
Summary
Genetic and environmental factors have an influence on the process of growth and develop-
ment of the body. One of numerous genetic factors can be the vitamin D receptor gene (VDR). 
The study aimed at evaluating the relationship between VDR polymorphism and somatic pa-
rameters in children. 

The study group consisted of 395 children, aged 6–18 years. All the patients underwent gene 
typing using the PCR-RFLP method within polymorphic loci BsmI (rs1544410), FokI (rs2228570), 
ApaI (rs7975232) and TaqI (rs731236) of the VDR receptor gene. 294 children made up the 
control group in the study on the incidence of particular genotypes; in 161 patients somatic 
measurements of body weight and height were made with standard methods and skeletal 
densitometry (total body and spine programmes) examination was performed. Statistica 10.0 
PL was used for statistical analysis. 

In patients with low bone mass a relationship between body height and FokI VDR polymor-
phism was noted. The p-value was statistically significantly different in group I (p=0.002) and 
borderline significant in group III (p=0.09). None of the polymorphisms of the VDR receptor 
gene demonstrated any statistically significant differences in anthropometric values in the 
control group and in children with osteoporosis. 

The presence of the F allele of FokI polymorphism of the VDR receptor gene results in increased 
height, which is best observed in children with low bone mass. The FF genotype favours in-
creased height in the study group of children from Łódź. 
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The vitamin D receptor belongs to a group of nucleus re-
ceptors and is a transcriptional factor. After binding with 
a ligand, i.e. calcitriol [1,25 (OH)2 D], it forms a heterodi-
mer with 9-cis retinoic acid receptor (RXR). The obtained 
complex binds to promoter loci which are dependent on 
the vitamin D receptor gene and inhibits or activates tran-
scription. Variability of the vitamin D receptor gene results 
from its polymorphic loci: BsmI, ApaI, FokI, TruI, EcoRV, Cdx2 
[7,16]. The presence of VDR polymorphisms influences the 
quality of bone mineral density (osteoporosis, osteope-
nia, low bone mass), the size of bones and susceptibility to 
fractures [10,22]. In developmental age, when the basis for 
diagnosing low bone mass in densitometric examination 
is the Z-score (sum of standard deviation scores adjusted 
for sex and age), it is necessary to determine the biological 
age of all children, including basic anthropometric param-
eters, such as body weight and height. In serious cases of 
osteoporosis in children and adolescents, bone age should 
also be considered [1]. In some studies on the relationship 
between VDR polymorphisms and the incidence of osteo-
porosis or low bone mass, factors of biological development 
are taken into consideration [2,20]. The aim of the study 
was to investigate the relationship between the variability 
of the VDR receptor gene and body weight and height in 
children and adolescents.

Patients and methods

The study group consisted of 395 children, aged 6–18 
years. All patients underwent genotyping using the PCR-
RFLP method within polymorphic loci BsmI (rs1544410), 
FokI (rs2228570), ApaI (rs7975232) and TaqI (rs731236) of 
the VDR gene. The study was conducted in the Depart-

ment of Immunopathology and Genetics in the Depart-
ment of Paediatrics, Oncology, Haematology and Diabe-
tes, at the Medical University of Łódź. Two hundred and 
ninety-four healthy children made up the control group 
in the study on the incidence of particular genotypes. 

In 161 patients basic measurements of somatic develop-
ment were made using standard methods. Body mass 
index (BMI) was calculated using the values of body 
weight and height (body weight (kg)/height (m)2). All 
the obtained results were standardized for age and sex 
(Z-score: examined value- mean value/standard devia-
tion) [15]. On the same day in all the children a skeletal 
densitometry examination was performed using dual 
energy X-ray absorption measurements (DXA), with the 
use of the Lunar Prodigy Advance device (GE Healthcare, 
Madison, US) with a paediatric programme. Two pro-
grammes were used: Total body and L2-L4 Spine. Bone 
mass density (BMD) was measured (g/cm2, Z-score) in 
both densitometric projections. The studied patients 
were divided into three groups depending on the DXA 
examination result: I – the control group, with Z-score 
ranging from +1.0 to -1.0; II – patients with low bone 
mass, Z-score ranging from -1.0 to -2.0; and III – pa-
tients with osteoporosis, Z-score<-2.1. The studies were 
carried out in the Regional Centre for Menopause and 
Osteoporosis of Clinical Hospital No. 3 of the Medical 
University of Łódź. Analysis of variance was used for 
comparisons of multiple groups with Tukey’s HSD test 
for post-hoc comparisons. Student’s t-test was used for 
pairwise comparisons when respective genotype models 
of polymorphism effect (dominant/recessive) were as-
certained. Statistica 10.0 Pl statistics package (StatSoft, 
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Table 1. Primer pairs and PCR product conditions used for amplification of DNA regions spanning the analyzed polymorphic loci

