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Background: Vitamin D has gone from being just one vitamin to being an important prohormone with 
multiple effects on different tissue types. The mechanism of action of the active form or calcitriol is mediated 
by the intracellular vitamin D receptor (VDR). The interaction of the VDR with calcitriol modulates 
the expression of target genes involved in cell proliferation and cytokine production. Several studies have 
explored the effects of vitamin D deficiency in inflammatory disorders. Furthermore, some mutations in 
the VDR can affect its functionality. The focus of this study was to explore associations between VDR single 
nucleotide polymorphisms (SNPs) and markers of inflammation and oxidative stress in vitamin D sufficient 
children.
Methods: This is a cross-sectional study of a Caucasian Spanish population including 155 healthy children 
(87 males, 68 females) aged 10 to 14 years. FokI, ApaI and TaqI SNPs of the VDR gene were genotyped. 
Routine biochemistry, serum levels of interleukin-6, tumor necrosis factor-α, interferon-γ, 8-isoprostaglandin 
F2α and nitrates were determined.
Results: The homozygous major allele AA in the FokI SNP was associated with increased levels of high-
density lipoprotein cholesterol in a recessive inheritance mode (P=0.025). The minor allele A of ApaI was 
significantly associated with decreased serum tumor necrosis factor-α and 8-isoprostaglandin F2α in an 
additive mode (P=0.016 and P=0.020 respectively). No significant associations were observed between 
the TaqI SNP and any of the parameters evaluated. Haplotype analysis confirmed the significance of the 
relationships between ApaI and FokI SNPs and parameters associated with inflammation and oxidative stress.
Conclusions: Genetic variations of VDR are associated with subtle changes in metabolic, inflammatory 
and oxidative stress markers. These results may provide a better understanding of the relationships between 
vitamin D and these clinical parameters.
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Introduction

Vitamin D has prominent physiologic roles that are not 
limited to calcium-phosphorus homeostasis and bone 
turnover. It has been characterized as an important 
prohormone with multiple actions associated with various 
immunological and inflammatory processes (1,2). Biological 
activities of vitamin D include regulation of gene expression 
at the transcriptional level that involve binding of its active 
form (1,25-dihydroxycholecalciferol) to the vitamin D 
receptor (VDR) located in the nucleus of the target cells (3). 
VDR is a ligand-dependent transcription factor, a member 
of the steroid/thyroid hormone receptor superfamily that 
transactivates genes involved in proliferation, differentiation 
and activation of immune cells as well as cytokine 
production. VDR is widely expressed in body tissues; as 
such, functional alterations may have critical repercussions 
with respect to vitamin D-associated responses. Similarly, 
genetic variations in the VDR gene (ID: 7421) can influence 
receptor structure, its capacity to interact with vitamin 
D, downstream signaling and function (4-7) as well as 
susceptibility to disease. Numerous single nucleotide 
polymorphisms (SNPs) associated with the VDR gene have 
been documented (8,9). The most frequently studied SNPs 
include FokI A>G (rs2228570) which is located in exon 2, 
ApaI C>A (rs7975232) located in intron 8, and TaqI A>G 
(rs731236) located in exon 9. The FokI polymorphism is 
found near the 5’ untranslated region within the VDR DNA-
binding domain; TaqI and ApaI polymorphisms are closer 
to the 3′ untranslated region (10). The untranslated regions 
play an essential role in mediating mRNA stability and post-
transcriptional processing. These polymorphisms have 
been associated to tumorigenesis (11) metabolic profile (12)  
and immune response (13).

In addition, vitamin D is a controller of chronic 
inflammation and oxidative stress (14) closely related to the 
occurrence and development of many chronic conditions 
such as cardiovascular disease and other degenerative 
processes (15). The potential mechanisms by which vitamin 
D exert the biological actions are linked to the key redox 
agent glutathione and regulated by epigenetic modifications 
(16-18). 

Status of vitamin D is of great concern in critical periods 
of growth, mainly in the pubertal spurt (19,20). To the date, 
most of the studies focused on VDR have been performed 
in subjects who are vitamin D-deficient because VDR SNPs 
may modify receptor-mediated responses based on vitamin 
D status (21). Scarce data are available for vitamin D 

sufficient subjects (19). We carried out this study in healthy 
children and adolescents aged 10 to 14 years with sufficient 
levels of vitamin D to examine the relationships between 
FokI, ApaI and TaqI SNPs in the VDR gene and parameters 
of inflammation and oxidative stress. Our objective was 
determinate whether the presence of these SNPs may be 
involved in the mechanisms of degenerative processes in 
adulthood such as cardiovascular disease.

