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ABSTRACT  
Since the 1990s the worldwide rate of obesity has escalated 
significantly. This overflow affects all demographic groups, with a 
notable impact on older adults and women. Obesity is associated 
with a variety of serious chronic health conditions. Additionally, it 
is linked to endocrine disorders such as hypothyroidism and 
subclinical hypothyroidism. This review analyzes the connection 
between obesity and micronutrient levels, particularly focusing on 
vitamin D, and evaluates potential nutritional and supplementation 
approaches for this population.

Micronutrient imbalances in obesity arise from poor dietary intake, 
increased nutritional needs, altered pharmacokinetics, and absorption 
difficulties. These imbalances can lead to critical health and metabolic 
issues. For example, vitamin D deficiency, which is common in 
individuals with obesity, is associated with decreased calcium 
absorption and an incremented risk of type 2 diabetes, metabolic 
syndrome, and various inflammatory conditions such as cancer.

Effectively addressing micronutrient deficiencies requires dietary 
modifications and, when necessary, supplementation. While 
enhancing nutrition is critical, supplementation often becomes 
essential to meet the nutritional needs of individuals with obesity, 
particularly those on restrictive diets or undergoing bariatric surgery. 
Supplementing micronutrients and vitamin D in patients with 
obesity can improve health related outcomes. Moreover, dietary 
patterns like the Mediterranean diet can increase vitamin D levels. 
This review underlines the crucial role of tailored supplementation 
strategies and the demand for continued research to ascertain 
optimal dosing and its implications for health outcomes.
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Introduction

Worldwide, the prevalence of obesity has increased by almost double during the past 
three decades (Arroyo-Johnson & Mincey, 2016). Kloock et al. suggest it has even 
tripled since 1975, with two out of three United States (U.S.) citizens being overweight 
(Kloock et al., 2023). In 2014, 11% of males and 15% of women aged 18 or older had 
obesity (Arroyo-Johnson & Mincey, 2016). In 2013, more than 40 million children 
under the age of five were classified as overweight (Arroyo-Johnson & Mincey, 2016). 
Regardless of geographic location, ethnicity, or financial status, obesity rates have risen 
across all ages and sexes, with older individuals and women more likely to have 
obesity (Barrea et al., 2023; Chooi et al., 2019). This trend is consistent across nations 
and regions despite significant variations in absolute prevalence rates (Chooi et al., 2019).

Obesity is related to several health problems. The most common cause of mortality 
among the comorbid illnesses associated with obesity is cardiovascular disease (CVD), 
which is followed by type 2 diabetes mellitus (T2DM), several cancers (particularly of 
the rectum, esophagus, liver, and colon), and chronic kidney disease (Kloock et al., 
2023). Increased body fat percentage could be associated with 4-9% of all cancer cases 
(Kloock et al., 2023). Excess weight generally leads to a reduced lifespan, a fact high
lighted by the Covid-19 pandemic (Kloock et al., 2023).

Obesity is also linked to endocrine alterations, including hypothyroidism and subcli
nical hypothyroidism. Numerous studies and meta-analyses have examined the corre
lation between these conditions and adults with obesity, showing that patients with 
obesity have a higher prevalence of subclinical hypothyroidism, especially in harmful 
obesity phenotypes (Biondi, 2023; Chapela et al., 2024).

This review seeks to examine the relationship between obesity and levels of vitamin D 
and other micronutrients. Additionally, it will discuss possible nutritional and sup
plementation strategies for this population.

Micronutrient disturbances in obesity

Obesity is a well-known nutritional imbalance that alters micronutrient levels. It is a 
crucial risk factor for various nutrient deficiencies, more frequently affecting minerals 
such as zinc, copper, iron, calcium, and magnesium, as well as both fat-soluble and 
water-soluble vitamins (McKay et al., 2020). This situation arises mainly from four 
different mechanisms (see Figure 1): 1) Dietary Deficiency; 2) Higher Requirements; 
3) Altered Pharmacokinetics; and 4) Absorption Issues.

Figure 1: Patients with obesity have several issues that might lead to micronutrients 
imbalance. This includes changes in the micronutrients requirements due to chronic sys
temic inflammation and altered macronutrient metabolism. Additionally, these patients 
have higher cardiac output due to changes in lean body mass and adipose tissue, which 
leads to alterations in the pharmacokinetics of micronutrients. Finally, changes in diets, 
or abortion issues due to modified microbiota or bariatric surgery with Y-Roux recon
struction, can lead to micronutrient deficiency. *Nutrient-poor and low in dietary 
fibre, protein, and micronutrients. ** Increased blood levels of cholesterol, triglycerides, 
and free fatty acids can alter the distribution of protein-bound micronutrients. UPF: 
Ultra-processed Foods (Lapik et al., 2020; McKay et al., 2020; Shahbaz et al., 2023)
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Dietary deficiency

Micronutrient deficiencies have been observed in individuals with obesity due to poor 
diet, characterised by decreased intake of vitamins and minerals. An analysis from a 
nationally representative sample (NHANES 2001‒2008) of adults with normal weight, 
overweight and obesity shows a high proportion of individuals across all weight cat
egories with inadequate micronutrient intake (Agarwal et al., 2015). This issue is exacer
bated by diets high in processed foods that are calorie-dense and low in nutrient density 
(Guardiola-Márquez et al., 2022). This situation is generally accompanied by a decreased 
consumption of foods high in micronutrients, such as fruits and vegetables, which are 
primary sources of vitamins and minerals in a healthy diet (Guardiola-Márquez et al., 
2022).

Currently, the most common and accessible type of foods in many societies is ultra- 
processed foods (UPFs), which are unfortunately nutrient-poor and low in dietary fibre, 
protein, micronutrients, and phytochemicals (Gupta et al., 2019; Havlová et al., 2023). 
These foods are high in energy density and low-cost (Poti et al., 2017). Their association 
with significant adverse health outcomes is well documented in the literature (Del Moral 
et al., 2021; Elizabeth et al., 2021). Furthermore, it has been demonstrated that the adult 
population in the U.S. is deficient in certain micronutrients due to the availability and 
overconsumption of these high-calories, low-nutrient UPFs. Importantly, poor nutrition 
is linked to the development of chronic conditions prevalent in adults with obesity, such 
as T2DM (Chen et al., 2023).