Polymorphisms Numer in NCBI Primer pairs

FokI rs2228570
5’ CCC TGG CAC TGA CTC TGG CTC TG 3’

5’ GAA ACA CCT TGC TTC TTC TCC CTC C 3’ 

BsmI rs15444410
5’ GCG ATT CGT AGG GGG GAT TCT G 3’

5’ TCT CCA TTC CTT GAG CCT CCA GTC C 3

ApaI rs7975232 5’ CAC GGA GAA GTC ACT GGA GGG C 3’
5’ TCA TCT TGG CAT AGA GCA GGT GG 3’TaqI rs731236
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Tulsa, USA) was used for the purpose of statistical analy-
sis. A threshold of p<0.05 was established as statistically 
significant. The Institutional Bioethics Committee of the 
Medical University of Łódź gave consent for the study 
(No. RNN/72/05/KE as of March 2005). Informed consent 
forms were collected from parents of all participants.

Molecular methods

PCR reactions were performed in volumes of 20 ml: con-
taining 0.1-0.5 ng of genomic DNA, 8 mM of dNTP, 2-3 mM 
of MgCl2, 2U of Taq DNA polymerase (TIB Molbiol, Poznan, 
Poland), using sets of specific oligonucleotide primers 
spanning the respective polymorphic loci under condi-
tions listed in table 1. An initial period of 10 minutes at 
95°C for initial denaturation and 10 minutes at 72°C for 
final elongation were used in all protocols.In each reac-
tion stages of 10 minutes at 95 °C for initial denaturation 

and 10 minutes at 72 °C for final elongation were used.  
Following PCR, 6 ml of the product were digested using 
0.2 U of respective enzymes and matching reaction buf-
fers. Samples were incubated overnight at 37°C and sepa-
rated using 2% agarose gel electrophoresis with ethidium 
bromide staining. Unique band patterns corresponding 
to each polymorphism were used to determine the geno-
type of a given patient.

Results

Table 2 presents characteristic features of the study 
groups: group I (Z-score ranging from -1.0 to 1.0, n=30, 
group II (patients with low bone mass, n=91), group III 
(children with osteoporosis, n=40). The average age of 
the patients differed significantly between the groups. 
Children with osteoporosis were older than those with 
low bone mass and those from the control group. Z-scores 

Table 2. Z-sore body mass, height and BMI index in three examination group of children

Somatic parameter Group I (n=30) Group II (n=91) Group III (n=40) p

X SD X SD X SD

Age 12.9 3.29 12.6 3.39 14.68* 3.07 <0.001

Z-score body mass 0.69* 1.24 -0.52 1.14 -0.86 1.15 <0.001

Z-score body height 0.72* 1.22 -0.31 1.48 -0.78 1.21 <0.001

Z-score BMI 0.33* 1.27 -0.52 1.05 -0.64 1.25 <0.05

* statistically significant in post-hoc comparisons with all other groups p<0,05

Table 3. Mean values, standard deviations and p-values for normalized anthropometric measurements and carriage of polymorphic alleles

Z-score
BsmI

pbb, Bb bb
Z-Score SD Z-Score SD

Body mass -0.3358 1.31 -0.6747 0.94 0.3038
Body height -0.1802 1.48 -0.5841 1.11 0.2799

