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			Abstract

			Obesity is a chronic health problem inflecting most today’s communities. There association between obesity and an array of subsequent chronic health problems is a well-established. Now that vitamin D deficiency has also been linked to obesity, a review of the relationship between obesity and vitamin D including mechanisms, determinants, and severities may be rationalized. Understanding the association between the two conditions helps update available preventive approaches and provide opportunity for a better protection of risk population groups.
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			Background 

			The burden of obesity and associated health consequences, particularly cardiovascular disease (CVD) and other cardiometabolic diseases such as hypertension (HTN) and diabetes mellitus (DM) is grave [1]. Vitamin D deficiency (VDD) has been incriminated in some fat cells accumulation mechanisms [2]. Prevention, especially lifestyle modification is critical to ameliorate risks leading to extra weight gain and early detection of cariometabolic and nutritional derangements, VDD. 

			Methods

			A focused search utilizing quality resources, e.g., PubMed, Ovid Medline, Cochrane library, and Google Scholar would be used to examine information and arguments about obesity and VDD relationship, tracking the development of knowledge about obesity-VD complex would be performed. For journal articles, only ISSN numbered periodicals and studies with representative and reliable sampling techniques were included. 

			Literature Review

			With the change in the world’s dietary and physical activity (PA) pattern, the world populations, even children are growing fatter [3]. In 2014, more than 1.9 billion adults 18 and older were overweight, including 600 million obese. These figures represent 39% and 13% of adult population, respectively [4].

			
Obesity assessment

			The World Health Organization (WHO) defines increased body weight in terms of body mass index (BMI), as MBI 25 kg/m2 = overweight and BMI 30 kg/m2 = obese [4]. Other anthropometric measures are used to assess weight, such as waist circumference (WC) and waist-hip ratio (WHR) [5,6].

			Several physical, dietetic, behavioral, and metabolic factors have been incriminated in the development of obesity, including fat cell theory; for an increased proliferation of fat cells and adipose tissues during infancy and childhood predisposes to adulthood obesity [7,8]. Both the heightened adipose tissue mass and metabolic changes of obesity increase the risk of the chronic health problems congruent with obesity, e.g., hypercholesterolemia, HTN, and DM [1,9]. Recently, overweight and obesity have been shown to be related to low vitamin D status. Over 840 million people suffer from VDD [10], either due to a low vitamin (ergocalciferol) intake, with malabsorption syndrome [11], or limited exposure to sunlight, e.g., as in the use of sunscreen. 

			Vitamin D plays a role in a multitude of metabolic processes are established. For instance, Vitamin D receptor (VDR) and 1α-hydroxylase enzyme, which catalyzes the conversion of calcidiol [25(OH)D] to calcitriol [1,25(OH)2D] which is the activated vitamin D were found in more than 40 human cell types [11]. Thereby, VD has been linked with the risk of “metabolic syndrome” (central obesity, hyperglycemia, HTN, and atherogenic dyslipidemia) [12].

			Obesity and VD mechanisms

			A temporal relationship between n increased body fat (BF) and low circulating 25(OH)D level and resulting impaired metabolic pathways of VD has been suggested [13]. Whether VDD may facilitate the development of obesity, and hence a maintained vitamin D level could be protective against obesity and increased fat mass (FM) in risky people has been argued [14,15]. Due to the widespread prevalence of obesity alongside with unhealthy diet and physical inactivity (PIA), large-scale experiments to observe diet history, outcomes, and directionality of the relationship between VDD and obesity are scarce. Leblanc et al. [16] however, could link vitamin D levels with lower weight gain in a study on 9,704 women aged ≥65, higher and concluded that low vitamin D may predispose to fat accumulation, and vice versa. Using genetic markers as instrumental variables in a bi-directional Mendelian randomization analysis [10], it was found that higher BMI levels led to lower serum 25(OH)D levels. Although the effect of a lower 25(OH)D on increasing BMI was likely to be small, it has been emphasized that mass interventions to reduce BMI were expected to decrease VDD prevalence [10].

			 In a study by Kremer et al. [15] to examine the relationship between 25(OH)D, BF, and bone structure at the time of peak bone mass in California, 90 post-pubertal women 16-22, 59% of subjects were 25(OH)D insufficient (≤29 ng/ml), and 41% were sufficient (≥30 ng/ml). A strong inverse relationship between serum 25(OH)D and visceral adipose tissue (VAT), measured by CT scan and dual-energy X-ray absorptiometry (DEXA) values of BF were found. Further, weight, body mass (BM), and adiposity were lower in women with normal 25(OH)D - than those with insufficient levels. 

