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A B S T R A C T  

Recently, hypovitaminosis D and obesity have reached large masses worldwide 

simultaneously. The number of studies linking two public health problems is increasing day 

by day. Vitamin D deficiency and related disorders are among the leading problems. A 

stronger perspective is that vitamin D deficiency causes obesity. Obesity is becoming a 

rapidly increasing health problem today. Particularly, studies have shown that obese 

individuals are at risk for Vitamin D deficiency and that increasing Body Mass Index leads 

to a decrease in Vitamin D levels. It is known that adipocyte tissue stores soluble vitamin D. 

Vitamin D affects the growth and differentiation of adipose tissue through different 

mechanisms.  It could lead to many factors such as changes in leptin-ghrelin levels, 

parathyroid hormone level, calcium level, vitamin D accumulation in adipose tissue to these 

mechanisms. Various studies have been conducted to understand the link between abdominal 

obesity and blood levels of vitamin D3. Waist circumference, which is an important indicator 

of fat accumulation in the abdominal area, is significantly affected by the level of vitamin 

D3. In addition, regular vitamin D intake also affects the release of Leptin and Ghrelin. This 

study aims to examine vitamin D and its effective mechanisms in body weight control, the 

roles of vitamin D on adipocyte cells, the relationship of hormones such as ghrelin and leptin 

with vitamin D and their relationship with fat oxidation. 
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1. Introduction 

Obesity (BMI - Body Mass Index >30) is a pathological 

disease marked by excessive body weight as a result of the 

buildup of fat mass brought on by genetic mutations, 

inactivity, endocrine problems, imbalance, and malnutrition. 

[1] The fact that obesity is linked to chronic disorders such 

the metabolic syndrome, diabetes, hypertension, renal 

diseases, cardiovascular diseases, and cancer makes it a 

global health concern. Over the past 50 years, obesity rates 

have shown an increasing prevalence. More than 650 million 

individuals were thought to have obesity in 2016, and further 

than 340 million children and adolescents were overweight 

or obese [2]. 

Several investigations have shown vitamin inadequacies in 

obese people, including deficiencies in vitamin B1, folic 

acid, and vitamin D [3–5]. Although vitamin D is primarily 

recognised for its effects on bone health and calcium balance, 

new research has revealed a biological role in immune 

modulation, inflammation and cell differentiation [6–8]. 

Although vitamin D is primarily recognized for its roles in 

calcium balance and bone health, new research has revealed 

that it also has a biological role in immune modulation, 

inflammation, and cell differentiation [9]. 

This study revealed the effect of vitamin D on adipocyte 

cells, the relationship between leptin and ghrelin hormones 

and vitamin D, and effective mechanisms in ß-oxidation and 

body weight control. 

2. Vitamin D and Obesity 

Several clinical and observational studies have shown that 

low levels of vitamin D in the blood are associated with the 

formation of belly fat and obesity [10, 11]. It has been 

discovered that circulating 25(OH)D3 levels decrease by 

1.15 percent for every unit rise in body mass index [12]. The 

possibility of vitamin D3 deficiency in obese people 

increases with excess adiposity, according to certain 

research, which also shows that the link between high BMI 

and vitamin D3 insufficiency is independent of vitamin D 

supplementation and diet [13, 14]. 

Waist circumference is a key indicator of abdominal fat 

accumulation [15]. To comprehend the connection between 

abdominal obesity and blood vitamin D3 levels, several 

investigations have been carried out. In the meta-analysis by 

Hajhahemy et al., the response to vitamin D given at different 

doses was observed.  This meta-analysis found that the risk 

of abdominal obesity decreased by 8% for every 25 nmol/L 

rise in vitamin D levels. Also, this research demonstrated a 

correlation between each 25 nmol/L rise in blood vitamin D 

levels with a 10% lower risk of central obesity in the study 

groups [16].  

