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ABSTRACT

Pediatrics obesity is a major community healthessglobally now days. The commonness of Pediabiesity
and vitamin D deficiency has increased over in sveecades. It is caused by imbalance betweenieslmtake and
calories utilized in body. One or more factors eaabesity in children that is Physical, psycholagi@nd social health
problems are caused due to childhood obesity. fffe@ctive strategies can be used to prevent antral obesity in
children which is more effective. The purpose d$ faper is to address various factors influencimiggdhood obesity and
vitamin D deficiency. It is also addressing therses of Vitamin D, classification, Risk factorsetiole of vitamin D on
adipose tissue, the genetic role in vitamin D abdsity, the role of inflammation on obesity andaviiin D status in
Middle East, etc.
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INTRODUCTION SYNTHESIS OF VITAMIN D

Vitamin D or sunshine vitamin, its main and majouce is obtained from the sun exposure and mioorce is

obtained from diet (dairy products, oil fish, maat eggs)1-16].

It consumed few steps to be synthesized. In the §kV/-B wavelengths in sunlight convert 7-dehydrmlelsterol
to cholecalciferol (vitamin B), which has the ability to enter the circulatioim the liver, vitamin R by the
1%hydroxylation step it become 25(OH)D. In the kidnby the 2° hydroxylation step it converted to 1,25(QHB) which
is the bioactive form. Later on, this final actifia@@m has the ability to bind to VDRs and act thrbug[1-16]. VDRs are
distributed throughout the body in the endocrirengk, endothelial cells, vascular smooth muscle,cehrdiomyocytes

and hemolymphopoietic cejls17,18.
CLASSIFICATION

We can define vitamin D deficiency based on thelofuihg stratifications of 25(OH)D serum
concentratiofi,16,19,20,2L

« Deficiency <50.0 nmol/L or <20.0 ng/mL
e Insufficiency = 50.0-74.9 nmol/L or 20.0-29.9 ng/mL
»  Sufficiency=>75.0 nmol/L or>30.0 ng/mL

We can define obesity based on the following dicationsof BMI:
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e Underweight < 18.5
e Healthy = 18.5t0 24.9
e Overweight = 25t0 29.9

«  Obese> 30

uve

icholesterol

Vitamin D,

Non Renal Production
1,25(0H):D

Macrophage, breast, lung, prostate and
colon.

Figure: 1: Synthesis of Vitamin D
RISK FACTORS

Vitamin D deficiency is an independent risk factor obesity in womeri3-30]. In children it is associated with
growth retardation and skeletal deformities. Moexowew evidence providedan association betweenlebels of
25(0OH)D and increasing age, obesity, reducing inssénsitivity, hypertension, visceral obesity, éstrglyceridemia,
metabolic syndrome, immune function, respiratogedses, infection, allergy, cancers, and cardiolasdiseasq8-32).

There is an indication signs of deviation in the@erine system of vitamin D in obese subjiits
* Increase in serum PTH.
e Increase in cCAMP.
e Increase in renal tubular reabsorption of Ca.

* Increase circulating 1,25(0O%D):s.

Impact Factor (JCC): 3.2459 NAAS Rating.48
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» Decrease in serum level of 25(OH)D.
» Decrease in HDL.
* Increase in triglycerides and LDL.

The risk factors that link the deficiency of vitambD with child obese subjects: decreased sunlighbsure,
season (winter), limited outdoor activity, clothbat limit cutaneous vitamin D synthesis[4-57]. Mover, low vitamin D
levels in the mother during pregnancy play a raiéher child's levels and lower birth weight butheg fat mass at 4 to 6
years old child, race (non-white), age of pubeiyy milk consumption, female gander[12] and somdations in VDR
[13-74].

A study done by Thomaat al. provided an increase in PTH levels and a decrea28(OH)D levels in obese
subjects. Since these changes normalized afterhtvieigs so, these changes considered as a consegquather than a
risk factors[7-80].

Low Concentration of Vitamin D in Obese Subjects Cuold be a Result of Deferent Mechanisms

* FTO genotype variation could affect vitamin D lev@nd weight gain by decreasing the insulin effiedirain

tissues, affecting appetite, food choice, and dydtdake from an early age[8-67].

« Direct relationship between circulating adiponecsind vitamin D levels. Inverse relationship betwedha
circulating adiponectin and BMI[2-25]. Furthermorpatients with insulin resistance, type 2 diabetesl
cardiovascular disease have lower concentrati@tiponectin[2-25].

*  The relationship between BMI and serum level of®3)D is inverse, each unit increase in BMIbeingpaszed
with 1.15%lower concentration of 25(OH)D[4-54].

» Body fats acts as a reservoir for vitamin D (ligidluble vitamin), so increasing the content of bdatg will

increase its sequestration, leading to decreabéidwailability[4-55].

e Some studies has been shown that 25(OH)D was s&@%«din fat and 20% in muscle. Based on these estudi

can look at the muscles as another reservoir famin D[4-56].