We present the following article in accordance with the 
Materials Design Analysis Reporting (MDAR) checklist 
(available at http://dx.doi.org/10.21037/tp-20-198).

Methods

Study population

We conducted a cross-sectional study in a Caucasian Spanish 
population of consecutive recruited 155 children and 
adolescents of both sexes (87 males, 68 females) between the 
ages of 10–14 years. They were referred by their primary 
care pediatrician to the outpatient Pediatric Nutrition Unit 
of University Hospital Dr. Peset (Valencia, Spain) for health 
checks and/or family studies of hypercholesterolemia or 
celiac disease, among other conditions between December 
2017 and October 2018. Only those children with normal 
nutritional status who were undergoing blood extraction 
as a part of their standard clinical protocol were recruited. 
Levels of vitamin D (25-hydroxycholecalciferol) should be 
in the sufficient range (≥50 nmol/L) (22-24). None of the 
children had acute infectious illnesses, were taking vitamin 
supplements or were engaged in frequent or vigorous 
physical activity. The children resided on the Spanish 
Mediterranean coast at latitude of 39º 28’ 48”, in a region 
with a mean of 2,660 hours of sunlight per year. Written 
consent for inclusion in the study was obtained from parents 
and/or guardians and/or children >12 years. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and it has the approval of the ethical 
committee for clinical research of the Hospital (approval 
number CEIC 27/12). 

Biochemical determinations

Routine biochemical tests were performed in blood 
samples obtained after a 12-hour fasting period using 
peripheral venipuncture methods. Parameters evaluated 
included serum glucose, total cholesterol, and high-density 
lipoprotein cholesterol (HDL-C) that were measured by 
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photometric automated techniques in self-analyzers (Abbot 
Architect c16000; Abbott Clinical Chemistry Abbott Park, 
IL, USA). SerumVitamin D (25-hydroxycholecalciferol) was 
quantified by electrochemiluminescence immunoassay in 
the Roche COBAS 6000 autoanalyzer (Roche Diagnostics 
GmbH, Mannheim, Germany). 

Inflammatory markers

Serum levels of tumor necrosis factor-α (TNF-α), interleukin-6 
and interferon-γ were determined by a multiplexed method 
using Luminex Map Technology LabScan 100 system 
(Luminex, Austin, TX, USA) and the Milliplex MAP human 
high sensitivity T cell panel-immunology multiplex assay 
catalog number HSTCMAG-28 SK. TNF-α inter- and 
intra-assay coefficient of variation (CV) were <20% and 10% 
respectively; interleukin-6 inter- and intra-assay CV were 
<15% and <10% respectively; INF-γ inter- and intra-assay  
CV were <20% and <5% respectively. Sensitivity was between 
0.11 to 8.17 pg/mL and accuracy 98–107%.

Oxidative stress parameters

8-isoprostaglandin F2α (8-iso-PGF2α) and nitrates were 
measured as markers of oxidative stress. Serum levels 
of 8-iso-PGF2α were determined with a commercially 
available competitive enzyme immunoassay kit (Catalog 
No 516351; Cayman Chemical Company, Ann Arbor, MI, 
USA) with inter- and intra-assay CV were <20% and <9.5% 
respectively, sensitivity 80%. Colorimetric readings of 
absorbance were carried out using Perkin Elmer VICTOR 
X3 Multilabel Plate Reader serial number 20300255 (Perkin 
Elmer, Waltham, MA, USA).

Serum nitrate levels were evaluated as indicators of nitric 
oxide production by spectrophotometric measurements 
using the Griess reaction following conversion of nitrate 
to nitrite with nitrate reductase from Aspergillus spp. The 
values obtained by this procedure were the sum of nitrite 
plus nitrate, which are the stable end products of nitric 
oxide metabolism. Conditions were essentially as described 
by Moshage et al. (25) using absorbance readings at 540 nm 
recorded on a Multiskan EX microplate reader (Thermo 
Lab Systems, Helsinki, Finland).

