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Background: The aim of this study was to examine the association between dietary
intakes of vitamin D and the metabolic syndrome (MetS) in Tehranian adults, Iran.
Methods: In this population-based prospective study, a sample of 2357 subjects,
aged 20-74 years, who had completed a validated food frequency questionnaire,
were studied. MetS was defined according to the modified guidelines cof the
National Cholesterol Education Program Adults Treatment Panel lIl.

Results Median intakes of vitamin D were 1.5 and 1.6 pg/day in men and women
respectively. After adjustment for confounding factors, dietary vitamin D intake
was inversely associated with fasting blood gluc@ise €0.085, p = 0.004) and
waist circumferencep(= -0.065, p = 0.035); these associations were attenuated
following further adjustment for demographics, body mass index (BMI) and
dietary factors ({ = -0.066, p = 0.030) ang  -0.065, p = 0.044), respectively.

An association was observed between incidence of MetS and vitamin D intake
(p trend = 0.040), independent of age, gender, smoking, physical activity; this
association remained following further adjustment for BMI (p for trend = 0.044)
and dietary factors (p for trend = 0.051).

Conclusion Our findings suggest a significant inverse association between dietary
vitamin D intake, MetS, and some of its components after controlling for
confounding factors.
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A complex accumulation of metabolic
abnormalities including hyperinsulinism,
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A recent study in Tehran showed that thiscommunity-based investigation, aimed at
syndrome is highly prevalent in Tehranianascertaining the prevalence of non-
adults, with an estimated prevalence in adults cdommunicable disease risk factors and
over 30% [2] which is higher than those in mosteveloping a healthy to curtail these risk factors
developed countries [3]. It is thought that[13]. Briefly, this study is being conducted on a
genetic, metabolic and environmental factorsample of residents under the coverage of three
including diet play an important role in the medical health centers in district 13 of Tehran,
development of this syndrome [4]. the capital city of Iran. These health centers were
Low vitamin D status has been associatedonsidered together for analysis, being similar in
with cardiometabolic disease in cross-sectiongparticipant characteristics, including the
and prospective studies [5, 6]. Recently, metaprevalence of MetS risk factors [13]. The first
analysis of cross-sectional studies has showphase of the TLGS began in March 1999 and
lower odds for cardiovascular disease (CVD)data collection, at 3 year intervals, is ongoing.
MetS and Type 2 diabetes (T2D) in highest A total of 12,523 individuals participated in
versus the lowest levels of serum vitamin Dthe third follow-up survey of TLGS (2006-
(51%, 33% and 55%, respectively) [7]. 2008). The mean duration of the follow-up was
In addition to vitamin D status, dietary andapproximately 3 years. Of a total of 12,523
supplemental vitamin D intakes have beersubjects, aged 3 years and over, who completed
inversely associated with CVD risk. Recentlythe examinations during the third phase of
vitamin D intervention with fortified foods has TLGS, 4920 were randomly selected for
shown improvements in metabolic, endotheliatompleting the dietary assessment, based on age
and inflammation biomarkers in T2D [7-9]. In and sex groups. Randomization was done
cross-sectional studies, dietary vitamin D wadecause of the cost and complexity of dietary
inversely and significantly related to body masdata collection and because this process is time
index (BMI) [10] and the highest category of consuming. Finally, dietary data of 3462
total vitamin D and calcium intakes had thesubjects, who agreed to participate and
lowest prevalence of each of the components afompleted the food frequency questionnaire
MetS, except triglyceride (TG) [11]. In a (FFQ) were available. Characteristics of
prospective study, consumption of more vitamirparticipants who completed the validated FFQ
D plus calcium was associated with a lower riskvere similar to those of the total population in
of developing incident diabetes [12]. In contrastthe third phase of TLGS [14].
these associations were not observed in some After excluding subjects with diabetes or
studies [11, 12]. Differences in findings werehistory of CVD or stroke (because of possible
potentially attributed to different study designs,changes in diet), those with missed values of
diet data-collection and the use of different cutweight, height, biochemical data, those whose
offs of vitamin D for analysis. Various reported daily energy intakes outside the range
populations including different age groups andf 800-4200 kcal/day, and those aged < 20 or
races, with various dietary patterns could have 70, finally the data of 2357 adults (1087 men
different levels of risk for MetS. Therefore and 1270 women) remained. Of the 2357 initial
investigating the associations between nutrientgarticipants who attended the baseline
and risk of MetS in different populations seemsxamination, 554 subjects who had no follow-up
critical. The current study was hence undertakeimformation on dietary intakes were excluded.
to assess the relationship of dietary vitamin Drhen, participants with MetS or its risk factors at
intake, MetS and its surrogates, amondaseline were excluded from the analysis;
Tehranians, aged 20-74 years old, in a 3 yeaeventually, analyses were conducted on the data
follow-up Tehran Lipid and Glucose Study of participants: totally 936 participants for the
(TLGS). We hypothesized that the incidence ofinalysis of MetS, 1059 for abdominal obesity,
MetS and it's components during follow-up 1114 for impaired fasting glucose, 807 for
study would be lower in participants with higherhypertriglyceridemia, 890 for low-HDL-c, and

