=27)

Patients with PTH level
> 300 pg/mL 

(group D)
(n=43)

FF
N 15 25
% 55.6 58.1

Ff
N 9 13
% 33.3 30.2

ff
                n 3 5

% 11.1 11.6
Chi-square

p-value
             0.074
             0.964

n: Number of subjects, P<0.05 is signifi cant
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suggesting that the development of ESRD had no relation with either VDR BsmI 
or FokI gene polymorphisms.

2. No statistically signiϐicant difference were found in these polymorphisms between 
the hemodialysis patients with or without cardiovascular complications or 
between patients with PTH level less or more than 300 pg/ml. These results 
suggest that the development of cardiovascular complications and secondary 
hyperparathyroidism among Egyptian patients on maintenance haemodialysis 
cannot be attributed to these two gene polymorphisms.

3. No association could be found between the variant alleles of BsmI and FokI gene 
polymorphisms and the development of ESRD, cardiovascular complications 
and secondary hyperparathyroidism among the studied samples of Egyptian 
patients on maintenance haemodialysis.

Recommendations

1. It is recommended to carry out further studies on BsmI and FokI gene 
polymorphisms in larger groups of haemodialysis patients. 

2. Further studies are needed on other VDR polymorphisms and their assosciation 
with ESRD and its complications. 

Limitation of the study

The use of VDR polymorphisms as diagnostic tools, or even as markers for a higher 
propensity to suffer some diseases, is still a matter of debate.

Further effort must be placed in understanding the molecular and cellular 
variations affected by the polymorphisms and in performing observational studies in 
bigger populations.

Special attention should be paid to the effects of environmental contributions on 
VDR polymorphisms in various populations.
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