VDR SNPs genotyping

The VDR gene variants rs2228570 A>G (FokI), rs7975232 
C>A (ApaI) and rs731236 A>G (TaqI) were analyzed in 

DNA samples from 155 children. Genomic DNA was 
isolated from blood samples using the QIAamp DNA mini 
blood kit from Qiagen Hilden Germany (purchased at Izasa, 
Madrid, Spain) according to the manufacturer’s instructions. 
DNA samples were amplified using a real time polymerase 
chain reaction (PCR) system QuantStudio 3 and 5 Real 
Time PCR System (Thermofisher Scientific, Waltham, 
MA, USA) with 384 wells, 0.1 mL per well qPCR Thermal 
Cyclers). A total of 2.5 µL of template DNA was evaluated 
at a concentration of 5 µg/mL using standard cycling 
conditions; genotyping was performed using Taqman 
SNPs probes from Applied Biosystems (Life Technologies, 
Carlsbad, CA, USA). Genotyping and allelic discrimination 
were performed using QuantStudio Real Time PCR System 
Software (Thermofisher Scientific, Waltham, MA, USA).

Statistical analysis

The statistical software SNPStats (Institut Catalá 
d’Oncologia, Barcelona, Spain, available at https://www.
snpstats.net/) was used to evaluate associations between 
the analytical parameters and VDR SNPs. Allele frequency 
distribution and haplotype pattern were analyzed for 
Hardy-Weinberg equilibrium and linkage disequilibrium as 
unique populations.

Associations linking biochemical parameters, markers 
of inflammation and oxidative stress with the SNP-
genotypes were determined using linear regression models 
that considered five modes of inheritance (codominant, 
dominant, recessive, additive, and overdominant). A P value 
<0.05 was considered statistically significant; the lowest 
Akaike and Bayesian information criterion assessment was 
applied. Multiple comparison test (Dunnett test) was made 
to avoid the false positive rate (error type I).

Results

The serum levels of biochemical, inflammatory and 
oxidative stress parameters evaluated in 155 children are 
summarized in Table 1. All values were within normal range 
including serum vitamin D levels. VDR SNPs FokI, ApaI 
and TaqI were successfully genotyped in more than 99% of 
the DNA samples and outcomes fit the Hardy-Weinberg 
equilibrium test (P>0.05). Linkage analysis revealed 
equilibrium between FokI and ApaI (D´ =0.29, r2 =0.040) 
and TaqI (D´ =0.37, r2 =0.036) SNPs and disequilibrium 
between ApaI and TaqI (D´ =0.91, r2 =0.452).

Comparisons among VDR SNPs and clinical and 

https://www.snpstats.net/
https://www.snpstats.net/


106 Ferrer-Suay et al. VDR SNPs related to inflammation and oxidative stress

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021;10(1):103-111 | http://dx.doi.org/10.21037/tp-20-198

experimental parameters revealed significant relationships 
with var iables  associated with l ip id metabol ism, 
inflammation and oxidative stress (Table 2). Specifically, 
quantitative analysis revealed that the homozygous major 
allele AA in the FokI SNP was associated with an increase 
in the levels of serum HDL-C (0.17 mmol/L) in a recessive 
inheritance mode (P=0.04). The minor allele A of ApaI was 
significantly associated with diminished levels (−1.97 pg/mL 
per allele) of serum TNF-α in an additive mode (P=0.02). 
An additive inheritance mode was also observed in the 
serum levels of 8-iso-PGF2α which were also significantly 
diminished (−22.4 pg/mL per A allele; P=0.02). Dunnett test 
post hoc reveals significant results in the mutated genotypes 
respect to wild type concerning HDL-C levels (P=0.025) 
for FokI and decreasing 8-iso-PGF2α (P=0.02) and TNF-α 
(P=0.016) levels for ApaI genotype. 

When we analyzed data separately in males and females, 
we did not find gender-related differences. No significant 
associations were observed between TaqI SNP and any of 
the parameters evaluated in our study (data not shown).

Results associated with haplotype analysis for the three 

Table 1 Clinical, biochemical data and markers of inflammation and 
oxidative stress of children included in the study (n=155)

Mean SEM

Body mass index (kg/m2) 18.4 0.4

Systolic blood pressure (mmHg) 109 1.5

Diastolic blood pressure (mmHg) 58 1.1

Glucose (mmol/L) 4.97 0.04

Total cholesterol (mmol/L) 4.13 0.05

HDL-C (mmol/L) 1.37 0.02

Vitamin D (nmol/L) 72.1 1.7

Interleukin-6 (pg/mL) 3.95 0.47

TNF-α (pg/mL) 8.63 0.60

Interferon-γ (pg/mL) 1.26 0.12

8-iso-PGF2α (pg/mL) 63.6 6.8

Nitrates (µM) 35.8 3.0

8-iso-PGF2α, 8-isoprostaglandin F2α; HDL-C, high density  
lipoprotein cholesterol; SEM, standard error of the mean; TNF-α, 
tumor necrosis factor-α.

