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kN
ABSTRACT
Background: Metabolic syndrome (MetS) prevalence is increasing all over the world, with the Middle Eastern
communities being no exception. Although metabolic disorders have been attributed to vitamin D deficiency and
vitamin D receptor (VDR) gene polymorphisms, their interaction with gut microbiome modifications among Iraqgi
adults is insufficiently described. Objective: To investigate associations between VDR gene polymorphisms, gut
microbiome diversity, and vitamin D status in relation to MetS among Iraqi adults. Methods: This case-control
study enrolled 200 participants (100 MetS patients, 100 healthy controls) at Baghdad Teaching Hospital from
January-August 2025. Serum 25-hydroxyvitamin D levels were measured by ELISA. Four VDR polymorphisms
(Fokl, Bsml, Taql, Apal) were genotyped using PCR-RFLP. Gut microbiome diversity was assessed through 16S
rRNA sequencing, calculating Shannon diversity index and Prevotella/Bacteroides ratio. Multivariable logistic
regression identified independent MetS predictors. Results: Vitamin D deficiency affected 70% of MetS patients
versus 35% of controls (p<0.001). Mean serum 25(OH)D was significantly lower in MetS patients (17.2+6.8 vs
25.4+7.5 ng/mL, p<0.001). VDR Fokl ff, Bsml bb, and Apal aa genotypes were more prevalent in MetS patients.
Gut microbiome diversity was significantly reduced in MetS patients (Shannon index: 3.2+0.6 vs 3.8+0.5,
p<0.001). Independent MetS predictors included VDR Fokl ff genotype (OR=1.9, 95%CI:1.1-3.4, p=0.02),
vitamin D deficiency (OR=2.7, 95%ClI:1.6-4.5, p<0.001), and low microbiome diversity (OR=2.2, 95%Cl:1.3-3.7,
p=0.003). Conclusion: Vitamin D deficiency, specific VDR polymorphisms, and reduced gut microbiome
diversity are independently associated with MetS in Iragi adults. These findings indicate the presence of
multifactorial pathophysiology and indicate the importance of population-wide screening of vitamin D, genetic
testing, and microbiome-specific interventions in this high-risk group.
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INTRODUCTION

Metabolic syndrome (MetS) is a collection of
cardiometabolic risk factors such as abdominal obesity,
dyslipidemia, hypertension and insulin resistance that
significantly  predispose type 2 diabetes and
cardiovascular disease.! MetS is an epidemic among
people throughout the world, and especially, among the

Middle Eastern population and Irag is not the
exception.? Deficiency in vitamin D is a condition in
which serum levels of 25(OH)D [25-hydroxyvitamin D]
have a level of less than 20 ng/mL and is known to affect
over a billion people across the globe and has become a
possible cause of MetS pathogenesis.®!

www.wjahr.com | Volume 9, Issue 12, 2025

ISO 9001:2015 Certified Journal 75


https://doi.org/10.5281/zenodo.17748559

Ghafer.

World Journal of Advance Healthcare Research

In addition to its classical functions in calcium
homeostasis and bone metabolism, vitamin D has
pleiotropic effects on glucose metabolism, lipid
regulation and inflammatory mechanisms in response to
vitamin D receptor (VDR) binding." VDR is a gene
expressed on chromosome 1213 which has a humber of
common single nucleotide polymorphisms, such as Foki
(rs2228570), Bsml (rs1544410), Tagl (rs731236) and
Apal (rs7975232) which can modify the activity of the
receptor and affect the responses of individuals to
vitamin D.®! Several findings have reported correlations
between VDR gene variants and metabolic disturbances,
but the results were not consistent in various ethnic
groups.’®”

Recent data reveal that the gut microbiome is an
important part of the host metabolism via the processes
of nutrient uptake, energy gains, immune regulation, and
bioactive metabolic generation.®)  Obesity, insulin
resistance and MetS have been associated with changes
in the gut microbial diversity and composition.™!
Interestingly, new data indicate that there are two-way
processes between vitamin D status, VDR signaling, and
the gut microbiome and VDR polymorphisms may
impact microbial composition and diversity.**!

