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Abstract: Background/Objectives: In recent years, there has been a growing interest in pre-
cision nutrition and its potential for disease prevention. Differences in individual responses
to diet, especially among populations of different ancestry, have underlined the importance
of understanding the effects of genetic variations on nutrient intake (nutrigenomics). Since
humans generally cannot synthesize essential vitamins, the maintenance of healthy bodily
functions depends on dietary vitamin intake. Understanding the differences in vitamin
uptake and metabolism across diverse populations may allow for targeted treatment plans
and improved overall health. We assessed the current scientific evidence on genetic varia-
tions (such as single-nucleotide polymorphisms (SNPs)) affecting vitamin metabolism in
humans. Methods: A systematic literature review of primary studies on genetic variations
associated with (personalized) nutrition was conducted. Using key terms related to per-
sonalized nutrition, nutrigenomics, SNPs, and genetic variations, three online databases
were searched for studies published between 2007 and 2023 that included healthy adult
subjects. Only results that were confirmed at least once were included. Study quality was
assessed with the Joanna Briggs Institute (JBI) critical appraisal tool. Results: Eighty-six
articles were included in this review. Our analysis revealed associations with homocysteine
metabolism and B Vitamins, Vitamin D, and components of Vitamin E. Genetic associations
with Vitamin D, particularly with the GC gene, were extensively researched and linked
to lower 25(OH)D concentrations, with sunlight exposure as a contributing factor. Most
variants had a negative effect on homocysteine levels. Additionally, we observed general
increases in carotenoid levels in the presence of SNPs, although more research on Sele-
nium and Selenoprotein P concentrations is warranted. No studies on Vitamin C were
obtained, indicating an area for further methodological improvement. Ancestry is believed
to be a significant factor influencing SNP associations and significance. Conclusions: The
current review emphasizes the importance of genetics in targeted disease prevention and
health care. Our comprehensive findings may provide healthcare practitioners with re-
liable information to make recommendations in precision nutrition, specifically vitamin
supplementation.
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1. Introduction
Although the role of nutrition in disease prevention has been neglected in the past,

it is of fundamental importance to the mechanisms of non-communicable diseases. As
a result, governments worldwide have increasingly adopted general nutritional guide-
lines, such as the Swiss Food Pyramid, to promote public health and mitigate chronic
diseases [1]. Nevertheless, the effectiveness of such a one-size-fits-all approach has recently
been called into question [2,3]. Genetic variations have different effects on individuals of
different ancestry and oftentimes occur with largely different frequencies, determining the
importance of individual SNPs in specific populations. For example, SNPs in the GC gene,
which are known to influence Vitamin D levels, vary among populations and can affect
Vitamin D metabolism differently. In other words, identical SNPs can affect bioavailability
and metabolic responses differently depending on ancestry, even when identical diets are
consumed [2,3]. Current dietary guidelines do not consider such inter-individual variances,
although they are essential for effective disease prevention.

Precision nutrition (PN) attempts to close this gap by combining patient data, including
genetic information, to devise the best-suited diet for populations [4]. While genes may
be set, PN argues that nutrition is not, and that based on people’s genotypes, dietary
recommendations can serve to prevent the onset of chronic diseases [5]. Given the critical
role of dietary vitamins in metabolism and their direct impact on health outcomes, our
study focuses on vitamins as key components of personalized nutrition strategies. By
investigating how genetic variations influence the metabolism of dietary vitamins, we aim
to provide practical and actionable insights for precision nutrition. The combination of
nutritional science and genomics—also known as nutrigenomics—has been defined as the
field of study “examining how foods affect genes and how individual genetic differences
can influence the response to particular nutrients, or other naturally occurring compounds
in foods” [6]. Nutrigenomics is a relatively young field; however, scientific research has
made considerable progress in recent years, revealing many new associations between
genetic variations and human metabolism. To the best of our knowledge, there has been no
comprehensive review of recent publications, highlighting the need for a reliable overview
of the current state of knowledge in this domain.

2. Materials and Methods
This study was conducted according to a protocol previously registered at INPLASY

(INPLASY202270068, DOI: https://doi.org/10.37766/inplasy2022.7.0068) and performed
according to the principles of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: the PRISMA Statement [7].

2.1. Eligibility Criteria

Eligibility criteria were designed with the Population, Intervention, Comparison,
Outcome, Context (PICOC) method (Supplementary Table S2). Briefly, this review included
peer-reviewed studies in English or German and focused on the relationship between
genetic variations and personalized nutrition (PN). Studies were eligible for inclusion if
the cohorts consisted of healthy adult subjects of any physical fitness, ethnicity, or socio-
economic status. Furthermore, we considered population-based studies that included, but
were not limited to, children, infertile, pregnant, obese, or possibly ill subjects. To provide
reliable data, only successfully validated results were included. Studies that dated back
more than 15 years, did not observe significant associations, or used large genetic risk
scores were excluded. Studies that focused on genetic effects related to nutrient intake and
preferences were not considered because of the potential influence of various confounding

https://doi.org/10.37766/inplasy2022.7.0068
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factors. No restrictions were made regarding outcome measure or follow-up duration (full
criteria list in Supplementary Table S1).

2.2. Search Strategy

The search strategy for this review was part of a larger analysis and aimed to retrieve
any studies reporting associations between genetic variations and nutrients. The selection of
studies examining only vitamins was made during title and abstract screening. The search
was applied to three electronic databases: Embase, MEDLINE, and the Cochrane Library
(Supplementary Table S3). A combination of key words and MeSH terms (Medical Subject
Headings) such as genetic variations, SNPs, personalized nutrition, nutrigenomics, and genetic
association studies were used. Final searches were concluded on 13 September 2023.

2.3. Study Selection and Data Extraction

All studies were collected and deduplicated in Endnote and screened for title and
abstract before the texts were read in full. The screening process was independently
conducted by two authors (EB, JSc) in Rayyan, and uncertainties were discussed after
completion [8]. After selecting potential papers from reference lists, 279 were screened for
validation, including only those studies whose results were confirmed by at least one other
paper. This selection process was conducted by the first author (EB) and peer-reviewed.
The study selection and screening process are presented in Figure 1 using a PRISMA flow
chart, ensuring transparency in documenting inclusions and exclusions.
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Data extraction was performed by means of a customized table that included study
characteristics, subject characteristics, data collection methods, outcome measures, and
methods of analysis. One author (EB) was responsible for collecting the data, while another
author (JSc) reviewed the process.

