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ABSTRACT

Polymorphisms in the vitamin D receptor gene are associated with the severities of several diseases, including
overweight and cardiovascular disease. In addition, vitamin D is an important determinant of health and has
several functions in bone homeostasis and in various physiological and metabolic mechanisms. From this
perspective, this study aimed to evaluate whether there is an association between the genetic variants Fok1
(rs2228570) and Bsm1 (rs1544410) with circulating metabolic markers of the lipid profile and anthropometric
measurements in the elderly. This is a cross-sectional study conducted with 173 elderly people from Teresina,
Piaui State, Brazil, whose sociodemographic and health characterization occurred through interviews. 25-
hydroxyvitamin D [25(OH)D] was measured by chemiluminescence. The cut-off values used as a reference
for serum lipids were from the Update of the Brazilian Guideline on Dyslipidemias and Prevention of
Atherosclerosis. Genotyping was performed using the restriction fragment length polymorphism technique.
The results showed that there were no statistically significant differences between the association of VDR
FokI and Bsml gene polymorphisms with BMI, blood pressure and vitamin D concentrations. However,
elderly carriers of the Bsml genotype, specifically Bb heterozygotes, were associated with lower values of
triglycerides and HDL-cholesterol.
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INTRODUCTION

Most of the biological functions of the active form of vitamin D are mediated by the VDR
nuclear receptor that regulates the transcription of target genes. This receptor is found in several
organs, which implies a broad action of vitamin D, in the regulation of many physiological and
metabolic processes, with important repercussions on human health.

The VDR gene is located on chromosome 12q12-q14 and comprises 11 exons and 11 introns,
with more than 600 identified single nucleotide polymorphisms (SNPs) in its coding region, however,
FokI (rs2228570) and BsmlI (rs1544410), located in intron 8, are arguably the most studied SNPs.
VDR gene variants have the potential to influence biological outcomes (Abouzid et al., 2018; Jolliffe
et al., 2016), as demonstrated its effect on skeletal muscles independent of vitamin D, and decreased
expression of the VDR protein is related to the development of various diseases and aging (Manuel et
al., 2018).

Studies have related vitamin D deficiency with a higher prevalence of abdominal obesity
and/or dyslipidemia in several populations, where blood concentrations of this vitamin have been
inversely associated with the atherogenic lipid profile (Cheng et al 2010; Jorde et al., 2010; Skaaby et
al., 2012; Ponda et al., 2012; Wang et al., 2016). This type of association has been a cause for
concern, since the expression of some genes related to lipid metabolism is regulated by calcitriol
(Ramagopalan et al., 2010) and some are activated by VDR (Martinez-Sena et al., 2020),
demonstrating that both vitamin D status and VDR function have the potential to affect gene
expressions associated with lipid metabolism (Mei et al., 2022).

However, for each of the lipid parameters, such as triglycerides (TG), total cholesterol (TC),
low-density lipoprotein (LDL), and high-density lipoprotein (HDL), the results are inconsistent, as
suggested by Dibaba 2019; Wang et al., 2012 in a human study and meta-analyses.

When verifying the effect of polymorphisms on Body Mass Index (BMI), the ff/FF (FokI) and
Bb/BB (Bsml) genotypes and the F and B alleles were related to higher BMI (De Oliveira, 2018;
Swapna et al., 2011). Another study revealed an association between serum concentrations of
25(0OH)D, VDR SNPs (FokI and Bsml) with nutritional status (Bienertova-Vasku et al., 2017).

Although research indicates genetic interactions between the VDR and the lipid profile,
anthropometric changes, development of overweight and associated diseases, the results are not
consistent. In this scenario, the objective of this study was to evaluate whether there is an association
between the genetic variants Fok1 (rs2228570) and Bsm1 (rs1544410) with circulating metabolic

markers of the lipid profile and anthropometric measurements in the elderly.
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METHODOLOGY
STUDY DESIGN

This study is an excerpt from the doctoral thesis entitled "Global nutritional status of the
elderly: Association with sociodemographic factors, Vitamin D Status, arterial hypertension and
genetic polymorphisms" of the Graduate Program in Food and Nutrition (PPGAN) of the Federal
University of Piaui (UFPI).