Although vitamin D deficiency and MetS are of high
burden in Irag, especially in adults visiting tertiary care
units in Baghdad, little studies have been conducted to
investigate the joint impacts of VDR genetic variants and
modulation of gut microbiome in the population. Past
literature of the adjacent Middle East nations has
reported correlations between VDR SNP polymorphisms
and metabolic phenotypes™*2, although the precise
genetic and microbial environment of the Iragi adults has
not been well established. The knowledge of these
relationships may help carefully design individual
preventive and management strategies towards vitamin D
deficiency and MetS.

This study addresses a major gap since it will assess the
VDR gene polymorphisms, gut microbiome diversity,
and vitamin D status simultaneously in relation to MetS
among lIragi adults. The results can be of significant
value in the identification of high-risk persons and the
creation of specific interventions that are related to
genetic and environmental background of this cohort.

OBJECTIVES

O To determine the prevalence of vitamin D deficiency
and examine its association with VDR gene
polymorphisms (Fokl, Bsml, Taqgl, Apal) among
Iragi adults with and without MetS.

O To evaluate gut microbiome composition and
diversity in relation to vitamin D status and VDR
gene variants.

o To identify independent predictors of MetS,
including the combined effects of VDR
polymorphisms and gut microbiome diversity.

METHODS

Study Design, Setting, and Timing

This case-control study was conducted at Baghdad
Teaching Hospital, a major Healthcare facility in
Baghdad, Irag, between January and August 2025. The
hospital serves as a major healthcare center in the
Baghdad, providing comprehensive Healthcare services.

Participants

A total of 200 adult participants aged 18-65 years were
enrolled, comprising 100 patients diagnosed with MetS
and 100 age- and sex-matched healthy controls. MetS
was diagnosed according to the International Diabetes
Federation criteria, requiring central obesity plus any two
of the following: elevated triglycerides (>150 mg/dL),
reduced HDL cholesterol (<40 mg/dL in men, <50
mg/dL in women), elevated blood pressure (>130/85
mmHg or on antihypertensive treatment), or elevated
fasting glucose (>100 mg/dL or previously diagnosed
type 2 diabetes).

Inclusion criteria required adults aged 18-65 years
attending the hospital for routine check-ups or
management of chronic conditions, with willingness to
provide written informed consent. Exclusion criteria
included known chronic gastrointestinal disorders, recent
antibiotic or probiotic use within the past month,
pregnancy, or lactation.

Data Collection

Demographic and clinical data including age, sex,
residence, educational level, employment status,
smoking habits, physical activity levels, medical history,
dietary patterns, and medication use were collected
through structured interviews and review of medical
records. Sun exposure duration was estimated through
self-report of average daily outdoor time.

Biochemical Assessments

Fasting venous blood samples were collected after an
overnight fast of at least 8 hours. Enzyme-linked
immunosorbent assay (ELISA) was used to measure
serum 25-hydroxyvitamin D with deficient (<20 ng/mL),
insufficient (20-29 ng/mL) or sufficient (>30 ng/mL)
levels. The levels of parathyroid hormone (PTH),
calcium, and phosphorus were measured by using
standard laboratory tests. Automated chemistry analyzers
were used to assess the metabolic parameters such as
fasting glucose, lipid profile (Total cholesterol, HDL,
LDL, triglycerides). Standardized sphygmomanometer
was used to measure blood pressure triply after 5 minutes
of rest. Anthropometric data such as body mass index
(BMI) and waist circumference were taken according to
the standard procedures.