2.4. Risk of Bias Assessment

Study quality was assessed using the JBI critical appraisal tool. The checklists as-
sess quality aspects ranging from inclusion criteria and cohort and setting descriptions
to exposure and outcome measurements, as well as validity, confounding factors, and
statistical analysis. All studies were assessed by the first author (EB) using the appropriate
JBI checklist: these included cross-sectional studies (n = 67), case–control studies (n = 6),
RCTs (n = 8), case series (n = 1), quasi-experimental studies (n = 2), and cohort studies
(n = 2). The process was reviewed by the last author (JSc).

Quality scores were not used to adjust the inclusion of studies in this review. Instead,
the quality scores serve to provide transparency, allowing the reader to assess the potential
reliability and biases of the included studies.

3. Results
3.1. Study Selection and Characteristics

Our systematic search yielded 4457 articles. Duplicates, animal studies, reviews,
conference abstracts, editorials, and studies including ‘Cancer’ or ‘Carcinoma’ in their title
were removed in Endnote before 2668 papers imported into Rayyan for screening. After
initial title and abstract screening, 279 studies underwent further validation and 159 of
them yielded results on nutrients that were confirmed by at least one other paper in our
review. Of those included studies, 86 examined associations between genetic variations and
homocysteine metabolism (n = 32), Vitamin D (n = 48), and antioxidants (n = 6). Findings
on SNPs associated with iron were published in a separate review [9]. A PRISMA flow
chart (Figure 1) depicts the entire study selection process. All studies used for this review
were published as journal articles.

In total, this review found seven SNPs associated with antioxidants, nine related to
homocysteine metabolism and B Vitamins, and 43 correlated with Vitamin D. Notably, Du
Plessis and colleagues (2020), as well as Nienaber-Rousseau et al. (2013), independently
examined the same three SNPs in an identical cohort and therefore drew the same conclu-
sions. Similarly, both studies by Al-Batayneh and colleagues (2019 & 2020) were conducted
in the same cohort, but they examined different associations.

3.2. Assessment of Risk of Bias

The methodological quality assessment was carried out by the first author (EB) using
the appropriate JBI checklist and was peer-reviewed (JSc) to ensure consistency. The check-
lists and summary scores for each study are presented in the Supplementary Tables S4–S9.
Most studies scored 60% or higher, and only five did not meet this threshold. Zero points
were awarded for unclear or non-applicable questions.

3.3. SNPs Associated with Homocysteine, Folate, and Vitamin B12

This review identified ten SNPs significantly associated with components involved in
homocysteine metabolism (Figure 2). All associations and outcome measures are compiled
in Table S10.
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Figure 2. Homocysteine metabolism. Created with BioRender.com.

3.3.1. Effects of rs1801133 in MTHFR

The SNP most frequently associated with homocysteine metabolism was rs1801133
(also C677T) in MTHFR. The variant allele T was consistently associated with lower mean
red blood cell (RBC) folate values (−4.8%) and explained 3–8% of the variation [10,11]. In
contrast, findings in Chinese populations were inconclusive. While one study confirmed
previous results (TT: −17.5%), another cohort showed significantly higher RBC folate levels
in homozygotes (+12.8%, p < 0.05) [12,13]. Compared to wild types, rs1801133 homozygotes
experienced 18.2–33.3% lower serum folate levels, with the SNP explaining 3% of the total
variation [10,11,14–18]. The interference of sex hormones in this interaction cannot be
excluded [10]. Additionally, the SNP appears to have a protective effect, influencing folate
metabolism and uptake. This interaction may lead to reduced plasma folate levels, even
with sufficient dietary intake [12,19].

When examining its associations with B Vitamins, TT homozygosity reduced Vitamin
B6 and B12 levels by 8% and 3.4–6.5%, respectively, and increased the odds of B12 deficiency
1.7–4.2 times [17,18,20,21].

Nineteen studies in this review observed a positive association between rs1801133 and
homocysteine (Hcy) [11–13,15–17,19,22–33]. Specifically, the TT genotype increased Hcy
levels between 9.5% and 562.7% [17,24–33]. Consequently, carrying the T allele significantly
increased the risk for hyperhomocysteinemia (HHcy), a condition that has been linked to
diseases such as atherosclerosis, stroke, and coronary artery disease [30,32–34]. Addition-
ally, carrying the T allele increased the odds of HHcy treatment failure by 168% compared
to wild types [12,19,23]. The association between rs1801133 and Hcy level was affected by
several factors, including dietary folate intake [12,19,23], Vitamin B12 intake [15,33], or diet
(vegetarian/non-vegetarian) [27]. Interactions between rs1801133 and other SNPs have
frequently been observed to affect associations. A brief overview is presented in Table 1
and comprehensive results are compiled in Tables S10 and S11.
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Table 1. rs1801133 haplotype effects on Hcy.

Haplotype Effect on Hcy

rs1801133 x rs1801131
T A * ↑ 72–84% odds of high Hcy

C * A/C ↓ 44–69% odds of high Hcy
TT CC Never observed

rs1801133 x rs1801394

TT GG ↓ 25.6% compared to TT +
AA *

rs1801133 x T833/844ins68

TT CC ↓ 50% compared to TT +
TT *

TT TC ↓ 39% compared to TT +
TT *

rs1801133 x rs7946

TT GA ↓ 41% compared to TT +
AA *

TT GG ↓ 47% compared to TT +
AA *

rs1801133 x rs9001

CC * CC ↓ 50% compared to TT +
AA *

* Wt/major allele. For detailed values, refer to Table S10.

3.3.2. Effects of rs1801131 in MTHFR

Population-specific associations were observed for rs1801131 (A1298C), with differ-
ences in genetic effect depending on ethnic background of the studied cohorts. While the
variant allele C was associated with 9% lower plasma folate concentrations and 5–13%
increased Hcy levels in cohorts of Caucasian and Indian origin, Chinese individuals experi-
enced elevated serum folate (+34.8%) and a reduction in Hcy levels (−32.4%) [14,17,30,32].
Specifically, the CC genotype lowered the odds for HHcy (−80%), as well as the odds
for HHcy treatment failure (OR (95% CI): 0.58 (0.41, 0.81)) [23,32]. Rs1801131 showed
no significant association with Vitamin B12 deficiency, but more studies are required for
validation [20].

3.3.3. Effects of rs2274976 in MTHFR

Two cohorts identified rs2274976 (G1793A) as a significant predictor of RBC folate and
plasma folate levels; however, its effect direction seems to depend on ancestry. In Caucasian
individuals, carrying the SNP was associated with reduced RBC folate levels, whereas in
people of Chinese descent, the A allele increased plasma folate levels by nearly 60% [14,35].