dietary intake of vitamin D. 1388 for hypertension.
Each subject provided written informed
Methods consent. The protocol of this study was approved
Study population by the research council of the Research Institute

This study was conducted within thefor Endocrine Sciences, Shahid Beheshti
framework of the TLGS, a prospective University of Medical Sciences.
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Assessment of anthropometric measures  States Department of Agriculture (USDA FCT)

While the subjects were minimally clothed[14, 20] however, the Iranian FCT was used for
and not wearing shoes, weight was measuresbme dairy products (like Kashk), which are not
with the use of digital scales and recorded to thiksted in the USDA FCT. The average dietary
nearest 100 g. Height was measured with a taglata through follow-up was considered to take
measure while the subjects were standing witinto account the variability over time.
shoulders in a normal position and not wearing
shoes. BMI was calculated. Waist circumference Assessment of other variables
was measured at the umbilical level with the use Blood pressure was measured twice after the
of an unstretched tape measure without anpgarticipants sat for 15 minutes [21]. Additional
pressure to body surface. Measurements wedemographic information about age, gender,
recorded to the nearest 0.1 cm and waist-to-hipmoking habits, and medical history was
ratio was calculated [13]. obtained with the wuse of validated

questionnaires.

Assessment of physical activity

Physical activity level was assessed using the Biochemical measurement
Persian translated modifiable activity  Fasting blood samples were drawn after > 12
guestionnaire (MAQ) [15]. hours overnight fasting for the measurement of

The frequency and time spent on light,glucose and lipid concentration [13]. Fasting
moderate, hard and very hard intensity activitieblood glucose (FBG) was measured with an
according to the list of common activities of dailyenzymatic colorimetric method using glucose-
life over the past year were obtained. Physicabxidase. Serum triacylglycerol concentrations
activity levels were expressed as metabolievere assayed with the use of TG kits (Pars
equivalent hours per week (METs hoursiweek)Azmoon, Inc., Tehran, Iran) adapted to the
High reliability and relatively moderate validity Selectra auto analyzer (Vital Scientific,
have been reported for the Persian translated MAQpankeren, Netherlands); HDL-c was measured

in Tehranian adults [16]. after precipitation of the apolipoprotein B-
containing lipoproteins with phosphotungestic
Assessment of dietary intake acid. Monitoring of assay performance was done

Usual dietary intake was assessed with thence every 20 tests, using lipid control serum,
use of a validated 168 item-semi quantitativgpercinorm (normal range) and percipath
FFQ [17]. The FFQ consisted of a list of foods(pathologic range) wherever applicable
with a standard serving size. Participants weréBoehringer Mannheim, Germany;
asked to report their frequency of consumptiortat.no.1446070 for percinorm and 171778 for
of each food item during the previous year on gercipath). Lipid standard (Cfas, Boehringer
daily, weekly or monthly basis. Portion sizes ofMannheim, Germany; cat.no.759350) was used
consumed foods were converted from householtb calibrate the selectra 2 auto-analyzer daily for
measures to grams per day [18]. laboratory analyses and all samples were

The validity and reliability of the FFQ were analyzed when internal quality control met the
assessed in a random sample (based on sex auteptable criteria. Inter- and intra-assay
age groups), by comparing the data from 2 FFQsoefficients of variation were 1.6 and 0.6% for
completed 1-year apart and comparing the datal markers [22].
from 2 FFQs and twelve 24 hour dietary recalls,
respectively. The validity and reliability of the  Definition of terms
FFQ for dietary intakes were acceptable; the MetS was determined according to the
energy adjusted correlation coefficients betweemodified National Cholesterol Education
the FFQ and twelve 24 h dietary recalls forProgram/Adult Treatment Panel Il definition
vitamin D were 0.63 and 0.43 and those betwee}23]. Participants with three or more of the
the two FFQs were 0.57 and 0.71 in men anébllowing conditions were typically defined as
women participants, respectively. having the MetS: (1) TGg, 150 mg/dl, (2) HDL-