POPULATION AND SAMPLE
For this study, the data correspond to a sample composed of 173 (one hundred and seventy-
three) elderly people of both sexes, living in the city of Teresina, Piaui, Brazil, where only the

variables defined to meet the objectives of this research are included.

SAMPLE SELECTION

Elderly people aged 60 years or older were selected through a random sample from the elderly
identification database. The sample calculation was based on the estimate of the standard deviation of
9.3 ng/mL of 25(OH)D, from the population-based study with the elderly in Sao Paulo, adopting a
confidence interval of 95% and an error of 1.39 ng/mL. The distribution of the number of individuals
was calculated according to the proportion of elderly people registered in each health care zone, as
follows: Central-North (32.6%; n=59), East-Southeast (32.1%; n=58) and South (35.1%; n=64). Data
collection took place between 2017 and 2018, at the home, of the elderly randomly selected from the
list provided by the health units.

ANTHROPOMETRIC ASSESSMENT AND NUTRITIONAL DIAGNOSIS

For anthropometric evaluation, weight (kg) and height (cm) were measured according to the
recommendations of Chumlea; Roche; Steinbaugh (1985). Waist circumference (WC) was obtained
by measuring the abdominal region, in its smallest perimeter and was classified as recommended by
the World Health Organization (2000): no risk (< 94 cm for men and < 80 cm for women); increased
risk (> 94 cm for men and > 80 cm for women) and very high risk (> 102 cm for men and > 88 cm
for women).

The Body Mass Index (BMI) was calculated by dividing the weight in kilograms by the height
in meters squared. The classification of nutritional status was according to the Pan American Health
Organization (2002) for the elderly, which considers the following values and classification:
underweight (< 23 kg/m?), normal weight (> 23 and < 28 kg/m?), overweight (> 28 and < 30 kg/m?)
and obesity (> 30 kg/m?).
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BLOOD PRESSURE MEASUREMENT

Initially, arterial hypertension was defined based on the medical diagnosis and use of
antihypertensive drugs reported by the patients. In addition, the measurement of diastolic and systolic
blood pressure (mmHg) was performed in triplicate, as recommended by the Brazilian Guideline on
Arterial Hypertension of the Brazilian Society of Cardiology — SBC (2021), using a stethoscope and

an aneroid sphygmomanometer of the Premium® brand.

BIOCHEMICAL PARAMETERS

Blood collection was performed by a nursing technician with experience in the area, on the
premises of the Basic Health Unit (BHU) to which the elderly person was registered or at the
participant's home. The appointment was made by telephone call, one week in advance. Individuals
received orientations, following a standardized script, including: fasting for 8 hours from non-
alcoholic foods and beverages, fasting for 72 hours for alcoholic beverages, and not performing
physical activities or physical exertion on the day scheduled for collection.

For the biochemical evaluation, a 10 mL blood sample was collected by venipuncture, in
plastic test tubes with a vacuum polyethylene cap (vacutainer type), with separator gel, using
disposable plastic syringes, stainless steel and sterile needles. Tubes without anticoagulant were used
to determine the lipid profile and with EDTA to evaluate vitamin D and genetic polymorphisms. The
transport to the laboratory took place immediately after the harvest, under refrigeration, in a
Styrofoam box closed with ice. The samples were analyzed on the day of collection, in a specialized
private laboratory according to the methods standardized by the laboratory, using an immunoassay
analyzer (Architect c8000).

Serum concentrations of total cholesterol, high-density lipoprotein (HDL-c) and triglycerides
(TG) were determined by the colorimetric enzymatic method, using Labtest kits®. The low-density
lipoprotein (LDL-c) fraction was calculated according to the formula of Friedwald, Levy &
Fredrickson (1972): LDL-c = CT — HDL-c — TG/S.