3.3.4. Effects of rs1801394 in MTRR

Rs1801394 (66AG) was the only SNP positively associated with Hcy concentrations
in this review. The G allele increased Hcy concentrations by 25–34% and exhibited
1.81 times higher odds of HHcy treatment failure [23,27]. This aligns with results for
the rs1801394 x rs162036 haplotype, where the A + G allele carriers showed heightened
susceptibility to folic acid therapy compared to the G + A haplotype (OR(95%CI): 0.66 (0.48,
0.91) and OR(95%CI): 1.68 (1.31, 2.15)) [23]. HHcy subjects in the latter group may therefore
benefit from an alternative treatment [23].
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3.3.5. Effects of rs1805087 (MTR), rs1051266 (RFC1), and 844ins68 (CBS)

Our review revealed three SNPs that significantly reduced Hcy concentrations. The
rs1805087 (MTR) G allele was linked with 5–6.6% lower Hcy concentrations in Caucasian
and Black African cohorts, although a positive association with Hcy was observed in
an Indian population [17,25,27,28]. Homozygosity for the RFC1 variant rs1051266 was
associated with 18–26% lower Hcy levels in Indian individuals, with the consumption of
a non-vegetarian diet potentially mitigating this effect [27,30]. The CBS variant 844ins68
(LD: rs5742905) reduced Hcy by 2.7–5.1% in Caucasians, while in Black African cohorts,
the SNP’s effect depended on factors such as biotin concentration, protein consumption,
HDL cholesterol levels, or rs1801133, revealing a complex relationship between nutritional
factors and Hcy metabolism [17,25,28].

3.3.6. Effects of rs1801198 in TCN2 and rs34530014 in TCN1

Studies on rs1801198 (C776G) in TCN2 and rs34530014 (TCN1) have highlighted their
roles in Vitamin B12 metabolism across different populations. For rs1801198 in TCN2, in
Caucasian homozygotes, Vitamin B12 levels rose by 15%, while in Arabs, homozygosity was
linked to 5.6 times higher odds of Vitamin B12 deficiency [36,37]. In Hispanic populations,
rs1801198 was suggested to reduce Vitamin B12 availability for cellular uptake [38]. The
C to G substitution has been suggested to change TCN2’s tertiary structure, potentially
affecting the binding capacities of Vitamin B12 and holoTC [37,38]. This SNP was also
associated with Hcy, with effects varying based on serum Vitamin B12 levels [36,38].

In contrast, a negative association between rs34530014 (TCN1) and Vitamin B12 levels
was specifically observed in individuals of African descent [39,40]. The SNP appears to
play a significant role in Vitamin B12 metabolism in this population, although it has not yet
been identified in other ethnic groups, suggesting an ethnicity-specific effect [39,40].

3.3.7. Effects of 19 bp Deletion in DHFR

The 19 bp deletion in DHFR is suggested to impair folic acid metabolism, predomi-
nantly in interaction with folic acid intake rather than acting independently [35,41,42]. This
analysis suggests heterogeneous and context-specific effects, possibly due to population
differences and various folic acid fortifications. Nonetheless, the variant is significantly
associated with both long- and short-term folate markers, showing a tendency to increase
levels with high intake and decrease them with low intake [41]. Hence, this variant is
expected to be most relevant to individuals with either very low or very high folic acid
consumption. Further research is necessary to better understand this SNP.

3.4. SNPs Associated with Vitamin D

The extensive research found on SNPs and Vitamin D can be attributed to the vitamin’s
ability to reduce the risk of chronic illnesses, alongside the high global prevalence of Vitamin
D deficiency, which underscores its critical clinical relevance [43–45]. Given that Vitamin D
deficiency affects a significant portion of the population worldwide, understanding the role
of genetic variations in Vitamin D status becomes even more essential, as heritable factors
are estimated to affect Vitamin D levels by 29% to 80% [46]. Insights gained from these
studies are vital for identifying high-risk groups and devising effective precision nutrition
interventions.

3.4.1. Polymorphisms in GC

Our analysis identified ten polymorphisms in the GC gene significantly associated with
Vitamin D markers, including Calcifediol (25(OH)D), Calcitriol, Vitamin D-binding protein
(VDBP), and odds of Vitamin D deficiency (VDD). Variants rs4588, rs7041, rs17467825 and
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rs3755967, rs2298850, rs2282679, and rs1155563 exhibited negative effects to various degrees,
while rs222020 and rs2298849 appeared to increase Vitamin D concentrations [43,44,46–84].
The results on SNP rs1212631 were inconclusive [53,60,67]. A summary of the effect sizes
on 25(OH)D is given in Table 2; please refer to Table S10 for more detailed values.

Table 2. Effects of GC variants on 25(OH)D concentrations.

SNP Effect on 25(OH)D Compared to Wt Sources

rs4588 Negative −12% to −27% [43,46,48,49,51,53,
54,56,57,60,61]

rs7041 Negative −9% to −27% [43,47,49,56,57,60,
62,63,68,77,82,83]

rs17467825 Negative −13.8% to −28.5% [53,68]
rs3755967 Negative −17.7% to −27% [68]
rs2298850 Negative −16.1% to −28.5% [68]

rs2282679 Negative −13% to −34% [46,47,51,53,68,70,
71,75,78,80,81]

rs1155563 Negative −16% to −28% [51,60,68]

rs222020 Positive +3.21% to 8.42%
(per minor allele) [60,66]

rs2298849 Positive +3.4% to + 13%
(per minor allele) [49,66]

rs12512631 Inconclusive [53,60,67]
Effects refer to homozygous SNP carriers, unless otherwise indicated. For detailed values, refer to Table S10.

