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Abstract 
 
Introduction: The role of vitamin D was used to be focused on mineral homeostasis and bone reuptake. Though, discovery of the role of 

vitamin D in prevention form a number of diseases including breast and colon cancers, asthma, cardiovascular diseases, inflammatory bowel 

disease, systemic lupus erythematous, rheumatoid arthritis, type I diabetes, and infectious diseases, enhanced the importance of this vitamin. 
Materials and Methods: In this review article, PubMed, Scopus, Google Scholar, Medline and Embase databases were used and 

approximately 291 studies were assessed. Inclusion criteria of this study was using searching terms in the title and key words of the studies. 

240 studies were discussed and summarized on the role of vitamin D is body organ systems. Discussion and Conclusion: Due to the extensive 

role of vitamin D in body organ systems, it can be considered as a treatment goal in different diseases. Moreover, considering the high 

prevalence of chronic diseases and vitamin D deficiency, this review article aims to discuss the role of vitamin D in body organ systems and 

processes such as inflammation, blood coagulation, cancer, and metastasis. 
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INTRODUCTION 

Vitamin D plays a vital role in human’s health, survival, and 
fertility in all stages of life [1]. Chemical structure of vitamin 

D is similar to steroid hormones and vitamin D acts via VDR 

nucleus receptors as well [2]. Vitamin D is synthesized in the 

skin and is transferred to the liver through blood circulation 

where it is turned to calcidiol (25 (OH) D) by 25-hydroxylase 

enzyme. Then, calcidiol is transferred to kidney where the 

active for of Vitamin D or calcitriol (1,25 (OH)2 D3) is 

formed by renal 1-α hydroxylase [3-6]. Circulating level of 

calcitriol with a half-life of 1-2 month indicated vitamin D 

status in terms of vitamin D production, absorption, and 

storage [7]. Fish oil (salmon and sardine), egg yolk, and 

fortified milk are nutritional sources of vitamin D [8]. 

Unfortunately, in most cases, the amount of nutritional 

vitamin D is not sufficient and fortified foods are limited and 

cannot supply the required amounts of vitamin D. This is the 

most important issue that leads to epidemic prevalence of 

vitamin D deficiency especially in European and American 

countries. In fact, the major source of vitamin D is production 

of vitamin D when exposed to ultra violet waves of sunlight 
[9]. Its major function is regulation of calcium and phosphorus 

homeostasis and bone mineralization, while an extensive 

distribution of its intracellular receptors have been found in 

different body tissues [10]. On the other hand, vitamin D 

increases the intestinal absorption of phosphorus and calcium 

and decreases their renal excretion and reinforces 

osteogensis. As a result, vitamin D deficiency is a major 

factor in the incidence of osteogenic metabolism disorders 
[11]. Recently, non-calcium related role of vitamin D, 

especially its anti-inflammatory and immunomodulatory role, 

has attracted much attention. The beneficial effect of vitamin 

D and its metabolites in different autoimmunity disorders 

have been proved in animal studies [12]. Several studies 

indicate that decreased levels of vitamin D are associated with 

breast cancer, colon cancer, asthma, cardiovascular diseases, 

preeclampsia, multiple sclerosis, systemic lupus 

erythematosus, rheumatoid arteritis, type I diabetes and 
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infectious diseases [11, 13, 14]. Vitamin D deficiency occurs in 

individuals with inappropriate dietary intake or insufficient 

exposure to ultra-violate B waves (UVB, 290-320 nm) [15]. 

Serum 25(OH)D level is used as a reliable index to assess 

vitamin D status [16]. Thus, vitamin D deficiency is affected 

by a number of factors including age, sex, geographical area, 

and diet [17]. It is estimated that more than one billion people 

suffer from vitamin D deficiency all over the world. The 

elderly and children are at higher risk of vitamin D deficiency 
[18]. According to NHANES study, the level of vitamin D is 

sufficient only in 23% of people in the United States [19]. 

Some studies have evaluated vitamin D status in Iran 

indicating high prevalence of vitamin D deficiency in Iran 

ranging from 44.8% to 79.6% [20, 21]. Decreased serum level 

of Vitamin D3 induced by antiepileptic medications [22] 

increases the prevalence of vitamin D deficiency and its 

complications in both childhood and adulthood [23]. Vitamin 

D content of breast milk is relatively low [24]. As a 

consequence, vitamin D deficiency is more common among 

infants who are only breastfed [25]. In case of maternal vitamin 

D deficiency, the deficiency is worsened; thus, infants receive 

formula, fortified milks, nutritional supplements containing 

vitamin D such as vitamin AD and D and multivitamin drops 

to compensate this shortage [26]. 

Due to the high prevalence of vitamin D deficiency in Iran, 

especially in women, and the role of vitamin D is various 

physical and mental diseases, this review article is intended 

to comprehensively assess the role of vitamin D in body organ 

systems. 

METHOD 

Search strategy and selection criteria 
This systematic review was conducted based on the methods 

presented in PROSPERO. The outline protocol includes the 

evaluation of the effect of vitamin D on different organs in 

human body. 

In this review article, 291 studies were included which 

consists of original studies, review articles, double-blinded 

studies, and clinical trials. Following the initial evaluation 

and exclusion of irrelevant studies and animal studies, 240 

relevant studies were used in this article. 