Vitamin D was measured using the Diasorin LIAISON TM (USA) method. The standardized
assay is based on the recognition of vitamin D binding proteins through chemiluminescence.
Hypovitaminosis D was defined when 25(OH)D concentrations were < 30 ng/mL and sufficiency
occurred when it was > 30 ng/mL, based on the stratified reference intervals for the elderly

population according to the Brazilian Society of Endocrinology and Metabolism (2018).
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GENOTYPING

Genomic DNA from peripheral blood was extracted using the QIAGEN kit. The evaluation of
purity and quality were defined after quantification in the NanoDrop 2000 spectrophotometer, whose
260/280 ratio should be > 1.8 and have a defined band in 1.5% agarose gel. DNA samples were
normalized to 20 ng and conventional polymerase chain reaction (PCR) was performed in a Bioer
Gene Pro® thermal cycler. and for PCR, 5 pL of Solis BioDyne SXFIREPol® master mix and 0.8 pL
of Forward and Reward primers were used for each SPNs. In all samples, the endogenous gene
(GADPH) was tested and the reactions included a negative control.

The products amplified in the PCR of Bsml (825 bp) and FokI (265 bp) were visualized in
1.5% agarose gel in UV light in a MiniBIS Pro photodocumenter. To determine the genotypes of the
SNPs, the samples were submitted to restriction by the Restriction Fragment Length Polymorphism
(RFLP) method, using 1 pL of the fast digest enzyme for Fokl. and for Bsml. The products of FokI
digestion were submitted to electrophoresis in 8% polyacrylamide gel (80 v) and those of BsmlI in
1.5% agarose gel (100v). For staining of the gels and subsequent visualization of the DNA fragments,

ethidium bromide was used.

STATISTICAL ANALYSIS

The data were entered and calculated using the Statistical Package for the Social Sciences
(SPSS) software, version 22.0, which calculated the data with the presentation of the results in tables
expressed in numbers and percentages for categorical variables. The Hardy-Weinberg equilibrium
was tested by the chi-square test, and was considered an imbalance when p<0.05.

For the quantitative variables, the measures of central tendency (means) and dispersion
(standard deviation) were calculated. To compare the mean of a continuous variable in two
independent groups, the Student's t-test was performed. Pearson's chi-square test was used to evaluate
differences between the variables. In cases in which more than 25% of the cells presented values
below 35, Fisher's Exact Test was applied. Thus, in the results section, the statistical methods used for
each of the variables presented are specified. For the statistical tests, the level of significance adopted

was 5% or p<0.05.

ETHICAL ASPECTS
The approval of the UFPI Research Ethics Committee was obtained in the original project
(opinion no. 2.216.538).
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RESULTS AND DISCUSSION
CLINICAL, BIOCHEMICAL AND ANTHROPOMETRIC CHARACTERISTICS OF THE
ELDERLY

The study sample consisted of 173 elderly people, of both sexes, aged between 60 and 93
years, with a predominant age group of 60 to 70 years (52.6%). Among the elderly, the majority were
female (68.2%), reflecting the phenomenon of feminization of old age, that is, a higher proportion of
women than men, especially at more advanced ages. In all regions of the world, the proportion of
women exceeds half of the elderly population (Cortez et al., 2019; Ferreira et al., 2018) and this
needs to be considered in studies on aging.

The data regarding the study variables are described in Table 1. The mean age was
approximately 72 and 70 years for men and women, respectively. Regarding BMI, it was found that
the mean remained similar for both sexes, around 24 kg/m2, with a predominance of adequate values.
It is noteworthy that overweight and obesity were present in 20.2% of the elderly (Data not shown in
the table).

The waist circumference measurement was higher in males, as in the study by Alves et al.
(2021), being within the increased risk category (97.99 cm), while the mean value of women

presented a very increased risk (93.67 cm), according to the WHO classification (2000).