Table 2 Vitamin D receptor polymorphisms association with biochemical, inflammatory and oxidative stress parameters in the children included 
in the study

SNP ID Parameter Genotype Mean (SEM) Difference (95% CI)† P Best model

rs2228570 Fokl 
A>G

Glucose (mmol/L) G/G-A/G 4.99 (0.05) −0.16 (−0.47 to 0.13) 0.28 R

A/A 4.83 (0.14)

Total-C (mmol/L) G/G-A/G 4.11 (0.07) 0.20 (−0.21 to 0.61) 0.35 R

A/A 4.30 (0.16)

HDL-C (mmol/L) G/G-A/G 1.36 (0.03) 0.17 (0.01 to 0.32) 0.04 R

A/A 1.52 (0.09)

Vitamin D (nmol/L) G/G 74.6 (3.0) −3.5 (−9.2 to 2.3) 0.25 A

A/G 70.6 (2.7)

A/A 68.4 (6.0)

IL-6 (pg/mL) G/G-A/A 3.69 (0.79) −0.61 (−1.26 to 2.47) 0.52 OD

A/G 4.30 (0.50)

TNF-α (pg/mL) G/G-A/G 8.72 (0.64) −0.34 (−4.05 to 3.56) 0.86 R

A/A 8.38 (1.98)

IFN-γ (pg/mL) G/G 1.35 (0.27) −0.13 (−0.50 to 0.25) 0.51 A

A/G 1.27 (0.13)

A/A 1.05 (0.17)

Table 2 (continued)
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SNPs evaluated are as shown in Table 3. The differences in 
the experimental parameters were established with respect 
to the GCA haplotype for FokI, ApaI and TaqI, respectively, 
which was the most prevalent in this population, identified 
with a frequency of 32.3%. Our results revealed that 
the ACA haplotype (24.8% frequency) was significantly 

associated with higher levels of HDL-C (an increase of 0.11 
mmol/L, P=0.04). The haplotype AAA (frequency 4.16%) 
was significantly associated with diminished levels of TNF-α 
(a decrease of 6.0 pg/mL, P=0.01). It is also important to 
note the association of the haplotype GAA (FokI minor 
allele G, ApaI minor allele A, and TaqI major allele A) with 

Table 2 (continued)

SNP ID Parameter Genotype Mean (SEM) Difference (95% CI)† P Best model

8-iso-PGF2α  
(pg/mL)

G/G-A/G 62.2 (6.9) 14.7 (−28.3 to 57.6) 0.50 R

A/A 76.9 (26.9)

Nitrates (µM) G/G 40.6 (6.4) −5.9 (−14.1 to 2.4) 0.16 A

A/G 33.2 (2.0)

A/A 30.3 (2.1)

rs7975232 ApaI 
C>A

Glucose (mmol/L) C/C 5.02 (0.72) −0.07 (−0.19 to 0.07) 0.33 A

A/C 4.97 (0.08)

A/A 4.89 (0.09)

Total-C (mmol/L) C/C 4.08 (0.09) 0.08 (−0.20 to 0.35) 0.60 D

A/C-A/A 4.16 (0.09)

HDL-C (mmol/L) C/C-A/C 1.35 (0.03) 0.11 (−0.03 to 0.21) 0.12 R

A/A 1.45 (0.04)

Vitamin D (nmol/L) C/C 72.6 (3.2) −0.8 (−9.0 to −8.0) 0.90 D

A/C-A/A 71.9 (2.5)

IL-6 (pg/mL) C/C-A/C 3.97 (0.43) −1.46 (−3.13 to 0.22) 0.09 R

A/A 2.51 (0.50)

TNF-α (pg/mL) C/C 10.17 (1.16) −1.97 (−3.62 to 0.33) 0.02 A

A/C 8.89 (0.88)

A/A 6.12 (1.13)

IFN-γ (pg/mL) C/C-A/C 1.37 (0.16) −0.41 (−1.02 to 0.18) 0.17 R

A/A 0.95 (0.14)

8-iso-PGF2α  
(pg/mL)

C/C 85.8 (17.3) −22.4 (−41.1 to −3.7) 0.02 A

A/C 60.9 (8.9)