However, not only high-density UPFs and poor nutritional habits impact micronutri
ent levels. Very-low-calorie diets have also been associated with micronutrient 
deficiencies in some studies. A pilot study conducted by Damms-Machado et al. 
shows that micronutrient deficiency occurs in individuals with obesity and it is not cor
rected even by the implementation of a diet including a formula high in protein and con
taining vitamins and minerals (Damms-Machado et al., 2012; Shahbaz et al., 2023). 

Figure 1.  Factors Leading to Micronutrient Imbalance in Patients with Obesity.
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In fact, some micronutrient levels remain low or become even lower, which might be 
explained by the other mechanisms underlying the pathophysiology of these micronutri
ent deficiencies (Damms-Machado et al., 2012), as will be further described in this 
section.

Higher micronutrients requirements

Another cause of micronutrient deficiencies in individuals with obesity could be related 
to the higher nutrient requirements present in patients with obesity as a result of the 
pathophysiological and metabolic changes (Astrup & Bügel, 2019). These patients 
often present higher requirements for zinc, magnesium, chromium, manganese, and 
vanadium because of their role in carbohydrate (CHO) and fat metabolism (McKay 
et al., 2020). Consequently, these patients are at great risk of developing nutritional 
deficiencies related to these micronutrients (Astrup & Bügel, 2019).

These increased requirements are as a result of the enhanced oxidative stress and 
inflammation observed in obesity, which can deplete these essential nutrients more 
rapidly (Fernández-Sánchez et al., 2011). Increased adiposity and systemic inflammation 
associated with obesity have been shown in several studies to disrupt the metabolism, 
absorption, distribution, and elimination of micronutrients (Milner & Beck, 2012). 
Because patients with obesity have higher levels of adiposity, altered blood composition, 
increased blood volume, and cardiac output, as well as changes in lean body mass and 
organ size (particularly the liver and kidneys), these conditions impact protein 
binding, renal clearance, volume of distribution, and hepatic metabolism (Astrup & 
Bügel, 2019; Gouju & Legeay, 2023; Wu et al., 2023).

Alteration in pharmacokinetics

Besides the factors mentioned above, micronutrient deficiencies in individuals with 
obesity may also result from altered pharmacokinetics, including changes in distribution, 
metabolism, and elimination (Astrup & Bügel, 2019). These disturbances are most likely 
caused by pathophysiological changes associated with increased adiposity, which affect 
pharmacokinetic parameters such as renal clearance, hepatic metabolism, protein 
binding, and volume of distribution (Gouju & Legeay, 2023).

It can be hypothesised that the same pathophysiological changes that affect the phar
macokinetics of drugs also impact micronutrient metabolism in similar ways (Meng 
et al., 2017). Individuals with obesity typically have increased blood volume, cardiac 
output, adiposity, organ size, and lower lean mass, all of which can influence the 
volume of distribution and the effects of drugs and micronutrients (Gouju & Legeay, 
2023). The distribution of lipophilic compounds is frequently altered in patients with 
obesity. However, the exact degree to which these physiological changes influence distri
bution is highly variable and very difficult to predict (Zhang et al., 2022).

Absorption issues

Patients with obesity may experience altered absorption as a consequence of several 
factors. One significant cause is the altered microbiota in these individuals, which can 
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affect the absorption and utilisation of micronutrients, thereby contributing to their 
deficiencies (Krezalek et al., 2017). Additionally, the treatment of morbid obesity 
through bariatric surgery can increase the risk of micronutrient deficiencies by reducing 
their consumption and absorption (Ciobârcă et al., 2020). The effect and significance of 
these deficiencies depend on the part of the gastrointestinal tract was bypassed. For 
instance, selenium, chromium, iron, manganese, zinc, calcium, and a variety of vitamins 
(both fat-soluble and water-soluble, including A, K, E, folic acid, and the B vitamins: B1, 
B2, B3, B5, B6, and B7), are assimilated in the duodenum and jejunum. In contrast, other 
fat-soluble vitamins like vitamin D and water-soluble vitamin C are taken up in the ileum 
(Isom et al., 2014). Vitamin B12 attaches to intrinsic factors in the stomach before being 
absorbed in the ileum. Patients who have undergone gastric bypass or similar surgeries 
present an increased risk of micronutrients malabsorption due to their anatomical altera
tions in the stomach and the upper part of the ileum (Amaya García et al., 2012).

Finally, elevated levels of triglycerides, cholesterol, and free fatty acids in the blood
stream of individuals with obesity may impact the distribution of protein-bound micro
nutrients (Siddiqui et al., 2023). Similarly, when minerals share chemical properties with 
other food ingredients, they may compete with transport proteins or other absorption 
mechanisms, potentially impairing their absorption and bioavailability (Lapik et al., 
2020).

Effects on health and metabolic function

These alterations in micronutrient levels can lead individuals with obesity to have meta
bolic alterations or exacerbate pre-existing conditions. For instance, zinc is essential for 
numerous biochemical pathways, including those involved in insulin signalling and 
glucose metabolism. Deficiencies in zinc can impair immune function and wound 
healing, which are already compromised in individuals with obesity (Amaya García 
et al., 2012; Guardiola-Márquez et al., 2022). Magnesium is critical for energy production 
and muscle function, and its deficiency can lead to insulin resistance and hypertension, 
both of which are common comorbidities in obesity (Barazzoni et al., 2017).

Also, chromium enhances the action of insulin and is vital for maintaining normal 
glucose tolerance (Berger et al., 2022). A chromium deficiency can exacerbate insulin 
resistance and T2DM, conditions frequently associated with obesity (Iacone et al., 
2016). Manganese is required for the proper functioning of antioxidant enzymes and 
the metabolism of amino acids, carbohydrates, and cholesterol (Berger et al., 2022; El 
Assar et al., 2013). Vanadium, though required in trace amounts, plays a role in 
glucose metabolism and lipid regulation, with deficiencies potentially worsening dyslipi
demia and glucose intolerance (Treviño et al., 2019).