Table 1. Mean and standard deviation of the variables studied in the group of elderly people. Teresina, PI, 2020-2021.

Variables Sex N Average Standard P* value
Deviation
Age But 55 72,35 8,44 0,296
Fem 118 70,95 7,44
But 55 24,90 4,24
IMC Five 118 24,30 4,95 0,421
But 55 97,99 9,09
Waist circumference Five 118 93,67 12,11 0,020
But 55 135,85 14,95
Systolic Blood Pressure Five 118 136,16 20,98 0,91
But 55 84,05 9,92
Diastolic Blood Pressure Five 118 82,91 8,22 0,426
But 55 47,80 8,20
HDL Five 118 49,75 10,74 0,234
But 55 224,61 36,84
Colesterol Total Five 118 191,27 38,53 <0,001
But 55 173,61 40,12
Triglycerides Five 118 147,28 56,11 0,001
But 55 141,88 32,92
LDL Five 118 112,19 33,35 <0,001
But 55 35,02 15,64
25-Hydroxyvitamin D Five 118 23,84 10,97 <0,001

Legend: But: Male; Female: Female; BMI: Body Mass Index; HDL: High-intensity lipoprotein; LDL Low-density
lipoprotein; * Student's t-test. Source: Survey data.
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In addition, the categorization of WC data indicated that 41.8% of men presented increased
risk and 30.9% very increased risk. For the elderly, the values were 9.3% and 75.4%, respectively
(Data not shown in the table). Jansen et al. (2020) and Souza et al. (2013) explain that in addition to
the increase in adipose tissue, in aging there is also a redistribution of abdominal fat, thus, with
increasing age, subcutaneous fat becomes more centralized, leading to an increase in abdominal fat, a
fact observed in the population in question.

The accumulation of fat in the abdominal region is an important risk factor for several
diseases, which is differentiated when compared to other forms of body fat distribution (Da Silva et
al., 2017; Rocha, 2013). There is a correlation between waist circumference measurement and the
development of dyslipidemia, hypertension, and insulin resistance, in addition to an association with
alterations in biochemical tests (Bueno et al., 2017; Rossi; Caruso; Galante, 2015).

Similar values were verified by Oliveira et al. (2014), in a study with 359 elderly people from
Teresina-PI, assisted by teams of the Family Health Strategy (ESF), where the mean BMI of the
elderly was 25.2 for both sexes, and a higher percentage of men with high weight compared to
women, 33.8% and 29.5%, respectively. And similar values of waist circumference were observed in
men, with a mean of 96.8 cm. However, contrary to the present study, elderly women had a higher
mean abdominal circumference value, which was 98.5 cm.

Also in relation to Table 1, it is observed that the mean values of Systolic and Diastolic
Pressure (mm Hg) were normal in both sexes, and there was no statistical difference between men
and women. Arterial hypertension occurred in more than half of the elderly (56.1%). Bento,
Mambrini, and Peixoto (2020) evaluated factors associated with hypertension in older adults and
report that there is no significant difference between men and women. However, they state that there
are generally higher rates of hypertension among women and this can be explained by a greater
tendency to self-care and a greater perception of their health status, that is, women tend to make
medical visits more frequently than men.

Medeiros (2018) in a study carried out with 179 elderly people in Paraiba identified a high
prevalence of arterial hypertension (AH), and observed that the main factors associated with AH were
non-white race/color and high triglyceride levels. In a study with 273 elderly people in Teresina-PI,
Rocha et al. (2020), observed biochemical changes mainly in increased levels of triglycerides and
SBP, between both sexes.

Table 1 also shows the means and standard deviations of the lipid profile of the elderly, where
it is evident that the concentrations of cholesterol, triglycerides and LDL-c for males were
significantly higher, and HDL-c was lower. According to the V Brazilian Guideline on Dyslipidemias
and Prevention of Atherosclerosis, of 2017, the reference values of the lipid profile desirable for

individuals over 20 years of age (including the elderly) are: TC: < 200; TG: < 150; HDL-c: > 40 and
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LDL-c: < 100. Therefore, both sexes had desirable HDL concentrations, men had total cholesterol
and triglyceride concentrations above the desired levels, in contrast to the data for women, and both
groups had LDL-c concentrations above the desired levels. Different results were found in the study
by Neves-Souza et al. (2015), with lipid profile values above the desirable values most prevalent in
the female group.