A/A 41.4 (7.1)

Nitrates (µM) C/C-A/C 38.1 (3.5) −10.4 (−23.5 to 2.6) 0.12 R

A/A 27.6 (1.3)

A/A 88.1 (1.7

8-iso-PGF2α, 8-isoprostaglandin F2α; A, additive; CI, confidence interval; D, dominant; HDL-C, high-density lipoprotein cholesterol; IFN-γ, 
interferon gamma; IL-6, interleukin-6; OD, overdominant; R, recessive; SEM, standard error of the mean; TNF-α, tumor necrosis factor-α; 
Total-C, total cholesterol. †Maximum significative difference between means.
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parameters associated with oxidative stress. This haplotype 
was detected in nearly 11.6% of the participants in our 
study and was associated with diminished levels of 8-iso-
PGF2α (decrease of 35.0 pg/mL, P=0.03).

Discussion

Our findings have revealed direct relationships between 
the FokI and ApaI SNPs of the VDR gene and parameters 
associated with lipid metabolism, inflammation and 
oxidative stress in children and adolescents who were 
vitamin D sufficient. 

VDR regulates the major biological functions of vitamin 
D; as such, we hypothesized that functional SNPs may 
have a direct impact on VDR expression and susceptibility 
to conditions related to vitamin D metabolism. Many 
preclinical studies in animals with vitamin D deficiency 
or with genetically-silenced expression of VDR have 
demonstrated that the alterations in the interactions 
between vitamin D and its receptor may result in chronic 
disorders and cardiovascular events (26). Although we 
identified no significant variation in vitamin D levels 
among the participants, patients with the FokI AA genotype 
had significantly higher levels of serum HDL-C. This 
finding was more evident in boys. As such, we hypothesize 
that this genotype may be associated with reduced risk 
of cardiovascular disease. HDL-C has a prominent role 
in reverse cholesterol transport; HDL-C particles have 
been associated with numerous additional protective 
aspects related to atherosclerosis, including antioxidative, 
antithrombotic, anti-inflammatory, metabolic and 
vasodilatory functions (27-29). HDL-C may also play a 
role in immune system modulation. FokI A>G (rs2228570) 
located in exon 2 of the VDR gene is the only known VDR 
SNP that results in two distinct VDR protein products; the 
A to G conversion in the first translation initiation codon 
results in modifications of VDR protein structure (10).  

The presence of the G allele or F variant in the ATG 
translational start codon results in a protein that is missing 
three amino acids (424 amino acids); interestingly, this 
variant is more active than the longer form (427 amino 
acids) in terms of its transcription factor activity. The 
presence of the longer VDR form (i.e., the A allele or f 
variant) with reduced transcriptional activity has been 
attributed to the absence of a functional VDR and may lead 
to increased levels of serum cholesterol and HDL-C (30).  
Our data are in agreement with the study of Filus et al. 
that focused on a population of individuals from Poland 
diagnosed with metabolic syndrome; the individuals with 
this same variant also had higher levels of serum HDL-C 
and reduced cardiovascular risk (31). Moreover, the FokI 
SNP GG genotype-FF variant has been associated with 
cardiovascular disease in adult population (32). By contrast, 
other studies found no relationship between FokI SNPs 
and serum lipid levels (33,34). Taken together, our results 
suggest that the functional effects of FokI SNP might be 
gene and/or cell type-specific and may also be age- and 
gender-dependent. However, the mechanisms underlying 
modulation of serum HDL-C levels by VDR SNP remain 
unclear.

We further demonstrated that the A allele in ApaI SNP 
was associated with diminished levels of serum TNF-α 
and 8-iso-PGF2α, which are markers of inflammation 
and oxidative stress respectively, in an additive mode of 
heritage. Serum levels of 8-iso-PGF2α represent an index 
of endogenous oxidative stress and provide evidence for 
the direct chemical impact of reactive oxygen species in 
biological systems. Inflammation plays a central role in a 
wide variety of physical and mental health problems and 
may also be a risk factor promoting the development of 
many cancers. Complex interactions between the oxidative 
stress and inflammatory pathways have been described 
in the literature. Reactive oxygen species can activate 
transcription factors including nuclear factor-kappa B  