Since the Iranian food composition tablec, < 40 mg/dl in men and < 50 mg/dl in women;
(FCT) is incomplete, and has limited data on(3) elevated blood pressure130/85 mmHg, and
nutrient content of raw foods and beverages [19]4) abnormal glucose homeostasis, FBGL10
foods and beverages were analyzed for themg/dl. We coded waist circumference (WC)
energy and nutrient content using the Unitecccording to the newly-introduced cut-off points
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for Iranian adultsX 95 cm for both genders) [24]. significantly related to serum FB@ & -0.07,
p = 0.030), WC[f = -0.06, p = 0.040) (Table 3).
Statistical analysis Vitamin D intake did not relate significantly to
In separate models, first-order interactionsTG (B = -0.04, p = 0.250) and systolic blood
between sex and vitamin D intakes were enteregressure{ = -0.032, p = 0.280), diastolic blood
to ascertain whether associations were similgoressure {f = -0.03, p = 0.330) and HDL-c
between men and women. We calculated enerd$p = -0.006, p = 0.800) after adjustment for
adjusted intakes of vitamin D, using the residuatonfounding variables.
method as advised by Willett (1989), which is
the most widely used method to obtain relativelable 1. General demographic and clinical features

intakes, justifying its application here [25]._Variables Results
Multiple linear regressions were applied to Age (years) 38.3+11.2
assess the relationship between vitamin D intakeSex (M/F) (1087/1270) 396/540
taken as a continuous explanatory variable, and/€ight (kg) 70.3+13.3
the MetS components as response variable. Dafg2dy mass index (kg/in 251+4.0
on mean dietary intakes of vitamin D at baseline ysical activity (METS h/wk) 374+235

: . . _Fasting blood glucose (mg/dL) 70.2+13.0
and year 3 was usgd in analysis. We alsp applieg 54 (mg/dL) 1193 + 126.5
a logistic regression model to examine theyp ¢ mg/dL) 48.9 + 11.8
association between vitamin D intake and thewc (cm) 89.1 +10.5
risk of MetS. For logistic regression, dietary Diastolic blood pressure (mmHg) 107.3+ 14.0
vitamin D was categorized into quartiles (< 0.86, Systolic blood pressure (mmHg) 71.3+10.0
0.86-1.79, 1.8-2.79 arw 2.8). Participants with Calcium intake (mg/day/kcal) 577.5+143.3
dietary vitamin D < 0.86 were considered as theVitamin D intake (1g/day/1000 kcal) 1.0 +1.2
reference group. Analyses were adjusted for th&nergy intake (kcal/day) 2357 £ 709
confounding factors. Five models were used: the' °t! fat 'ntike (%day) 22'3 f?fé%
initial model was the crude model. In the secongzgfc')?];gt&: i(r%al?g)(g/day) 346'.78_1 114.5

mode_l, we adjusted for age (continuous), SeXEiber intake (g/day) 46.0 + 24.7
Smokmg status (current, past, and never)_ AMB3ta presented as mean + standard deviation or petage
phyS|CaI act|V|ty (METS hlweek) The third unless stated otherwise

multivariate model was further adjusted for BMIBMI = Body mass index; WC = Waist circumference;
(continuous). To take into account the variatio!PL-¢ = High density _lipoprotein ~cholesterol;
in BMI over the 3 years, the mean of BMI was"€'S = Metabolic syndrome; TG Friglyceride

used as a covariate at entry and at 3 years. To the

fourth multivariate model we added dietary arli)i[:(iev:ﬁgc\?vazf g;w(gafe%?f d'\ljlr?rzs |?r)1 TeL;?sS
factors, including macronutrients, total fiber P P 2 - gy '

intake and calcium. P for trend reported forAdjusfted risk ratios (R.R) of MetS in vitamin D
variables when indicated. SPSS softwar&ﬁuartlles are shown in table 4. The RRs of