BMI -0.3739 1.22 -0.5264 0.95 0.6218
FokI

ff, Ff FF
Body mass -0.3873 1.15 -0.3026 1.41 0.6800

Body height -0.3990 1.27 0.0471 1.61 0.0663
BMI -0.2793 1.23 -0.4970 1.10 0.2588

ApaI
aa. Aa AA

Body mass -0.3832 1.23 -0.3898 1.31 0.9749
Body height -0.1838 1.45 -0.3648 1.42 0.4443

BMI -0.4202 1.08 -0.3456 1.36 0.7042
TaqI

TT. Tt tt
Body mass -0.4060 1.28 -0.5000 1.00 0.7718

Body height -0.2069 1.41 -0.4082 1.21 0.5764
BMI -0.4466 1.16 -0.4205 0.95 0.9293
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Table 4. �Values of statistical significance (p)from analysis of variance (ANOVA)* for comparing normalized anthropometric parameters with particular genotypes in 
three groups of patients

Antropometric 
parameter

BsmI FokI ApaI TaqI

Group I (control)

Body mass 0.6233 0.8899 0.6371 0.6381

Body height 0.2347 0.2921 0.9690 0.2357

BMI 0.8399 0.5121 0.4166 0.9759

Group II (osteopenia)

Body mass 0.8788 0.2313 0.7506 0.9352

Body height 0.9832 0.0023 0.8365 0.8567

BMI 0.8791 0.5365 0.7342 0.9478

Group III (osteoporosis)

Body mass 0.2049 0.3992 0.7981 0.1783

Body height 0.7630 0.2254 0.6296 0.8621

BMI 0.0807 0.5817 0.7805 0.1115

Figure 1. Z-score body height and FokI genotype in children with low bone mass (II)
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of BMI were significantly greater in group I than those 
in groups II and III. Similar observations were made for 
Z-scores of weight and height (table 2). No statistically 
significant differences were noted for weight, height and 
BMI depending on genotypes at all three analyzed loci 
(table 3). Differences in body height were however close 
to statistically significant depending on the genotype of 
the FokI locus, with FF homozygotes showing marginally 
greater than all other genotypes (p=0.07).

Results of subgroup comparisons of age and sex-stan-
dardized anthropometric parameters between particular 
genotypes in patients differing by bone mineral density 
category are presented in table 4. In group I (the control 
group) and group III (children with osteoporosis), none of 
the polymorphisms for the VDR receptor gene resulted in 
statistically significant differences in the values of any of 
the anthropometric parameters. In patients from group 
II (low bone mass) a relationship between body height 
and FokI polymorphism was observed (p=0.002). Z-score 
values for body height of individuals with different FokI 
genotypes in group II are depicted in figure 1. In view of 
the statistically significant differences between the three 
genotypes one may conclude that in patients with low 
bone mass ff genotype favours decreased body height.

Discussion

Vitamin D and its receptor influence calcium-phosphate 
metabolism and bone metabolism [2, 10,20,22]. The pa-
tients were divided according to bone mass criteria, intro-
duced before [1]. The authors of the study pointed out the 
relationship between polymorphism for the VDR receptor 
gene and anthropometric measurements. 

According to recently published papers, VDR has pleio-
tropic properties in cells of the immune and renin-angio-
tensin systems as well as neoplastic cells (it influences 
proliferation, differentiation and apoptosis) [6,7,11]. In 
consequence, there is a stronger relationship between 
the VDR receptor gene and rheumatoid arthritis, diabetes, 
hypertension, obesity, metabolic syndrome, Leśniowski-
Crohn’s disease, and neoplasms of the alimentary tract 
and skin [6,19]. Activity of vitamin D and its receptor in 
overall growth cannot be described as pleiotropic. Some 
studies suggest that there is a relationship between VDR 
polymorphisms and somatic development indices [2, 20], 
taken into consideration together with densitometry ex-
amination results, which are the basis for diagnosing low 
bone mass. In the adult population low BMI index is a 
confirmed factor contributing to the development of os-
teoporosis. Thus, it is important to make anthropometric 
measurements [3,8,13].