Researchers searched valid electronic databases such as 

Pubmed, Scopus, Google Scholar, Medline, and Embase 

using Vitamin D, Cardiovascular, Infertility, Immune 

System, Endocrine System, Musculoskeletal, Nervous 

system, and Cancer key words. Studies published until 12th 

February, 2019 were included in this study without any 

language limitation. 

Data Analysis 
In this study, researchers evaluated different data and studies 

with internal consistency analysis and the obtained results. 

In this study, the following variables were extracted: Setting, 

eligibility criteria, details of intervention and control 

regimens, and study duration. Afterwards, the authors 

published this study according to the principles of article 

writing. 

Role of Vitamin D in Cardiovascular System 
Blood circulation in the vascular system includes vessels and 

capillaries. To effectively maintain the blood flow, 

appropriate nutrition including a verity of vitamins is 

required. Niacin, Vitamin E, Vitamin D, vitamin C, and 

Vitamin K are among these vitamins. Vitamin D is the most 

important vitamin affecting the cardiovascular system 

through various mechanisms. These mechanisms include 

downregulation of PTH [27], suppression of Renin-

Angiotensin-Aldosterone system [28], regulation of 

proliferation of smooth muscle cells of vessel walls and 

cardiomyocytes [29], improvement of vasodilation [30], and 

regulation of coagulation system [31]. Vitamin D controls 

more than 200 genes which are responsible in cell growth, 

proliferation, and differentiation. Hence, vitamin D 

deficiency may lead to ventricular hypertrophy, vessel 

stenosis or obstruction, heart failure and arrhythmia [32]. 

• Effect of Vitamin D on Hypertension 
E, D, and C are fat-soluble vitamins with a very strong anti-

oxidant property which neutralizes free radicals and protects 

body tissues and blood vessels. These vitamins have been 

effective in preventing from preeclampsia and reducing mean 

diastolic blood pressure. Yet, Vitamin D is engaged in renin-

angiotensin-aldosterone systems and thus modulates blood 

pressure and prevents from malignant hypertension. 

Moreover, previous studies have shown that higher levels of 

25–hydroxy vitamin D is associated with lower blood 

pressure, blood sugar and lipid. As a result, vitamin D is more 

effective in comparison with other micronutrients [33-36]. 

Wood et al. study (2015) suggested that blood pressure is 

lower in summer compared with winter which may be caused 

by higher levels of vitamin D n the summer compared with 

winters [37]. Loloei et al. study (2013) proved the significant 

prevalence of vitamin D deficiency in hypertension patients. 

Moreover, it is suggested that vitamin D deficiency treatment 

affects hypertension [38]. 

• Effect of Vitamin D on Serum Lipid Profile 
Dyslipidemia is defined as an imbalance in blood lipid profile 

including triglyceride, total cholesterol, LDL, and HDL. It 

seems that D, C, and E vitamins affect lipid profile parameters 

due to their antioxidant activity. Wang et al. (2008) indicated 

that vitamin D supplement leads to better and faster reduction 

in LDL level of patients with hyperlipidemia who are under 

atorvastatin treatment [39]. Ford et al. showed in NHANES III 

study that, 25-hydroxy vitamin D serum level is negatively 

associated with hypertriglyceridemia; though no relationship 

was observed with HDL or cholesterol level [40]. A purposed 

mechanism for the negative association between serum level 

of 25-hydroxy vitamin D and triglyceride relies on the role of 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42014013953&ID=CRD42014013953
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vitamin D in enhancing the activity of lipoprotein lipase 

enzyme in adipose tissue [41]. 

• Effect of Vitamin D on Atherosclerosis 
vitamin D deficiency induces PTH secretion, calcium bone 

resorption and deposition in the vessels, aggregation of 

collagen fibers and increased risk of cardiovascular diseases. 

Evidences imply the association between vitamin D 

deficiency and atherosclerosis. Though, the effectiveness of 

vitamin D supplements in the treatment of atherosclerosis is 

not yet clear [42, 43]. 

• Effect of Vitamin D on Heart Failure 
Vitamin D can prevent cardiomegaly and progression of heart 

failure through regulating blood pressure [44]. Different 

studies demonstrated that low levels of 25-hydroxy vitamin 

D is associated with cellular transformation leading to 

ventricular hypertrophy and dilated cardiomyopathy [34, 45]. 

Hyperthyroidism patients were evaluated in a study which 

concluded that treatment with calcium and vitamin D reduces 

the severity of cardiomyopathy and heart failure symptoms 
[46]. Kerdegari et al. study (2009) showed that vitamin D3 

improves systolic function of left ventricle in patients with 

chronic heart failure as well as function class status [47]. 

Several studies, regarding regulation of inflammation by 

vitamin D, have showed that vitamin D treatment in patients 

with chronic heart failure reduced inflammatory cytokines 

(TNF-α) and elevated anti-inflammatory cytokine (IL-10) in 

comparison with control group [48]. 

• Effect of Vitamin D in the Treatment of 
Cardiovascular Diseases 

Although the role of vitamin D deficiency in the incidence of 

cardiovascular diseases has been shown in many studies, the 

role of vitamin D supplement in the treatment of 

cardiovascular diseases is not yet proved [49, 50]. According to 

the slow nature of pathologic process and treatment of 

cardiovascular diseases, clarifying the uncertainties require 

more extensive and long-term studies on human population 
[49, 51]. 