(version 16; SPSS Inc., Chicago IL.) was use aving MetS decreased significantly with
for all statistical analyse’s increments of dietary vitamin D quartiles. As

shown intable 4, an inverse association between
Results dietary vitamin D intake and risk of developing

The reported mean daily intake of vitamin DMetS over 3 year remained after adjusting for
was 1.01 + 1.2 pg/day/1000 kcal. Mean and 9, sex, smoking status, physical activity (p for
standard deviations of age and anthropometrige€nd = 0.030). Adjustment for BMI did not
measures as well as the distribution of subjects fhange the relation (Table 4). Compared with
whole population with regard to BMI, smoking andsubjects who consumed a mean of 0.44 pg
physical activity status is shown in table 1. Excepvitamin D in quartile 1, incidence of MetS was
for dietary intake and current smoking (p < 0.001)28% lower in subjects who consumed a mean of 2
no significant differences were found in thelg vitamin D in quartile 4 (p for trend = 0.040).
baseline characteristics across categories vitBmin After additional adjustment for macronutrients
intake. Macronutrient intake was greater acros€carbohydrate, fat, and protein), total fiber irgak
quartiles of vitamin D (Table 2). and calcium intake, risk of MetS remained

In multiple linear regressions at 3-yearstable. No significant interactions by sex were
follow-up after adjusting for demographic, BMI observed for the association of vitamin D intakes
and dietary factors, vitamin D intake wasand metabolic risk factors.

74 JNSD 2015; Vol.1, No. 2: 71-79



Sakineh Shab-Bidar, et al.

Table 2. Selected characteristics across quartiles of witabhintake in Tehranian adults without metabolic

syndrome (n = 936)

Quatrtiles of dietary vitamin D

Vitamin D intake p

Q1 Q2 Q3 Q4
Range <0.86 0.86-1.79 1.8-2.79 >2.8
Women (%) 56.3 53 58.7 62.5 0.230
Age (years) 38.7+11.0 36.5+9.4 37.6+10.7 F10.0 0.330
BMI (Kg/m?) 25.0+4.2 25.0+4.1 25.1+3.6 25.2+3.8 0.920
Current smoking (%) 13 8 10 16 < 0.050
Physical activity (MET) 41.8 + 57 39.4 + 57 26.88& 40.0 + 58 0.630
Fasting blood glucose (mg/dL) 91.6+9.9 91.6#13. 91.0+6.0 91.2+12.6 0.930
TGs (mg/dL) 113 +59 130 £ 60 121 +72 113 +£58 00.4
HDL cholesterol (mg/dL) 11.1+£0.73 11.0+£0.73 43.0.89 11.5+0.74 0.490
WC (cm) 89.0+11.1 89.6+11.2 88.6 +9.6 88.79¢9 0.540
Diastolic blood pressure (mmHg)  74.7 £ 10.8 74804 75.0+£9.6 76.2+10.0 0.830
Systolic blood pressure (mmHg) 110+17.2 110 913. 110+125 110+13.1 0.930
Calcium intake (mg/day/kcal) 534 £132 550 £ 139 260148 621 +134 <0.001
Vitamin D intake (pg/day/kcal) 0.43+0.24 0.70 349 1.1+0.42 1.8+2.0 <0.001
Energy intake (kcal/day) 2070+ 641 2290+ 672.8 04 714 2644 + 693 <0.001
Total fat intake (g/day) 66.5 + 24.0 76.1+254 .9/829.3 90.2 + 28.6 <0.001
Protein intake (g/day) 73.1+26.0 81.2+30.0 88%/.1 102 + 30.0 <0.001
Carbohydrate intake (g/day) 310 +£108 338+114 8330 382 +£115 <0.001
Fiber intake (g/day) 41.0+21.1 45.0+22.4 46 B1+1 51.5+31.6 <0.001

Data presented as mean + standard deviation or @etage unless stated otherwise p value obtainedN\Y\AA or chi-

square between groups

BMI = Body mass index; WC = Waist circumference; lHD= High density lipoprotein cholesterol; MetS Metabolic

syndrome; TG= Triglyceride

Table 3. Multiple linear regression analysis of the assiimiabetween dietary vitamin D intake and metabolic
syndrome components over a 3 years follow-up: Téterdn Lipid Glucose Study