Variants rs4588, rs7041, and rs2282679 were the most extensively researched SNPs in
GC, all of which exhibited strong negative associations with Vitamin D levels. Homozygos-
ity at rs4588 resulted in 12–27% decreased 25(OH)D levels and a 5–13% reduction in VDBP
levels, along with significantly higher odds for VDD [43,46–54,56,57,59–63,85,86]. Moreover,
carrying the rs4588 T allele increased the odds of non-response to Vitamin D supplementa-
tion [87]. The SNP accounted for up to 3.7% of the observed variance in 25(OH)D levels,
and its impact appeared to be influenced by factors such as sun exposure [43,49,61,62]. Sim-
ilarly, variant allele T in rs7041 consistently exhibited negative associations with Vitamin D
parameters in twenty-eight diverse cohorts; the variant frequently ranked among the most
significant SNPs [43,69,77]. TT homozygotes had 9–32% lower 25(OH)D concentrations and
3.3-fold higher odds of VDD compared to GG genotypes [43,47,49,56,57,62,63,68,72,77,82,
83]. The T allele was significantly linked to reduced Calcitriol and VDBP levels and TT
homozygotes had 9–32% lower 25(OH)D concentrations and 3.3-times higher odds of VDD
compared to GG genotypes [43,47,49,52,56,57,62,63,68,72,77,82–84]. Interestingly, obser-
vations made for rs7041 in African cohorts differed from those in Caucasians, possibly
due to variations in SNP frequencies limiting result generalizability [58,83,85]. These find-
ings largely support a robust negative association between rs7041, rs4588 and Vitamin D;
however, a few studies reported no such correlations [47,59,63,83].

In homozygous carriers of the rs2282679 C allele (G on reverse strand), 25(OH)D
concentrations were 13–34% lower compared to wild types [46,47,51,53,55,65,68–73,75,76,
78,80,81]. The variant was further associated with lower VDBP levels, was more prevalent
in Vitamin D-deficient people, and increased the odds of VDD by between 50% and
130% [46,47,67,70,72,74,76,81]. Contrasting results were found for rs12512631. The C allele
reduced 25(OH)D levels by 4.7% in one study, while two other cohorts observed a positive
association, with the variant lowering deficiency risk and increasing 25(OH)D levels by
12% [53,60,67].
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3.4.2. Haplotypes in GC

We identified multiple interactions between GC variants that influence Vitamin D
markers; however, the interaction between rs4588 and rs7041 was the most extensively
studied [60,65]. The haplotypes formed by rs4588 and rs7041 explained 3–7% of the variance
in 25(OH)D levels [61,88]. While the Gc2 allele (rs7041 A) was consistently associated with
lower 25(OH)D concentrations, the Gc1s-1s haplotype displayed the highest concentrations.
Intermediate concentrations were observed in carriers of Gc or Gc1f haplotypes [47,49,55,61].
Moreover, the Gc2 allele was more prevalent among Vitamin D-deficient individuals and was
associated with higher odds of deficiency [47,50,52,56,64]. Notably, the ancestral background
of the study populations seemed to affect these associations and haplotype frequencies [47,61].
All GC haplotypes and their respective effects can be found in Table S10.

3.4.3. Polymorphisms in CYP2R1

Four of ten identified SNPs in the CYP2R1 gene were negatively associated with
Vitamin D; five exerted a positive effect, and one variant presented inconclusive results
(Table 3).

Fifteen studies found significant associations between Vitamin D and SNP rs10741657.
Homozygous carriers of the A allele presented Vitamin D levels 4.4–53% higher than
wild types, as well as 3 times lower odds of VDD [48,49,53,54,56,60,66,68–70,77,80,86].
Moreover, the variant was observed to impact Vitamin D levels in interaction with another
CYP2R1 variant, rs10766197 [53]. In contrast, two studies linked rs10741657 to lower serum
25(OH)D levels and 4-fold higher odds of being deficient than wild types [55,79]. Five
studies conducted in subjects of diverse ancestry found no significant association between
rs10741657 and Vitamin D [44,73,74,76,78].

Rs10741657 is in linkage disequilibrium (LD) with rs2060793 in CYP2R1, which has
also been positively associated with Vitamin D levels [53,60,62,69,71]. AA homozygotes
displayed concentrations 4.5–15% higher compared to wild types [62,71]. Notably, the
impact of this association seemed to be influenced by the degree of sun exposure [62]. Fur-
thermore, a haplotype involving CYP2R1 variants rs2060793, rs12794714, and rs10741657
correlated with baseline 25(OH)D levels, where risk alleles in rs10741657 and rs2060793
increased serum levels significantly, confirming previous findings [60].

In contrast, the variant rs12794714 has a negative effect on the Vitamin D marker. Com-
pared to wild types, homozygotes were five times likelier to experience treatment failure
and subsequently had 72% higher odds of VDD and 10–20% lower 25(OH)D levels, even
after one year of D3 supplementation [49,60,66,68,69,72,73,87]. Similarly, homozygosity
for the variant allele A in rs10766197 reduced 25(OH)D levels by 4–10% compared to wild
types, also after a year of supplementation [46,53,54,60]. Moreover, the odds ratios for VDD
in this variant ranged from 1.215 to 6.533, with homozygous carriers being nearly seven
times more likely to experience treatment failure [46,87,89].

The results for rs7116978 were limited and inconclusive. On the one hand, each copy
of the T allele was linked to a 7% increase in 25(OH)D; on the other hand, the CC genotype
was more responsive to Vitamin D supplementation than carriers of the T allele [53,90].
Notably, when examined in individuals of Arab, South Asian, or Southeast Asian descent,
no significant association was observed [68].
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Table 3. Effects of CYP2R1 variants on 25(OH)D concentrations.

SNP Effect on 25(OH)D Compared to Wt Sources
rs10766197 Negative −4% to −10% [46,53,54,60]
rs12794714 Negative −10% to −20% [49,60,66,68,82]
rs11023374 Negative −10% to −20% [62,88]
rs10500804 Negative −6% to −13% [62,68,82]
rs2060793 Positive +4.5% to 15% [62,71]

rs1562902 Positive +3 to 9% (per minor
allele) [53,60]

rs1993116 Positive +6 to 20% [49,71]

rs731236 Positive +6% (per minor
allele) [53]

rs10741657 * Positive +5 to 53% [48,49,53,54,56,60,
68,70,77]

rs7116978 Inconclusive [53,90]
Effects refer to homozygous SNP carriers, unless otherwise indicated. * Two studies found a negative association
[55,79]. For detailed values, refer to Table S10.

3.4.4. Polymorphisms in CYP24A1

Three variants in CYP24A1 were significantly associated with Vitamin D metabolism
in this review. Associations for rs6013897 and Vitamin D were found in three cohorts,
and the variant negatively affected 25(OH)D concentrations and reduced the efficacy of
year-long Vitamin D3 treatment by 5% [60,70,87]. In contrast, four additional studies found
no link between the SNP and Vitamin D, potentially due to their study designs masking the
SNP’s small effect size [73,74,76,77]. These results highlight the possibility that CYP24A1
polymorphisms may influence Vitamin D metabolism in a context-specific manner, with
interactions between genetic and environmental factors. Contradictory observations were
made for both rs2762939 and rs2209314. On the one hand, the variant allele of rs2762939
reduced 25(OH)D concentrations by 10–27%; on the other hand, it exhibited a nearly 3%
increase in baseline 25(OH)D [60,63]. A possible explanation for this discrepancy could have
been the omission of BMI in one of the analyses [63]. Furthermore, rs2762939 appeared to
negatively affect Vitamin D treatment in combination with the CYP24A1 variants rs2244719
and rs4809958 [60].