Genetic Analysis

Leukocytes with peripheral blood were used as source of
genomic DNA which was extracted using commercially
available genomic DNA extraction kits. The genotyping
of VDR gene polymorphisms (Fokl, Bsml, Tagl and
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Apal) was done via polymerase chain reaction (PCR)
and restriction fragment length polymorphism (RFLP).
PCR products were digested using corresponding
restriction enzymes and fragments were separated using
gel electrophoresis. Patterns of fragments were used to
assign genotypes and random replicate samples were
used with 10% of the total. They tested Hardy-Weinberg
equilibrium in each polymorphism of the control group.

Gut Microbiome Analysis

The samples of the stool were collected in sterile
containers and kept at -80°C awaiting analysis. The
DNA extraction of the microbes was carried out through
the commercial kits that are optimized with fecal
samples. The bacterial 16S rRNA gene V3-V4 was a
hypervariable region that was amplified and sequenced
in high-throughput sequencing platforms. Bioinformatic
analysis involved quality screening, operation taxonomic
unit (OTU) clustering and taxonomic assignment. Alpha
metrics of diversity such as Shannon diversity index and
observed counts of OTU were estimated.
Prevotella/Bacteroides ratio was used as an indicator of
enterotype composition.

Statistical Analysis

The analysis of data was conducted by using SPSS
version 26.0. Demographic and clinical characteristics
were summarized using descriptive statistics that gave
the mean + standard deviation and interquartile range of
continuous variables on the basis of the distribution
normality as measured by Shapiro-Wilk test. Frequencies
and percentages were the means of illustrating
categorical variables. The chi-square tests were used to
assess the association between categorical variables, and
the independent t-tests or Mann-Whitney U tests were
used to assess the association between continuous
variables. Multivariate logistic regression models were

used to generate independent predictors of MetS,
controlling the possible confounders such as age, sex,
lifestyle, and clinical factors. Confidence ratios of 95%
odds ratios were computed. The statistical significance
was determined as p<0.05 (two-tailed).

Ethical Considerations

The study was approved of by Institutional Review
Board of Ibn Sina University of Medical and
Pharmaceutical Sciences. Written informed consent was
given by all the participants, following full information
about the study procedures. The Confidentiality was
ensured through the use of coded identifiers, participants
were allowed to exit the study any time without
interfering with their medical treatment.

RESULTS

Demographic and Clinical Characteristics

Two hundred adults were enrolled including 100 patients
with MetS and 100 apparently healthy controls. MetS
patients were on average much older than controls (52.4
+ 8.1 vs 47.9 £ 9.6 years, p=0.002). There was 60% and
50% Males in MetS and control group respectively
(p=0.180). Patients with MetS (72%) were more likely to
be urban residence than the controls (63.0%, p=0.091).
Educational attainment differed significantly between
groups (p=0.014), with 42.0% of MetS patients having
primary education or below compared to 26.0% of
controls, whereas 36.0% of controls held university
degrees compared to 25.0% of MetS participants.
Employment rates were lower among the MetS group
(40.0%) relative to controls (58.0%, p=0.035). Current
smoking was more prevalent among MetS patients
(41.0%) than controls (28.0%, p=0.048). A sedentary
lifestyle with low physical activity was reported by
63.0% of MetS participants versus 38.0% of controls
(p=0.005). (Table 1)

Table 1: Demographic and clinical characteristics of study participants.

Variable MetS (n=100) | Control (n=100) | p-value
Age (years, mean + SD) 524+8.1 47.9+9.6 0.002
Male sex, n (%) 60 (60.0) 50 (50.0) 0.180
Urban residence, n (%) 72 (72.0) 63 (63.0) 0.091
Primary education or below, n (%) 42 (42.0) 26 (26.0) 0.014
Currently employed, n (%) 40 (40.0) 58 (58.0) 0.035
Current smoker, n (%) 41 (41.0) 28 (28.0) 0.048
Low physical activity, n (%) 63 (63.0) 38 (38.0) 0.005