Outcome per unit . Diastolic .
increase P in Fasting Fasting TG HDL blood Systolic blood
o . glucose cholesterol WC (cm) pressure
vitamin D intake (mmolf) (mmol/l) (mmoll) pressure (MmHg)
(1g/1000 kcal) (mmHg)
Model 1
R -0.085 -0.031 -0.01 -0.065 -0.069 -0.072
(95% ClI) -1.39t00.25 -197t00.75 -0.60t00.43 -0.90.687 -1.06to0 0.14 -1.4 t00.22
p value 0.004 0.37 0.75 0.035 0.011 0.007
Model 2
R -0.063 -0.01 -0.025 -0.064 -0.048 -0.047
(95% ClI) -1.16t00.047 -145t01.09 -0.73t00.36 -0.8418 -0.85t00.049 -1.08to 0.056
p value 0.034 0.77 0.50 0.037 0.08 0.077
Model 3
R -0.066 -0.043 -0.006 -0.06 -0.032 -0.033
(95% ClI) -1.20t00.063 -2.18t00.58 -0.63t00.54 -0.8289 -0.74t00.23 -0.96100.23
p value 0.030 0.25 0.88 0.040 0.26 0.23
Model 4
R 0.14 -0.036 -0.005 -0.034 -0.027 -0.036
(95% ClI) -1.67t00.078 -2.09t00.75 -066t00.55 -0.781®2 -0.861t00.26 -0.72t00.14
p value 0.031 0.350 0.890 0.044 0.300 0.180

Model 1: Crude B, Model 2: Adjusted for baselinecoute variables, age, sex, smoking status, phyaaality, Model 3:
Adjusted as in model 2 plus BM,; Model 4: Adjusésdin Model 3 plus macronutrient intake (carbohydrafat and
protein), total fiber intake and calcium. Number prticipants: 1059 for abdominal obesity, 1114 fompaired fasting
glucose, 807 for hypertriglyceridemia, 890 for I6#iBL-c, and 1388 for hypertension. Cl= Confidence ina, WC= Waist
circumference, HDL-c= High density lipoprotein chsterol
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Table 4. Adjusted risk ratio of MetS1 according to quasilef dietary vitamin D intake over 3 years follow-
up*: Tehran Lipid and Glucose Study

MetS

Vitamin D intake (ug/day/1000 kcal)

Q1 Q2 Q3 Q4 p value
Model 1 1 1.13 (0.61 to 2.08) 0.40 (0.18 t0 0.89) .6100.30to0 1.2) 0.038
Model 2 1 1.29 (0.66 to 2.52) 0.35(0.13t0 0.93) .730(0.321t0 1.62) 0.042
Model 3 1 1.29 (0.65 to 2.52) 0.35(0.13t0 0.93) .72000.32t0 1.61) 0.044
Model 4 1 1.70 (1.06 to 2.73) 0.44 (0.22 t0 0.88) .92(0(0.52 to 1.65) 0.050
Model 5 1 1.05 (0.65 to 1.78) 0.61 (0.33t0 1.10) .401(0.78 to 2.21) 0.340

Model 1: Crude RR, Model 2: Adjusted for baselinecome variable, age, sex, smoking status, physictality, Model 3:
Adjusted as in model 2 plus BMI, Model 4: Adjustsdin Model 3 plus macronutrients intake (carbotaydr fat and
protein), total fiber intake and calcium, Model Adjusted as in Model 4 excluding calcium plus dairgducts. Dietary
vitamin D was categorized into quartiles (< 0.868®-.1.79, 1.79-2.79 an¢ 2.8, ug/day/1000 kcal). Number of
participants: totally 936 participants for the aiyals of MetS. MetS = Metabolic syndrome, BMI = Botss index

