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Effect of epigenetics on vitamin D levels:
a systematic review until December 2020
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Abstract

Background The association between epigenetic modification of the genes involved in the vitamin D metabolic
pathway and vitamin D metabolites’status has been elucidated incompletely. This study aims to review the studies on
the mentioned association and create a brighter view of this topic.

Methods A systematic literature search was conducted in Medline database (PubMed), Scopus, and Web of Science
up to the end of November 2020. Original articles which reported the effect of epigenetic alteration—methylation
level or its changes—of genes involved in vitamin D regulation on the vitamin D metabolites serum level or its
changes were included. The National Institutes of Health (NIH) checklist was used to assess the quality of included
articles.

Results Among 2566 records, nine reports were included in the systematic review according to the inclusion and
exclusion criteria. Studies discussed the contribution of methylation status of members of the cytochrome P450
family (CYP2R1, CYP27B1, CYP24A1), and Vitamin D Receptor (VDR) genes to vitamin D level variance. CYP2R1
methylation status could regulate the contributing factors affecting the vitamin D serum level and predict response
to vitamin D supplementation. Studies revealed that impaired methylation of CYP24A1 occurs in response to an
increase in serum level of 25-hydroxyvitamin D (25(0OH)D). It is reported that the association between methylation
levels of CYP2R1, CYP24A1, and VDR genes and 25(OH)D level is not affected by the methyl-donors bioavailability.

Conclusions The epigenetic modification of the vitamin D-related genes could explain the vitamin D levels variation
among populations. Large-scale clinical trials in various ethnicities are suggested to find the effect of epigenetics on
vitamin D response variation.

Registration The systematic review protocol was registered on PROSPERO (registration number: CRD42022306327).
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Background

Vitamin D is a steroid hormone with crucial roles in cal-
cium hemostasis and different extra-skeletal pathways.
In humans, vitamin D, production initiates from 7-dehy-
drocholesterol (7-DHC) in the skin. The concentration of
7DHC depends on the activity of the 7 Dehydrocholes-
terol Reductase (DHCR7) enzyme, which converts 7DHC
into cholesterol [1, 2]. Afterward, vitamin D requires two
hydroxylation stages for turning to the active hormonal
format (1,25(OH),D). 25-hydroxyvitamin D (25(OH)D)
is the most detectable vitamin D metabolite in humans
and is used for determining the status of vitamin D in
individuals. Several enzymes are known to be involved
in 25-hydroxylation, including CYP2R1, CYP27A1, and
CYP3A4—members of the cytochrome P450 family [3,
4]. Despite the variation of enzymes in 25-hydroxylation,
CYP27B1 is recognized as the only la-hydroxylase in
humans [5]. CYP24A1 is the catabolic enzyme that regu-
lates the metabolic pathway and prevents toxic amounts
of vitamin D metabolites [6].

More than 11,000 genes were known as the target of
1,25(0H),D [7]. The complex of vitamin D receptor
(VDR), 1,25(0OH),D, and retinoid X receptor (RXR) inter-
act with gene response elements, and after recruitment of
co-regulatory factors [8], modulation of gene expression
would be achieved [9]. Enrolled co-regulatory factors
and epigenetic modifiers (methyltransferases, histone
acetyltransferases, and factors with histone acetylase
activity) lead to varied responses of a specific gene to the
1,25(0OH),D in different cells and tissues.

Epigenomic studies evaluated the effects of chromatin-
modifying and remodeling enzymes which act through
interpretation, addition, or removal of post-translational
DNA methylation or histone modification in the absence
of genomic alterations [10-12]. It is shown that methyla-
tion of cytosine residues (the cytosine that is 5’ to gua-
nine) of CpG islands (clusters of CpGs) located at the
promoter region results in gene silencing. Regulation of
chromatin accessibility to transcription factors via modi-
fication of histone protein tails (including methylation
and acetylation) is another part of epigenetic alterations
[13].