Rs2209314 demonstrated a comparable pattern. On the one hand, the variant was
negatively associated with mean total, free, and bioavailable 25(OH)D concentrations
(−16%, −41%, −24%, respectively); on the other hand, it showed positive associations with
both VDBP levels (+18%) and serum 25(OH)D levels (+2.7% per C allele) [60,63].

3.4.5. Polymorphisms in VDR

Four SNPs in VDR were significantly associated with Vitamin D in our review. Specifi-
cally, variant rs10783219 was linked to lower 25(OH)D levels, resulting in a 3.75% reduc-
tion and 40% increased odds for VDD [59,60,67]. Conversely, while one cohort observed
a positive association between rs1544410 (BsmI) and 25(OH)D, its examination in two
other populations revealed no significant correlation [58,91,92]. Interestingly, in one study,
rs1544410 had no direct effect on Vitamin D; however, it did negatively impact the gene
expression of VDR and SOD2 while also upregulating CYP24A1, ultimately having an
indirect effect on 25(OH)D metabolism [93].

Meanwhile, associations for rs7139166 and rs2228570 appeared to be ancestry-
dependent. In Caucasians, the rs7139166 variant allele increased serum 25(OH)D con-
centrations by 4%, while Amerindians faced 93% higher odds for VDD [60,67]. Similarly,
with rs2228570, Cypriot and Arab T allele carriers had 18.7–44.8% lower 25(OH)D levels
than wild types, whereas Caucasian individuals responded better to Vitamin D supplemen-
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tation when carrying the SNP [75,91,92,94]. Notably, this latter association lost significance
after Bonferroni correction. Moreover, in a Chinese cohort, the G allele was positively
linked to Vitamin D2 and calcium concentrations, while two studies found no significant
rs2228570 associations [79,86,95]. Detailed effect sizes are in Table S10.

3.4.6. Polymorphisms in NADSYN1/DHCR7

Both rs3829251 and rs12785878 in NADSYN1/DHCR7 were negatively associated
with 25(OH)D in this review. Homozygosity for rs3829251 was significantly associated
with reduced 25(OH)D in six cohorts of various ethnicities (view Table S10 for detailed
values) [65,71,72]. Similarly, carriers of the rs12785878 SNP exhibited significantly lower
25(OH)D and free−25(OH)D levels compared to wild types, as well as 2.44-times higher
odds for VDD [70,72,73,89]. Four cohorts in our review found no significant correlations
between rs3829251 and serum 25(OH)D levels, and while four cohorts observed no associa-
tions for rs12785878, one study observed a positive association with 25(OH)D [68,74,77,86].

3.4.7. Other Polymorphisms

Engelman et al. (2010) identified a total of 13 SNPs associated with Calciferol
(25(OH)D) and Calcitriol (1.25(OH)2D) in their cohort [96]. While the SNPs rs2806508,
rs10141935, and rs4778359 were positively associated with Calciferol (+13–24%), variants
rs1507023 (in A2BP1) and rs9937918 (in GPR114) reduced Calciferol concentrations by 7%
and 9%, respectively [96]. Variants rs6680429 (in DAB1), rs1348864, rs12667374, rs7781309
(MLL3), rs10505337, rs2486443, and rs2154175 were associated with increased Calcitriol
levels, effect sizes ranging from 8 to 21.5% [96]. The only SNP negatively correlated with
Calcitriol was rs4559029 with an effect of −86.5% in homozygotes [96].

One study observed a negative association between the minor G allele of rs6599638 (in
C10orf88) and 25(OH)D levels in three populations [71]. Homozygous carriers exhibited
4.5–7% lower Vitamin D concentrations; however, the authors were not able to replicate
these findings in a pooled analysis [71].

3.5. SNPs Associated with Antioxidants

This review identified four SNPs within BCO1 that affect Carotenoids. Rs11645428
was linked to reduced β-carotene levels, while increased concentrations were observed in
individuals carrying rs6420424, rs8044334, or the G allele in rs6564851 [97,98]. Moreover,
the rs6564851 G allele was positively associated with α-carotene levels [97]. In APOA5,
a positive association was observed between the variant allele and plasma α-tocopherol.
Notably, when adjusting for triacylglyceride, the association strength notably diminished,
suggesting that genotype effects might be mediated by elevated circulating lipids [98].

Two polymorphisms in this review were associated with Selenium (Se) and Selenopro-
tein P (SePP). Ambiguous results were found for rs1050450 (in GPX1), the variant allele
increasing Se levels in one cohort, while another study reported a 7% decrease in homozy-
gotes [99,100]. Findings for rs3877899 (in SELENOP) have suggested a negative effect of
the T allele on Se and SePP concentrations, with the association possibly being affected
by gender [99–102]. Notably, an interaction between rs3877899 and BMI was observed,
possibly impacting the SNP’s effect in certain population groups [102]. For detailed values
and effect sizes, refer to Table S11.

4. Discussion
This review presents a comprehensive overview of SNPs significantly linked to the

metabolism of vitamins in healthy adults. Our analysis yielded studies examining associ-
ations among antioxidants, Hcy metabolism, and Vitamin D and contextualized them in
relation to precision nutrition. Including studies on diverse populations provided valuable
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insights into how effects differ across ancestries and emphasized the importance of genetic
background in nutritional requirements.

Research on genetic variants affecting antioxidants is limited. Carotenoid levels gener-
ally increased in the presence of SNPs; however, effects on Se and SePP were ambivalent
and require more extensive research.