Due to the ever growing rate of cardiovascular diseases and 

its mortality and morbidity rate as well as the undeniable role 

of vitamin D on cardiovascular health, more accurate 

measurements and screenings should be performed to treat 

vitamin D deficiency. 

Role of Vitamin D in Inflammation and Cancer 

• Effect of Vitamin D on Inflammation 
A, B, C, D, E, and K vitamins are engaged in the regulation 

of metabolism and strengthen the immune system. Moreover, 

these vitamins play role in reducing muscular and joint pain 

and inflammation and seem to be vital for skin health. Diaz et 

al. study on human trophoblast culture medium indicated that 

1,25-dihydroxy vitamin D can suppress the induction to 

produce inflammatory cytokines (TNF-α) and reduce 
expression of TNF-α producing cells which includes many 
cells such as macrophages, T-cells, smooth muscle cells, 

adipocytes, and fibroblasts [52, 53]. Many studies have shown 

that vitamin D and its analogs are able to inhibit IL-6 

production in different cells [54-56]. A study on hemodialysis 

patients with high PTH suggested that 1,25-dihydroxy 

vitamin D supplement for 6 months reduced the level of IL-6 
[57]. A study showed that calcium and 1,25-dihydroxy vitamin 

D regulate the expression of adiponectin in peripheral adipose 

tissue and in particular, high calcium diet induce the 

expression of anti-inflammatory factors such as IL-5 and 

adiponectin [58]. Due to the anti-inflammatory role of vitamin 

D, and the fact that adiponectin is the only adipokine with 

anti-inflammatory role, there might be a strong positive 

association between vitamin D and adiponectin [59].  

• Effect of Vitamin D on Breast Cancer 
Anderson et al. study (2010) showed no relationship between 

vitamin D dietary intake and risk of breast cancer, although 

the risk of breast cancer was significantly lower in women 

taking vitamin D supplement more than 400 units/day in 

comparison with women who did not take any supplement 
[60]. Another case control study indicated a negative 

significant relationship between vitamin D dietary intake and 

the risk of breast cancer [61]. It is demonstrated in Engel et al. 

study (2011) that individuals who live in area with highest 

does of sunlight ultraviolet, higher vitamin D intake is 

associated with reduced risk of breast cancer [62].  

• Effect of Vitamin D on Ovarian Cancer 
Ovarian cancer is a common cause of mortality and the most 

common female reproductive cancer [63]. If diagnosed in early 

stages, it is curable; though, in most cases, long-term survival 

is poor due to late diagnosis despite using extensive surgical 

methods and chemotherapy [64]. BRCA gene is not mutated in 

most women with ovarian cancer so that they can be 

diagnosed and treated at an early stage. A biomarker such as 

tt genotype of VDR gene can be studied and used in their 

diagnosis and treatment [64-66]. Many studies show the 

relationship between reduced serum level of 1,25-dihydroxy 

vitamin D and increased risk of ovarian cancer, breast cancer, 

and prostate cancer. Vitamin D receptor (VDR) coding gene 

is related to the risk of incidence of ovarian cancer, breast 

cancer, and prostate cancer in early stages and metastasis. 

VDR is an estrogen receptor and estrogen increased VDR 

gene expression in animal models. Moreover, high levels of 

estrogen in women is associated with enhanced expression of 

VDR gene mRNA [67, 68]. Onsory et al. study (2013) indicated 

that tt genotype of VDR gene has a direct association with 

ovarian cancer in women [69]. 

Role of Vitamin D in Endocrine System 

• Effect of Vitamin D on Diabetes 
Biotin, Zinc and vitamin D consumption in diabetic patients 

maintains blood insulin level through improving the level of 

Glucokinase enzyme which is engaged in glucose 

metabolism. The level of Glucokinase, as a hepatic enzyme, 

is often very low in diabetic patients. Type I diabetes is 

caused by autoimmune degradation of pancreatic beta cells 

leading to absolute insulin deficiency. For progression of type 
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II diabetes, abnormal function of pancreatic cells, insulin 

resistance and systematic inflammation are present. 

Numerous evidences prove the effect of vitamin D on all 

these pathways [70]. Vitamin D acts thorough activation of 25-

hydroxy vitamin D by α1-hydroxylase expressed in beta cells. 

Vitamin D can directly increase insulin sensitivity by 

stimulation of expression of insulin receptor or thorough 

peroxisome proliferated-activator receptor-γ (PPAR-γ), the 
modulator factor of increasing metabolism of fatty acids in 

skeletal muscles and adipose tissue [71]. Vitamin D directly 

activate transcription of insulin receptor [72] and acts as the 

activator of PPAR-γ [73] and this way increases insulin–
medicated glucose uptake [74]. Vitamin D deficiency leads to 

insufficient secretion of insulin and other pancreatic 

hormones and glucose intolerance in animal models and 

humans [75]. The purposed mechanism in this regard is the 

significant increment in Ca2+ concentration is cytosol 

followed by insulin secretion form Langerhans islet cells [76]. 

The role of vitamin D in type II diabetes in reported due to 

alterations in glycaemia control in patients with type II 

diabetes mellitus in winters which can be partially attributed 

to reduced serum levels of vitamin D in the winter [77]. Many 

studies have reported the relationship between the 

concentration of 25-hydroxy vitamin D and the prevalence of 

type II diabetes mellitus [78]. It is shown is some studies that 

the risk of incidence of type II diabetes is higher in the 

individuals in highest percentile of vitamin D concertation [79-

81]. Forouhi et al. study (2008) showed the reverse 

relationship between 25-hydroxy vitamin D concentration 

and fasting insulin [82]. Other studies have reported significant 

improvement of insulin secretion after supplement therapy 

with different dosages of vitamin D3 in type II diabetes 

mellitus and patients or at risk individuals [83, 84]. 