Epigenetics and vitamin D status is a developing field of
research. Although the epigenetic effect of vitamin D on
the transcription of target genes has been discussed, the
effect of epigenetic modification on vitamin D level and
its bioavailability has still been investigated incompletely
[14-20]. This systematic review was conducted to sum-
marize the literature that has assessed the association
between epigenetic modification of genes involved in the
vitamin D metabolic pathway and the status of vitamin D
metabolites.
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Methods

Search strategy

The current systematic review study was conducted
according to the PRISMA 2020 (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) state-
ment [21]. The protocol was registered on PROSPERO
(ID: CRD42022306327). A systematic literature search
was conducted in the Medline database (PubMed), Sco-
pus, and Web of Science until the end of November
2020. The following search terms were used: ((“epigen-
etic” OR “epigenomic” OR “epigenomics” OR “methyla-
tion” OR “DNA methylation” OR “acetylation” OR “DNA
acetylation”) AND ((“vitamin D” OR “25(OH)D” OR
“25-hydroxyvitamin D” OR “hydroxycholecalciferols”
OR “hypovitaminosis D” OR “vitamin D deficiency” OR
“1,25(OH)2D” OR “cholecalc*” OR “serum vitamin D”
OR “25-hydroxyvitamin D3” OR “Calcitriol”)). The ref-
erence lists of the included studies were checked to find
undetected relevant studies.

Inclusion and exclusion criteria

Studies that assessed the effect of epigenetic modifi-
cations—methylation level or its changes—of genes
involved in the vitamin D metabolic pathway on vitamin
D metabolites status—serum level or its changes—and
were reported in the English language were selected.
Original research studies—with any design—that
reported the mentioned association in humans, without
any restriction of ethnicity, gender, race, and year of pub-
lication, were included. Duplicate publications and stud-
ies without enough data and information were excluded.
Two expert reviewers independently assessed the title
and abstract of studies to evaluate their inclusion eli-
gibility. In case of disagreement between reviewers, the
third reviewer (principal investigator) made the decision.
Afterward, full-text of the articles were screened based
on the inclusion and exclusion criteria, and any discrep-
ancy between the reviewers was resolved by the principal
investigator.

Data extraction and quality assessment

Following the full-text assessment of reports, review-
ers extracted the following data from the included stud-
ies; first author name, year of publication, type of study,
location of the studied population and their ethnicity,
any specific characteristics of the studied population,
the association that is studied, total sample size, evalu-
ated gene, CpG ID, chromosome number and the CpG
position on the chromosome, location type of the CpG
site, association statistics (R% r, and B), false discovery
rate (FDR), and p-value. A third reviewer assessed all
the extracted information. Quality of the included stud-
ies was assessed by the National Institutes of Health
(NIH) study quality assessment tool [22]. Two separate
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reviewers scored each study based on the NIH tool. In
cases of disagreement, the third reviewer’s opinion was
sought.

Results

The flow diagram of the study selection process is shown
in Fig. 1. The initial search identified 2566 records, and
1865 of them remained after excluding duplicates. After
screening the title and abstracts, 128 reports remained
for further assessment. The full texts of the reports were
reviewed carefully, and finally, nine research studies
were included in the systematic review. Characteristics
of included studies are shown in Table 1. Quality assess-
ment of the included studies is reported in Tables 2, 3
and 4.

A cohort study on 80 elderly patients assessed the
association between 25(OH)D status and methyla-
tion level of vitamin D metabolic genes, including
CYP24A1, CYP27B1, CYP2R1, and VDR (peripheral
blood cells were the source for DNA methylation analy-
sis). The average methylation level among examined
CpG sites was low. The methylation level of CYP2R1
and CYP24A1 were positively related together (R* 0.17,
p-value<0.001). Bivariate analysis showed a weak nega-
tive correlation of 25(OH)D levels with methylation of
CYP2R1 (R*: 0.05, p-value=0.04) and CYP24A1 (R%
0.06, p-value=0.02), and a positive correlation with
VDR (R% 0.12, p-value=0.001). There was no significant

