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The aetiopathogenesis of vitamin D deficiency is multifactorial, including factors such as 
malnourishment (diet poor in oily fish, red meat, cheese and egg yolk), malabsorption (as 
a result of coeliac disease, cystic fibrosis, inflammatory bowel disease, or post-small bowel 
resection), and exposure to sunlight. This is further influenced by ethnicity, skin colour, 
geographical location, season of the year and age. Recently, there has been increased 
interest in the reported role of obesity in adults as a contributor to vitamin D deficiency. 
The pathogenesis of vitamin D deficiency in obese individuals has been linked to genetics, 
nutritional deficiencies, poor eating behaviour, and cellular build-up of vitamin D within 
the adipose tissue (Earthman et al, 2012; Galunska et al, 2016; Bouillon and Bikle, 2019).

Adipose tissue as an endocrine organ
Historically, adipose tissue has been considered a major site of energy storage. There is 
growing evidence for the central role played by adipose tissue as an important endocrine 
organ involved in regulation of nutrient homeostasis (Yadav et al, 2013). Adipose tissue 
releases cytokines that play a key role in maintaining physiological functions such as blood 
pressure regulation, and lipid and carbohydrate metabolism. These cytokines include leptin, 
adiponectin, visfatin, resistin, tumour necrosis factor-alpha (TNF-α), interleukin (IL-6), 
and angiotensinogen. 

Adiponectin 
Adiponectin, a collagen-like plasma protein expressed in adipose tissue, is thought to play an 
important role in the modulation of glucose and lipid metabolism in insulin-sensitive tissues 
by upregulating insulin signalling and increasing metabolism of fatty acids (Yadav et al, 2013). 
Expression of adiponectin is reduced with lower concentrations of 25-hydroxyvitamin D 
(25(OH)D). This may have imparted an evolutionary advantage of ‘saving’ fatty acid reserves 
during winter months when 25(OH)D concentrations are at their lowest. In obesity-linked 
insulin resistance, both adiponectin and adiponectin receptors are downregulated and 25(OH)
D concentrations are lower. Adiponectin further induces various anti-inflammatory cytokines, 
such as interleukin-10, which are thought to be involved in protecting damaged vascular 
walls against the progression of atherosclerotic disease (Matsuzawa, 2008). Furthermore, 
adiponectin secretion is reduced by TNF-α and this may account for the decrease in levels 
of adiponectin with increase in the adiposity (Chandran et al, 2003).

Leptin 
Leptin is a hormone derived mainly from adipose tissue (Myers et al, 2008) and to a 
lesser extent from the stomach epithelium, intestine, placenta, skeletal muscle, mammary 
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epithelium and brain. Leptin acts to inhibit appetite and stimulate thermogenesis. 
When leptin concentrations rise fatty acid oxidation is increased and blood glucose 
levels decrease. Most obese individuals have a degree of leptin resistance, which leads 
to increased appetite and further weight gain despite higher concentrations of leptin 
(Yadav et al, 2013).

Cytokines
Macrophages are the primary mediators of the innate immune response. Macrophages 
comprise 5–10% of the immune cells within adipose tissue, but weight gain increases 
macrophage infiltration by up to 60%, resulting in increased release of pro-inflammatory 
cytokines creating a chronic low grade inflammatory state (Eder et al, 2009). These 
cytokines include TNF-α, IL-6 and C-reactive protein (Tzanavari et al, 2010; Ramdas 
and Jella, 2016). IL-6, a major regulator of the acute phase reaction, appears to have 
a cachectogenic role at the level of the hypothalamus where it acts as an endocrine 
mediator inducing insulin resistance and dyslipidaemia (Eder et al, 2009). Interestingly, 
IL-6 appears to worsen insulin resistance in liver and adipose tissue yet improves the 
insulin sensitivity of muscle tissue by increasing islet glucagon-like peptide 1 production 
(El-Kadre and Tinoco, 2013). 

Possible mechanisms linking vitamin D  
and adipocytes
Several pathways have been proposed linking vitamin D deficiency and obesity. Obesity 
has been linked to reduced activity of the CYP2R1 gene, decreasing production of 
25-hydroxylase, which forms the 25(OH)D that is needed as a substrate for all further 
activation of vitamin D. Expression of CYP2R1 mRNA in the liver has been demonstrated 
to be markedly lower (about 40%) in the livers of obese mice compared with normal mice. 
Other genes associated with regulation of vitamin D metabolism were not changed by 
diet-induced obesity, such as 25-hydroxylases (CYP27A1, CYP3A4) and the catabolic 
enzyme CYP24A1 (Bouillon and Bikle, 2019).