Rodríguez‐Rodríguez et al. [14]demonstrated that waist 

circumference was importantly greater in women with low 

serum vitamin D3 than in women with higher serum vitamin 

D3.. 0.29 nmol/L decrease in vitamin D was found for each 

1 cm increase in waist circumference [17]. 

3. Effect of Vitamin D on Adipose Cells 

While researchs examining the relationship between vitamin 

D insufficiency and nutritional status have increased over the 

last decade, there has also been a large increase in meta-

analyses examining how adding vitamin D to diets affects 

parameters related to adiposity, weight gain or weight loss 

[17–20]. Adipogenesis leads to the differentiation of mature 

adipocytes as a result of different events and causes 

adipocyte hypertrophy which causes obesity. Several studies 

have revealed that adipogenesis can be inhibited in 

preadipocytes exposed to 1,25(OH)2D, and 50% of 

triglyceride accumulation is not observed in exposed cells 

[21, 22]. 

Several ideas describe how vitamin D and adipogenesis are 

related. The first theory is that exposure to sunlight may 

decrease because obese individuals participate in fewer 

outdoor activities due to psychological reasons and use 

covering clothes compared to normal individuals, thus 

limiting the synthesis of vitamin D [23]. Nevertheless, 

multiple epidemiological studies have found that, when all 

factors are taken into account, this theory is insufficient to 

clarify the link between obesity and vitamin D  insufficiency 

[24]. Another idea holds that some of the vitamin D and 

cholecalciferol metabolites are retained by excess body fat 

before they are transported to the liver and initially 

hydroxylated [6]. Also, the increased intake of 25(OH)D3 is 

supported by excess vitamin D activation enzyme alpha-1-

hydroxylase in adipose cells. This theory contends that the 

quantity of subcutaneous body fat directly affects vitamin D 

stores [3, 25, 26]. 

According to some research, vitamin D deficiency or 

insufficiency can increase fat production. As vitamin D 

levels decrease, parathyroid hormone increases, and so being 

allowed calcium to enter adipocytes and trigger lipogenesis, 

supporting this theory [27]. 

The information acquired further showed that 1,25(OH)2D3 

stimulates adipogenesis by blocking intracellular receptors 

of crucial adipogenesis molecular components that are 

reliant on vitamin D. As a result, increased preadipocyte 

development into adipocytes may result from low vitamin D 

reserves [28]. The enzyme that catalyzes the conversion of 

25(OH)D to 1,25(OH)2D is encoded by the Cyp27b1 gene, 

and this gene has been identified in the adipose tissue of rats 

and humans [3]. Another study claims that vitamin D inhibits 

adipogenesis through a mechanism including peroxisome 

proliferator-activated receptor gamma (PPAR) and Vitamin 

D receptor [29]. Moreover, 1,25(OH)2D reduced cell 

development and the expression of PPAR and other 

adipocyte marker genes in a study using preadipocytes from 

guinea pigs (Lpl, Pck2, Scd) [30]. 

The connection between vitamin D metabolism and 

adipogenesis has been studied in various ways, including low 

sun exposure in obese people, vitamin D retention in adipose 

tissue, volumetric amount of vitamin D3 supplied on 

digestion or synthesized through the skin. Similarly, it is 

important in this connection enzymes of vitamin D3 

metabolism in adipocytes, PTH, and calcium levels, and 

regulation of adiposity-related genes. Still, future studies are 
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demanded to understand the precise mechanisms responsible 

for this association and the effect of vitamin D addition on 

reducing obesity and abdominal fat (Table 1). 

Table 1 Possible pathophysiological mechanisms; a) The effect of obesity 

on low vitamin D levels, b) The effect of low vitamin D levels on obesity 

(a) (b) 

Volumetric dilution  Elevation of PTH levels  

Retention of vitamin D in 

adipocytes  
Decreased serum calcium level 

Decreased expression of vitamin D  Regulation of leptin hormone 

Decreased exposure to sunlight Regulation of VDR gene 

4. Vitamin D and Leptin/Ghrelin 

4.1. Leptin and Vitamin D 

Leptin called the satiety hormone, is produced by adipocytes. 