I Identification of studies via databases and registers

)
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association between the 25(OH)D level and the meth-
ylation status of CYP27B1. Also, they evaluated the
influence of methyl donor availability on the methyla-
tion status of mentioned genes. While the relationship
of 25(OH)D levels and methylation of the genes in the
presence of additional variables—i.e., serum folate, B12,
and plasma homocysteine—were not altered, the poten-
tial role of serum folate and B12 in methylation regula-
tion of these genes was discovered. Serum B12 level
showed a positive correlation with the methylation status
of CYP27B1, and serum folate level was related to VDR
methylation. The adjusted model with vitamin D and cal-
cium intake, age, sex, body mass index (BMI), cumulative
irradiance, alcohol intake, and cigarette smoking history
showed a better predictive value for 25(OH)D level (R%
0.54, p-value<0.001) in comparison to modeling with-
out the inclusion of metabolic vitamin D genes methyla-
tion status (R%: 0.46, p-value<0.001). In the mentioned
adjusted model, CYP2R1 gene methylation status was a
significant independent negative (f: -0.2, p-value=0.03)
predictor of 25(OH)D level, and VDR gene methylation
was an independent positive predictive factor (B: 0.26,
p-value=0.005). Although there was no significant pre-
dictive value for CYP24A1 methylation individually in
the described model, a significant predictive value of the
interaction of CYP24A1 gene methylation and vitamin
D intake was found (p interaction=0.04). This suggests
that increased methylation of CYP24A1 is not the direct

| Identification of studies via other methods

Fig. 1 Flow diagram of the study selection process (PRISMA 2020)
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=4 cause of low serum vitamin D levels but is the response
K to increased vitamin D availability (increased intake).
2 5 5 o The significant interaction between CYP2R1 methylation
g SE5388 status and the major determinants of serum vitamin D
levels, including vitamin D intake (p interaction<0.001),
calcium intake (p interaction=0.003), and cumulative
T888288 irradiance (p interaction=0.009), suggests that CYP2R1
methylation status regulates the effect of those contrib-
uting factors on the vitamin D level modulation. VDR
mle << s< gene methylation is positively associated with 25(OH)D
levels in the mentioned model. This association remained
when interaction with vitamin D intake was considered
N2 2220009 (p interaction; 0.04) or when corrected in the methyl

donor model (R% 0.21, p-value=0.006). These findings
suggest a negative feedback loop for maintaining vitamin
D homeostasis [23].

One randomized clinical trial was conducted among 64
overweight/obese African Americans. The role of base-
line DNA methylation (extracted from whole blood buffy
coat) in the serum 25(OH)D level response to vitamin D
supplementation was investigated. Due to the expected

11

Yes
Yes
Yes
Yes
Yes
Yes

10
No
No
No
No
No
No

PN IR T T R serum vitamin D level and actual post-test level, par-
ticipants were categorized into high-response and low-
response groups. Expected levels were estimated by the

w2283 intervention dose, gender, age, body mass index, baseline
serum vitamin D level, and seasonal variation. Twenty
CpG sites located in the CYP family genes and VDR

2822 showed statistically significant associations with serum
25(OH)D response (Table 1). Also, the methylation level
of ¢g07873128 located in the body region of the oxys-

08282238 terol binding protein like 5 (OSBPL5) gene was negatively

correlated with response to vitamin D supplementation.
They suggested that hypermethylation of the mentioned
CpG site could cause cholesterol and calcium regulation
impairment, resulting in decreased response to vitamin
D supplementation. However, changes in the methylation
level of cg07873128 (OSBPL5) were not associated with
changes in serum 25(OH)D level (p-value=0.6). Also, it is
mentioned that only methylation changes of cg06368932
(CYP24A1) were positively associated with the changes
in 25(OH)D levels [24].

One case-control study among the Chinese population
(healthy participants and patients with pulmonary tuber-
culosis) sequenced 310 CpG sites in the promoter region
of 5 candidate genes (CYP24A1, CYP27B1, CYP27Al,

4
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Table 2 Quality assessment of included cohort and cross-sectional studies using the NIH quality assessment tool

NIH: National Institute of Health, NA: not applicable, NR: not reported

888888 CYP2R1, and VDR). CYP27A1_3 was the only region
that was significantly associated with 1,25(OH),D level

(r=0.13, p-value=0.045). They evaluated the correlation

2 o . B of methylation levels of these genes and 25(OH)D serum

St o 5 z levels by four different models (Model 1: Cumulative
5|2 (—ND o2 S r_‘: methylation level was calculated by adding the frequency
:1_>J; S5 5L 2g of all CpG sites in each region/ Model 2: Cumulative
2 % g 9 2 %9 methylation level was calculated by adding the frequency
5 E g.“? = § § S of statistically significant CpG sites in each region/
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Table 3 Quality assessment of included case-control studies using the NIH quality assessment tool

