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Abstract. Obesity has been encountered as one of the most common disorder with major public health
implications. Various epidemiologic, genetic and metabolic data have shown significant role of vitamin D in
obesity. The purpose of this study was to determine the connotation between VDR methylation at three sites
and various variables such as weight, height, BMI, waist circumference, lipids profile (TG, HDL-C, LDL-C
and total cholesterol), vitamin D, and PTH in normal and obese Saudi females. For this purpose; 100 Saudi
females (31 normal weight with BMI<25 and 69 obese with BMI>30) with no chronic diagnosed diseases
aged from 18 to 60 years were evaluated. Spearman rank correlation coefficient (R) with graphic representa-
tions using linear regression has been used to find the correlation between various variables. In studying the
VDR methylation correlations with different variables, the results showed that; methylation of VDR at site 1
showed positive non-significant correlation with weight, BMI, serum TG and LDL levels in addition to
serum vitamin D level. On the other hand, there was negative correlation with TC, HDL and PTH (para-
thyroid hormone). These results indicated that; methylation at site 1 could decrease PTH, HDL & TC levels.
Furthermore, methylation of VDR at both site 2 and site 3 showed positive non-significant correlations with
TC, TG, LDL levels in addition to serum levels of vitamin D and PTH. While it showed a negative cor-
relation with only HDL level. Methylation of VDR at site 2 and 3 is related with obesity, it was significantly
correlated with weight, BMI and waist circumference.
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Introduction

In clinical practice obesity has been encountered
as very common disorder with major public health im-
plications. It is a complex chronic metabolic disease
which is defined by BMI of greater than 30 Kg/m2
(1). It is described by deposition of excessive body fat
as a result of metabolic imbalance between energy in-
take and expenditure (2) It is a global health issue af-
fecting more than 500 million people worldwide. It’s

pervasiveness varies in different zones of the world and
in Saudi Arabia, almost 34% of adults has been re-
ported to be obese (3). Its pathogenesis is multifaceted
and is affected by several factors such as environmental
and genetic but yet are not fully clarified (4).

Vitamin D is a fat-soluble vitamin and it is ob-
tained from both exposure to sunlight and through
dietary intake. 7-hydrocholesterol present in the skin
is converted into inactive vitamin D precursors by
the ultraviolet light. This precursor is then converted
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into active form through two hydroxylation reac-
tions occurring in the liver and kidney. It plays vital
role in immunity and bone health (5). Its deficiency is
very common throughout the world including Saudi
Arabia (6) and various findings have revealed that
serum level of 25 (OH)-vitamin D is associated with
obesity and its complications (7).

The active vitamin-D form, wields its effect
through interaction with vitamin-D receptors (VDR;
a member of the nuclear receptor superfamily) and
in order to permit specific DNA binding these VDR
forms homodimers or heterodimers with the retinoid
X receptor (RXR, NR2B). The binding of VDR-RXR
complex with 1a,25(OH)2D3 is followed by the at-
tachment of this complex to vitamin D responsive
elements, which then initiate transcription in the pro-
moter of target genes (8, 9).

In addition, VDR are highly expressed in preadi-
pocytes from obese subjects. Studies have shown that
the active form of vitamin D persuades both adipogen-
esis and VDR expression (10, 11).

This objective of this study was to find the con-
notation between VDR methylation at three sites and
the variables such as weight, height, BMI, waist cir-
cumference, lipids profile (TG, HDL-C, and TC) in
addition to LDL-C, Vitamin D, and PTH in normal
and obese female Saudi subjects.

Materials and Methods
Subjects

Target females were 100 (18 to 60 years) random-
ly selected Saudi adults females (31 normal weight
with BMI<25 and 69 obese with BMI>30). They have
no chronic diseases, and all of them were attending fit-
ness Clubs in different areas (North, East, West and
Central area) within Riyadh city, Saudi Arabia.

Ethics Approval and Consent to Participate

The study protocol was approved by King Saud
University, Saudi Arabia (Reference #: E-19-4028)
and study is in concurrence with the Policy of Re-
search Centre and within the ethical principle of the

Declaration of Helsinki. The aim of this study was
elucidated and written consent was taken from the all
respondents.

Tools of the study

The study tools included an interview question-
naire, anthropometric measurements, body composi-
tion analysis, and blood biochemical tests.

Anthropometric measurements

Following variables were selected for anthropo-
metric evaluation: weight (kg), and height (cm) for
calculating BMI, and waist circumference (cm).

Four physical measurements were performed as
follows:

Weight: Weight was measured using an electronic
balance and the weight was recorded in kg to the near-
est 0.1 kg.

Height: The height was measured using an enclosed
ruler connected to the electronic scale above and the
height of the cm was measured to the nearest 0.1 cm.

Body mass index: It was calculated using the be-
low mentioned equation: BMI = Weight in kg / height
cm in square meters.

Waist circumference: It was measured in meters
and noted by centimeters to the nearest 0.1 cm.