Physiopathology of hypovitaminosis D in obesity

The chemical reaction produced after sun exposure on the skin is as follows: 7-dehydro
cholesterol is converted to previtamin D3, which is isomerised to vitamin D3 and finally 
in the liver converted to calcifediol (25-(OH)D (Barrea et al., 2021). It is then transported 
after binding to vitamin D-binding protein (DBP), to the kidney for hydroxylation to 
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calcitriol (1,25(OH)2D) which is transported to the tissues (Bouillon et al., 2019; Song 
et al., 2022).

The 25(OH)D is the circulating form and clinically evaluated to define its plasma 
values. It has a half-life of 15 days (Bennour et al., 2022; Bouillon & Bikle, 2019; Jones 
et al., 2012; Mu et al., 2022). It circulates bound to a specific protein, DBP, and 19% 
bound to albumin (Bennour et al., 2022; Bouillon & Bikle, 2019; Cao et al., 2022). The 
biological action of 1,25(OH)2D is mediated through its binding to the vitamin D recep
tor (VDR) of the nuclear receptor family, present in cells of various tissues, which 
explains its involvement in the regulation of numerous genes (Bennour et al., 2022; 
Bouillon & Bikle, 2019; Kamei et al., 1993). The VDR receptor forms a heterodimer 
with the retinoid X receptor (RXR) and attaches to DNA at a location known as the 
vitamin D response element (VDRE), found in the promoter region of genes controlled 
by vitamin D (Carlberg, 2019).

Low circulation concentrations of vitamin 25-hydroxyvitamin D 3 are frequently 
related to obesity [25(OH)D 3]. Results of an Australian prospective study on diabetes, 
obesity and lifestyle (AusDiab) (Gagnon et al., 2012) evaluated the prospective associ
ation between 25(OH)D, metabolic syndrome, and its components in a large popu
lation-based cohort of adults (Gagnon et al., 2012). Lower 25(OH)D concentrations in 
adult Australians were linked, at five years, to a higher risk of metabolic syndrome as 
well as higher waist circumference, serum triglycerides, fasting glucose, and insulin 
resistance (Gagnon et al., 2012). In 2015, a systematic review and meta-analysis aimed 
to assess the relationship between vitamin D insufficiency and obesity across various 
age groups. The results of the meta-analysis showed that, regardless of age group, 
obesity was related to vitamin D deficiency (Pereira-Santos et al., 2015).

In specific populations with a high prevalence of patients with obesity, certain associ
ations were observed (Barrea et al., 2021). For example, in patients with hypopituitarism, 
patients had a higher prevalence of hypovitaminosis D, and this deficiency was found to 
be associated with a higher likelihood of dyslipidemia, hypertension, and multiple scler
osis (Savanelli et al., 2016). Furthermore, in Prader-Willi syndrome, nutritional advice is 
aimed at avoiding obesity, and supplementation with vitamin D is recommended due to 
the restrictive diets that these patients have (Muscogiuri et al., 2021).

Factors contributing to vitamin D deficiency in obesity

Despite the associations between obesity and low vitamin D levels, it has not been deter
mined whether low vitamin D levels are the cause of increased fat mass deposition, or 
these low levels respond to increased body fat storage (Figure 2). The hypotheses that 
explain this association are as follows: 

1. Lifestyle patterns: Factors such as eating habits, sedentary lifestyle, clothing, ethnicity, 
skin colour, geographic location, season, and age (Bennour et al., 2022).

2. Reduced 25-hydroxylation of vitamin D: Hyperparathyroidism present in individuals 
with obesity increases 1,25(OH)2D, stimulated by PTH levels, leading to negative 
feedback and reducing the first vitamin D activation (Bell et al., 1985).

3. Sequestration of 25(OH)D by excess adipose tissue: Wortsman et al. (Wortsman et al., 
2000) reported a 57% attenuation of vitamin D3 concentration in subjects with 
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obesity after exposure to UVB radiation compared to non-obese subjects. The skin’s 
capacity to produce vitamin D3 remained unchanged, but the ability of the skin in the 
group with obesity to release vitamin D3 into the bloodstream was altered (Wortsman 
et al., 2000), possibly resulting from the sequestration of newly synthesised vitamin 
D3 by subcutaneous fat, decreasing the amount of substrate reaching the liver for 
25-hydroxylation (Lawson et al., 1986; Wortsman et al., 2000).

4. Modifications of Metabolism in Adipose Tissue: A 71% reduction in mRNA 
expression of the CYP2J2 enzyme was evidenced in the subcutaneous adipose 
tissue of women with obesity, compromising the 25-hydroxylation of vitamin D3 
(Wamberg et al., 2013).

5. Downregulation of Gene Expression of CYP2R1: This enzyme encodes the major 
hepatic 25-hydroxylase, that may contribute to inter-individual variations in 
vitamin D homeostasis (Bennour et al., 2022; Bouillon & Bikle, 2019; Liu et al., 
2022). Roizen et al. (Roizen et al., 2019), reported that obesity secondary to high- 
fat diets in mice decreased the expression of Cyp2r1 mRNA, reducing the activity 
of 25-hydroxylation of vitamin D to 25(OH)D. They described a significant reduction 
of 25-hydroxylase activity in obese mice, as well as hepatic decrease of Cyp2r1 mRNA 
transcription, showing an effect of obesity or high-fat diet (Roizen et al., 2019).

6. VDR receptor polymorphisms (SNPs): As mentioned above, 1,25(OH)2D binds to the 
VDR receptor, which functions as a transcription factor, thus modulating the 
expression of target genes (Bikle, 2009; Zhao et al., 2022). Ochs-Balcom et al. 
(Ochs-Balcom et al., 2011), found a positive association between the VDR SNP 

Figure 2.  Absorption, Transport, and Metabolism of Vitamin D.
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(rs3782905) and adiposity phenotype. Homozygous carriers of the rare genotype 
(GG) had a 1.7-fold higher BMI and 4.4 cm greater waist circumference than carriers 
of the wild-type genotype. In addition, for the SNP Cdx-2 (rs11568820), there was a 
positive association with waist circumference and abdominal sagittal diameter.