Author, year

Quality rating

11 12
Yes Fair

10
Yes

NA

No

Yes

NR

Yes

Yes

Yes

No

Yes

Yes

Wang et al, 2018

NIH: National Institute of Health, NA: not applicable, NR: not reported
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Model 3: Inclusion of only hypermethylated CpG sites in
the cases and exclusion of CpG sites with an inverse rela-
tionship between cases and controls/ Model 4: Inclusion
of only statistically significant CpG sites after Bonferroni
correction). Cumulative methylation levels of CYP24A1,
CYP27B1, CYP27A1, or VDR genes were significantly
associated with serum 25(OH)D levels in all four models.
Although, CYP2R1 was significantly positively associated
only in the third model [25].

One clinical trial among non-Hispanic white post-
menopausal women evaluated whether methylation sta-
tuses of CYP genes were associated with 25(OH)D serum
levels in response to vitamin D supplementation. Cal-
cium and vitamin D (1100 IU/day) intervention on 446
subjects for at least 12 months was conducted. Of them,
18 responders (the highest 12-month increase in serum
25(0OH)D) and 18 non-responders (the lowest 12-month
increase in serum 25(OH)D) were selected. Methyla-
tion levels of the promoter regions of both CYP2R1 and
CYDP24A1 genes at baseline were significantly higher in
non-responders compared to responders. However, no
significant differences were found in methylation lev-
els of CYP27B1 and CYP27A1 between responders and
non-responders at baseline. It was found that only the
CYP24A1 gene experienced methylation reduction in
both responders and non-responders after a 12-month
vitamin D supplementation. It should be added that time
by treatment was also significant for only CYP24A1. A
validation study on 145 participants was also conducted
to confirm these results. The methylation level of eight
CpG sites (among the 14 examined sites in 145 subjects)
in the CYP2R1 gene was significantly negatively associ-
ated with the serum 25(OH)D increment in a 12-month
period. The methylation average of 14 evaluated CpG
sites of CYP2R1 was also negatively associated with the
increment in 25(OH)D level after 12-month supple-
mentation. Baseline DNA methylation of two CpG sites
of CYP24A1 (among the 16 examined sites in 117 sub-
jects) was also negatively associated with the vitamin D
supplementation response. (Table 1) The contribution of
CYP2R1 and CYP24A1 (10 statistically significant CpG
sites together) to the vitamin D response variation was
reported to be moderate (R>=6.4%) [26].

In the validation study, methylation reduction in each
14 CpG site of CYP2R1 at the 12-month visit was statis-
tically significant compared to the baseline. It was also
mentioned that the decrease in average methylation of
the CYP2R1 CpG sites was significant (p-value=0.001).
Analysis of the CYP24A1 CpG sites revealed different
reactions of the CpG sites to the vitamin D supplementa-
tion [26].

DNA extracted from peripheral blood lymphocytes
of 384 individuals showed a weak association between
CYP27B1 site 15-17 and 25(OH)D levels. Also, there was
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Table 4 Quality assessment of included randomized clinical trials using the NIH quality assessment tool

Author, year

Quality rating

11 12 13 14
No NR Yes Fair

10
NR

Yes
Yes

Yes Yes No Yes NR NR Yes
NR NR NR Yes

No

Yes

Chenetal, 2019

Yes No Fair

NR NR

Yes

NR Yes

NR

Yes
NIH: National Institute of Health, NR: not reported

Zhou et al, 2014
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a tendency for a higher CYP27B1 methylation ratio with
a lower 25(OH)D serum level [27].

A sub-cohort study on 1270 non-Hispanic white
women examined the association of methylation status
of 198 CpGs in or near vitamin D-related genes—i.e.,
VDR, RXRA (retinoid-x receptor-alpha), GC, CYP24A1,
CYP27B1, CYP2R1, and DHCR7/NADSYNI1—with
vitamin D levels (DNA was extracted from whole blood
samples). Among them, 23 CpG sites showed statistically
significant associations with 25(OH)D levels. Unexpect-
edly, it was noted that most of the significant associated
CpG sites were located within gene bodies. CpG sites at
different parts of the genes showed dissimilar associa-
tions with 25(OH)D levels [28].