BMI Classification
<185 underweight
18.5-24.9 normal weight
25.0-29.9 overweight
30.0-34.9 class I obesity
35.0-39.9 class IT obesity
> 40.0 class III obesity

Biochemical assessment

Blood samples (4mL) were withdrawn from all
subjects by a nurse after an overnight fast (>12 h) and
transferred immediately into two non-heparinized
tubes. Serum samples were stored at —80°C until re-
quired for analysis. Parameters such as fasting serum
levels of lipids profile (TG, HDL-C, and TC) were
measured using UDICHEM-300 chemistry Analyzer
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(by REF UI5S9L, REF UI41HD, and REF UI 24).
While LDL-C was estimated mathematically, Vitamin
D, and PTH were measured using the Cobas e 602
analyzer (Roche Diagnostics, Indianapolis, IN, USA).

DNA methylation analysis

Gentra Puregene Blood Kit (Qiagen, Valencia,
CA) was used for purifying DNA from whole blood
samples. DNA methylation levels at CpG sites were
measured using pyrosequencing (Pyromark Q24,
QIAGEN-Biotage). Combined with the NaBis DNA
treatment, pyrosequencing is a quantitative real-time
sequencing technology that allows to measure DNA
methylation levels (%) at a single cytosine (CpG) of a
given genomic region. The NaBis treatment of DNA
(EpiTect Bisulfite Kit, Qiagen) specifically converts
unmethylated cytosines into uracil, while the methyl-
ated cytosines are protected from this transition, creat-
ing a cytosine/thymine polymorphism. Once treated,
NaBis-DNA is amplified (Pyromark PCR kit, Qia-
gen), and the cytosine and thymine alleles are quan-
tified by pyrosequencing (12, 13). Genotyping of the
VDR single nucleotide polymorphism (SNP) was per-
formed in the blood using pyrosequencing as reported
before.

Assay Name: VDR
Sequence to Analyze

Statistical analysis

Quantitative data has been presented in terms
of mean and standard division (SD).Comparison
between differences in groups was done using Inde-
pendent Samples T-Test for two parametric groups
and Mann-Whitney Test was used to make compari-
son between two nonparametric groups.Correlation
between various variables was done using Spearman
rank correlation coeflicient (R) with graphic repre-
sentations using linera regression. A probability value
(p value) less than or equal to (0.05) was considered
as significant. All statistical analysis was done using
statistical software SPSS statistical program version
(16.0). Graphs were done using SPSS statistical pro-
gram version (16.0) and Microsoft Excel program ver-
sion 2016.

Results

The results collected from 100 randomly selected
Saudi females with no diagnosed chronic diseases, were
categorized in two groups according to BMI where
31 subjects were normal weight and 69 subjects were
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Fig. 1: DNA methylation levels at CpG sites.
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Table 1. VDR Methylation

Parameters Groups N Mean + S.D. P value
Normal 31 4.94 +2.53

Sitel® 0.728
Obesity 69 5.22 +3.08
Normal 31 7.26 +3.02

Site2* 0.030
Obesity 69 8.90 +3.97
Normal 31 18.71 £ 6.80

Site3* 0.013
Obesity 69 23.26 + 8.94

* Comparing between groups using Mann-Whitney Test (Nonparametric Data)
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C1Not Normal

100

Sitel Site2
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Fig. 2: Percentage change of all parameters in Obesity group compared to Normal group.

obese. DNA methylation levels at CpG were done in
three sites as showed Figure 1. The most abundant
methylation was placed at site 3 in obese group 23.26
+ 8.94 while methylation at site 1 in normal group
showed the lowest value (Table 1 and Figure 2).

In studying the VDR Methylation Correla-
tions with different variables, the results showed that;
methylation of VDR at site 1 showed positive non-
significant correlation with weight, BMI, serum TG
(triglycerides) and LDL (low density lipoprotein) lev-
els in addition to serum vitamin D level. On the other

hand, there was negative correlation with TC (total
cholesterol), HDL (high density lipoprotein) and PTH
(parathyroid hormone). These results indicated that;
methylation at site 1 could decrease PTH, HDL and
TC levels (Table 2).

Furthermore, methylation of VDR at both site 2
and site 3 showed positive non-significant correlations
with TC, TG, LDL levels in addition to serum levels
of vitamin D and PTH. While it showed a negative
correlation with only HDL level (Table 2). In addition,
the results indicated that; at site 2 of VDR methylation
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Table 2. VDR Methylation Correlations

Parameters R (Spearman Correlation) Sig.