There is a strong suspicion that the biological effects of 25(OH)D on health and 
disease, particularly in the context of obesity, are primarily driven by the genomic mech
anism of VD through VDR. This suspicion is supported by several studies indicating a 
correlation between VDR polymorphism and pathological conditions (Bennour et al., 
2022). However, extensive assessments of genetic polymorphisms in genes associated 
with vitamin D metabolism and obesity-related traits, conducted in 2011 and 2013, 
did not find compelling evidence that low vitamin D levels are a causative factor for 
obesity. (Drincic et al., 2012; Liu et al., 2022; Wortsman et al., 2000). 

7. Consequence of Volumetric Dilution Due to Excess Fat Mass: The volumetric dilution 
model accounted for all the variability in serum 25(OH)D concentration attributable 
to obesity. The inverse association between vitamin D levels, body weight and body fat 
is related to the greater volume distribution of both vitamin D and 25(OH)D in tissue 
mass (Drincic et al., 2012).

Consequences of hypovitaminosis D on bone health and metabolism

Vitamin D has pleiotropic actions on several tissues, organs, and metabolic processes. Its 
deficiency may contribute to the pathogenesis of several metabolic disorders (Bikle, 
2009). Regarding bone health, vitamin D deficiency causes reduced calcium absorption 
and increased PTH to achieve a positive calcium balance at the expense of bone health 
(Bouillon et al., 2019). This deficit, if prolonged, affects the normal bone growth plate 
structure seen in rickets, impairs bone mineralisation, and increases the risk of falls 
and fractures (Bouillon et al., 2019; Kuchuk et al., 2009).

Vitamin D exerts an anti-inflammatory effect, decreasing the expression of chemo
kines and cytokines in adipocytes (Bouillon et al., 2019). In the liver, it regulates pro- 
inflammatory cytokines, cell apoptosis and fibrosis (Beard et al., 2011; Eliades et al., 
2013). Vitamin D polarises the adaptive immune system pathway towards an increased 
T helper type 2 (Th2) cell response, associating anti-inflammatory interleukins (IL), such 
as IL4 and IL10, with the activation of the humoral response and inhibiting Th1 cells, 
thereby decreasing the production of pro-inflammatory cytokines (Beard et al., 2011; 
Eliades et al., 2013; Song-Xin et al., 2022). In macrophages present in visceral adipose 
tissue, this results in a reduction of local and overall inflammation (Hyppönen & 
Boucher, 2018). Moreover, adiponectin, produced by differentiated adipocytes, is a 
potent anti-inflammatory agent that decreases NF-kB activity and acts as an insulin sen
sitiser, preventing lipid accumulation in hepatocytes through stimulating β-oxidation 
and reducing fatty acid synthesis (Chen et al., 2022; Cimini et al., 2017). Dysfunctional 
adipose tissue in people with obesity alters the secretion of adiponectin, which is nega
tively regulated by pro-inflammatory cytokines such as IL-6 or TNF-α. Vitamin D 
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deficiency also reduces adiponectin expression, affecting insulin sensitivity and fatty acid 
oxidation (Feghaly et al., 2020).

Vitamin D also decreases the overactivity of the renin-angiotensin system (RAS), 
suppressing the production of renin (Barazzoni et al., 2022; Mercola et al., 2020). 
The RAS is a sequence of reactions that play an essential role in the regulation of 
blood pressure, extracellular volume and sodium-potassium balance (Ferder et al., 
2013). In the presence of vitamin D deficiency, increased renin and angiotensinogen 
II mRNA expression was observed in the kidney, leading to elevated diastolic and sys
tolic blood pressure (Li et al., 2002). Furthermore, treatment with 1,25(OH)2D, 
reduced renal renin mRNA expression, confirming a negative regulation between 
vitamin D and RAS in vivo. Thus, 1,25(OH)2D, directly suppresses renin expression 
in a VDR-dependent manner (Li et al., 2002).

Increased abdominal adiposity in the liver and muscle leads to insulin resistance (San
tangeli et al., 2024). Vitamin D promotes insulin secretion by healthy pancreatic β-cells 
by increasing intracellular calcium and activating genes such as VDR receptor ligand 
(Moore et al., 2015). Hypovitaminosis D affects the pancreas’s endocrine function, 
causing dysfunction of β-cells and decreased insulin secretion by pancreatic islets, result
ing in hyperglycemia and hyperlipemia, which lead to insulin resistance, a key factor in 
the development of T2DM (Leung, 2016). Chronic hyperglycemia and hyperlipemia are 
associated with increased lipid accumulation in liver and pancreatic islets, causing endo
plasmic reticulum (ER) stress, lipotoxicity (inflammation) and insulin resistance (Hota
misligil, 2010). This lipotoxicity at the pancreatic islet level impairs glucose-stimulated 
insulin secretion, promotes ER stress, and results in cell failure and apoptosis (Leung, 
2016). Another pathway affected is the activation of serine/threonine protein kinase 
(Akt), which is associated with the reversal of the toxic effects of glucose and lipids in 
the β-cell (Cheng et al., 2013; Dwijayanti et al., 2024). Angiotensin, a component of 
RAS, modulates the activation of the Akt signalling pathway. Vitamin D, as a ligand of 
RAS, exerts action on the Akt signalling pathway. Cheng et al. (Cheng et al., 2013), 
reported an increase in RAS components in pancreatic β-cells of vitamin D-deficient 
mice, confirming that chronic hypovitaminosis D modulates the expression of RAS 
genes in pancreatic islet cells in vivo, altering insulin function and sensitivity. Pancreatic 
RAS would be involved in pancreatic islet β-cell dysfunction and increased risk of T2DM 
(Cheng et al., 2013).

