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ABSTRACT 

Hypovitaminosis D and obesity represent global public health problems. Plasma concentrations of 25 (OH) D 

are more strongly correlated with visceral adipose tissue than subcutaneous fat, suggesting a link between 

vitamin D levels, insulin resistance and cardiometabolic risk, particularly in younger subjects. Various studies 

have shown that obesity is an important risk factor for vitamin D deficiency and how adiposity has a 

determining role in the serum level of vitamin D. The association between these two factors is complex and the 

multiple studies carried out to clarify this association have not provided univocal indications. Some hypotheses 

propose that the deficiency of vitamin D may remain a cause of obesity. However, the possible 

pathophysiological mechanisms do not exclude a multifactorial origin, thus supporting the importance of 

supplementing vitamin D in obese patients. Since adipose tissue is a major reserve of vitamin D, its role in the 

regulation of adipogenesis, insulin sensitivity, and in the reduction of cytokine release and adipose tissue 

inflammation has been demonstrated. Moreover, studies on the vascular effect of vitamin D have been carried 

out. This review attempts to summarize the current understanding regarding the causes of the reduced vitamin D 

levels in obese patients, the effects of vitamin D supplementation in these individuals, and the prevention of the 

complications associated to obesity such as the chronic inflammatory state and vascular complications which 

predispose to cardiovascular risk. 
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INTRODUCTION  

In the last decade, vitamin D [25 (OH) D] (VD), an important regulator of phosphorous and 

calcium metabolism, has been correlated to numerous metabolic, immunological, and neoplastic 

diseases. The association with obesity is highly relevant on a public health perspective, given its 

association with the metabolic syndrome, insulin resistance and cardiovascular disorders (CVD) 

[1, 2, 3,4,5,6,7]. Vitamin D precursor and metabolites are reported in Table 1. 

Numerous studies have established a relationship between VD and body weight. There are two 

different types of adipose tissue, subcutaneous and visceral adipose tissue, which possess 

different endocrine-metabolic characteristics. Adipose tissue (AT) appears to be negatively 

associated with plasma levels of 25 hydroxy-vitamin D [25 (OH) D], the inactive form of the 

vitamin [8-15]. Various hypotheses have been proposed to account for the reduced VD levels in 
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obesity, ranging from reduced exposure to sunlight to increased renal production of 1,25 di-

hydroxyvitamin D [1,25 (OH) 2D] and the active form 1,25-dihydroxycholecalciferol (1,25-

(OH)2D3 ) with a consequent negative feedback on the liver synthesis of 25 (OH) D. Moreover, 

an enhanced metabolic clearance and/or increased absorption of VD via the adipose tissue would 

account for a low bioavailability of 25 (OH) D in the circulation in obesity. Of note, body mass 

index (BMI) and adiposity may also exert negative effects on therapy, again with conflicting data 

[16-21]. 

Recent data have shown a negative link between serum levels of 25 (OH) D and insulin 

resistance, establishing a link with the metabolic syndrome [22,23]. This association is consistent 

with the evidence that higher VD levels are an separate predictor of improved beta cell function 

in the pancreas and that hypovitaminosis D is linked to reduced beta cell function, increased risk 

of insulin resistance and MS. [23].  

Various studies performed demonstrated that visceral fat has a greater endocrine activity and is 

more strongly associated to insulin resistance, thereby predisposing to the MS [24]. The 

mechanisms which are involved in the onset of insulin resistance include increased lipolytic 

activity and the stimulation of pro-inflammatory cytokines including interleukin 6, Tumor 

Necrosis Factor α, C reactive protein), which trigger a pro-inflammatory, prothrombotic and 

vasoconstrictor state directly related to visceral obesity. Since cardiovascular disease is highly 

associated with obesity, a direct effect of VD could improve the vascular function and prevent 

adverse cardiovascular events. Because adipose tissue is a major reserve of vitamin D, its role in 

the regulation of adipogenesis, insulin sensitivity, and in the reduction of cytokine release and 

adipose tissue inflammation has been proved. [25-35].  