Discussion a significant inverse relation between prevalence
In the TLGS, a prospective study with a 3-of the MetS and vitamin D intake after taking
year follow-up, we observed an inverseinto account potential cofounders. Our results
association between some components of Met&e consistent with those obtained in the
(including WC and FBG) with vitamin D intake prospective study which showed 30% reduced
which remained after adjustments for possible@dds for MetS for the highest quartile of dietary
cofounders. We also found that lower vitamin Dintake. However, median intake of vitamin D
intake was associated with risk of MetS. Afterwas only 0.81ug/1000 kcal/day. The average
adjustment for cofounders, this relationshipdaily vitamin D intake estimated from the
remained significant. dietary dataset was less than recommended
Consistent with our results, in the Britishvalues. In the current study, benefits from
cohort study and NHANES Il study, a lower vitamin D were observed in individuals with
prevalence of abdominal obesity was found witlvitamin D intakes > 2.8.9/1000 kcal/day in
higher intake of vitamin D [11, 26]. In addition, whom the incidence of MetS was 28% lower.
an inverse relation was observed between dietakyhile, in the another study, risk of developing
vitamin D intake and waist circumference in theMetS was 18% lower in subjects who consumed
Women's Health Study [11]. In a prospectivean average of 20.58g vitamin D in quintile 5,
study with a 20 year follow-up, 4727 black andcompared with individuals who consumed an
white young men and women from the Coronaraverage of 2.47g vitamin D in quintile 1, (p
Artery Risk Development in Young Adults trend = 0.030).
study, the intake of vitamin D from dietary and Our results also showed that the significant
supplemental sources was inversely related tassociation between vitamin D and MetS was
the 20 year cumulative prevalence of abdominamhaintained after adjustment for calcium. Similar
obesity (p = 0.050) [27]. to our results, adjusted for calcium intakes in
The association of dietary vitamin D intakeNHANES (2003-2004) data showed the
and FBG observed in our study is in agreemerdssociation of vitamin D intakes with odds of
with other similar studies that indicate an inverséaving MetS [27].
relation between the total vitamin D intake and Although attenuated, but still persistent the
prevalence of high glucose concentrations irsignificant association after adjustment for BMI
young adults [27]. In US adult participants in themight imply both direct and indirect effects of
NHANES Ill, higher serum 25-hydroxyvitamin vitamin D on MetS.
D (25(0OH) D) concentrations were beneficially Confounding by sun exposure may have also
related to the insulin-sensitivity index [28] andinfluenced these results. In our study, we had
glucose concentrations [11], respectively. In twanadequate measures of overall vitamin D intake
prospective studies, a significant inverse relationlue to the lack of information on sun exposure in
between baseline serum 25(0OH) D and incidernthe TLGS dataset. Even having such information
high fasting glucose concentrations after 1®n sun exposure does not help us to receive
years of follow-up [29] and decreased risk ofenough vitamin D, because geographically,
T2D with greater calcium and vitamin D intakesTehran which is situated at 35°4' latitude, a
[30] were observed. polluted area, which plays a role in a vitamin D
In this prospective cohort study, we observedleficiency [31].
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Only a few foods contain significant amountsbetween dietary vitamin D and MetS risk. Since
of vitamin D. In general, cutaneous synthesishe design of our study was observational, the
provides most of the vitamin D to the bodycausative nature of associations cannot be
(80-100%) [32]. Vitamin D-fortified milk determined. Classic adjustment for a wide range of
products, certain types of fish, egg yolks, anad¢onfounding factors was done, but we cannot
other foods fortified with vitamin D, are more exclude confounding by factors we did not
important because of recommendation for use afonsider, or residual confounding by factors for
sunscreen and avoidance of direct sun exposuwehich we did not adjust sufficiently. To find
to prevent skin cancer. In Iran some rich sourcesausality, there is a need for specifically designe
are dairy products and fish; other importantdose-response randomized controlled trials or
sources are meat and eggs, and we do not haviendelian genetic randomization studies.
foods fortified with vitamin D. In the US and However, our study does have several
western countries using fortified foods andstrengths including the prospective nature of the
supplements is common. These two factorglata, the use of a population-based sample, the
apparently restrict intake of vitamin D. large number of participants, the use of multiple

It is noteworthy to keep in mind that linear regression models and adjustment of
associations between vitamin D intake withconfounding variables in the association of
MetS and its components may be influenced bdietary vitamin D with MetS.
polymorphisms in vitamin D-binding proteins
[33] or vitamin D receptor [34]. Conclusion

The underlying mechanisms by which We found that higher dietary vitamin D
vitamin D intake influences MetS are still notintake is associated with lower prevalence of the
well understood, increase in circulating serumMetS, WC and FBG in Tehranian adults.
25(0OH) D suggests a rise in the body weight sdtlowever, future studies including adequately
point mechanism that explains associationslose-response randomized trials of vitamin D
between dietary vitamin D and risk of MetSsupplementation or genetic  Mendelian
[35]. Vitamin D intake may modulate the randomization approach should be addressed for
promotion of the influx of calcium in the the causal relationship.
regulation of insulin secretion and, therefore, the
maintenance of glucose tolerance [36, 37]. Acknowledgments
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