			In the older-age population [16], women with low circulating vitamin D levels were liable to add weight compared with those with adequate levels of the vitamin; the longer VDD the greater likelihood to build-up weight [16]. In the presence of such growing belief that vitamin D could play a role in regulating VAT, Leblanc et al. [17] conducted two parallel trials to study the effect of Ca-D-fortified orange juice (OJ) and regular OJ on VAT reduction using regular vs. reduced-energy (lite) OJ. In the regular OJ trial, the reduction of VAT was greater among the CaD group than in the control group. In the lite OJ trial, the reduction of VAT was significantly greater in the CaD group than in controls (after controlling for baseline VAT). The effect of calcium/vitamin D on VAT remained highly significant when the results of both trials were combined. It may well be suggested that vitamin D and/or calcium supplementation contribute to a beneficial reduction of VAT.

			As far as other VDD-related metabolic drawbacks, the risks of CVD, DM, HTN and dyslipidemia have been linked with VDD [18-22]. On the other hand, adipokines play a role in the homeostatic mechanisms of food intake, glucose and lipid metabolism, vascular remodeling, and insulin action [21-23]. Additionally, hypertrophy of adipocytes is connected with increased synthesis of pro-inflammatory mediators, such as tumor necrosis (TNF)-α factor and some interleukin (IL) classes (IL-1, IL-6) [21,24]. Particularly leptin is a circulating hormone produced primarily by adipose tissue [21] and its biosynthesis is operated by leptin gene (OB) located on the 7th chromosome. Leptin synthesis is stimulated by insulin, glucocorticosteroids, TNF-α and estrogens, and inhibited by free fatty acids (FFAs) and growth hormone [21]. Once secreted into the bloodstream, leptin is able to regulate food intake and metabolism and decrease appetite [21,23,25]. The concentration of circulating leptin increases with FM and decreases with BM reduction [21]. Vitamin D, in turn, supports leptin signaling so that in VDD states interrupted signaling leads to disrupted fullness sensation mechanism. 

			Given the fat-soluble nature of VD (fat acts as a “sink” by collecting it); obese patients are more prone to developing VDD symptoms than the non-obese [26]. Tests involving obesity-VDD symptoms include serum vitamin D level (25[OH[D); plasma parathyroid hormone (PTH) level; serum calcium, and fasting plasma glucose (FPG) levels. Vitamin D insufficiency may be defined as 10 to <19.9 ng/ml. A serum concentration of 25(OH)D ≥20 ng/ml is considered as adequate vitamin D level. 

			Regarding treatment strategies, vitamin D 40,000 units/wk for 7 weeks followed by 4,000 units/d for 10 weeks and then followed by 800-2000 units maintenance dose daily is recommended [27], for a target VDD point >30 ng/ml. Exposure to sun rays, avoiding the use of sunscreens and a diet wit satisfactory VD content to maintain adequate circulating vitamin D level are warranted. For obesity, abiding by an adjusted weight loss program in line a balance between calorie intake and calorie expenditure through PA is needed. Bariatric surgical intervention for treating morbid obesity, especially controlling the associated comorbidities, such as CVD, sleep apnea, osteoarthritis, is a further step to follow. Dietary supplementation (vitamins B12 and D, Zn, Fe) after surgery is usually indicated [28,29].

			Conclusion

			In conclusion, both obesity and VDD are two widespread chronic diseases of today’s communities. Both conditions are interrelated; first, obesity is risk for VDD, especially in high risk people, such as old women and people with multiple chronic comorbidities. On the other hand, a reduced serum 25(OH)D level may be associated with enhanced CT signals of VF, and also the abdominal fat mass may be reduced with 25(OH)D level normalization. Obesity and VDD have a wide scope of complications, some of which are shared by the two ailments. Both obesity and VDD are directly linked to lifestyle, the modification of which plays a significant role in controlling of these conditions. An early detection of obesity and related risks as well as impaired VD levels through community screening would are cost-effective. Despite a remarkable success has been achieved in the research of fat tissue volume and distribution and impaired circulating VD, large-scale experimentation on mechanisms pertinent with vitamin D and BF distribution should be considered.
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