Moreover, obesity leads to dyslipidemia with increased triglycerides, free fatty acids, 
and decreased HDL-C with increased serum LDL-C (Hyppönen & Boucher, 2018). 
The elongation of fatty acids greater than 16 carbons requires the specific activity of 
seven enzymes called very long chain fatty acid elongases (Elovl) (Ji et al., 2016). The 
regulation of Elovl3 expression is ligand-dependent on vitamin D via VDR, finding 
greater synthesis of fatty acids of 18–24 carbons and greater activity of this elongase in 
the presence of vitamin D deficiency in white adipose tissue (Ji et al., 2016).

Finally, nonalcoholic fatty liver disease (NAFLD), recently defined as metabolic dys
function-associated steatotic liver disease (MASLD), comprises a large spectrum of 
liver conditions (Barrea et al., 2023; Santangeli et al., 2024; Yu et al., 2022). This path
ology is a consequence of the hepatic excess glucose, which, after glycogenogenesis and 
oxidation, is converted into fat (de novo lipogenesis). Excess accumulation of these 
lipids causes inflammation and insulin resistance (Gregor & Hotamisligil, 2011). 
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Hepatic insulin resistance leads to dysregulation of glucose homeostasis, leading to a 
pathological and dysfunctional state of the liver (Hotamisligil, 2010). These meta
bolic disorders are produced by ER stress in liver cells. Vitamin D deficiency can 
affect lipid and glucose metabolism in the liver (Hotamisligil, 2010). Calcitriol 
(1,25(OH)2D) mediates the signalling pathway involving AMP-activated protein 
kinase (AMPK), reducing lipid accumulation (via the transcription factor 
SREBP1c) and glucose production (via regulation of PEPCK and G6Pase enzyme 
expression) by increasing calcium concentrations (Leung, 2016). Decreased vitamin 
D levels were linked to the severity of NAFLD or non-alcoholic steatohepatitis 
(NASH) through liver biopsies (Targher et al., 2007). In addition, vitamin D 
exerts an anti-inflammatory and anti-fibrotic effect in hepatocytes, decreasing the 
expression of pro-inflammatory cytokines such as IL-6 and TNF-α (Cimini et al., 
2017; Li et al., 2023; Pivonello et al., 2022; Santangeli et al., 2024). Moreover, 
vitamin D deficiency was associated with increased portal hypertension and infec
tious complications, being a predictor of mortality in patients with liver disease 
(Santangeli et al., 2024). A meta-analysis revealed low levels of vitamin D in 
people with NAFLD (OR 1.26; 95% CI: 1.17, 1.35), which could influence the 
onset of NAFLD (Eliades et al., 2013).

Clinical relevance

There is an association between obesity, metabolic syndrome, and 25(OH)D deficiency. 
Despite the variety of existing hypotheses, it remains undetermined whether low vitamin 
D levels cause increased fat mass deposition or if these low levels result from increased 
body fat storage (Barrea et al., 2021; Bennour et al., 2022; Bouillon & Bikle, 2019). In 
clinical practice, it is necessary to evaluate circulating 25(OH)D levels to detect and 
correct a possible deficit, thus preventing the risks associated with its low plasma level 
in relation to obesity-related metabolic disorders.

This vitamin exerts action on bone health, the immune system, and a wide variety of 
diseases through the regulation of the expression of target genes. Its anti-inflammatory 
effect influences the expression of pro-inflammatory cytokines, acting on several cells, 
including adipose, pancreatic and hepatic cells. Its anti-diabetic effect could be dual, 
modulating hepatic glucose and lipid metabolism and promoting pancreatic cell function 
and survival. It also supports electrolyte homeostasis, blood volume, and blood pressure 
(Kwok et al., 2013; Leung, 2016; Li et al., 2002)

Figure 2: Vitamin D from food is absorbed and transported by chylomicrons (QM) 
from the intestine to the liver. Sun exposure on the skin results in the formation of 7- 
Dehydrocholesterol, which is then converted to previtamin D3 and subsequently to 
vitamin D3. Vitamin D3 is carried to the liver by the specific protein DBP (Bikle, 
2009; Lee et al., 2022; Ochs-Balcom et al., 2011; Sun et al., 2023). In the liver, both 
dietary and skin-derived vitamin D undergo first hydroxylation by hydroxylases 
enzymes (CY2R1, CY3A4, CY27A1, CYP2J2), producing 25(OH)D (Woranam et al., 
2022). This 25(OH)D is then delivered by the DBP protein to the kidney for second 
hydroxylation to 1,25(OH)2D, the active form of vitamin D with genomic, non- 
genomic, and epigenetic effects (Bikle, 2009; Čelakovská et al., 2022; Ochs-Balcom 
et al., 2011).
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Diet and supplementation of micronutrients in patients with obesity

Role of dietary interventions in correcting micronutrient deficiencies

The literature has shown that patients with severe obesity, compared to normal-weight 
controls, are exposed to micronutrient deficiencies (MD), including calcium, mag
nesium, iron, zinc, selenium, and vitamins A, C, and D and E (Bettini et al., 2020; 
Damms-Machado et al., 2012; Guardiola-Márquez et al., 2022). This demonstrates 
the complexity of the issue since the individual faces a double burden of malnutrition, 
with over-nutrition and deficit malnutrition coexisting (Barazzoni & Gortan Cappel
lari, 2020). Multiple factors influence this problem, including a low-quality and 
poorly varied diet, but this deficiency can also be due to alterations in the absorption, 
distribution or excretion of nutrients (Kobylińska et al., 2022). Additionally, the 
inflammatory state caused by obesity and the increased expression of the systemic 
iron-regulating protein hepcidin can affect iron status in the body (Alshwaiyat et al., 
2021; González-Domínguez et al., 2020; Lee-Rangel et al., 2022). Likewise, due to 
various mechanisms, including volumetric dilution in larger volumes of fat, serum, 
liver, and muscle, vitamin D deficiency is common in individuals with obesity 
(Vranić et al., 2019).