* In obese subjects and due to hepatic steatosiyénanay lower the rate of 25(OH)Dsynthesis[4-58]

High levels of leptin and IL6 (secreted by adiptissue) may inhabit 1,25(0OH); synthesis[4-59].
The Role of Vitamin D on Adipose Tissue

Recently, new studies classified the adipose tissseone of the major endocrine organs[4-60]. @diohto two
types white and brown, each type has a differelitozegin, structure and function[10]. The browneo@are present in
children only, it has an average life span of 1@rgeso most of them disappears in adulthood[10]thAt time, they
replaced by the white one[10]. Brown adipose tisswerk as thermogenesis[4], while the white adiptissues serve

mainly as energy reserves, secrete hormones, nmeahprotection and insulation to the body[10].

In response to high body weight there will be arréase in both fat mass and lean body mass (stibgdody
fat weight from total body weight)[11]. That is have explain the increase in fat mass; the adipgsads are structurally

plastic, so they have the ability to expand andbezlarger in size and number[4-61].
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Some studies have shown that vitamin D has no tdiffect on body weight, but it may have an effectthe fat
mass and its distribution. This effect was seey onkubjects with 25(OH)D levels less than 50.0hhj4,62,63] .

The Genetic Role in Vitamin D and Obesity

A study in Brazilian Amazon area, was found a digant relationship between an A allele of FTO 1396809
and being obese during childhood. However, theyspudvided a pivotal role of vitamin D levels onealng the genotype
effects on BMI. Deficient children presented largereases in BMI for each A allele compared witinmal children[8].
The variation at the FTO locus affects BMI in chitebd by accelerating adiposity rebound and fat ndegp®sits[8-68],
which may play a role in metabolic disease riskf§-8aken together, we detect an important intésacdbetween FTO
and vitamin D levels in relation to childhood olgsibut the mechanisms of this interaction stilineen unclear[8].
Furthermore, FTO gene is expressed in the humain,taad there is evidence of a relation betweemists allele and
decreased cerebrocortical insulin sensitivity[8-78pme studies have mentioned a functional roleirisulin in the
regulation of energy homeostasis and body weighthen CNS[8-71]. Subsequently, a possible mecharfamthe

association between FTO genotype and vitamin Didavay involve insulin action at a central level[3,73].
The Role of Adiponectin on Vitamin D and Obesity

Adiponectin is a protein produced by adipose tissared secreted to adipocytes[2-29]. It is locatébimone of
the susceptibility gene loci for obesity[2-24]. @dial trials has been confirmed a difference inglesma concentration of
adiponectin in obese pediatric subjects betweerjestsh with vitamin D deficiency and subjects witlitamin D
sufficiency[2]. Adiponectin circulates in plasma different forms: trimmers-(LMW), hexamers-(MMW) @rexamers-
(HMW)[2-24]. HMW is identified as the most bioaatiform[2-24]. The concentration of adiponectin Edfatric obese
subjects with vitamin D deficiency was significantbwer than in pediatric obese subjects with vital sufficiency[2].
Moreover, the greatest difference was observedexaimers-HMW. It has been proved to have insulinsitiging
effects[2-25], regulates centrally food intake apody weight[2-26], cardioprotective[2-27], anti lewihmatory and
antioxidant properties[2-28], demonstrating thah#s a clear clinical important role with respeztabesity and its

comorbid conditions[2].
Matrix Metalloproteinases (MMPs) Enzymes

MMPs enzymes play a role in tissue remodeling, atign of leucocytes, inflammation, infection andesity.
These enzymes are produced by different cell typesluding lymphocytes, granulocytes, astrocytestivated

macrophages and adipose tissue[3].

Impact Factor (JCC): 3.2459 NAAS Rating.48
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Collagenases Gelatinases Stromelysins Membrane-type MMPs
MMP1 MMP2 MMP3 MMP14
MMPS MMP9 MMP10 MMP15
MMP13 MMP11 MMP16

MMP17

Matrilysin Enamelysin Other MMP24

MMP7 MMP19 MMP25
MMP26 MMP21
MMP23A
Metalloelastase MMP238
MMP27
MMP28

Inhibitors Potential Inducers of Transcription
TIMP1 BSG
TIMP2
TIMP3 TNF
TIMP4 [9]

Evidence and reports provided a remarkable incrieetee levels of some enzymes (MMP-2, MMP-8 and RiM
9) in obese childrd3,33,34,3%. Also, it has been shown a correlation between MM&hd BM[3-36]. The study that
provided an increase in MMP-8 levels, it also peaedecrease in TIMP-1 levels at the same timé@se subjects more

than non-obeg8-37].

MMP-2 promoter haplotype play a role in the peragetof body fat in obese child{@r38]. Functional MMP-9
gene polymorphism is strongly associated with dpg%i39], and MMP-9 genotypes and haplotypes affect MMv&ls
in obese subjedi3-4Q].