In a large cohort of obese subjects treated with bariatric surgery, the vitamin status post-

operatively can be influenced by the weight loss per se, and by variations in the absorption 

conditions. Guidelines developed by the American Association of Clinical Endocrinologists 

(AACE), Obesity Society (TOS) and American Society for Metabolic & Bariatric Surgery 

(ASMBS), which were updated in 2013, endorse great amounts of cholecalciferol, with at least 

3000 IU per day for patients undergoing a sleeve gastrectomy and 50,000 IU 1-3 times a week in 

patients treated with malabsorptive surgical procedures, with further endorsement of a systematic 

follow-up, aimed at maintaining an optimal vitamin status over time [36].  

This review will summarize the contemporary literature regarding the causes of reduced 25 (OH) 

D concentrations in obese subjects, the possible utilities of vitamin D supplementation in these 

subjects, and the prevention of the complications associated with obesity.  

MECHANISMS OF REDUCTION OF VITAMIN D IN OBESITY 

After exposure to solar radiation, the growth in concentrations of 25 (OH) vitamin D is 53% 

inferior in obese subjects compared to normal weight, regardless of the amount of the obtainable 

skin precursor. Vitamin D bioavailability would be reduced due to extreme sequestration in 

abundant adipose tissue since vitamin D is a fat-soluble vitamin [37]. In addition, the excessive 

stimulation of 1α-hydroxylase in adipocytes of obese subjects would regulate the local use of 25 

(OH) vitamin D, which would elucidate a reduction in the circulating share related to the 

subcutaneous fat mass. Therefore, the adipose mass, would not limit itself to inactively store 25 

(OH) vitamin D, rather, it would dynamically control the enzymes that metabolize it [38].  

Numerous epidemiological trials, including the National Health and Nutrition Examination 

Survey (NHANES) III, Framingham study, and other clinical trials discovery augmented 

prevalence of hypovitaminosis D as BMI increases, precisely a decrease in the concentration of 
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25 (OH) vitamin D corresponded to 0.74 nmol / l (0.28 ng / ml) or to 1.15% for each increase in 

BMI of 1Kg / m
2
. Commonly, in the obese population, the prevalence of hypovitaminosis D is 

estimated to be between 21% and 90%, with average concentrations of 25 (OH) vitamin D 

around half the values found in normal weight subjects. In a recent meta-analysis, the occurrence 

of hypovitaminosis D in obese subjects resulted 35% higher than the normal weight and 24% 

higher than overweight patients independently of age, latitude, cut-offs used to describe the 

vitamin status and from the socio-economic development index of the analyzed geographical area 

[39]. The prevalence of hypovitaminosis D detected at pre-operative assessment in obese subjects 

undergoing bariatric surgery is attested to be between 23.7% and 92% with large variability, 

depending on several interfering factors. One of the largest studies reported in the literature, 

which refers to 232 patients with severe obesity, puts hypovitaminosis D in first place in order of 

incidence among micronutrient deficits [40]. 

Currently, volume dilution of VD is considered to be the most plausible system postulated to 

underly the negative association between concentrations of VD in the plasma and BMI. 

According to this hypothesis, both obese and non-obese individuals present comparable whole-

body stores of VD. However, in obese individuals, VD is dispersed into a greater AT mass, 

leading to a reduction of serum VD concentrations [41]. In a study in women, levels of VD in 

different biological specimens including plasma, visceral, and panniculus AT were compared 

between obese and normal weight participants. The results showed similar concentrations and 

distribution patterns of VD between the two groups and provided evidence that the AT could play 

a role as a pool for VD [42]. If volumetric distribution has an imperative aspect in lowering VD 

in obesity, weight loss could potentially improve VD plasma concentration. However, various 

data examining weight reduction have showed contradictory findings, with some authors 

reporting enhanced 25 (OH) D serum levels [43,44] while others showing no significant changes. 

For example, Mason et al. [45] reported considerable augmentation in 25 (OH) D serum 

concentration after weight loss in obese postmenopausal women who performed a 12-month 

weight-reducing plan based on caloric restriction and physical activity.  

Alternatively, low concentrations of VD in obese patients may be related to reduced dermal 

synthesis. Wortsman et al. [41] showed that cutaneous VD production of healthy and obese 

subjects did not show significant differences, despite obese patients presented decreased 

elevation of amounts of 25 (OH) D in blood post-irradiation and oral prescription of VD with 

respect to control group. 