Nine SNPs in eight genes significantly affected Hcy metabolism, both independently
and in interaction with other variants. Associations were found for Hcy and Vitamins B9
(folate), B12, and B6. The most comprehensively studied SNP was rs1801133, a carrier
presenting consistently lower folate, Vitamin B12, and B6 levels, as well as higher Hcy
concentrations. The SNP is suggested to render MTHFR more thermolabile, reducing
its activity and consequently lowering 5-MTHF concentration [13,33]. As a result, Hcy
levels in the blood may increase, posing a greater risk for the development of chronic
disease [13]. Moreover, TT homozygotes were less responsive to folic acid supplementation,
increasing the risk of folate treatment failure for HHcy [19,23]. Altered intestinal absorption
of the vitamin could cause the deficiencies observed in T allele carriers; however, whether
the abnormal metabolism is caused by the SNP or not is difficult to determine [20,21].
Lifestyle may also be an influencing factor of B12 deficiency [20]. In conclusion, while
diet is a strong determinant of Vitamin B concentrations, variant rs1801133 might help to
identify predispositions for impaired Hcy metabolism and vitamin B12 or B6 deficiency.
Furthermore, those individuals may benefit from increased B vitamin intake to maintain
optimal levels and reduce Hcy concentrations [13,18,103].

In our review, 43 SNPs were identified to be associated with Vitamin D; 17 were
positively associated and 19 were negatively associated. Inconclusive results were found
for seven polymorphisms. GC was the most extensively researched gene and had the
most SNPs associated with Vitamin D. Based on our analysis, most SNPs (8/10) in GC
reduce 25(OH)D concentrations, and individuals with those mutations might profit from
Vitamin D supplementation, especially during the winter months [48]. Associations be-
tween GC and Vitamin D markers were significantly weaker during the winter months
compared to summer, suggesting a gene–environment interaction where SNPs interact
with UV radiation to impact Vitamin D status [43,51,54,61]. Moreover, GC SNPs lowering
25(OH)D concentrations also correlate with lower VDBP levels; however, it is unclear
whether circulating VDBP affects the further metabolism and availability of Vitamin D [70].
Examining the effects of multiple SNPs in GC and CYP2R1, as observed by Barry and
colleagues (2014), revealed that while variants affected baseline 25(OH)D levels, they did
not affect the response to Vitamin D supplementation. This suggests different regulatory
mechanisms for 25(OH)D depending on its source (dietary vs. endogenous) [60].

Differences between study results were observed in our review and may arise from
varying methodologies or be due to the relative weight of environmental and lifestyle
factors on Vitamin D levels. Additionally, ethnic differences between the study populations
and a lack of functionality or low frequency of SNPs in certain groups could be responsi-
ble for varying results [58,67]. For example, the GC1s and GC2 isoforms are much more
frequent in individuals of European descent compared to Black and Asian subjects, who
are more likely to carry the GC1f isoform [47]. This heterogeneity in SNP frequency across
diverse populations highlights not only the need for research in diverse cohorts but also
the inadequacy of universal nutrition recommendations for individuals of diverse ethnic
backgrounds [11,58,68,83]. To ensure the development of more precise and inclusive nutri-
tion guidelines, future studies should prioritize including a broader range of ethnic groups,
particularly those under-represented in current research, to better understand the role of
genetic factors in vitamin metabolism across populations. Additionally, the protective effect
of a non-vegetarian diet in rs1801133 carriers or the influence of sun exposure on Vit D
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levels emphasizes the importance of considering (cultural) lifestyle factors in personalized
nutrition [27,62]. Promising observations were made when using genetic information to
design personalized supplementation, resulting in reduced interindividual variability in
25(OH)D levels and smaller impact of genetic variations [48]. These findings highlight
the inadequacy of universal Vitamin D recommendations and the potential of genetic
analysis to identify both at-risk populations and individuals less responsive to Vitamin D
supplementation.

The broad research scope and exclusion of subjects with BMI > 25 kg/m2 may have
introduced some bias to our review. As BMI can affect supplementation responses, it is
important to consider overweight individuals in studies on personalized nutrition [102].
Additionally, our decision to exclude studies without observed associations may have
introduced bias by limiting the scope of analysis. Moreover, the limited evidence on Vitamin
C highlights an opportunity for future search strategies to include broader categories and
to potentially expand the scope of this research. Relevant studies, such as Michels et al.
(2013) [104] and Niforou et al. (2020) [105], discuss the influence of genetic variations on
Vitamin C status and provide additional perspectives on this topic.

While gene–environment interactions such as epigenetics, sun exposure, diet, and
physical activity can significantly influence genetic associations, they were not fully ex-
plored in this review. Such interactions may play an important role and should be explored
in future research, potentially in studies designed to address these complexities more
comprehensively.

Lastly, inconsistencies across genetic notations made it difficult to compare study
results, highlighting the importance of establishing a standardized notation system for
genetic studies. Additionally, methodological heterogeneity among the included studies,
such as differences in study design, measurement tools, and outcome definitions, may
have contributed to variability in the findings. This underscores the need for more consis-
tent methodologies in future studies to improve comparability and ensure more robust
conclusions.

5. Conclusions
In conclusion, this review not only emphasizes the significance of SNPs in vitamin

metabolism for precision nutrition but also sets the groundwork for personalized ap-
proaches, addressing deficiencies and optimizing nutritional interventions regarding vi-
tamins. Our findings may empower health practitioners to identify individuals at risk of
therapy failure or vitamin deficiencies and to make well-founded recommendations on
vitamin supplementation. In combination with other personal health data, environmental
factors, and lifestyle choices, genetic information plays an important role in precision nutri-
tion and has the potential to improve the nutritional status of vulnerable populations [5]. In
this regard, the current review may contribute to enhancing the understanding of genetics
in nutrition therapy and may serve as a valuable foundation for future research.
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Antioxidants parameter study.

https://www.mdpi.com/article/10.3390/nu17020242/s1
https://www.mdpi.com/article/10.3390/nu17020242/s1


Nutrients 2025, 17, 242 14 of 19

Author Contributions: E.S.B. and J.S. (Johannes Scherr): independently reviewed studies against the
inclusion and exclusion criteria. E.S.B. performed the data extraction, interpreted the data, completed
the risk of bias assessment, and wrote the initial manuscript. J.S. (Johannes Scherr) and J.S. (Jörg
Spörri) critically revised the manuscript and were responsible for study oversight and approval of
the final content. All authors developed the protocol and search strategy, edited the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This review was funded by the University Centre for Prevention and Sports Medicine
at Balgrist University Hospital Zurich and the Swiss Innovation Agency Innosuisse, Switzerland.
Furthermore, this project has received funding from the European Research Council (ERC) under the
European Union’s Horizon 2020 research and innovation programme under grant agreement no E!
114833.

Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: We thank Jacqueline Huber, liaison librarian for medicine, at the University
Library Zurich, Medicine Careum, for her assistance in devising the literature search and for providing
valuable resources. Many thanks also to Florian Pfab and Tom Kocher for taking the time to share
their knowledge on statistical analyses and genetic notations.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have influenced the work reported in this paper.