Table 3 Haplotype analysis of vitamin D receptor polymorphisms in 155 children

rs2228570 Fokl 
A>G

rs7975232 ApaI 
C>A

rs731236 TaqI  
A>G

Frequency (%)
Difference  
(95% CI)†

P

HDL-C (mmol/L) A C A 24.8 0.11 (0.00 to 0.22) 0.04

TNF-α (pg/mL) A A A 4.2 −6.0 (−10.8 to −1.2) 0.01

8-iso-PGF2α (pg/mL) G A A 11.6 −35.0 (−67.4 to −2.7) 0.03

8-iso-PGF2α, 8-isoprostaglandin F2α; CI, confidence interval, HDL-C, high density lipoprotein cholesterol; TNF-α, tumor necrosis factor-α. 
†Difference was established with respect to the GCA haplotype for FokI, ApaI and TaqI.
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(NF-κB) and thereby increase expression of pro-
inflammatory cytokines, including TNF-α (9). Vitamin 
D can inhibit this signaling pathway and thereby limit 
inflammation. In this study, we found that diminished levels 
of both TNF-α and 8-iso-PGF2α were related to the ApaI 
SNP in children who were vitamin D sufficient. Thus, this 
genotype could contribute to protection of inflammatory 
processes. The ApaI SNP is located at intron 8 at the 3’ 
untranslated region of the VDR gene and has no impact on 
the amino acid sequence or structure of the VDR protein; 
however, it could alter the stability of the VDR mRNA and/
or interfere with VDR transcription. Untranslated regions 
can modulate levels of gene expression, most notably via 
regulation of mRNA stability. Reduced levels of mRNA 
stability and thus translation of the VDR protein will result 
in reduced responses to vitamin D. In this sense, the ApaI 
polymorphism may function as an intronic enhancer, it 
might mediate alternative splicing of the VDR mRNA 
and/or be relevant as an enhancer that increases gene 
transcription.

Haplotype analysis  suggested that  the specif ic 
combinations of alleles from the FokI, ApaI and TaqI SNPs 
were associated with changes in lipid profile as well as in 
levels of inflammatory and oxidative mediators. Among 
these results, we identified a significant association between 
the ACA haplotype and elevated levels of serum HDL-C; 
this confirms their role with respect to modulation of lipid 
metabolism. By contrast, the AAA haplotype was associated 
with levels of serum TNF-α and the GAA haplotype with 
diminished levels of 8-iso-PGF2α, to an even greater 
extent than that associated with ApaI individually. Thus, 
these haplotypes contribute to a lesser inflammation and 
oxidative stress. Previous studies have examined VDR 
SNP haplotypes; they established that VDR haplotypes 
associated with FokI, BmsI, TaqI and ApaI SNPs could 
contribute significantly as a group over and above those 
mediates by VDR SNPs on an individual basis (35,36). 
Our findings contribute to this group, and likewise suggest 
associations between VDR haplotypes with inflammatory 
and oxidative stress markers. Moreover, it is true that 
linkage disequilibrium with one or more functional SNPs 
elsewhere in the VDR gene might also serve to explain some 
of the associations observed. 

There are several limitations with respect to this study 
that should be considered when interpreting our results. 
One limitation is the sample size. However, it is the 
consequence of the homogeneity of the population studied 
that was designed in order to limit bias and to increase the 

validity of results. One reason for the divergence between 
our results and those from other studies might be related to 
differences in homogeneity vs. heterogeneity of the other 
studied populations. We have studied specific haplotypes 
and these associations may be different in other haplotype 
contexts. Finally, this study focused exclusively on healthy 
Caucasian Spanish children with vitamin D sufficiency. 
It is well established that many factors as age, ethnicity 
and environment might affect not only vitamin effects but 
also VDR mRNA expression (37). Further studies will be 
needed to elucidate the importance of the observed genetic 
differences in other populations or conditions. Particularly 
studies in all the range of vitamin D levels might be highly 
informative.

Conclusions

In this study, we demonstrated significant associations of 
clinical parameters with known variants encoded by the 
VDR gene in children who were vitamin D sufficient. 
Among our findings, FokI has been associated with 
elevated levels of HDL-C and ApaI was associated with 
diminished levels of serum TNF-α and 8-iso-PGF2α, 
which are markers of inflammation and oxidative stress, 
respectively. Moreover, specific haplotypes, including the 
ACA combination for FokI, ApaI and TaqI, were associated 
with changes in serum lipid profiles. Furthermore, the 
AAA haplotype was associated with serum levels of TNF-α 
and GAA with 8-iso-PGF2α. These results highlight the 
fact that specific VDR polymorphisms may play a role in 
general susceptibility or protection to further degenerative 
diseases.
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