The conducted analysis did not prove that there is a re-
lationship between BsmI, ApaI and TaqI polymorphisms 
of the VDR receptor gene and somatic development indi-
ces. A relationship between FokI polymorphism and body 
height in the patients from group II (low bone mass) was 
noted. FF genotype contributed to increased body height 

in all the children, irrespective of their sex and age. The 
obtained results do not correspond to the results of Tao, 
who concluded that TT genotype of TaqI polymorphism 
resulted in greater body weight and increased height only 
in girls in preadolescence. Such an association was not ob-
served in boys [20]. Also Suarez et al. claims that the rela-
tionship between VDR polymorphism and somatic devel-
opment indices is different for boys and girls [18]. Young 
healthy girls (2 years old) with BB genotype (BsmI poly-
morphism) were characterized by greater body weight 
and increased height. Boys with the same genotype were 
characterized by lower body weight; they were also short-
er and their BMI was lower as well. These associations 
with VDR genotype were also observed at birth and at 10 
months of age in the longitudinal analysis of 145 selected 
full-term babies homozygous for BsmI polymorphism. The 
authors concluded that the VDR genotype may influence 
intrauterine and early postnatal growth [18]. Lorentzon 
et al. described the relationship between BsmI and TaqI 
polymorphisms of the VDR receptor gene and somatic de-
velopment indices in a group of healthy Caucasian boys. 
Boys with the BB genotype had lower body weight at 
birth and grew more slowly until adolescence than their 
peers who had Bb and bb genotypes. In adolescence and 
post-adolescence the genotype contributed to decreased 
height (and smaller area of humeral bone, femoral bone 
and total body projection) [14]. Baroncelli’s analysis of 209 
children in preadolescence did not show any relationship 
between VDR polymorphism and somatic development 
indices [2]. Similar conclusions were drawn by Gunnes 
et al., who studied a group of 73 healthy girls and boys, 
aged 8–16.5 [5]. Also studies on Japanese girls, aged 12–
15, did not show statistically significant associations of 
VDR polymorphism with body weight, height and BMI [9]. 

Relationships between body height and VDR genotype 
for FokI, ApaI and TaqI polymorphisms were however ob-
served in a group of Spanish children with bone neo-
plasms. Ninety-four patients (58 with bone sarcoma and 
36 with Ewing’s sarcoma) were taller (in comparison to 
the control group) and Ff genotype of FokI polymorphism 
appeared more frequently [17]. In the studies presented 
here the relationship between FokI polymorphism and 
body height in children with low bone mass was similar. 

In the Polish adult population, according to the EPOLOS 
study, BsmI polymorphism of the VDR receptor gene con-
tributes to increased body height in women in premeno-
pausal age. Such an observation was not made in other 
age groups in women or in the male population [12].

The findings obtained in a group of males with metabolic 
syndrome, originating from the Wrocław area, indicate 
that there is a relationship between the BB genotype of 
BsmI polymorphism and BMI index. The genotype con-
tributed to the increase of BMI index [4]. In post-meno-
pausal women with metabolic syndrome no statistically 
significant relationship between VDR genotype and so-
matic measurements was noted [21]. In a study of 1873 
white patients Xiong et al. found a within-family associa-
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tion with height at BsmI and TaqI loci (p=0.048 and 0.039, 
respectively). Subjects with bT haplotype were on average 
1% taller than those without it. The authors suggested 
that VDR may be associated with adult height variation 
in white populations [23].

The influence of VDR polymorphisms on somatic devel-
opment is one of many genetic factors determining both 
growth and development as well as the involution pro-
cesses. Moreover, it depends on many environmental fac-
tors (geographical, social, economic, cultural). Therefore, 
the results obtained in various populations are different. 

Conclusions

1. The presence of the F allele of FokI polymorphism of 
the VDR receptor gene favours increased body height, 
which is best observed in children with low bone mass. 

2. FF genotype favours increased body height in the stud-
ied group of children from Łódź.

3. Variability of the vitamin D receptor gene might be 
connected with overall growth in children and adoles-
cents. 
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