Changes in serum concentrations of cholesterol, triglycerides, LDL-c and HDL-c are among
the main risk factors for the development of cardiovascular diseases, including hypertension and
atherosclerosis (SANTOS; CHIACHIO, 2020; BASIC et al., 2019; GUEDES et al., 2016). In
addition, low concentrations of vitamin D are related to increased risk of hyperlipidemia. A
correlation was found between vitamin D deficiency and increased total cholesterol and LDL-c.

On the other hand, a decrease in HDL-c concentration was observed. However, the
mechanism of vitamin D's lipid-lowering effect remains unknown. Vitamin D probably increases
serum calcium by increasing intestinal calcium absorption, which in turn reduces serum triglycerides
by suppressing the formation and secretion of hepatic triglycerides. Another explanation may be
through the inhibitory effect of vitamin D on serum PTH concentrations. The low concentration of

this hormone can reduce TG by increasing its peripheral absorption.

ASSOCIATION BETWEEN POLYMORPHISMS AND THE VARIABLES ANALYZED
The frequency distribution of genotype characteristics and alleles of the polymorphisms

verified in the present study are described in Table 2.

Table 2. Frequency distribution of traits of genotypes and SNP alleles of the VDR gene.

Feature N %
GENOTYPE
FF 80 46,2
Ff 79 45,7
Ff 14 8,1
ALLELE
F
f
GENOTYPE
BB 34 19,7
Bb 95 54,9
bb 44 25,4
ALLELE
B
b

Source: Survey data.

The association between the genotypes in the sample and the variables analyzed: BMI, serum
vitamin D concentration, blood pressure values and alteration in the lipid profile of the elderly are

shown in tables 3 and 4.
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Of the 173 elderly people analyzed, 20.2% were overweight or obese, according to BMI. Of

these, a higher frequency of overweight/obesity can be observed in relation to the FF genotype

(12.7%) (Table 3) and the Bb genotype (10.4%) (Table 4). However, no statistically significant

association was found (Table 3).

Table 3. Association between FokI genotypes (rs2228570) and anthropometric and clinical variables in the elderly.

Teresina, PI, 2020-2021.

FFn=280 Ff Ff Total n=173
Variables n=79 n=14 p
N % N % N[ % N %
IMC
Non-obese 58 | 33,5% 69 | 39,9% 11 | 6,4% 138 | 79,8% | 0,053
Overweight/obesity 22 | 12,7% 10 5,8% 3 1,7% 35 | 20,2%
Vitamin d
Inadequacy 57 | 32,9% 48 | 27,7% 10 | 5,8% 115 | 66,5% | 0,381
Sufficiency 23 | 13,3% 31| 17,9% 4 | 2,3% 58 | 33,5%
Hypertension
No 37 | 21,4% 36 | 20,8% 4 1 2,3% 77 | 44,5% | 0,484
Yes 43 | 24,9% 43 | 24,9% 10 | 5,8% 96 | 55,5%
Dyslipidemia
No 39 [225% | | 46 | 26,6% 5 [ 2,9% 90 | 52,0% | 0,221
Yes 41 | 23,7% 33 | 19,1% 9 5,2% 83 | 48,0%

Fisher's exact. Source: Survey data.

Table 4. Association between Bsml genotypes (rs1544410) and anthropometric and clinical variables in the elderly.

Teresina, PI, 2020-2021.