Gene expression analysis of VD metabolizing enzymes was performed both in lean and obese 

subjects to gain more insights into the low serum level of VD and its association with obesity. AT 

is not only a storage site for fat-soluble nutrients but seems to be important in the regulation of 

the metabolizing enzymes, and downregulating the cytochrome P450 2J2 gene, which encodes 

for the enzyme 25-hydroxylase, and downregulating cytochrome P450 27B1 expression, which 

encodes enzyme 1a-hydroxylase, in the panniculus AT of the obese versus control subjects 

[46,48]. There was no significant change in the regulation of cytochrome P450 24A1 which is 

implicated in the inactivation of calcitriol [1,25(OH)2D] (a bioactive form) between obese and 

lean individuals from this study. Interestingly, experimental evidence supports the hypothesis that 

VD itself could be implicated in the pathophysiology of obesity. An increased level of PTH 

secondary to hypovitaminosis D could stimulate lipid anabolism by increasing the Ca2+ flowing 

into the adipose tissue [49]. In addition, Blumberg et al. [50] demonstrated that in 3T3-L1 

preadipocytes treatment with VD inhibits the adipogenesis by the downregulation of the 

transcription factor C/EBPbeta. In addition, 1,25(OH)D has been shown to activate the WNT/beta 

catenin pathway, which results in blocking of adipogenesis [51].  
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OBESITY, VITAMIN D AND ADIPOSE TISSUE INFLAMMATION. 

Insulin release and peripheral insulin effects are calcium-mediated mechanisms that rely on the 

activation of calcium-dependent protein kinase C (PKC). VD participates in the activation of 

PKC by regulating intracellular Ca2+ concentrations. Furthermore, VD exerts positive control on 

the expression of insulin receptors in peripheral myocytes and prevents systemic inflammation by 

controlling the expression of certain cytokines. Upregulation of leptin and IL-6 in states of 

chronic low-grade inflammation associated with obesity-related hepatic steatosis interferes with 

25 (OH) D actions by downregulating VD receptors (VDR) [52,53,54]. A key feature of obesity 

is adipocytes hypertrophy with an expanded adipose tissue size. Adipocyte hypertrophy is linked 

with insulin-resistance onset [55,56], enhanced release of leptin and pro-inflammation cytokines 

(IL-6, IL-8, TNFα), and reduced production of insulin-sensitizing adipocytokines including 

adiponectin and IL-10 [57,58, 59, 60, 61, 62].  

Obesity-associated insulin resistance also has a fundamental role in the propagation of 

inflammation in the AT, leading to the upregulation of pro-inflammation cytokines including 

TNF-α, IL-6, and IL-1-β as reported in figure 1 [63]. These mediators activate a pro-

inflammatory signaling cascade mediated by Jan N-terminal kinase-1 (JNK1) and Inhibit kappa-

B-kinaseβ (IKK-β). Both JNK1 and the beta subunit of IKK-β are crucial in the onset of insulin 

resistance by downregulating the insulin receptor via phosphorylation of serine residues. 

Furthermore, IKK-β phosphorylates the inhibitor of nuclear factor kappa-B (NF-kB), promoting 

nuclear translocation and DNA binding, thereby promoting the secretion of inflammatory 

mediators including TNF-α. [64]. Several in vitro experiments have demonstrated that VD is able 

to counteract obesity-related chronic inflammation both by inhibiting proinflammatory cytokines 

IL-1β, IL-6, IL-8, IL-12 [53] and by decreasing inflammation in visceral AT (63, 64). 

Furthermore, vitamin D (1,25(OH)D2)may exert anti-inflammatory activity by regulating NF-kB, 

the key transcription factor in TNF-alpha activation. [65,66,67,68,69].  

Recently, it was proposed that vitamin D and its receptor may further be implicated in the 

mechanisms that regulate the storage of fat in various tissues of the body. Hence, they may be an 

essential mediator of metabolic disease, with functions in regulating the accumulation of fat and 

the inflammatory response. Particularly, the vitamin D receptor expression in the liver and 

visceral adipose tissue is closely connected with the occurrence of hepatic steatosis, inflammation 

and dysfunction of adipose tissue. Moreover, vitamin D supplementation resulted in an 

improvement of the inflammatory state as reported by a significant reduction of the C-reactive 

protein. In addition, hypovitaminosis D is associated with low levels of leptin, a hormone 

produced in fat cells associated with satiety when they are saturated with fat. Leptin depletion 

associated with vitamin D deficiency can contribute to increased hunger by inducing hyperphagic 

attitudes [70,71,72]. 