Epidemiologic evidences suggest that type I diabetes is more 

common in equator and subaquatic geographical latitudes and 

a seasonal difference where most cases are diagnosed during 

autumn and winter and the least cases in the summer [85]. Fish 

liver oil in the first year of life reduced the risk of type I 

diabetes in the childhood [86]. Hyppönen et al. study (2001) 

proved that taking 2000 IU of vitamin D in the first year of 

life reduced the risk of type I diabetes. Moreover, they 

reported the three-fold higher risk of type I diabetes in 

suspected cases of rickets [87]. Though, other studies 

conducted on vitamin D supplement therapy of neonates and 

type I diabetes failed to show a relationship between vitamin 

D supplement therapy and progression of type I diabetes [88, 

89]. 

• Effect of Vitamin D on Thyroid Gland 
Group B vitamins and vitamin D are crucial for thyroid gland 

normal function. Talaei et al. study (2017) reported that 

68.7% of the 201 hypothyroidism patients suffered from 

vitamin D deficiency and their TSH level significantly 

reduced after taking vitamin D, though taking vitamin D did 

not affect T3 and T4 level [90]. Many studies have reported low 

level of vitamin D in grave’s patients [91, 92]. Mackawy et al. 

study (2013) demonstrated decreased serum level of vitamin 

D and a positive significant relationship between level of 

vitamin D and T3 and T4 besides a negative significant 

relationship between vitamin D and TSH. This study also 

found that vitamin D deficiency is related to the severity of 

hypothyroidism [93]. Vitamin D and thyroid hormone both 

bond to similar steroid receptors. Several polymorphisms are 

identified in VDR gene making individual prone to thyroid 

diseases such as Hashimoto thyroiditis or graves [94].  Kinuta 

et al. study (2000) indicated that serum estrogen suppresses 

TSH secretion in men by affecting pituitary gland and vitamin 

D plays a significant role in estrogen production in both men 

and women [95]. It is proved in a study that vitamin D 

administration considerably suppresses TSH secretion. 

Additionally, it is shown that TSH level in the elderly is 

higher in women compared with men in same age group, 

indicating that TSHS secretion is regulated by sex hormones, 

genetic predisposition, or environmental factors. This 

relationship might be caused by the relationship between 

vitamin D and TSH level [96, 97]. 

• Role of Vitamin D in Immune System 
C, B6, E, D3, and A vitamins and folic acid play an important 

role in the enforcement of the immune system. As the level 

of these vitamins elevates, the immune system more 

aggressively attacks the infections.Vitamin D exerts various 

effects on immune system cells. Vitamin D inhibits 

proliferation and differentiation of B cells and 

immunoglobulin secretion [98, 99]. In addition, vitamin D 

suppresses T cell proliferation [100] and turns Th1 phenotype 

to Th2 [101, 102]. Moreover, this vitamin affects T cell 

maturation through preventing from inflammatory phenotype 

Th17 [103, 104] and facilitates Treg induction [105-108]. These 

effects prevent from inflammatory cytokine (IL-17, IL-21) 

synthesis by inducing IL-10 synthesis [109]. Vitamin D inhibits 

the proliferation of monocytes through inflammatory 

cytokines such as IL-1, IL-6, IL-8, IL-12, and TNF-α. Also, 
this vitamin reduces the maturation and differentiation of 

dendritic cells (DCs) by maintaining immature phenotypes 

through suppressing the expression of co-stimulatory 

macules, MHC II and IL-12 [110-112]. Inhibition of maturation 

and differentiation of dendritic cells (DCs) improved 

immunity tolerance and reduces the rate of autoimmune 

diseases. Due to the importance of the role of vitamin D in 

the function of immune system, reduced serum levels of 

vitamin D is observed in autoimmune diseases [109]. 

Interferons (INF) are synthesized by plasma dendritic cells. 

In systemic lupus erythematous (SLE), inductive effect of 

INF-α in peripheral blood mononuclear cells (PBMCs) 

increases the expression of interferons. Vitamin D helps to 

prevent form SLE by reduction of INF expression [113]. 

Vitamin D deficiency is a common finding in autoimmune 

diseases. Immune system cells are able to synthesis and 

response to vitamin D. The effects of vitamin D supplement 

therapy me be further that its role in calcium homeostasis and 

bone [109]. 

In the recent 5 years, numerous prospective studies have 

reported that high prevalence of vitamin D deficiency in HIV 

positive patients. A number of studies have stated that 
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vitamin D deficiency is more common among HIV positive 

patients compared with healthy individuals [114]. Sufficient 

vitamin D is not only crucial for bone health, but also for the 

general health status of HIV positive patients. Improved 

control of HIV transcription, increased number of CD4+ T 

cells, slowed disease progression, improved control of 

opportunist infections and neurocognitive disorders, and 

prolonged survival are among benefits of vitamin D 

supplement therapy [115]. Vitamin D deficiency may be 

involved in the progression of HIV infection, due to the 

immunoregulatory role of vitamin D [116]. 