Vitamin D Status and Biochemical Parameters

Mean serum 25-hydroxyvitamin D concentration was
markedly lower in MetS patients compared to controls
(17.2 £ 6.8 vs 25.4 £ 7.5 ng/mL, p<0.001). Vitamin D
deficiency (<20 ng/mL) was detected in 70.0% of MetS
patients and 35.0% of controls, whereas sufficiency (>30
ng/mL) was found in only 10.0% of MetS individuals
compared with 25.0% of controls (p<0.001). Serum
parathyroid hormone levels were significantly elevated
in MetS participants (58.3 + 21.6 vs 45.7 + 18.4 pg/mL,
p=0.002). Phosphorus levels were lower in MetS patients
(3.3 £ 0.7 vs 3.5 £ 0.6 mg/dL, p=0.040), while calcium

differences approached but did not

significance

(p=0.052).

Daily sun

reach statistical
exposure  was

substantially reduced among MetS individuals (0.9 + 0.6
vs 1.6 + 0.7 hours, p<0.001). Only 14.0% of MetS
D supplement use
compared to 28.0% of controls (p=0.018). (Table 2)

participants

reported vitamin
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Table 2: Vitamin D status and biochemical parameters.

Variable MBS il p-value
(n=100) (n=100)
Serum 25(OH)D (ng/mL, mean + SD) 17.2+6.8 | 254+75 | <0.001
Deficient (<20 ng/mL), n (%) 70 (70.0) 35(35.0) | <0.001
Insufficient (20-29 ng/mL), n (%) 20 (20.0) 40 (40.0)
Sufficient (>30 ng/mL), n (%) 10 (10.0) 25 (25.0)
Parathyroid hormone (pg/mL, mean + SD) | 58.3+21.6 | 45.7+18.4 | 0.002
Calcium (mg/dL, mean + SD) 9.1+0.6 9.3+£05 0.052
Phosphorus (mg/dL, mean + SD) 3.3+0.7 3.5%0.6 0.040
Sun exposure (hours/day, mean + SD) 0.9+0.6 1.6+0.7 | <0.001
Vitamin D supplement use, n (%) 14 (14.0) 28 (28.0) 0.018

VDR Gene Polymorphisms

Genotype distributions for four VDR polymorphisms
revealed significant differences for Fokl, Bsml, and Apal
variants, while Tagl showed no significant difference
between groups. For Fokl, the ff genotype was more
frequent among MetS patients (20.0%) than controls
(15.0%, p=0.036). The Bsml bb genotype was observed

in 27.0% of MetS subjects versus 15.0% of controls

Table 3: Distribution of VDR Gene polymorphisms.

(p=0.019). The Apal aa genotype occurred in 25.0% of
MetS patients and 15.0% of controls (p=0.030). All
polymorphisms were in Hardy-Weinberg equilibrium
among controls (p>0.05), confirming genotyping
accuracy. (Table 3)

. MetS Control HWE
VDR Variant | Genotype (n=100) | (n=100) p-value (Control)

Fokl 0.036 0.74
FF 30 (30.0) | 45 (45.0)
Ff 50 (50.0) | 40 (40.0)
ff 20 (20.0) | 15 (15.0)

Bsml 0.019 0.62
BB 25 (25.0) | 41 (41.0)
Bb 48 (48.0) | 44 (44.0)
bb 27 (27.0) | 15 (15.0)

Taql 0.208 0.59
TT 29 (29.0) | 37 (37.0)
Tt 46 (46.0) | 48 (48.0)
tt 25 (25.0) | 15 (15.0)

Apal 0.030 0.70
AA 26 (26.0) | 40 (40.0)
Aa 49 (49.0) | 45 (45.0)
aa 25 (25.0) | 15 (15.0)

Metabolic and Anthropometric Parameters (p<0.001). Waist circumference, fasting glucose,

Individuals with MetS were showed significantly higher
anthropometric and biochemical measures compared to

triglycerides, and systolic blood pressure were all
significantly elevated among MetS participants, while

controls. Mean body mass index was 33.5 + 3.8 kg/m2 in HDL-cholesterol levels were significantly lower
the MetS group versus 25.8 + 2.9 kg/m2 in controls (p<0.001 for all comparisons). (Table 4)
Table 4: Anthropometric and metabolic parameters.