The expression of different adipokines were investigated in experimental models of murine 3T3-

L1 cells, stimulated with lipopolysaccharide (LPS) , which showed an increase in expression of 

inflammatory cytokines. The role of calcitriol (1.25 [OH] 2D3) in the physiology and 

pathophysiology of the adipocyte was evaluated, particularly, in the modulation of the 

inflammation of the AT. Therefore, transcriptional and morphological effects of both 1,25 [OH] 

2D3 and the precursor cholecalciferol (D3) on 3T3-L1 adipocytes, were investigated showing 

anti-inflammatory properties, with a reduction in IL-6, TNF-α and an increase in IL-10 [73]. 

 

Likewise, a prominent diminution in IL-6 expression correlated with a reduction in NF-ĸB 

activation in human adipocytes harvested from bone marrow-derived human mesenchymal 
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stromal cells (hMSCs) differentiated into adipocytes and primary adipocytes from human 

biopsies stimulated with LPS and treated with 1,25(OH)2 D3 was detected [74] 

Also, the treatment with 1,25(OH)2 D3 was able to counteract the TNF-α-induced inflammation 

in 3T3-L1 adipocytes by the dephosphorylation of mitogen activated protein kinase p38 and 

downregulating the NF-ĸB activity [75],  

Human adipocytes incubated with IL-1β and treated with 1,25(OH)2D3 displayed a significant 

reduction in the expression of the mRNA for pro-inflammatory cytokines such as IL-6, IL-8 and 

MCP-1 [76]. Taketogether, these findings showed the linking between VD and the low-grade 

inflammation state associated to obesity which could predispose to high cardiovascular risk 

highlighting the potential role of VD in preventing these conditions. 

VITAMIN D AND OBESITY-RELATED VASCULAR DYSFUNCTION 

The accumulation of visceral AT in obesity contributes to a condition of chronic low-grade 

inflammation, thereby, stimulating insulin resistance and obesity-related complications, including 

hypertension, the MS, (T2DM) and cardiovascular disorders (CVD) [77, 78,79,80]. Insulin 

contributes to arterial homeostasis through endothelial nitric oxide (eNOS or NOS-3) activation 

and release of nitric oxide (NO), a mechanism dependent on the PI3K/Akt signaling pathway. 

Obesity-related insulin resistance impairs the PI3K/Akt pathway, leading to NO deficiency, 

endothelial dysfunction, and increased susceptibility to the development of hypertension and 

atherothrombosis [81,82]. An evidence proposed that VD and VDRs could perform a crucial 

attribute in the regulation of NO synthesis through eNOS action. Knock-out mice of endothelial 

VDR expression present a lowered bioavailability of NO due to downregulation of endothelial 

NOS (eNOS) [83]. 

Knock-out of endothelial-specific VDR demonstrated decreased eNOS expression and reduced 

ACh induced dilatation [83]. Furthermore, VDR activation promotes eNOS activity through its 

effects on intracellular calcium, with increased NO biosynthesis and improved vasodilation [83]. 

Reduced levels of VD showed negative effects on endothelial function due to a reduction in flow 

mediated dilatation, a marker of endothelial damage and predictor of adverse CVD (figure 2) 

[84]. While VD appears to exert potentially protective endothelial actions [85], VD 

supplementation on vascular function is controversial and remains to be elucidated [86]. In ex-

vivo experiments, VD supplementation improved flow-induced dilatation, acetylcholine-induced 

dilatation, and NO production in isolated arteries harvested from AT during bariatric surgery. 

Moreover, VD-mediated improvements were greater in visceral AT than in subcutaneous AT 

vessels [87]. VD could elicit protective action counter to endothelial dysfunction, high blood 

pressure and CVD by the control of inflammation and hypoxic signaling in perivascular AT [88]. 