• Role of Vitamin D in Respiratory System 
Long term vitamin D supplement therapy improved FEV1 in 

smokers, especially those who suffer from vitamin D 

deficiency and patients with asthma and COPD [117]. Smoking 

reduces 1,25-dihydroxy vitamin D synthesis by lung epithelia 

cells [118] and may affect vitamin D receptors [119]. Smoking 

leads to proinflammatory state, oxidative stress, and 

activation of proteases [120, 121]. Theses pathophysiologic 

changes may maintain even after quitting smoking [122]. Yet, 

vitamin D can slow down this process [123-125]. Moreover, this 

process is accelerated in asthma and COPD [120]. Sluyter et al. 

study (2017) indicated that the effects of vitamin D are only 

observed in smoker, especially asthma or COPD patients [117]. 

Hall et al. study (2010) demonstrated that 25-hydroxy vitamin 

D serum level in below 75 nmol/L in more than 90% of cystic 

fibrosis (CF) patients. Vitamin D malabsorption is seen in 85-

90% of patients with cystic fibrosis due to pancreatic failure 
[126]. Another reason for vitamin D deficiency in these patients 

is alteration in liver 25-hydroxylase enzyme and faster 

clearance of 25-hydroxy vitamin D [127]. Low serum levels of 

vitamin D may also be caused by reduced level of vitamin D 

binding protein (DBP) [126]. DBP plays an important role in 

the regulation of the amount of free vitamin D – for cellular 

use- and thus maintaining serum concentration of vitamin D 
[128]. Yosefzadeh et al. study demonstrated that different 

physiologic and pathologic situations may affect DBP serum 

level and thus 25-hydroxy vitamin D serum level [129]. In CF 

patients, vitamin D synthesis is also reduced, while 90-95% 

of the required amount of vitamin D is supplied by sunlight 
[126]. Vitamin D deficiency in CF patients is associated with 

osteopenia and other diseases in the childhood which will 

progress afterwards. Pulmonary function disorder is 

exacerbated in adults with CF in case of vitamin D deficiency 
[130]. Since pulmonary inflammation may occur in these 

patients even in the absence of infection, it is involved in the 

progression of their respiratory disease. Due to the role of 

vitamin D in the down regulation of metalloproteinase and 

consequent inflammation reduction, and considering the fact 

that vitamin D deficiency is common among these patients, 

this deficiency may play a significant role in alteration of 

immune response [131]. 

Shamsizadeh et al. study (2018) showed that the level of 25-

hydroxy vitamin D is significantly lower in infants with 

bronchiolitis compared with healthy infants, though its level 

did not significantly affect the severity of bronchiolitis. 

Additionally, level of 25-hydorxy vitamin D was 

significantly and directly affected by infant’s age, vitamin D 
supplement therapy, and breastfeeding [132]. In Moreno-Solís 

et al. study (2015), the level of 25-hydroxy vitamin D was 

significantly lower in children with bronchiolitis compared 

with healthy children [133]. Golan-Tripto et al. study (2013) 

reported that the level of 25-hydroxy vitamin D is 

significantly lower in children with bronchiolitis compared 

with control group [134]. In contrast with the reported results, 

McNally et al. (2013) failed to report a significant difference 

in the level of 25-hydroxy vitamin D between healthy 

children and children with lower respiratory tract infection 

(including bronchiolitis and pneumonia) [135]. 

• Role of Vitamin D on Hematopoietic Stem 
Cells 

Folic Acid (B9) and cobalamin (B12) vitamin deficiency 

directly leads to anemia. Though, Vitamin E, B2, B6, C, and 

D may indirectly cause anemia which can be considered as 

auxiliary agents. Vitamin D receptors exist in almost all 

erythrocyte progenitors in bone marrow [136]. Level of 1,25-

dihydroxy vitamin D is hundreds-fold higher in bone marrow 

compared with plasma [137, 138].  Insufficient level of 25-

hydorxy vitamin D reduces the synthesis of 1, 25-dihydroxy 

vitamin D in the bone marrow and consequently 

erythropoiesis [139]. 1,25-dihydorxy vitamin D is directly 

associated with erythropoiesis and, in line with 

erythropoietin, increases iron storages and retention [137, 139-

142]. Erythropoietin stimulate proliferation of hematopoietic 

cell lines [136]. Vitamin D deficiency in engaged in iron 

deficiency anemia [143-145]. 

Hepcidin is an anti-bacterial protein hormone [146, 147] 

synthesized in the liver and inhibits erythropoiesis [139]. 

Hepcidin acts as an immune mediator which is responsible 

for systematic regulation of iron metabolism [146, 148]. 

Hepcidin reduces plasma concentration and bioavailability of 

iron by inhibition of ferroportin [146]. Vitamin D is a strong 

regulator of hepcidin-ferroportin axis in human body [147]. 

Low vitamin D levels is in favor of hepcidin expression [139]. 

Increased level of hepcidin is associated with reduced liver 

iron and transferrin saturation. 25-hydroxy vitamin D 

concentration is significantly negatively associated with 

hepcidin and positively associated with iron and hemoglobin 

concentration [146, 148, 149].  