A 1416 mother/newborn pairs study investigated the
association between mid-pregnancy maternal 25(OH)
D levels and cord blood DNA methylation. Findings
showed a weak association between the methylation sta-
tus of CpG sites among CYP24A1, CYP27A1, CYP27BI1,
and CYP2R1 genes and vitamin D levels [29]. (Table 1)

A study on 86 twin pairs and their mothers investi-
gated the relationship between maternal 25(OH)D serum
level (at 28-week gestation), placental methylation of
CYP24A1, and neonatal cord blood 25(OH)D concentra-
tion. Findings showed no correlation between placental
CYP24A1 gene methylation level and maternal or neo-
natal 25(OH)D serum level. Also, it was mentioned that
there was no association between CYP24A1 methylation
changes and changes in maternal or neonatal 25(OH)D
concentration[30].

One study investigated the relationship between mater-
nal 25(OH)D status (measured at 34 weeks gestation) and
the methylation status of the RXRA gene retrieved from
the umbilical cord. Findings showed that maternal free
vitamin D index (the ratio of serum 25(OH)D to vitamin
D binding protein concentration) had a statistically sig-
nificant negative association with RXRA CpG4/5 meth-
ylation percentage (B = -3.29 SD/unit, p-value=0.03).
However, the results showed that 25(OH)D or vitamin D
binding protein serum level was not a predictive factor
for the methylation status of any site at RXRA [31].

Discussion

Vitamin D affects the epigenome on multiple levels and
has a substantial role in the epigenetic regulation of genes
[19, 32]. On the other hand, epigenetic mechanisms
could regulate vitamin D metabolites [32, 33]. There-
fore, it could be suggested that pathologies that demon-
strated any association with epigenetic effects of vitamin
D metabolites could be attributed to complex processes
involving epigenetic modulation of genes engaged in vita-
min D metabolism [34]. The present study illustrated that
the epigenetic modulation of vitamin D-related genes
could be the reason for vitamin D level variance among
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the population. In addition to its role in normal variation,
it can be a reason for vitamin D deficiency. Several stud-
ies described the association between the methylation
status of those genes—CpG islands located at the pro-
moters and within the gene locus [32]—and vitamin D
levels. According to the studies, the methylation status of
CYP2R1, CYP27B1, CYP24A1, and VDR genes is respon-
sible for nearly 18% of the vitamin D level variance [23].

CYP2R1 methylation status can regulate the effect
of the contributing factors (e.g., calcium and vitamin D
intake, cumulative radiance) on vitamin D serum levels
[23]. A study on African-American adolescents showed
that the CpG site at the CYP2R1 gene showed lower
methylation in participants with sufficient levels of vita-
min D in comparison with the participants with vitamin
D deficiency [35]. Also, a significant reduction in the
mean methylation level of CYP2R1 CpG sites follow-
ing a period of vitamin D supplementation was reported
[26]. Most of the studies confirmed that the methylation
status of CYP24A1 is regulated by the vitamin D level.
Studies suggested that impaired methylation of CYP24A1
occurred in response to increased 25(OH)D serum levels
[23, 26]; however, another study suggested that impaired
methylation of CYP24A1 was a direct cause of 25(OH)D
deficiency [35]. A clinical study showed that the increase
in the 1,25(0OH),D level could increase the activity of
CYP24A1 over a few hours [14]. Another study showed
that in response to 1,25(OH),D, a 6-8-fold increase
in VDR and RXR at the promoter of CYP24A1 and a
3-fold increase in H4 acetylation of coding and promoter
regions were observed in the mice [18]. Therefore, these
all together result in the initiation of CYP24A1 transcrip-
tion in response to increased vitamin D availability.