VDR-KO mice play a role in some of these enzymeM@2, MMP-9 and MMP-12) by up regulating their
expression, reduce body weight, lower serum letoincentrations and it also enhance the influxnéimmatory cells
andphospho-acetylation of N&B in lungg3-41]. Moreover, VDR Taql polymorphism play a role incdeasing the
production of TIMP-13-42].1,25(0OH)Dsdown regulated MMP-9 levels in keratinocytes, anaymeduce the harmful
effects of excessive TNé&-induced proteolytic activity, which play a roleéntaneous inflammati¢8-43]. It also inhibits
both the basal levels and the staphylococcus-stitdlproduction of MMP-9 in human blood monocyted alveolar
macrophagéd8-44)]. In addition, some reports provided a benefiaiéé of vitamin D analog in reducing the expressién
MMP-2, MMP-9, VEGF and PTH-related peptide in Lewisg carcinoma cel[8-45]. Taken together,1,25(0kD); may
play an important role in obesity by down regulgtMMPs levels and regulating TIMPs leVi@k

The Role of Inflammation on Obesity

Inflammatory processes play apivotalrole in obesR®%s play a role in inflammation. COXs play a rate
converting the arachidonic acid into PGs. Some@$:FPGE, PGF, PGD, and PGgdhas been reported to induce obesity
by different ways,either by inducing adipogenesisirthabiting lipolysi$3,46,49. PGE work as enhancer to lipid
accumulation in hepatocytes and participated indénelopment of hepatic steatg8i60]. PGF, is a potent inhibitor of
adipocyte differentiatiofi8,48,49. COX-2 play a role in activation of P@B-51], so increase the COX-2 levels will

increase the activation rate of PQkhich will lead to obesityand vise versa. Interagy, there is an inverse relationship
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between PGs levels and fat mass. Moreover, vitdnmay play a role in modulating the inflammatorpgess in obese
subjects, 1,25(OHPsand its analogs has been reported that it haseaimadown regulating PGs synthesis by inhibiting
selectively the activity of COX-2[3,52,53].

Vitamin D Status in Middle East

Vitamin D deficiency and its comorbid conditiong @ pandemic health problem, especially in the Midghst,in
particular in Saudi Arabia because of limited owtdactivities and the prevalence of wearing daiik slovering clothes
for cultural and religious reasons[13-14]. As a terabf fact, 30-50% of children and adults in UAK)stralia, Turkey,
India and Lebanon have been found to have vitaméefitiency[13,75,76]. Although, Saudi Arabia iseoof the sunniest
countries, vitamin D deficiency has long been régmbras prevalent in Saudi population[15,77,78].tAdg done by
Ardawiet al. reported an approximately 80% prevalence of \iitah deficiency in 1172 Saudi women from the weaster
region of Saudi Arabia[15-79].

Dosing Considerations of Vitamin D

Nowadays, new studies proved that the optimum adsétamin D; supplements is depend on body weight
[4,65,66], so we suggest that obese subjects lawective two to three times vitamin D more than-obese to satisfy

their body’s vitamin D requirements[4-64].

However, if the target of vitamin D supplementatinorobese was to affect one of comorbidities asdedi with

obesity, the dose will be various for each comoduiddition [4].
CONCLUSIONS

The function of adipose tissues is not only asitingr storage[5]. Recently, it classified as a magndocrine
organ. Vitamin D is a fat soluble prohormone. leasily stored and sequestered in adipose tisdse, ican be stored in
muscles. The deficiency of vitamin D is common bese subjects. Many efforts have been made inrttlerstanding of
vitamin D metabolism and functions. Interestingdgveral studies provided the interrelationship ketwvitamin D and
adipose tissue, it may both regulate and be regpilby vitaminDI[6]. It is able to act via numerousngmic and non-
genomic mechanisms: including protein expressiofiainmation, and cellular metabolism. There is @aclrelationship
between FTO rs9939609 and being obese in childhinoBrazilian Amazon. Moreover, some evidence prowed
association between genetic effects of FTO andmniiteD levels. Likewise, it has been proved a relathip between
pediatric obesity, adiponectin and vitamin D lev@lke decrease in vitamin D levels will lead to @@se in circulating
adiponectin and as a result there will be an ireeéa the total body weight. In fact, vitamin D idefncy and its comorbid
conditions are a pandemic health problem,partibuliar Saudi Arabia in the western region due toirtfieod lifestyle,

limited outdoor activities and the prevalence ofvieg dark skin covering clothes for cultural aertigious reasons.
ABBREVIATIONS

PTH,Parathyroid hormone;cAMP,Urinary cyclic adenesi 3,5-monophosphate; 1,25(QB), 1a, 25-
hydroxyvitamin 3; 25(OH)D, 25-hydroxyvitamin B IL, Interleukin; VDR, Vitamin D receptor;UV-B, ltHaviolet B;
BMI, Body mass index;MMPs, Matrix metalloproteinas@d IMP-1, Tissue inhibitor of metalloproteinaseMpDR-KO,
Vitamin D receptor-knock-out; PGs, Prostaglandi@)X, Cyclooxygenase;LMW, Low molecular weight; MMW,

Medium molecular weight; HMW, High molecular weigliNS, Central nervous system.

Impact Factor (JCC): 3.2459 NAAS Rating.48
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