Parameter MIEES el p-value

(n=100) (n=100)

BMI (kg/m?) 33.5+3.8 | 25.8+2.9 | <0.001

Waist circumference (cm) | 105+ 8 86+ 7 <0.001

Fasting glucose (mg/dL) 132 + 28 92+10 | <0.001

Triglycerides (mg/dL) 185+45 | 110+30 | <0.001

HDL -cholesterol (mg/dL) 386 50+ 8 <0.001

Systolic BP (mmHg) 142 +12 | 122 +10 | <0.001
www.wjahr.com | Volume 9, Issue 12, 2025 ISO 9001:2015 Certified Journal 78
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Gut Microbiome Diversity

Microbiome analysis was revealed significant reductions
in alpha diversity among MetS participants. The mean
and standard deviation of Shannon diversity index was
3.2 £ 0.6 in MetS patients and 3.8 £ 0.5 in controls
(p<0.001). The observed OTU count was lower in the

Table 5: Gut Microbiome diversity and composition.

MetS group (median 180, IQR: 150-210) compared with
controls (220, IQR: 200-250, p<0.001). The
Prevotella/Bacteroides ratio was significantly reduced
among MetS participants (median 0.6, IQR: 0.4-0.9 vs
1.1, IQR: 0.8-1.5, p<0.001), suggesting a shift toward a
dysbiotic gut profile. (Table 5)

Metric hletes ST p-value
(n=100) (n=100)

Shannon diversity index (mean = SD) 3.2+0.6 3.8%+05 <0.001

Observed OTUs (median [IQR]) 180 [150-210] | 220 [200-250] | <0.001

Prevotella/Bacteroides ratio (median [IQR]) 0.6 [0.4-0.9] 1.1]0.8-1.5] <0.001

Multivariable Logistic Regression Analysis

Multivariable logistic regression identified several
significant independent predictors of MetS after
adjusting for potential confounders. The VDR Fokl ff
genotype increased the odds of MetS approximately two-
fold (adjusted OR=1.9, 95% CI: 1.1-3.4, p=0.02).
Vitamin D deficiency (<20 ng/mL) was independently
associated with higher odds of MetS (OR=2.7, 95% CI:

1.6-4.5, p<0.001). Low microbiome diversity, defined as
Shannon index below 3.4, also predicted MetS (OR=2.2,
95% CI: 1.3-3.7, p=0.003). Age was a continuous
predictor, with every 5-year increase associated with a
15% rise in MetS risk (OR=1.15, 95% CI: 1.05-1.26,
p=0.004). Male sex did not significantly predict MetS in
the adjusted model (OR=1.1, 95% CI: 0.7-1.8, p=0.65).
(Table 6)

Table 6: Multivariable logistic regression analysis for predictors of MetS.

Predictor Adjusted OR (95% CI) | p-value
VDR Fokl ff genotype (vs FF) 1.9 (1.1-3.4) 0.02
Vitamin D deficiency (<20 ng/mL) 2.7 (1.6-4.5) <0.001
Low microbiome diversity (Shannon <3.4) 2.2 (1.3-3.7) 0.003
Age (per 5-year increase) 1.15 (1.05-1.26) 0.004
Male sex 1.1 (0.7-1.8) 0.65

DISCUSSION

This cross-sectional study demonstrates that vitamin D
deficiency, specific VDR gene polymorphisms, and
reduced gut microbiome diversity are independently
associated with MetS among Iragi adults. The observed
relationships suggest a complex interplay between
genetic predisposition, nutritional status, and microbial
ecology in the pathogenesis of MetS.