A weak association between higher methylation of the
CYP27B1 gene and lower 25(OH)D serum level is shown
[27]. This could mean that in case of 25(OH)D availability,
CYP27B1 would be more translated. Contrarily, a study
on individuals aged 65 years or more found no direct
correlation between plasma 25(OH)D and the methyla-
tion status of CYP27B1 [23]. In one case-control study
on 122 patients with pulmonary tuberculosis and 118
healthy controls, the methylation of a fragment (cumula-
tive methylation of CpG sites at the specific region of the
gene) at the CYP27A1 showed a positive correlation with
1,25-dihydroxyvitamin D level [25] which could suggest
the inhibitory role of 1,25(0OH),D on 25-hydroxylation.

Vitamin D binding protein (DBP) (encoded by the GC
gene) binds to approximately 85% of circulating vita-
min D metabolites [8]. In one of the reviewed studies,
the methylation status of 3 CpG sites at the GC gene
showed statistically significant positive beta coefficients
for serum 25(OH)D level [28]. Although variation in DBP
level can result in variation of total 25(OH)D level, free
25(OH)D serum level does not change. Therefore, lower
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DBP cannot cause vitamin D deficiency symptoms even
in undetectable amounts of 25(OH)D (supporting the
free hormone hypothesis) [8].

Studies showed the correlation between RXRA and
VDR genes’ methylation status and serum vitamin D
levels. The epigenome-wide association study revealed 8
CpG sites at the RXRA gene that were significantly asso-
ciated with serum 25(OH)D level [28]. A cross-sectional
study described the positive correlation between VDR
methylation status and plasma 25(OH)D level indepen-
dently and when corrected for the effect of vitamin D
intake or methyl donor serum bioavailability. Results
showed the negative feedback mechanism between
25(OH)D level as a ligand and VDR as a receptor [23].

Despite the fact that some genes do not directly influ-
ence the vitamin D metabolic pathway, they can affect
the serum level of vitamin D metabolites and therefore
lead to vitamin D deficiency symptoms. A study on over-
weight/obese African Americans revealed a negative cor-
relation between the baseline methylation level of a CpG
site located in the body of the OSBPL5 gene and response
to vitamin D supplementation [24]. It is considered that
hypermethylation of the CpG site located in the body
of the gene would downregulate the transcription of the
OSBPL5 gene [24, 36]. However, there are inconsistent
findings related to the association between methylation
of CpG sites located in the body of the genes and tran-
scription [28, 37].

NADSYNI1 (nicotinamide adenine dinucleotide syn-
thetase 1) gene, which is located near DHCR7, has no
known direct biological effect on vitamin D metabolism
[38]. However, a genome-wide association study (GWAS)
found a strong association between SNPs in the DHCR7/
NADSYN locus and serum level of vitamin D metabo-
lites [39]. One reviewed study revealed 7 CpG sites at
the NADSYNI1 gene that showed statistically significant
associations with 25(OH)D levels. Also, they discovered
that methylation levels of 4 CpG sites at the DHCR7 gene
showed statistically significant associations with 25(OH)
D levels, and three of them showed positive beta coeffi-
cients [28]. (Table 1) Another genome-wide methylation
study showed two CpG sites at the DHCR7 gene with
significantly different methylation levels between vitamin
D deficient participants and participants with desirable
vitamin D levels. However, CpG sites showed different
methylation patterns [35].

The change in 25(OH)D serum level after vitamin D
supplementation varies among individuals. Some fac-
tors, including body weight, age, sex, type of vitamin
D supplementation (D, or D), calcium intake, base-
line serum 25(OH)D, and physical activity, might result
in this variation. These factors can lead to up to 50% of
the changes [40, 41]. A recent review article discussed
the use of genetic risk scores (GRS)—which describes
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combined variants of vitamin D lowering alleles—in
assessing the responsiveness to vitamin D supplementa-
tion and also recommending the optimal dosage accord-
ing to the genetic score [42]. Besides genetic variation
[43], epigenetics could be another reason for the men-
tioned differences. One of the reviewed studies suggested
that subjects with high methylation rates of the CYP2R1
and CYP24A1 genes may need higher dosages of vitamin
D supplementation to achieve optimal serum levels [26].
It was reported that the contribution of the methylation
status of CYP24A1 and CYP2R1 could explain 6.4% of
vitamin D response variation [26]. They discussed that
the absence of an association between CYP27A1 and
vitamin D response could be due to its lesser activity in
25-hydroxylation compared to CYP2R1[26]. Another
study reported twenty CpG sites located in the VDR and
CYP family genes that showed statistically significant
association with serum 25(OH)D response [24].