Role of Vitamin D in Behavioral System 

• Effect of Vitamin D on Depression 
Deficiency in some vitamins and minerals may cause 

depression presentations. Thus, if depression symptoms are 

caused by these deficiencies, nutritional supplements will 

definitely help the patients. Milaneschi et al. study (2010) was 

conducted over 6 years by participation of 954 individual 

aging more than 65 years in Italy. They concluded that 

vitamin D deficiency is a risk factor of depression in the 

elderly and stated that this association is more strong in the 

women [150]. 89 geographical zones in the United states were 
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studies between 1988 to 1994 and it was observed that 

individuals with vitamin D deficiency are more prone to show 

depression symptoms in comparison with healthy individuals 
[151]. Hoogendijk et al. (2000) reported that decreased serum 

level of vitamin D is significantly associated with depression 

incidence among 1282 elderly aging 65-95 years. Results of 

their study showed that vitamin D deficiency is associated 

with both severe and mild depression [152].   

• Effect of Vitamin D on Post-Partum 
Depression 

The pattern of post-partum depression in Iran is similar to the 

developing countries. Psychological support should be 

provided during pregnancy and just after delivery; since the 

risk of development or recurrence of psychological disorders 

is high during this period. Unfortunately, due to cultural 

factors, all the attention is paid to the neonate and not mother 

which a reason of high prevalence of post-partum depression 

in Iran [153]. Presence of 1,25-dihydorxy vitamin D, vitamin D 

receptor and its activating enzyme (α-hydroxylase) and 

cytochrome P450 in different parts of central nervous system 
[154] which catalyzes hydroxylation of calcidiol to active form 

of vitamin D are among purposed explanation for the role of 

vitamin D in post-partum depression. Accordingly, brain can 

locally activate vitamin D which makes the role of vitamin D 

more probable in brain function [155]. Vitamin D provides a 

neuroprotective effect through various mechanisms. 

Calcitriol is responsible for regulation of calcium intracellular 

and extracellular concentration to prevent toxicity. Several 

studies have stated the relationship between vitamin D 

deficiency and depression including that light therapy is 

beneficial for depression [156]. Some studies have been 

performed on psychiatric disorders indicating the role of 

decreased serum level of vitamin D. It is known that vitamin 

D is engaged in presentation of symptoms of seasonal 

depression. During winter, due to limited sunlight, serum 

level of 25-hydroxy vitamin D is reduced and vitamin D 

supplement therapy recovers the symptoms of seasonal 

depression [157]. Based on the study of Mohammaddokht et al. 

(2018), post-partum depression is associated with low serum 

level of vitamin D and vitamin D supplement therapy during 

pregnancy may be an effective method to prevent this 

disorder [158]. 

• Effect of Vitamin D on Sleep Disorders 
Deficiency in the level of vitamin B group and Vitamin D and 

some minerals may cause sleep disorders. According to 

McCarty et al. study (2014), low serum levels of vitamin D is 

common in patients with sleep disorders. This may be caused 

by chronic pains leading to sleep disorder. It was reported in 

this study that more than 50% of patients with physical pains 

and sleep disorder suffer from vitamin D deficiency.  

moreover, this study proved that the primary reason of sleep 

disorders in most cases, is obstructive apnea or restless leg 

syndrome [159]. 

• Role of Vitamin D in Nervous System 

Vitamin B1, B9, and C as well as Calcium, Magnesium, and 

Zinc affect memory, learning, and cognitive abilities. 

Deficiency of these vitamins and minerals will lead to serious 

disorders in the function of nervous system. Available 

evidences show that vitamin D is involved in regulation of 

growth and function of neurons [160]. The role of vitamin D in 

improvement of function of neurons system is approved by 

presence of 25(OH)D3-1α-Hydroxylase enzyme which is 

responsible for forming active form of vitamin D [155] as well 

as existence of vitamin D receptors in brain, especially in 

hypothalamus and dopaminergic neurons in substantia nigra 
[161, 162]. It is believed that vitamin D has a role similar to 

neurosteroids in nervous system. Due to the interaction 

between vitamin D and MARRS receptor, hormonal form of 

this vitamin is engaged in different intracellular metabolic 

pathways [163]. Moreover, presence of α1-hydroxylase 

enzyme and nuclear VDRs in microglia and non-neural cells 

in central nervous system (CNS) indicates the autocrine and 

paracrine effects of calcitriol (1,25-dihydroxy vitamin D) on 

neurons [164]. The role of active form of vitamin D in the 

nervous system is to change the trend of synthesis and release 

of neurotrophic growth factors such as nerve growth factor 

(NGF) which is vital for neural differentiation. Additionally, 

increased level of glial derived neurotrophic factors (GDNF) 

is approved. Also, 1,25-dihydoxy vitamin D3 is an important 

factor in the synthesis of neural mediators such as 

acetylcholine through increased expression of the gene of 

Choline Acetyl transferase (CAT) [165]. Likewise, vitamin D 

affects the expression of GABA-related genes [166] and 

stimulation of tyrosine hydroxylase (TH) and biosynthesis of 

catechol amines [167-171]. The neuroprotective effect of vitamin 

D includes synthesis of calcium ion (Ca2+) binding proteins 

and maintaining intracellular calcium homeostasis which is 

vital for brain cells function [172-174]. 

Pliz et al. (2008) evaluated the relationship between serum 

level of vitamin D and mortal stroke in patients who were 

referred for coronary vessels angiography. Results of their 

study proved that low serum levels of 25-hydroxy vitamin D 

and 1,25-dihydroxy vitamin D are independent predictors of 

mortal stroke. According to this study, vitamin D supplement 

therapy is an effective method in stroke prevention [175]. 