Vitamin D deficiency is high prevalence (70%) in MetS
patients, which is significantly higher than the control
group (35%) and aligns with other past studies of Middle
Eastern populations. A recent systemic review reported
prevalence levels of vitamin D deficiency of between 54
and 90 percent among adults with MetS in different
countries.™® Our results support results with Saudi
Arabia, where studies had reported 68% deficiency in
vitamin D in MetS patients.'"!, and with Iran, where
studies had reported 73% deficiency in the metabolic
abnormality patients.™® Our MetS group (17.2 ng/mL)
has a significantly lower mean serum 25(OH)D level
(25.4 ng/mL in controls) than meta-analyses indicate an
inverse relationship between the vitamin D status and the
risk of MetS.[!

There are a several mechanisms which could explain the
association between MetS and vitamin D deficiency.
Vitamin D controls insulin secretion by acting on the
pancreatic beta cells and also acts on insulin sensitivity

in peripheral tissues.’”! Moreover, vitamin D has anti-
inflammatory effects that can be used to overcome low-
grade chronic inflammation associated with MetS.1*!
The high levels of PTH of our MetS patients (58.3
pg/mL vs 45.7 pg/mL) are also indicative of secondary
hyperparathyroidism due to vitamin D deficiency, which
has been identified to cause insulin resistance and
adiposity via a variety of mechanisms.**

Our analysis has identified that MetS and VDR gene
polymorphisms were strongly associated, especially the
Fokl ff genotype which led to a risk almost doubled. The
polymorphism of the Fokl alters the transcriptional start
site producing proteins of VDR of varying length with
possible changes in transcriptional activity.’” The
results of the previous research have provided
incongruent findings on Fokl as to metabolic disorders as
studies conducted on different ethnic groups show mixed
results.”! According to a meta-analysis conducted by
researchers, Fokl polymorphism was related to a higher
risk of diabetes in Asian populations but not in
Europeans, which implies ethnic-specific effects.*
Study results support the concept that Fokl variants may
influence MetS susceptibility in Middle Eastern
populations, potentially through effects on vitamin D-
mediated insulin secretion or glucose homeostasis.

In our cohort, the Bsml bb and Apal aa genotypes were
also more commonly found in patients with MetS. These
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polymorphisms are present in the 3' untranslated region
of VDR gene and could have an impact on the stability
of mMRNA or the expression level.”® In a Jordan study,
there were similar reports of difference in Bsml variants
and MetS component, and Apal polymorphisms
correlated  with  insulin  resistance  markers.’?
Nevertheless, European studies have shown opposing
results as there were no associations or only specific
parts of MetS.”® Such differences can be indicative of
variations in genetic background, exposure to the
environment or gene-environment interaction among the
population.

The findings of gut microbiome are represent a novel
contribution of our research on the understanding of
MetS among Iragi adults. The decrease in the Shannon
index of diversity and the decrease in OTUs in MetS
patients are indicators of loss of microbial richness and
evenness, which correlates with the idea of dysbiosis in
metabolic disease.” It has been recorded in numerous
studies that people with obesity, insulin resistance, and
MetS showed decreased gut microbial diversity.?®?! The
reduction in Prevotella/Bacteroides ratio of our MetS
population indicates an enterotype transition which could
be due to dietary habits and metabolic disequilibrium.
Prevotella species have been linked with plant-based
diets and the synthesis of short-chain fatty acids with
metabolic advantages whereas Bacteroides prevalence
has been linked to the Western-style diets with high fat
and protein content.%

Study multivariate model shows that low microbiome
diversity is independently linked to MetS (OR=2.2),
which indicates that microbial ecology is a factor that
improves metabolic health in addition to conventional
risk factors. Some of the mechanisms that have been
found to connect gut dysbiosis with MetS are changes in
energy gains obtained with the diet, heightened intestinal
permeability culminating to metabolic endotoxemia,
change of bile acid metabolism that affect glucose and
lipid control, and generation of metabolites that have
effects on insulin sensitivity.® Causal relationships
have been directly proven by recent research
demonstrating the insulin sensitivity modulation of the
gut microbiota transplantation in humans.?