Variables BB n=34 Bb n=95 bb n=44 Total n=173
p
N % N % N % N %
IMC
Non-obese 26 | 15,0% 77 | 44,5% 35 | 20,2% 138 | 79,8% | 0,849
Overweight/obesity 8 | 4,6% 18 | 10,4% 9 5,2% 35 | 20,2%
Vitamin d
Inadequacy 24 | 13,9% 63 | 36,4% 28 | 16,2% 115 | 66,5% | 0,811
Sufficiency 10 | 5,8% 32 | 18,5% 16 | 9.2% 58 | 33,5%
Hypertension
No 14 | 8,1% 45 | 26,0% 18 | 10,4% 77 | 44,5% | 0,705
Yes 20 | 11,6% 50 | 28,9% 26 | 15,0% 96 | 55,5%
Dyslipidemia
No 15| 8,7% 49 | 28,3% 26 | 15,0% 90 | 52,0% | 0,419
Yes 19 | 11,0% 46 | 26,6% 18 | 10,4% 83 | 48,0%

Some studies have shown that Fokl and Bsml are genetic variants associated with markers of

adiposity (Al-Daghri et al., 2014; Ochs-Balcom, 2011). While, others reported a lack of association

Chi-square. Source: Survey data.

\
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(Khan et al., 2016; Maria et al., 2018). Although some VDR variants are associated with high BMI
and WC, however, in relation to VDR Bsml and Fokl were also not related to BMI and WC in the
studies by Dorjgochoo et al. (2012), Walsh et al. (2016) and Pramono et al. (2021).

Thus, the evidence for the relationship between VDR genetic variants and obesity remains
inconclusive. It should be noted that adiposity based only on BMI does not take into account the
more accurate determination of body composition.

Regarding the association with plasma vitamin D concentration, of the 66.5% who had
vitamin D insufficiency, a greater relationship was also observed with the FF (32.9%) and Bb
(36.4%) genotypes, but without significant association. A non-association of these polymorphisms
with circulating vitamin D concentrations was also verified by Al-Ghafari, Balamash, and Al
Doghaither (2019). In addition, Rai et al. (2017) mention that little is known about how these
polymorphisms affect circulating vitamin D levels.

The association of genotypes with blood pressure values showed a greater relationship
between the FF and Ff genotypes, both with 24.9%, and the Bb genotypes (28.9%) with the elderly
who had Arterial Hypertension. With the analysis of the alteration in the lipid profile, it was found
that dyslipidemia was present in 48% of the elderly analyzed, and of these there was a greater
relationship with the FF genotype (23.7%). The relationship between dyslipidemia and the Bsml
polymorphism was more frequent in the Bb genotype (26.6%).

In all the variables analyzed, the relationship with the genotype evaluated was higher in the
most frequent genotypes, genotypes "FF" and "Bb", but in none of the associations analyzed was a
statistically significant difference found. The results found differ from other studies that; found an
association between polymorphisms and changes in the lipid profile (Jin et al., 2021; Kazemian et al.,
2019) and association between Fokl and the risk of hypertension (Wang et al., 2013).

Table 5 shows the relationship between the lipid profile and the genotypes of FokI
(rs2228570) and Bsml (rs1544410). A statistically significant relationship between triglycerides and
low HDL-c was identified with the Bb genotype of the Bsml polymorphism. There was no significant
relationship between the lipid profile and the genotypes of the Fokl polymorphism. The literature is
still scarce in the study of genetic variations related to the vitamin D pathway, so the evidence of the
findings of the present study strengthens this relationship. Although the physiological mechanism
responsible for the relationship between vitamin D and cholesterol is not well understood, it is
important to mention that both molecules have the same precursor, 7-dehydrocholesterol (Grave et

al., 2016).
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Table 5. Lipid profile in relation to VDR genotypes. Teresina, PI, 2020-2021.