Kilkkrinen et al. study (2009) proved that as the serum level 

of vitamin D increases, the risk of stroke and its mortality in 

the future 27 years decreases and low vitamin D level is 

associated with higher risk of stroke [176]. Daubail et al. study 

(2012) demonstrated a relationship between low serum levels 

of vitamin D and severity of acute stroke; by treatment of 

vitamin D deficiency, morbidity of stroke patients will be 

lessened [177]. Anderson et al. study was performed on 41504 

patients and indicated that serum level of vitamin D is 

strongly related to increase risk of cardiovascular events and 

consequent stoke [178].  

Role of Vitamin D in Reproductive System 
The role of vitamin D in fertility has attracted attention in a 

number of studies [179, 180]. Existence of α1-hydroxylase 

enzyme and VDRs in these tissues as wells as ovarian cells, 
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endometrial cells and pituitary gland have been shown. After 

recognition of this enzyme and vitamin D receptor, their 

function in ovarian granulosa cells, reproductive system and 

immune system has been explained [181-183]. 

• Role of Vitamin D in Female Reproductive 
Health 

Polycystic ovary syndrome (PCOS) is the most common 

endocrine disorder of women in reproductive age with a 

prevalence of 15-20% in infertile women [184]. PCOS is a 

heterogeneous disease and is among the causes of infertility 

of women. Some studies purposed low levels of vitamin D as 

a possible factor in the pathogenesis of PCOS [185-187]. Vitamin 

D deficiency is reported in 65-87% of women with PCOS 

which can be due to aggregation of vitamin D in the adipose 

tissue of obese women and sunlight avoidance especially in 

women with hirsutism [185]. Irani et al. study (2014) 

demonstrated that vitamin D modifies the pattern of Anti 

Mullerian Hormone (AMH) in granulosa cells and FSH 

sensitivity, and thus affecting ovum evolution; in a way that 

vitamin D supplement therapy leads to increased 

inflammatory serum level of receptor for 

advanced glycation end products (sRAGE) and advanced 

glycation end products (AGEs) and simultaneous reduction 

of AMH. This reduced AMH and increased sRAGE levels 

after D3 administration acts as an anti-inflammatory factor 

and thus improving folliculogenesis in PCOS patients [188, 189]. 

Endometriosis is an estrogen-dependent inflammatory 

disease and one of the most common chronic gynecologic 

disease affecting 5-10% of women in reproductive age. In this 

disease, endometrial cells are implanted in extraurtrine areas 
[190]. Endometriosis presents itself with signs of 

abdominopelvic pain, dysmenorrhea, backache, and 

dyspareunia [191]. Di Rosa et al. study (2012) on the effect of 

vitamin D on endometriosis indicated that abnormally high 

levels of vitamin D leads to incomplete removal of 

endometrial cells transmitting to peritoneal cavity via ovarian 

reflux [192]. Premature ovarian failure defined as menopause 

before the age of 40, is affected by serum level of vitamin D 

and anti Mullerian hormone [193]. Chang et al. study (2014) 

was conducted to determine the relationship between serum 

level of vitamin D, estrogen hormone, sex hormone binding 

globulin (SHBG) and ovarian reserve marker in 73 non-obese 

fertile and healthy women. Result of this study showed the 

positive relationship between serum level of vitamin D with 

total testosterone and free androgen index. Authors purposed 

that vitamin D can enhance fertility though androgen activity 

modulation [194].  

• Role of Vitamin D in Male Reproductive 
Health 

Jensen et al. study (2011) evaluated the relationship between 

serum level of vitamin D and sperm quality. They reported a 

positive relationship between the percentage of mobile 

sperms and level of vitamin D [195]. Many studies show that 

infertile men with different sperm disorders or normosperm 

infertile men (OATN) are at higher risks of osteoporosis and 

proportionately lower levels of testosterone and vitamin D 

[196]. Ramlau-Hansen study (2011), performed on 307 men in 

Denmark, demonstrated weaker sperm parameters and 

androgen concentration is associated with low concentrations 

of vitamin D [197]. In Yang et al. study (2012), lower BMD in 

lumbar spine and iliac bones was associated with lower 

testosterone plasma concentration and there was a strong 

positive correlation between number, mobility, and 

morphology of sperms and vitamin D [196]. 

Low serum concentrations of vitamin D is responsible in 

reproductive functions such as PCOS, uterine fibrosis, 

inappropriate sperm parameters and IVF treatment failure. 

Thus, vitamin D supplement is suggested in the treatment of 

infertility in women and men [198]. 

Role of Vitamin D in Musculoskeletal System 
Anti-oxidant supplements improve the anti-oxidant body 

defense and prevent from oxidative pressure, inflammation, 

and muscle injury. Multiple anti-oxidant supplements are 

introduced to protect cells from free radicals including: E, C, 

and D Vitamins, Carotenoids, Flavonoids. In some studies, 

high prevalence of vitamin D deficiency have been shown in 

patients with musculoskeletal pains of unknown origin [199]. 