Vitamin D receptor, a member of the nuclear receptor super-family, plays a key role 
in adipogenesis (Kong and Li, 2006). Vitamin D receptor-regulated gene expression 
inhibited the early stage of adipocytes differentiation in the 3T3-L1 (pre-adipocyte cell 
line) model (Blumberg et al, 2006). Over-expression of the vitamin D receptor in adipose 
tissue increases adipose mass and reduces energy metabolism (Wong et al, 2011), while 
the absence of vitamin D receptor reduces plasma lipid concentrations because this leads 
to a state of increased energy expenditure (Narvaez et al, 2009). Vitamin D upregulates 
leptin in vitamin D receptor (-,-) mice, but the exact mechanism remains unclear (Kong 
et al, 2013).

Vitamin D and obesity: clinical correlates
An association between obesity and low vitamin D status (serum or plasma 25(OH)D 
concentration) is evident (Galunska et al, 2016; Bouillon and Bikle, 2019) although there 
are limited data to establish a causal relationship. Cross-sectional and prospective human 
studies have suggested beneficial effects of vitamin D status for reducing visceral fat mass 
(Hao et al, 2014), although randomised controlled trials of vitamin D supplementation 
have shown mixed evidence (Rosenblum et al, 2012; Wamberg et al, 2013). A systematic 
review suggested that altered vitamin D physiology and parathyroid physiology in obese 
individuals contributes to low 25(OH)D concentrations (Earthman et al, 2012), while an 
alternate mechanism suggested decreased 25(OH)D bioavailability as a result of increased 
adipocyte uptake (Wortsman et al, 2000). In a study that used a bi-directional genetic 
approach, a higher body mass index led to lower vitamin D concentrations. However, the 
effect of lower 25(OH)D concentrations leading to a higher body mass index was minimal 
(Vimaleswaran et al, 2013).

Further studies went on to determine similar associations despite lack of causation. 
Up to 68.9% of patients presenting for bariatric surgery were found to have low 25(OH)
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D concentrations (≤19·9 ng/ml), which was inversely associated with body mass index 
when body mass index was >50 kg/m2 (Aridi et al, 2016). A study examining various 
anthropometric variables and vitamin D status in school children determined that only body 
mass index and weight independently influence 25(OH)D concentrations, suggesting that 
it is the amount of visceral rather than the subcutaneous adipose tissue which determines 
the serum concentrations of 25(OH)D in children (Rodríguez-Rodríguez et al, 2010). 
Analogous studies also found that children with low 25(OH)D concentrations were more 
likely to have higher total adiposity, metabolic syndrome and hypertension (Pacifico et al, 
2011), further indicating an inverse relationship whereby as obesity increased, 25(OH)D 
concentrations decreased (Galunska et al, 2016). 

In clinical trials, vitamin D supplementation has been demonstrated to decrease C-reactive 
protein and IL-6 levels, although TNF-α concentrations remained unchanged suggesting 
that the restoration of vitamin D could play a role in decreasing circulating levels of 
inflammatory markers (Meireles et al, 2016). Furthermore, improved vitamin D status could 
improve insulin resistance (von Hurst et al, 2010), as postulated by the measurement of a 
lower leptin:adiponectin ratio which is used as a clinical tool for the assessment of insulin 
resistance (Belenchia et al, 2013). However, other studies opposed these correlations, 
determining no significant influence on inflammatory biomarker levels and plasma adipokine 
concentrations in obese and overweight subjects following vitamin D supplementation 
(Dinca et al, 2016; Jamka et al, 2016), with the possible exception of IL-6 (Waterhouse 
et al, 2015).

Conclusions
Emerging evidence based on epidemiological studies, cohort analysis and systematic 
reviews suggests that reduced vitamin D status is common in obese adults and is usually 
inversely associated with measures of adiposity, although an exact mechanism linking 
them is yet to be elucidated. The strongest evidence suggesting that vitamin D status 
correlates inversely with body mass index comes from epidemiological studies. It is hard 
to distinguish whether this is a cause or effect relationship. Multiple confounding factors 
such as sedentary lifestyle, relative lack of sun exposure, dietary choices, race, and ethnic 
origin can also potentially dampen the strengthen of this association. Ongoing molecular 
level research on the CYP2R1 gene, vitamin D receptor, adipogenesis and adiopolysis 
will help improve our understanding the mechanisms linking lowering of serum 25(OH) 
vitamin D concentrations with increased obesity.
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Key points
■■ An association of vitamin D deficiency and obesity in adults exists, although an exact 

mechanism linking them is yet to be determined. 

■■ Vitamin D deficiency is correlated with increased body mass index.

■■ Modulation of the CYP2R1 and vitamin D receptor genes by obesity appear likely to 
have key roles in the understanding of how obesity affects vitamin D status.
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