These deficits must first be addressed by acquiring healthy eating habits. The avail
ability and excessive consumption of UPF rich in fat, sugar, and salt and low in nutrients 
displaces the consumption of natural foods that contain multiple vitamins and minerals 
(Astrup & Bügel, 2019). Studies carried out in the U.S. and Canada indicate a high per
centage of the population that does not achieve recommended levels of micronutrients 
through diet (Ahmed et al., 2021; McGuire, 2016). A Canadian study found that both 
males and females had a low frequency of insufficient iron intake. Moreover, poor 
zinc intakes were highly prevalent (21.1% to 43.5% for men and 29.8% to 34.8% for 
women) (Ahmed et al., 2021; McGuire, 2016). With regard to calcium and magnesium, 
the frequency of insufficient intakes was likewise high with advancing age (Ahmed et al., 
2021; McGuire, 2016).

The first step to alleviating these deficiencies is to address nutritional interventions. It 
is essential to work on adequate caloric intake from a varied diet that includes foods from 
different groups (Frias-Toral et al., 2022; Muscogiuri et al., 2022). Counselling with nutri
tion professionals is essential, as they will guide and direct the patient in the acquiring 
and maintening new habits (Astrup & Bügel, 2019). At this stage, it is critical to highlight 
the significance of choosing the appropriate treatment that does not further deepen the 
deficiencies. Very restrictive diets such as the ketogenic diet, very low-calorie diets, inter
mittent fasting, among many others, can worsen the situation if not properly guided 
(Bradley et al., 2023). Thus, interventions associated with more gradual weight loss, 
such as a balanced low-calorie diet, gradual portion control, the Mediterranean diet, 
or a low-glycemic index diet, tend to be more appropriate for initially addressing MD 
(Barrea et al., 2021; Capurso et al., 2019; Murakami & Sasaki, 2018).

Below are analyses of some diets and their impact on the contribution of micronutri
ents, as well as in Table 1:

Ketogenic Diet: This diet is characterised by a high intake of fat, moderate protein, and 
very restrictive CHO. It causes rapid weight loss over time (McGaugh & Barthel, 2022). 
In this case, adequate advice is essential to carry out this type of diet. By limiting the 
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consumption of CHO, you also reduce the intake of fortified foods, leading to limited 
thiamine intake (Athanasian et al., 2021; Muscogiuri et al., 2016).

Intermittent Fasting: This type of intervention requires food consumption within a 
restricted period, which may involve fasting on alternate days or periodic fasting with 
varying durations (Varady et al., 2022). The modified fasting modality on alternate 
days is characterised by being low in fibre and micronutrients such as potassium, 
vitamin A, iron, calcium, iodine, magnesium, linoleic acid and α-linolenic acid 
(Bradley et al., 2023).

Low Carbohydrate Diet: These diets limit CHO intake, generating ketone bodies 
through fatty acid oxidation and the positive regulation of ketogenic enzymes (Papado
poulou & Nikolaidis, 2023). Low-carbohydrate diets often require micronutrient sup
plementation as they are usually deficient in fibre, folate, potassium, calcium, 
magnesium, iron, vitamin A, iodine, linoleic acid and α-linolenic acid (Jebeile et al., 
2020).

Very Low-Calorie Diets: These diets are founded on a calorie restriction of ≤800 kcal 
per day, usually in the form of meal replacements or food-based diets, generating rapid 
weight loss (Gow et al., 2021). Given the very low caloric intake, and consequently low 
nutrient intake from food, daily supplementation with multivitamins and mineral sup
plements is necessary to prevent the risk of malnutrition (Gow et al., 2021).

Efficacy and safety of micronutrient supplementation

It is clear that there are potential MD in patients with obesity. Improving nutrition is the 
first step, but supplementation with micronutrients should also be considered when 
diet alone cannot meet the requirements. Although more scientific evidence is needed 
to recommend supplementation broadly, there are cases where it is necessary, such as 

Table 1. Type of diets for losing body weight and possible micronutrient deficiencies.
Type of diet Diet characteristics Possible micronutrient deficiencies.

Ketogenic diet Low CHO (< 50 g/day), high fat, and a defined or 
variable protein content. Contraindicated in 
pregnant women, those with T1DM, kidney 
failure, or cardiac arrhythmia; and in older 
patients with frailty (Kim, 2021).

Vitamin D and calcium, zinc, magnesium, 
vitamin C, thiamine, and selenium (Tummolo 
et al., 2023)

Intermittent 
fasting

Periods of fasting that alternate with periods of 
feeding. Focuses more on the timing of meals 
than on calorie calculations or macronutrient 
composition (Kim, 2021).

Fibre, potassium, vitamin A, iron, calcium, 
iodine, magnesium, linoleic acid, and α- 
linolenic acid (Athanasian et al., 2021).

Low glycemic 
diet

Classifies foods containing CHO according to their 
ability to increase blood glucose levels. Based 
solely on the CHO and does not make 
recommendations for daily intake of fat, protein 
or fibre (Kim, 2021).

Deficits are not usually reported (Athanasian 
et al., 2021).

Low 
carbohydrate 
diet

Defined as a CHO intake below the lower limit of 
the macronutrient distribution range proposed 
for healthy adults, which is 45%−65% of total 
daily energy (Kim, 2021).

Fibre, folate, potassium, calcium, magnesium, 
iron, vitamin A, iodine, linoleic acid, and α- 
linolenic acid (Jebeile et al., 2020).

Very low-calorie 
diets

Calorie restriction of ≤800 kcal per day. Used in 
limited circumstances along with medical 
monitoring according to obesity guidelines (Seo 
et al., 2019).

Due to its low caloric intake, it should always 
be supplemented with micronutrients (Gow 
et al., 2021).

CHO: Carbohydrates. T1DM: Type 1 Diabetes Mellitus
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documented iron deficiency anemia (Astrup & Bügel, 2019; Grosso et al., 2022). Patients 
on very restrictive diets, those taking drugs to treat obesity, candidates for bariatric 
surgery, or those who have undergone surgery may require supplementation, considering 
the type of procedure and possible malabsorption risks (Bettini et al., 2020). Another 
example of the need for supplementation is in patients who take medications like orlistat 
for a long time, as they may experience deficiencies in fat-soluble vitamins (Mayer et al., 
2021).