Recently, Ionica et al. demonstrated that administration with active VD in vitro counteracted 

oxidative stress in both AT and mesenteric arteries of obese patients exposed to a state of 

subclinical inflammation. Moreover, an improvement of vascular reactivity assessment in terms 

of lowered contractility and improved endothelium-mediated dilation was also demonstrated [89].  

Obesity diminishes the vaso-protective properties of VD by decreasing its bioavailability and 

augmenting oxidative stress. Paschou et al. proposed that VD could prevent further macrophage 

recruitment in obesity-related atherosclerotic plaques by decreasing vascular inflammation by 

inhibiting nuclear factor kappa B and counteracting the oxidative stress state [90].  

The vascular effects of VD were evaluated in rodent models of hypertension. Treatment with VD 

reduced blood pressure, whereas VD deficiency promoted the activation of the RAAS system 

[91] and macrophage Endoplasmic Reticulum stress. Of note, VD supplementation in obese and 
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overweight patients displayed a significant reduction in urinary isoprostane, a biomarker of 

oxidative stress [92]. 

The correlation between plasma 25 (OH) D and CRP was evaluated in the Rotterdam Study, 

which showed that serum VD was negatively correlated with CRP [93]. In another study, it was 

found that VD could counteract the effects of inflammation in subjects affected by type 2 

diabetes mellitus (T2DM) through several mechanisms, involving the protection from cytokine-

induced beta cells apoptosis [94]. Of note, VD deficiency in obesity leads to an increase of 

HOMA values, an index of insulin resistance, and dyslipidemia, whereas vitamin D3 

supplementation improved both insulin sensitivity and lipid profile in obese and overweight 

subjects [95,96]. Finally, VD supplementation in T2DM patients significantly reduced levels of 

inflammatory biomarker including CRP and TNF-alpha, and of leptin [97]. 

CLINICAL TRIALS OF VITAMIN D SUPPLEMENTATION IN OBESITY 

During the last decades, clinical trials have investigated the impacts of VD supplementation in 

obesity. VD deficiency is a relatively common finding in obese subjects who are indicated for 

bariatric surgery. Surgical procedures have become the most utilized and effective treatment for 

obesity; however, bariatric surgery interferes with VD absorption and may lead to hypertension, 

insulin resistance or obesity [98,99,100]. Shaharki et al. conducted a single blinded clinical trial 

to assess the implications of VD supplementation prior to surgery on 100 patients referred to a 

bariatric surgery center for obesity in Iran. The study showed that 7-week supplementation with 

50,000 units of vitamin D3 administered once a week leads to increased VD levels, potentially 

reducing the surgical risk [101].  

The metabolic effects of VD administration in obese individuals have been evaluated in an 

interventional study by Safarpour et.al. In this study, 90 obese patients with T2DM and VD 

deficiency were designated to VD supplementation or to placebo for eight weeks. Blood levels of 

circulating SIRT1 [102] and Irisin [103] were significantly increased in the VD treated cohort 

and have shown an improvement of the insulin resistance [104]. The effectiveness of VD on 

SIRT1 blood levels in obese patients should be further evaluated by larger studies with a longer 

follow-up since other clinical trials fail to show this [105]. 

Moreover, the VD supplementation in an obese/overweight population of African Americans 

showed a significant effect on the levels of long-chain ceramides [106] which are known to affect 

sphingolipids metabolism, whose role in inflammatory diseases as well as in cancer have been 

described [107]. 

Vitamin D level corrections may also have an impact on obesity-related insulin resistance and 

cardiovascular diseases. This is highlighted by a clinical study conducted on 225 overweight or 

obese adolescents with vitamin D deficiency. Subjects were divided into 3 groups receiving 

vitamin D supplements at different dosages for 6 months. Vitamin D administration did not show 

a significant benefit in many vascular indices such as arterial stiffness or endothelial function, 

however, demonstrated an improvement in insulin resistance and decreased blood pressure, 

suggesting a beneficial role for its use in obese subjects who are prone to cardiovascular events 

[108]. Since the metabolic syndrome is frequently correlated to obesity, the clinical utilities of 