Leptin is involved in regulating energy homeostasis and is 

directly proportional to the proportion of adipose tissue [31]. 

The leptin interacts with vitamin D receptor (VDR), which 

has an autocrine-paracrine lipolytic effect, and so, effects 

adipocytes. In this metabolic process, lipid metabolism is 

regulated by blocking lipogenesis and inducing lipolysis 

[32]. 

In certain investigations on this subject, the impact of 

vitamin D supplementation on blood leptin levels has been 

investigated. The results of intervention studies showed that, 

in human adipose tissue culture, vitamin D directly decreases 

leptin release [33, 34]. Ghavamzadeh et al. [33] showed a 

significant increase in leptin levels (p=0.046) after 400 IU 

vitamin D supplementation for 14 weeks in individuals with 

Type 2 Diabetes. Ulutas et al. [35] reported that the use of 

50,000 IU oral cholecalciferol once a week for 4-8 weeks 

significantly increased serum leptin levels in peritoneal 

dialysis patients with hypovitaminosis D (p<0.05) [36]. 

Contrary to these studies, some studies have shown different 

results. It was noted that leptin levels 12, 24, and 48 weeks 

after consuming 2000 IU of vitamin D did not significantly 

differ between HIV-1 infected individuals and those with 

hypovitaminosis D. (p=0.609) [37]. 

Adipocyte tissue stores vitamin D, which is soluble. The 

hypovitaminosis D observed in obese individuals may result 

from excess vitamin D trapped in adipocyte tissue [38]. As a 

result, vitamin D content in adipocyte tissue rises and so does 

its impact on adipocyte function and leptin expression. The 

inverse ratio of the reported vitamin D and serum leptin 

levels can be expressed by the high concentration of vitamin 

D in adipocyte tissue, which stimulates leptin secretion in 

obesity [39]. 

4.2. Ghrelin and Vitamin D 

Previous studies have observed that serum ghrelin levels, 

which are mostly included in regulating food consumption 

and body weight, are reduced in individuals with high BMI 

and insulin resistance [40]. Cell culture studies have shown 

that there are specific receptors for vitamin D in stomach 

cells. Vitamin D supplementation effects the expression of 

many genes in the different parts of the stomach to control 

cell division and stomach hormone release. Though more 

studies are required to ensure a precise conclusion, a study 

observed that 1000 IU vitamin D supplementation daily for 

12 weeks significantly increased ghrelin (71%) and leptin 

(84.1%) levels [41]. In conclusion, regular vitamin D intake 

can raise blood levels of ghrelin and leptin while lowering 

the ratio of leptin to ghrelin. The available data suggest that 

vitamin D addition may have a positive effect on appetite 

hormones and insulin sensitivity. Results from research on 

humans, however, are not conclusive. 

5. The Effect of Vitamin D in ß-Oxidation 

Cholecalciferol is a versatile hormone involved in different 

pathways that regulate gene expression and cause multiple 

effects on adipocytes. Vitamin D affects the growth and 

differentiation of adipose tissue by different mechanisms: (1) 

by inhibiting the expression of adipogenic transcription 

factor genes, preadipocyte differentiation is prevented; (2) 

Inhibition of fatty acid production by upregulating insulin-

induced gene-2 expression; (3) lowering fatty acid synthase 

gene expression to reduce lipid buildup in vacuoles; and (4) 

apoptotic induction in mature preadipocytes [42–44]. 

Besides these findings, several studies claim that 

overexpression of VDR may inhibit preadipocyte 

differentiation [43].  