References
1. Swiss Society of Nutrition (SSN). Swiss Food Pyramid; Federal Food Safety and Veterinary Office, Ed.; Swiss Society for Nutrition

SSN: Bern, Switzerland, 2011.
2. Bashiardes, S.; Godneva, A.; Elinav, E.; Segal, E. Towards Utilization of the Human Genome and Microbiome for Personalized

Nutrition. Curr. Opin. Biotechnol. 2018, 51, 57–63. [CrossRef] [PubMed]
3. Mullins, V.A.; Bresette, W.; Johnstone, L.; Hallmark, B.; Chilton, F.H. Genomics in Personalized Nutrition: Can You “Eat for Your

Genes”? Nutrients 2020, 12, 3118. [CrossRef] [PubMed]
4. Aruoma, O.I.; Hausman-Cohen, S.; Pizano, J.; Schmidt, M.A.; Minich, D.M.; Joffe, Y.; Brandhorst, S.; Evans, S.J.; Brady, D.M.

Personalized Nutrition: Translating the Science of NutriGenomics Into Practice: Proceedings From the 2018 American College of
Nutrition Meeting. J. Am. Coll. Nutr. 2019, 38, 287–301. [CrossRef] [PubMed]

5. Kirk, D.; Catal, C.; Tekinerdogan, B. Precision Nutrition: A Systematic Literature Review. Comput. Biol. Med. 2021, 133, 104365.
[CrossRef] [PubMed]

6. Dorland, W.A.N.; Saunders, W.B. Dorland’s Illustrated Medical Dictionary, 32nd ed.; Elsevier: Philadelphia, PA, USA, 2011.
7. Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan,

S.E.; et al. PRISMA 2020 Explanation and Elaboration: Updated Guidance and Exemplars for Reporting Systematic Reviews. BMJ
2021, 372, n160. [CrossRef]

8. Mourad, O.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A Web and Mobile App for Systematic Reviews. Syst. Rev.
2016, 5, 210. Available online: https://www.rayyan.ai (accessed on 1 June 2022).

9. Bösch, E.S.; Spörri, J.; Scherr, J. Genetic Variants Affecting Iron Metabolism in Healthy Adults: A Systematic Review to Support
Personalized Nutrition Strategies. Nutrients 2024, 16, 3793. [CrossRef]

10. Stanislawska-Sachadyn, A.; Brown, K.S.; Mitchell, L.E.; Woodside, J.V.; Young, I.S.; Scott, J.M.; Murray, L.; Boreham, C.A.;
McNulty, H.; Strain, J.J.; et al. An Insertion/Deletion Polymorphism of the Dihydrofolate Reductase (DHFR) Gene is Associated
with Serum and Red Blood Cell Folate Concentrations in Women. Hum. Genet. 2008, 123, 289–295. [CrossRef]

11. Solis, C.; Veenema, K.; Ivanov, A.A.; Tran, S.; Li, R.; Wang, W.; Moriarty, D.J.; Maletz, C.V.; Caudill, M.A. Folate Intake at RDA
Levels is Inadequate for Mexican American Men with the Methylenetetrahydrofolate Reductase 677TT Genotype. J. Nutr. 2008,
138, 67–72. [CrossRef]

12. Crider, K.S.; Zhu, J.-H.; Hao, L.; Yang, Q.-H.; Yang, T.P.; Gindler, J.; Maneval, D.R.; Quinlivan, E.P.; Li, Z.; Bailey, L.B.; et al. MTHFR
677C->T Genotype is Associated with Folate and Homocysteine Concentrations in a Large, Population-Based, Double-Blind Trial
of Folic Acid Supplementation. Am. J. Clin. Nutr. 2011, 93, 1365–1372. [CrossRef]

13. Ni, J.; Zhang, L.; Zhou, T.; Xu, W.-J.; Xue, J.-L.; Cao, N.; Wang, X. Association Between the MTHFR C677T Polymorphism, Blood
Folate and Vitamin B12 Deficiency, and Elevated Serum Total Homocysteine in Healthy Individuals in Yunnan Province, China. J.
Chin. Med. Assoc. 2017, 80, 147–153. [CrossRef] [PubMed]

https://doi.org/10.1016/j.copbio.2017.11.013
https://www.ncbi.nlm.nih.gov/pubmed/29223004
https://doi.org/10.3390/nu12103118
https://www.ncbi.nlm.nih.gov/pubmed/33065985
https://doi.org/10.1080/07315724.2019.1582980
https://www.ncbi.nlm.nih.gov/pubmed/31099726
https://doi.org/10.1016/j.compbiomed.2021.104365
https://www.ncbi.nlm.nih.gov/pubmed/33866251
https://doi.org/10.1136/bmj.n160
https://www.rayyan.ai
https://doi.org/10.3390/nu16223793
https://doi.org/10.1007/s00439-008-0475-y
https://doi.org/10.1093/jn/138.1.67
https://doi.org/10.3945/ajcn.110.004671
https://doi.org/10.1016/j.jcma.2016.07.005
https://www.ncbi.nlm.nih.gov/pubmed/28094233


Nutrients 2025, 17, 242 15 of 19

14. Wang, X.; Wang, Y.; Ma, X.; Zhou, S.; Xu, J.J.; Guo, Y.; Liu, L.; Liu, Y.; Gao, L.; Yuan, L. Gender-Specific Association of SLC19A1
and MTHFR Genetic Polymorphism with Oxidative Stress Biomarkers and Plasma Folate Levels in Older Adults. Exp. Gerontol.
2023, 178, 112208. [CrossRef] [PubMed]

15. Yang, Q.H.; Botto, L.D.; Gallagher, M.; Friedman, J.M.; Sanders, C.L.; Koontz, D.; Nikolova, S.; Erickson, J.D.; Steinberg,
K. Prevalence and Effects of Gene-Gene and Gene-Nutrient Interactions on Serum Folate and Serum Total Homocysteine
Concentrations in the United States: Findings from the Third National Health and Nutrition Examination Survey DNA Bank. Am.
J. Clin. Nutr. 2008, 88, 232–246. [CrossRef] [PubMed]

16. Caudill, M.A.; Dellschaft, N.; Solis, C.; Hinkis, S.; Ivanov, A.A.; Nash-Barboza, S.; Randall, K.E.; Jackson, B.; Solomita, G.N.;
Vermeylen, F. Choline Intake, Plasma Riboflavin, and the Phosphatidylethanolamine N-methyltransferase G5465A Genotype
Predict Plasma Homocysteine in Folate-Deplete Mexican-American Men with the Methylenetetrahydrofolate Reductase 677TT
Genotype. J. Nutr. 2009, 139, 727–733. [CrossRef]