VD administration were also studied in this context. Indeed, vitamin D administration through a 

national Vitamin D project significantly reduced metabolic syndrome among a large population 

of Saudi Arabian adolescents, leading to the suggestion of introducing fortified foods to enhance 

the vitamin D levels in the whole Saudi Arabia population, where VD deficiency is relatively 

common due to a lack of sun exposure [109]. In a recent trial with vitamin D administration in 
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overweight/obese Asian Indian women, with a condition of pre-diabetes and vitamin D-

deficiency, a relevant reduction in fasting blood glucose was shown, as well as glycated 

hemoglobin (HbA1c) parameters, and subcutaneous fat the thoracic and abdominal region [110-

112]. Recently, in a blinded, randomized controlled trial including 306 obesity subjects, the group 

having been casually assigned to receive fortified low-fat yogurt, contained 1500 IU Nano 

encapsulated vitamin D3 per 150 g/d, presented an improvement of metabolic parameters and 

insulin resistance index compared to placebo [113]. The treatment with cholecalciferol in 

combination with a weight loss plan considerably resulted in improvements of insulin sensitivity 

in healthy participants with obesity meaning that this approach could be useful in the 

management of the obesity-associated insulin resistance [114,115]. 

CONCLUSION 

Despite the evidence of detrimental effects of VD deficiency in obesity, the clinical impact of VD 

supplementation is still controversial due to conflicting results reported by clinical studies 

[116,117]. Many of the studies performed so far are conducted on small study populations and 

this may effect on the strength of the results that can sometimes fail in reaching statistical 

significance. Moreover, the follow-up of the patients from these studies are carried on for short 

periods, usually for a few weeks, or for a maximum of a few months, which may not be enough 

to capture more permanent metabolic modifications introduced by a long-term supplementation 

of vitamin D. Various studies are needed to better elucidate the actual role of VD deficiency in 

the development of the obesity and related vascular complications, and to clarify the effect of VD 

supplementation. Currently, weight loss treatment represents the only strategy to lead to an 

improvement of VD insufficiency and to prevent the insulin resistance onset, dyslipidemia and 

hypertension associated to the obesity-related metabolic syndrome. Taken together, vitamin D 

supplementation could be a beneficial therapeutic strategy to improve VD deficiency in obese 

subjects as well as in patients undergoing bariatric surgery in the post-operative window or in 

individuals with VD insufficiency after a weight loss program. More studies are required to better 

elucidate the possible role of VD deficiency in the development of the obesity and its vascular 

complications, and to clarify the effect of VD supplementation. 

 

Name Clinical practice Abbreviation Function 

7-dehydrocholestrol Pro-vitamin D3 7DHC Membrane lipid molecule 

Cholecalciferol Pre-vitamin D3 

 

Inactive form of vitamin D3 

Ergocalciferol Pre-vitamin D2 

 

Vitamin D2 

Calcidiol 

25-hydroxyvitamin 

D 25(OH)D vitamin D status in the body 

Calcitriol 

1,25-

Dihydroxyvitamin D 1,25(OH)D2 Active form of vitamin D 

Table1. Vitamin D precursors and metabolites. 
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Figure 1. Adipose tissue inflammatory network in obese patients 

 

Adipose tissue in obese undergoes a state of chronic low-grade inflammation. This is due to a 

complex cytokines network that promotes a pro-inflammatory environment. Cytokines involved 

are TNF-α, IL-1β and IL-6. The effect on the reshaping of the cellular signaling network is also 

responsible for the migration of macrophages and their polarization towards the pro-

inflammatory M1 phenotype. Picture created with Biorender.com. 

 

 
Figure 2. Vitamin D and obesity-related vascular dysfunctions 

Low levels of VD in obese subjects have a direct impact on endothelial function and correlate 

with the insurgence of cardiovascular events in this population. Reduced VD impairs the activity 

of endothelial nitric oxide synthetase (eNOS) therefore reducing nitric oxide production 
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impairing endothelial relaxation and promoting the insurgence of vascular dysfunction. eNOS 

reduction also promotes the insurgence of pre-clinical atherosclerosis. Moreover, VD reduction 

does not counteract reactive oxidative species (ROS) production, and induces the pro-

inflammatory pathway mediated by the activation of the transcription factor Nf-κB. ROS 

accumulation and Nf-κB activation synergistically promote macrophages infiltration and M1 

polarization. Picture created with Biorender.com. 

 

Graphical abstract 
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