Multiple studies have demonstrated the importance of supplementation when there is 
a documented deficiency. Nonetheless, treatment must be individualised. In populations 
whithout deficiency, supplementation can be counterproductive, potentially exceeding 
the maximum tolerable intake levels for some micronutrients. Therefore, it is rec
ommended to study each patient, refer them to a nutrition expert if a deficiency is 
detected, and supplement if necessary (Engle-Stone et al., 2019).

Practical recommendations for healthcare professionals

Given the frequent micronutrient deficiency in patients with obesity, healthcare person
nel should be aware of this during consultations. Timely detection of the problem and 
early referral to a nutrition specialist are essential. The specialist will assess the intake 
and make subsequent recommendations. It is crucial to evaluate the most appropriate 
treatment for each patient while considering the potential risks (Bradley et al., 2023). 
Healthcare professionals must also assess barriers that patients mention in relation to 
adopting a healthy lifestyle and diet (Astrup & Bügel, 2019). Common obstacles 
include lack of time and culinary skills (Astrup & Bügel, 2019; Barrea et al., 2023). Nutri
tional counselling, providing strategies for planning and organisation, and the use of edu
cational materials are essential (Astrup & Bügel, 2019).

Diet and supplementation of vitamin D in patients with obesity

Dietary sources and sunlight exposure considerations

Vitamin D is a hormone with pleiotropic effects, exerting its action through binding to 
the VDR present in various tissues and systems (Bennour et al., 2022). This vitamin can 
be derived from a dietary source or from endogenous production through skin exposure 
to sunlight, the latter being the most important source. Since vitamin D is not found in 
many diets, dermal production is the main natural source of the vitamin (Haddad, 1992). 
Short periods of unplanned sun exposure on the hands, face, and arms are believed to be 
equivalent to consuming 200 international units (IU) (5 ug) of vitamin D. (Haddad, 1992; 
Muscogiuri et al., 2019). There are not many natural exogenous sources of VD (Bennour 
et al., 2022). Cholecalciferol, commonly referred to as Vitamin D3, is present in animal- 
source products, primarily fish liver oil, fatty fish including salmon, sardines, herring, 
and mackerel, and egg yolk. Vitamin D2, sometimes referred to as ergocalciferol, is 
present in plants and mushrooms (Bennour et al., 2022). After ingestion and absorption 
in the small intestine, vitamin D is incorporated into the chylomicrons and transported 
to the liver through the lymphatic system. In the liver, the first hydroxylation occurs with 
cytochrome P450 enzymes (CY2R1, CY3A4, CYP27A1 and CYP2J2) with 25- 
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hydroxylase activity converting vitamin D3 to 25-hydroxyvitamin D (25(OH)D), a reac
tion catalysed by one more specific enzyme, CYP2R1 (Bennour et al., 2022; Bouillon & 
Bikle, 2019; Cheng et al., 2003). This hepatic hydroxylation is inhibited by parathyroid 
hormone (PTH) and by 1,25(OH)2D from the second hydroxylation of vitamin D in 
the kidney by the CYP27B1 enzyme (Akhtar et al., 2022; Wamberg et al., 2013).

Endogenous production through exposure of the skin to UVB radiation is highly vari
able, depending on factors such as latitude, pollution, season, use of sunscreen, clothing, 
skin colour, age, etc (Barrea et al., 2017; Bennour et al., 2022). Dietary or cutaneously syn
thesised vitamin D is not physiologically active and must be converted to active metab
olites by the liver and kidney through enzymatic processes (Haddad, 1992). It is well 
known that the body can store vitamin D, which enables it to maintain adequate levels 
over the winter periods, and that sporadic sun exposure delivers sufficient vitamin 
D. The chemical reaction produced after sun exposure on the skin is as follows: 
Vitamin D is produced from 7-dehydrocholesterol, which is then converted in the 
liver into calcifediol (25-(OH)D) (Barrea et al., 2021). It then attaches to the DBP and 
is transported to the kidney for hydroxylation to calcitriol (1,25(OH)2D) (Bouillon 
et al., 2019).

Mediterranean diet

Based on a typical dietary pattern of the Mediterranean region, the Mediterranean diet is 
a nutritious eating regimen (Barrea et al., 2017). This specific diet is known for having 
very low levels of saturated fat and high levels of micronutrients, such as dietary vitamins 
and minerals, and polyunsaturated fatty acids (PUFA), which are frequently shown to 
raise the plasma antioxidant capacity and anti-inflammatory effects (Barrea et al., 
2017; Muscogiuri et al., 2022).

Regarding the Mediterranean diet and its effects on vitamin D levels, there appears to 
be an association between adherence to this diet and vitamin D levels in patients with 
obesity. An observational study demonstrated that patients with obesity with higher 
adherence to this diet had higher levels of vitamin D (Barrea et al., 2017). In another 
study, adherence to Mediterranean diet measured using the PREDIMED score showed 
a positive correlation between the score and vitamin D levels (Barrea et al., 2020). 
Additionally, in the same study, comparing groups with low and high adherence to 
the Mediterranean diet, vitamin D levels exhibited the highest OR values in the bivariate 
proportional odds ratio (OR) model for both genders (OR 1.21 and OR 1.31, respectively) 
(Barrea et al., 2020).

Supplementation guidelines and dosage recommendations

Vitamin D status is assessed through the plasma levels of 25-hydroxyvitamin D [25 
(OH)D], as described by various scientific societies. The American Geriatric Society, 
the National and International Osteoporosis Foundation, and the Endocrine Society clas
sify vitamin D insufficiency as having 25-hydroxyvitamin (25 OH D) levels below 30 ng/ 
ml (Chauhan et al., 2024). A recommended range of 40–60 ng/ml is suggested by the 
Endocrine Society (Chauhan et al., 2024). The National Institutes of Health, however, 
describes a vitamin D deficiency as fewer than 20 ng/ml (Chauhan et al., 2024). 
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According to several sources, a deficit is less than 12 ng/ml, while an insufficiency is 
between 12 and 19 ng/ml (Chauhan et al., 2024).