Hence, it has been established that low blood vitamin D 

concentrations are effect growth of adipose tissue, which 

raises the risk of obesity. In contrast to these observations, 

some experimental research on animal and human adipose 

tissue suggests that vitamin D influences adipogenesis 

through transcriptional factors and the activation of gene 

expression in both an inhibitory and promoter manner [45]. 

As a result, research on the influence of vitamin D on 

adipogenesis has produced inconsistent results, and its 

pathophysiological significance in the differentiation and 

development of adipose tissue is still unknown. Increased 

PTH levels in vitamin D deficiency or insufficiency are other 

potential causes. PTH enhances lipogenesis via boosting 

calcium influx into adipocytes. Although, it also increases 

the synthesis of 1,25(OH)2D, the active vitamin D 

metabolite [45–47]. A crucial regulator of calcium 

metabolism is vitamin D, as well. Adipocyte fatty acid 

synthase expression has been demonstrated to be suppressed 

by increasing dietary calcium, which inhibits lipogenesis and 

promotes lipolysis [48]. 

In conclusion, vitamin D insufficiency may be linked to 

weight increase and excessive fat formation by its effects on 

PTH and calcium. However, the pathway by which vitamin 

D deficiency/insufficiency promotes obesity is not known 

exactly. More studies are needed to explain this relationship. 

6. Vitamin D and Nutrition 

Worldwide epidemiological studies have informed a 

widespread prevalence of vitamin D inadequate intakes [49]. 

In particular, vitamin D3 (cholecalciferol) is substantially 

more effective than vitamin D2 (ergocalciferol) for 

maintaining blood vitamin D levels and biological functions 

as well as raising serum 25(OH)D levels [50]. Therefore, 

vitamin D3 is the preferred form of an oral supplement to 

correct vitamin D deficiency [51]. Only a few foods contain 

vitamin D3. These are oily fish, mushrooms exposed to 

sunlight, milk, and eggs [52, 53]. Although being a natural 

source of vitamin D3, cod liver oil should not be consumed 



 
Tok et al. / Vitamin D and Effective Mechanisms in the Control of Body Weight 57 

 

 

 

in excessive amounts due to the vitamin A it contains and its 

possible interactions with heavy metals [54, 55]. 

According to previously released recommendations, vitamin 

D deficiency is defined as 25(OH)D levels below 20 ng/mL 

and vitamin D inadequacy as 20–30 ng/mL [56]. Values of 

Vitamin D meeting the requirements of ≥ 97.5 of the 

population for different age groups are shown in Table 2. 

Table 2 The Recommended Amount of Nutrients (RDAs) [56] 

 
IU: International Unit, RDA: Recommended Food Consumption. 

 

A recent publication, however, defines vitamin D deficiency 

as 25(OH)D values below 12 ng/mL and vitamin D 

inadequacy as 12–20 ng/mL. For the general population, 

concentrations between 20 and 50 ng/mL are regarded as 

safe and sufficient for bone health [56]. Although the US 

Institute of Medicine accepts these values, older people at 

risk of fractures and those with bone, renal, and digestive 

issues should have levels over 30 ng/mL [55, 57]. 

7. Conclusion 

Serum vitamin D levels and obesity have a significant 

association, according to extensive epidemiological 

research. Up until now, research has concentrated on the 

pathophysiological reasons for the relationship between 

obesity and low vitamin D levels. Many factors such as gene 

polymorphisms, changes in leptin-ghrelin levels, volumetric 

dilution, increased parathyroid hormone level, decreased 

calcium level, vitamin D retention in adipose tissue, and 

decreased vitamin D expression have led to these 

mechanisms. More research is still needed to determine the 

specific processes behind the bidirectional association 

between blood vitamin D status and obesity as well as the 

therapeutic benefits of utilizing vitamin D supplements to 

decrease the percentage of fat tissue. 

Healthcare professionals, such as physicians and 

Nutritionists, should assess low serum vitamin D status in 

obese individuals and properly address the requirement for 

addition and prohibition of vitamin D 

deficiency/insufficiency. 
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