The possibility of VDR polymorphism and gut
microbiome composition interaction is a new field of
research. Recently, researchers made reports which
demonstrated that VDR Tagl variants did have an effect
on the composition of the gut microbiome in Spanish
adults with each genotype corresponding to a change in
Firmicutes Bacteroidetes ratios."® On the same note,
studies established that VDR signaling enhances
intestinal barrier behavior, as well as healthy microbial
metabolite generation.” Although our study design is
not causal, the parallel identities of VDR polymorphisms
and microbiome changes in the MetS patients indicate
the possibility of mechanistic connections. The VDR
present in intestinal ectodermal cells controls the

generation of antimicrobial peptides, tight junction
products and immunological reactions which control
formation of gut microbial ecosystem.*®

Minimal sun exposure of the MetS patients (0.9 vs 1.6
hours per day) is likely to increase vitamin D deficiency
due to less production through the cutaneous system. The
geographic location of Iraq offers a lot of sunshine
however due to the culturally oriented practices such as
indoor life and tight dressing, the skin may not be able to
see the sunlight. The nutritional intervention
opportunities are missed as the low rates of vitamin D
supplementation among MetS patients (14.0) represent a
lack of nutritional intervention. These results highlight
the significance of the views of the population on
modifiable risk factors since it is a public health strategy.

Strengths of the Study

The strengths of this study are that the study has
thoroughly evaluated genetic, biochemical, and microbial
factors in a well-characterized cohort that has rigorous
case-control matching. Concurrent analysis of multiple
VDR polymorphisms and microbiome metrics has
multidimensional information on  the MetS
pathophysiology. The confirmation of Hardy-Weinberg
equilibrium and quality control measures enhance the
level of confidence in genetic results.

Limitations

Several limitations warrant mention: this case-control
design cannot establish causality between VDR
polymorphisms, microbiome shifts, and MetS, so
longitudinal studies are necessary; the modest sample
size reduces power for detecting gene—environment
interactions or subgroup effects; residual confounding
(e.g. diet, medications) may persist despite adjustments;
and 16S rRNA sequencing yields only taxonomic (not
functional) data, making metagenomic or metabolomic
methods preferable for deeper insight.

Future Directions

Future studies should focus on long-term cohort research
to clarify the causal links between VDR gene variants,
changes in the gut microbiome, and the 10 emergence of
MetS. Trials tailored to vitamin D supplementation
guided by individual genetic profiles are also needed,
alongside metagenomic and metabolomic investigations
to move beyond taxonomy towards function.
Mechanistic work exploring how VDR variants shape
microbial populations and metabolic health, paired with
multicenter studies across lIragi regions for wider
applicability, and cost-effectiveness evaluations of
combined screening programs in low-resource settings,
would collectively support informed public-health
policies.

CONCLUSION

This study shows that MetS is independently related to
vitamin D deficiency, VDR gene polymorphisms
(especially Fokl, Bsml, and Apal variants), and low gut

www.wijahrcom | Volume 9, Issue 12, 2025 |

ISO 9001:2015 Certified Journal | 80



Ghafer.

World Journal of Advance Healthcare Research

microbiome diversity in Iraqi adults, which may indicate
the presence of multifactorial pathophysiology, including
genetic predisposition, nutritional inadequacy, and
microbial dysbiosis. The disastrous rates of the vitamin
D deficit (70% among patients with MetS) and low
levels of supplementation support the poor level of
awareness about this issue. Among the suggestions are
the establishment of population based vitamin D
screening programs, cultural competent supplementation
plans in light of genetic differences, the incorporation of
dietary counseling to promote healthy gut microbiomes
by consuming foods rich in fibers and probiotics, and the
VDR genotyping that may be used to identify the use of
the population at risk. There is a necessity of the public
health campaigns on safe exposure to sun, physical
activities, and diet. More longitudinal studies are
justified to establish causal relations and determine
whether personalized interventions used to change
vitamin D status and gut microbiome composition can
help decrease MetS burden in Iragi and other population
groups.
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