Sitel with Weight 0.099 0.329 p:
Sitel with BMI 0.095 0.346 P
Site1 with Waist 0.127 0.208 P
Sitel with TC -0.082 0.419 N°
Sitel with TG 0.058 0.567 P
Sitel with HDL -0.103 0.309 Ne
Sitel with LDL 0.000 1.000 P
Sitel with VD 0.009 0.939 p:
Sitel with PTH -0.040 0.698 N
Site2 with Weight 0.273* 0.006 p:
Site2 with BMI 0.258" 0.010 p:
Site2 with Waist 0.283* 0.004 p:
Site2 with TC 0.044 0.662 p:
Site2 with TG 0.099 0.328 p:
Site2 with HDL -0.124 0.223 N
Site2 with LDL 0.008 0.939 p:
Site2 with VD 0.043 0.695 p:
Site2 with PTH 0.118 0.250 P
Site3 with Weight 0.287* 0.004 P
Site3 with BMI 0.280% 0.005 p:
Site3 with Waist 0.307* 0.002 p:
Site3 with TC 0.143 0.156 p:
Site3 with TG 0.169 0.092 p:
Site3 with HDL -0.178 0.078 N
Site3 with LDL 0.138 0.171 p:
Site3 with VD 0.026 0.812 p:
Site3 with PTH 0.071 0.491 p:

* Correlation s significant at the 0.01 level.
a Positive Correlation.
b Negative Correlation.

there was a significant positive correlation with three
variables (BMI, weight and WC). These correlations
were illustrated in figures 3.

Similarly at site 3 of VDR methylation there was
a significant positive correlation with three variables
(BMI, weight and waist circumference). These corre-
lations were illustrated in figure 4. These results prove
that methylation at sites 2 and 3 occurred in obese sub-
jects rather than normal subjects.

Discussion

Prevalence of obesity has become worldwide is-

sue. Various epidemiologic, genetic and metabolic data
have shown significant role of vitamin D in obesity
and a connotation has been found between low vita-
min D level and obesity (14-17). Less exposure to sun
light among obese people due to low physical activities
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Fig.3: Correlation between Site2 and Weight, BMI and Waist with best fit line curve (positive correlation)

could explain that relation (18). Furthermore, another
study have shown that in obese people the decreased
vitamin D levels are as a consequence of sequestration
of this vitamin by adipose tissue (19).

Vitamin D receptor (VDR) mediates the action of
vitamin D. Vitamin D3 which is biologically inert get
activated upon binding to the VDR. The VDR gene en-
crypts a ligand-activated transcription factor mediating
multiple actions of vitamin D comprising cell growth,
cell differentiation, calcium homeostasis, modulation of
the immune response and activation of monocytemac-
rophages (10). Apart from this it has also been dem-
onstrated in a wide-ranging tumors and malignant cell
types, in the inhibition of cancer cell growth (20-22).
Earlier, numerous studies were performed to find the
connotation of obesity and different gene polymor-
phisms, and one of these genes intricated in these studies

was VDR. In disease state this vitamin parades anti-
proliferative and immune-modulatory effects through
its receptor (23). A significant correlation between VDR
methylation and obesity has been observed in this study
which is in covenant with the previous studies (24, 25).
The results of this study indicated that; at sites 2 and
3 of VDR methylation there was a significant positive
correlation with three variables (weight, BMI and WC).

Previous studies have evaluated the evidence of
the correlation between VDR and lipids profile. Wang
et al., (2009) (25) suggested that dearth of the func-
tional VDR may lead to an upsurge in serum HDL-C
and cholesterol. In addition, this can be partially elu-
cidated by vicissitudes in the expression of genes asso-
ciated with cholesterol metabolism. However, gender
and diet also could affect serum lipid concentrations.
Our results agreed with these results; in this study the
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Fig.4: Correlation between Site3 and Weight, BMI and Waist with best fit line curve (positive correlation)

inverse correlation between VDR methylation and
HDL supports the previous findings.

Another previous study (26) concluded that; se-
rum 25(OH)D was positively allied with HDL-C
causing in a favorable LDL-C (or total cholesterol) to
HDL-C ratio. A negative relation between triglycer-
ides and serum 25(OH)D has also been reported but
these results are not uniform with our results.

VDRs are found in various tissues, like muscle tis-
sue, brain, cardiomyocytes, immune cells, breast cells
etc (27,28). In smooth muscle and vascular endothelial
cells; the expression of VDR converts 25-OH vitamin
D into dihydroxycholecalciferol. Dihydroxycholecal-
ciferol is the active metabolic form of vitamin D which
is regulated by PTH. Insufficient vitamin D leads
to the excess production of PTH and, consequently,

secondary hyperparathyroidism, cardiomyocyte hyper-
trophy and vascular remodeling — ventricular hypertro-
phy (29). In this study; the results suggested a negative
connotation between PTH and VDR methylation at
site 1 and a non-significant positive connotation be-
tween PTH and methylation at both sites 2 and 3.

Conclusion

It can be concluded that methylation of VDR at
three sites did not significantly affected either serum
levels of vitamin D or PTH and lipid profile (TC, TG,
LDL, HDL). But methylation at site 2 and 3 was sig-
nificantly linked with weight, BMI and WC and was
related with obesity.
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