Genotypes TG p CT p LDL-caltoN/| p |HDL-chaixoN/| p
N/ % N/% % %
Fokl
(rs2228570)
FF 18/22,5 15/18,8 9/113 221275
Ff 13/16,5 0,13 14/17,7 | 0,89 117139 0,57 18/22,8 0,94
Ff 7150,0 4/28,6 2/14,3 3/214
Bsml
(rs1544410)
BB 9/265 7120,6 41117 9/265
Bb 15/15,8 0,01* | 14/147 | 0,15 10/10,6 0,48 30/31,6 0,02*
bb 14/31,8 12 /27,3 8/18,1 4/91

Fischer's Exato test. Legend: TG: Triglycerids; CT: Total cholesterol; HDL: High-intensity lipoprotein; Low-density LDL
Lipoprotein.
Source: Survey data

The study by Gussago et al. (2016) revealed a significant impact of VDR gene
polymorphisms in an older population on some variables measured in the study, including HDL-c. In
addition, VDR polymorphisms are known to have an impact on BMI, triglycerides, and HDL-c
(Carvalho, 2015).

Evidence has shown that the Bsml polymorphism of the VDR gene may be closely associated
with dyslipidemia. Karonova et al. (2018) and Sangkaew, Nuinoon, Jeenduang (2018) observed the
relationship of Bsml with hypertriglyceridemia. Jin et al. (2021) found that HDL-c levels were lower
in individuals in Bsml genotypes. A previous study revealed the similar finding that Bsml genotypes
were associated with lower HDL-c and obesity, respectively (Al-Daghri et al., 2014).

From a biological point of view, the active form of vitamin D (1,25-dihydroxyvitamin D)
contributes to obesity and alterations in lipid metabolism through several pathways, including
increased adipocyte apoptosis; activation of fatty acid oxidation; upregulation of uncoupling protein
expression and reduction of lipolysis (Beydoun et al., 2018; Morrison et al., 2005).

Bsml, positioned in the 3' region of the VDR affects the stability of the VDR mRNA and its
transcriptional activity. Therefore, any change in this axis, including vitamin D concentrations or in
the variation of VDR genes, can modify energy production, lipid metabolism and cause an increase in
VDR expression in adipocytes. In addition, longer and repeated Bsml genes represent less mRNA
stability and reduced VDT protein traction, resulting in reduced vitamin responses such as adipocyte
inhibition and muscle mass differentiation (Kazemian et al., 2019; Al-Daghri et al., 2014).

In addition, according to Wang et al (2016) and Sharif-Askari et al (2020), 25(OH)D
deficiency is associated with an unfavorable lipid profile, particularly HDL-c, especially in people
with risk factors associated with cardiovascular diseases, such as obesity, for example. On the other

hand, the study by Gendy et al. (2019) did not demonstrate an association between lipid
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concentrations and VDR polymorphisms. However, vitamin D is associated with regulation of lipid
metabolism, fatty acid oxidation, and inhibition of lipid synthesis (San et al., 2004).

In this context, Alquaiz et al. (2020) found a strong relationship between vitamin D deficiency
and dyslipidemia and proposed several mechanisms that probably work simultaneously, such as the
role of vitamin D in altering the function of pancreatic cells causing metabolic disorders in
lipoproteins, eventually with greater alteration in TG and lower concentrations of HDL-c. In addition,
The vitamin may also play a role in the synthesis of bile acids in the liver with a direct impact on lipid
metabolism. These findings suggest that low concentrations of 25(OH)D function as a predictor of
increased atherogenic lipoproteins.

These mismatches in the results of the studies are often totally misunderstood for several
reasons such as: variations in genetic characteristics, different ethnicities and geographic areas and
different individuals may be exposed to different environmental factors, in addition to the design of
the studies that may present limitations or be unsatisfactory in relation to sampling and the biases

presented. Future research on deep sequencing is needed

CONCLUSION

It was observed that there were no statistically significant differences between the association
of VDR FokI and Bsml gene polymorphisms with BMI, blood pressure and vitamin D
concentrations. It is understood that the results of this study provide important information about the
relationship between polymorphisms in the lipid profile and suggest that the presence of the Bb allele
can predict the risk of association, however, more studies addressing the same theme are needed to

verify these results in different ethnic groups.
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