Many countries have implemented policies of fortifying foods with vitamin D after 
multiple studies demonstrated that ingesting 400 IU of vitamin D per day would 
prevent osteomalacia and rickets (Haddad, 1992). Acquiring adequate levels of the 
vitamin through sun exposure or even through fortifying foods is considered safe 
(Haddad, 1992). Universal screening for vitamin D deficiency should be conducted 
exclusively in people or groups at risk. It is known that obesity is related to low levels 
of vitamin D, which is why individuals with obesity may require higher doses than the 
general population (Walsh et al., 2016).

Importance of vitamin D in obesity-related health outcomes

Regarding vitamin D supplementation, a meta-analysis published in 2020 observed that fol
lowing supplementation, people with obesity had higher serum vitamin D levels (39.83 nmol/ 
L, 95% confidence interval: 34.06-45.61) compared to the control/placebo group. However, 
obesity in adults reduced the effect of vitamin D supplementation, emphasising the need to 
evaluate the optimal dose of supplementation in this population (de Oliveira et al., 2020). 
Another systematic review and meta-analysis of randomised and non-randomised con
trolled trials aimed to determine whether serum 25-hydroxyvitamin D levels rise in response 
to weight loss as opposed to weight maintenance. The findings suggested that vitamin D 
levels might improve slightly more with weight loss compared to weight maintenance, 
given equivalent conditions of supplemental vitamin D consumption (Mallard et al., 2016).

Several randomised clinical trials were conducted to determine the reason behind low 
levels of plasma of vitamin D and its supplementation with obesity. The results were con
trasting. Two meta-analyses found no evidence of beneficial effects of vitamin D sup
plementation on obesity rates (BMI, fat mass, percent fat mass, or lean body mass) 
(Golzarand et al., 2018; Pathak et al., 2014). However, a third meta-analysis reported 
an improvement in BMI and waist ratio after vitamin D supplementation (Perna, 
2019). In 2018, a double-blind, randomised, placebo-controlled trial assessed the 
effects of cholecalciferol (25,000 IU/weekly) or placebo for three months in conjunction 
with a weight loss regimen. Using a hyperinsulinemic-euglycemic clamp to measure 
insulin sensitivity, individuals who took vitamin D showed a marked improvement in 
insulin sensitivity (Cefalo et al., 2018).

Some authors suggest that people with obesity need higher loading doses of vitamin D 
to accomplish the same serum 25-hydroxyvitamin D levels as those with normal weight 
(Walsh et al., 2016). Because of the larger volume of distribution, individuals with obesity 
will require higher loading doses to reach the same serum 25OHD repletion threshold as 
those with normal weight. (Walsh et al., 2016). It may take multiple loading courses for 
these individuals to reach completion (Walsh et al., 2016). A systematic review in 2021 
showed that daily vitamin D supplementation between 2000 and 4000 IU is highly rec
ommended for older adults with obesity. Doses equivalent to 1000 IU or less did not sig
nificantly affect vitamin D deficiency or associated health problems in older adults with 
obesity (Rondanelli et al., 2022).

Based on the Endocrine Society’s clinical practice guidelines, for patients with obesity 
with vitamin D deficiency, 6,000–10,000 IU/day of vitamin D2 or D3 is recommended to 
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achieve target levels of 25 OH vitamin D, followed by maintenance doses of 3,000-6,000 
IU/day (Holick et al., 2011). Further research efforts should specifically seek to elucidate 
whether this group of people could benefit from vitamin D administration in relation to 
cardiometabolic well-being (Table 2).

Conclusions

Obesity is related to micronutrient deficiencies, which can be caused by several factors, 
including altered pharmacokinetics, poor dietary intake, and disturbed absorption due to 
factors such as modified microbiota, bariatric surgery, or elevated triglyceridemia. A con
sensus on the optimal approach to routine supplementation for these deficiencies has not 
yet been reached.

It has been observed that patients with obesity may have altered vitamin D levels. 
Although the correlation between obesity and vitamin D deficiency is well established, 
the exact supplementation dose required for these patients remains unclear. Additionally, 
there are contradictory results regarding the effects of vitamin D supplementation on 
body composition and insulin resistance.
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Table 2. Relationship between vitamin D and obesity.
Hormone Results Authors

25(OH)D Children and adolescents with obesity have a higher risk of vitamin D 
deficiency.

(Fiamenghi & Mello, 
2021)

25(OH)D Total and free 25(OH)D and 1.25(OH)2D are lower at higher BMI. (Walsh et al., 2017)
25(OH)D The prevalence of vitamin D deficiency was 35% higher in subjects with 

obesity compared to the eutrophic group and 24% higher than in the 
overweight group.

(Pereira-Santos et al., 
2015)

25(OH)D The prevalence of vitamin D deficiency (25(OH)D < 20 ng/ml) was 
threefold higher in those with high SAT and high VAT than in those with 
low SAT and low VAT (P < 0.0001).

(Cheng et al., 2010)

25(OH)D and 1.25 
(OH)2D.

An inverse association has been found between BMI and serum levels of 
vitamin 25(OH)D and 1.25(OH)2D.

(Konradsen et al., 
2008)

25(OH)D Serum 25(OH)D was inversely related to weight, BMI, and markers of 
T2DM (large waist, increased HbA1c)

(McGill et al., 2008)

Plasma levels of 
1,25(OH)2D

Significantly lower in subjects with obesity than in non-obese subjects. (Parikh et al., 2004)

25(OH)D Mean serum 25(OH)D was significantly lower in the individuals with 
obesity than in the individuals without obesity.

(Bell et al., 1985)

25(OH)D: 25-hydroxyvitamin, 1.25(OH)2D: 1,25-hydroxyvitamin D, SAT: subcutaneous adipose tissue, VAT: visceral 
adipose tissue. T2DM: Type 2 Diabetes Mellitus
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