17. Fredriksen, A.; Meyer, K.; Ueland, P.M.; Vollset, S.E.; Grotmol, T.; Schneede, J. Large-Scale Population-Based Metabolic Phenotyp-
ing of Thirteen Genetic Polymorphisms Related to One-Carbon Metabolism. Hum. Mutat. 2007, 28, 856–865. [CrossRef]

18. Thuesen, B.H.; Husemoen, L.L.N.; Ovesen, L.; Jørgensen, T.; Fenger, M.; Linneberg, A. Lifestyle and Genetic Determinants of
Folate and Vitamin B12 Levels in a General Adult Population. Br. J. Nutr. 2010, 103, 1195–1204. [CrossRef]

19. Fukuda, N.; Hamajima, N.; Wakai, K.; Suzuki, K. A Cross-Sectional Study to Find Out the Relationship of Methylenetetrahy-
drofolate Reductase (MTHFR) C677t Genotype with Plasma Levels of Folate and Total Homocysteine by Daily Folate Intake in
Japanese. J. Nutr. Sci. Vitaminol. 2014, 60, 231–238. [CrossRef]

20. Al-Batayneh, K.M.; Al Zoubi, M.S.; Shehab, M.; Al-Trad, B.; Bodoor, K.; Al Khateeb, W.; Aljabali, A.A.A.; Al Hamad, M.; Eaton, G.
Association Between MTHFR 677C>T Polymorphism and Vitamin B12 Deficiency: A Case-Control Study. J. Med. Biochem. 2018,
37, 141–147. [CrossRef]

21. Zittan, E.; Preis, M.; Asmir, I.; Cassel, A.; Lindenfeld, N.; Alroy, S.; Halon, D.A.; Lewis, B.S.; Shiran, A.; Schliamser, J.E.; et al. High
Frequency of Vitamin B12 Deficiency in Asymptomatic Individuals Homozygous to MTHFR C677T Mutation is Associated with
Endothelial Dysfunction and Homocysteinemia. Am. J. Physiol.Heart Circ. Physiol. 2007, 293, H860–H865. [CrossRef]

22. Rupalika; Naorem, K.D.; Gupta, V.; Sachdeva, M.P.; Kumar, A.; Saraswathy, K.N. MTHFR C677T Polymorphism and Nutritional
Deficiencies: A Study Among Bhil Tribe of India. Gene Rep. 2018, 13, 24–27. [CrossRef]

23. Du, B.; Tian, H.; Tian, D.; Zhang, C.; Wang, W.; Wang, L.; Ge, M.; Hou, Q.; Zhang, W. Genetic Polymorphisms of Key Enzymes in
Folate Metabolism Affect the Efficacy of Folate Therapy in Patients with Hyperhomocysteinaemia. Br. J. Nutr. 2018, 119, 887–895.
[CrossRef] [PubMed]

24. Arai, H.; Yamamoto, A.; Matsuzawa, Y.; Saito, Y.; Yamada, N.; Oikawa, S.; Mabuchi, H.; Teramoto, T.; Sasaki, J.; Nakaya, N.; et al.
Polymorphisms of Apolipoprotein E and Methylenetetrahydrofolate Reductase in the Japanese Population. J. Atheroscler. Thromb.
2007, 14, 167–171. [CrossRef]

25. du Plessis, J.P.; Melse-Boonstra, A.; Zandberg, L.; Nienaber-Rousseau, C. Gene Interactions Observed with the HDL-c Blood
Lipid, Intakes of Protein, Sugar and Biotin in Relation to Circulating Homocysteine Concentrations in a Group of Black South
Africans. Mol. Genet. Metab. Rep. 2020, 22, 100556. [CrossRef]

26. Kumar, J.; Garg, G.; Kumar, A.; Sundaramoorthy, E.; Sanapala, K.R.; Ghosh, S.; Karthikeyan, G.; Ramakrishnan, L.; Indian
Genome Variation, C.; Sengupta, S. Single Nucleotide Polymorphisms in Homocysteine Metabolism Pathway Genes: Association
of CHDH A119C and MTHFR C677T with Hyperhomocysteinemia. Circulation. Cardiovasc. Genet. 2009, 2, 599–606. [CrossRef]
[PubMed]

27. Naushad, S.M.; Rama Devi, A.R.; Nivetha, S.; Lakshmitha, G.; Stanley, A.B.; Hussain, T.; Kutala, V.K. Neuro-Fuzzy Model of
Homocysteine Metabolism. J. Genet. 2017, 96, 919–926. [CrossRef]

28. Nienaber-Rousseau, C.; Ellis, S.M.; Moss, S.J.; Melse-Boonstra, A.; Towers, G.W. Gene-Environment and Gene-Gene Interactions
of Specific MTHFR, MTR and CBS Gene Variants in Relation to Homocysteine in Black South Africans. Gene 2013, 530, 113–118.
[CrossRef]

29. Petr, M.; Steffl, M.; Kohlikova, E. Effect of the MTHFR 677C/T Polymorphism on Homocysteinemia in Response to Creatine
Supplementation: A Case Study. Physiol. Res. 2013, 62, 721–729. [CrossRef]

30. Sukla, K.K.; Raman, R. Association of MTHFR and RFC1 Gene Polymorphism with Hyperhomocysteinemia and Its Modulation
by Vitamin B12 and Folic Acid in an Indian Population. Eur. J. Clin. Nutr. 2012, 66, 111–118. [CrossRef]

31. Sun, K.; Song, J.; Liu, K.; Fang, K.; Wang, L.; Wang, X.; Li, J.; Tang, X.; Wu, Y.; Qin, X.; et al. Associations Between Homocysteine
Metabolism Related SNPs and Carotid Intima-Media Thickness: A Chinese Sib Pair Study. J. Thromb. Thrombolysis 2017, 43,
401–410. [CrossRef]

32. Wang, F.; Sui, X.; Xu, N.; Yang, J.; Zhao, H.; Fei, X.; Zhang, Z.; Luo, Z.; Xin, Y.; Qin, B.; et al. The Relationship Between Plasma
Homocysteine Levels and MTHFR Gene Variation, Age, and Sex in Northeast China. Niger. J. Clin. Pract. 2019, 22, 380–385.
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