Generally, DNA methylation can be sensitive to ciga-
rette smoking, alcohol usage, BMI, and the availability of
methyl donors like folate and B12 [28]. It is reported that
the inclusion of serum B12, folate, and plasma homocys-
teine in the multivariable regression analysis would not
alter the correlation of CYP2R1, CYP24Al1, and VDR
methylation status with plasma 25(OH)D level. However,
a potential role for serum B12 and folate in the meth-
ylation regulation of CYP27B1 and VDR was reported,
respectively [23]. Another study showed that high folate
intake could effectively lead to reduced expression of
CYP24A1 in the ascending colon [44].

Recently, a new concept called personalized response
to vitamin D supplementation has been suggested [45].
The results of clinical trials like VitDbol and VitDmet
about the effects of vitamin D supplementation on bio-
chemical vitamin D-sensitive parameters, accessibil-
ity change of chromatin regions, and the response of
transcriptome-wide vitamin D target genes have been
published lately [46—52]. These trials revealed the differ-
ence in humans’ molecular response to vitamin D supple-
mentation [45]. According to the fold change of 25(OH)
D serum level and fold change of parameters or gene
expression, three groups were proposed; low responder,
mid responder, and high responder. Individuals as low
responders are more susceptible to vitamin D deficiency
disorder and should take higher daily doses of vitamin
D than high responders to obtain the optimal hormonal
activity of vitamin D and maximal disease protective
effect [11, 45]. So, personalized vitamin D supplementa-
tion based on the personalized optimum vitamin D level
can be considered instead of a general recommendation.
It is mentioned that this index is not related to the geo-
graphic location of individuals and is independent of the
serum 25(OH)D levels [45]. Furthermore, a review study
on Mendelian Randomization studies suggested that the
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benefits of increased vitamin D levels could be attributed
to the correction of clinical deficiency [42]. Therefore, it
can be concluded that the evaluation of vitamin D serum
levels based on general threshold metrics could not be
a good indicator of the optimal vitamin D level for the
desired effects.

It is suggested that genetic variation can only predict
20% of the variation in vitamin D response indices, while
the remaining could be due to epigenetic variations [45].
We suggest that this variation can be due to the differ-
ences in the functional status of intracellular 25(OH)D
transformers or regulation of VDR, RXRA, and the co-
regulators. It can be hypothesized that variations in the
amount or function of the megalin (which transfers DBP-
bound format to cells) and HSP70 (the potential intracel-
lular transporter) could be possible reasons for vitamin D
response variation [8].

The use of PBCs as the source of DNA methylation
analysis is a major limitation of the reviewed articles.
Although the expression of the mentioned enzymes in
immune cells is demonstrated, the regulation of vita-
min D status majorly occurs in liver and kidney tis-
sues. Furthermore, the presence of CYP27B1 regulation
via 1,25(0OH),D/VDR in renal cells and the absence
of it in macrophages—due to genetic and epigen-
etic mechanisms that result in tissue-specific actions of
1,25(0OH),D—points to this error in the generalizability
of the results [8].

According to the discrepancy in the method of stud-
ies, different populations, and methods of vitamin D
level and methylation status assessment, reviewed stud-
ies showed diversity in the correlated CpG sites of each
gene and their association with vitamin D level. We sug-
gest large-scale studies in different ethnicities to find
the effect of epigenetic modulation of vitamin D-related
genes on vitamin D response variation and serum level.
It can determine the usability of the epigenetic profile for
the recommendation of the appropriate vitamin D sup-
plementation dosage. Afterward, we could analyze each
person’s metabolic response to the vitamin D serum level
to determine the goal serum level.

Conclusions

Epigenetic modification plays a crucial role in regulating
vitamin D levels and vitamin D response variation. Epi-
genetic changes could be considered to recommend the
appropriate dosage of vitamin D supplementation. Large-
scale research studies among various ethnicities are rec-
ommended to report more precisely.
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