Mascarenhas et al. study (2004) on pains attributed to vitamin 

D deficiency performed in the United States, revealed a 

strong relationship between low serum level of vitamin D and 

unspecific persistent musculoskeletal pains. Additionally, 

this study proved that measurement of the level of vitamin D 

in patients with pain with unknown origin and probably 

vitamin supplement therapy is required [200]. Also, several 

studies show that treatment of vitamin D deficiency in women 

leads to extensive recovery of clinical presentations of 

skeletal pains and muscular fatigue [201, 202] and it appears that 

this relationship is stronger in women [201-205]. Khaw et al. 

study (1992) on 138 women aging 45-65 found that bone 

density of lumbar spine, neck of femur and intertrochanteric 

area is directly associated with serum level of vitamin D and 

is reversely associated with PTH [206]. In Martinez et al. study 

(1994) on 150 menopause women aging 45-74 years, a direct 

relationship between bone density on lumbar spine and 

vitamin D was reported. In this study, in women above 60 

years old, a direct relationship was observed with bone 

density in neck of femur, trochanter, and Ward triangle, as 

well as lumbar spine [207]. Ooms et al. study (1995) on 330 

apparently healthy women aging above 70, a direct 

relationship between serum level of vitamin D and bone 

density of neck of femur and trochanter was reported only in 

serum levels below 12 ng/ml [208]. In Lips et al. study on 7564 

osteoporotic menopause women form 25 countries, the effect 

of vitamin D was evident only on the trochanteric area in 

serum levels below 10 ng/ml [209]. Moreover, several studies 

have reported the negative relationship between PTH serum 

level and bone density, especially in the neck of femur [206, 210-

212]. Many studies suggest that there is no relationship 

between vitamin D serum level and bone density [213-218]. 

Holick et al. study (1992) on 213 women and 176 men who 

were home resident, after supplement therapy of one group of 

them with 500 mg calcium and 700 IU vitamin D, the mineral 
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density of all bone centers were higher compared with the 

group who received placebo. Moreover, non-vertebral 

fracture was less common in comparison with control group 
[219]. Calcium and vitamin supplement therapy in elderly and 

menopause women with a history of vertebral fracture, 

reduces the rate of non-vertebral fractures [220]. Vitamin D 

supplement therapy in the elderly reduces bone turnover and 

improved bone density. Similarly, vitamin D and calcium 

supplement therapy in the elderly reduces the rate of fracture 
[221]. Osteoarthritis disease gets more severe in case of 

reduced vitamin D [222]. In Dawson-Hughes et al. study 

(1997), more than 75 nmol/L vitamin D supplement is 

recommended. Vitamin D deficiency disturbs immune 

function in animals and there is an important relationship 

between pneumonia incidence and nutritional rickets in 

children [223]. 

Role of Vitamin D in Gastrointestinal System 
Irritable bowel syndrome (IBS) is a chronic debilitating 

disease with gastrointestinal dysfunction with severe adverse 

effects on the quality of life [224]. IBS is characterized with 

abdominal pain, distention, and alterations in normal bowel 

habits.  A novel study assessed the condition of IBS patients 

and showed that these patients are more prone to vitamin A, 

E, and D deficiency compared with healthy individuals [224]. 

Vitamin D active metabolite (1,25-dihydroxy vitamin D3) 

plays an important role in the regulation of gastrointestinal 

system through both paracrine and autocrine methods [224]. 

1,25-dihydroxy vitamin D3 is pivotal and crucial in 

absorption and function of epithelia cells in the 

gastrointestinal system. In addition, it has detoxifying and 

infectious protective features [225]. In comparison with other 

body cells and tissues, there are more vitamin D receptors in 

intestinal epithelial cells [226]. Hence, the effect of 1,25-

dihydroxy vitamin D3 in the gastrointestinal system is exerted 

through gene transcription [227, 228]. In the United States, IBD 

incidence and hospitalization due to IBD is higher in areas 

with low sunlight [229]. Different studies on the association 

between patients with crohn’s disease or ulcerative colitis 
with low serum levels of vitamin D and 25-hydroxy vitamin 

D is related to crohn’s disease activity index (CDAI; there 
were too few studies to evaluate ulcerative colitis) [230]. 

Cantorna et al. study (2016) revealed a reverse relationship 

between serum levels of vitamin D and acute form of crohn’s 
disease and ulcerative colitis [231]. Malone et al. study (2008) 

reported irritable bowel syndrome (IBS) as a complication of 

vitamin D deficiency [232]. It is reported in Sprake et al. study 

(2012) that 95% of IBS patients have low serum levels of 25-

hydroxy vitamin D [233]. Dehghanian et al. study (2015) 

demonstrated that vitamin D supplement therapy 

significantly increases serum level of 1,25-dihydroxy vitamin 

D3 in IBS patients. Additionally, vitamin D supplement 

therapy significantly reduced severity of clinical 

presentations of IBS patients and significantly improved their 

quality of life [234]. Three mechanism including modification 

of intestinal permeability, alteration in intestinal microflora, 

and inflammation are purposed in IBS and it seems that the 

effect of vitamin D on recovery of IBS symptoms occurs 

through reducing intestinal permeability, inflammation, and 

alteration of intestinal microflora [235-239]. Furthermore, some 

studies have shown that vitamin maintains the integrity of 

junctions and repairing capacity of colon epithelium in 

hostess of mucus layer. Hence, vitamin D deficiency may 

endanger mucus layer and increase mucus sensitivity and 

mucus damage [235-239]. In Ly et al. (2011) reported in their 

study that bacterial colonies affect both expression and 

distribution of vitamin D receptors (VDR) in intestinal 

epithelial cells which shows the dynamic balance between 

this receptor and bacteria. Thus, vitamin D pathway is a vital 

modulator of the effect of intestinal flora on inflammatory 

disorders [240]. 

DISCUSSION AND CONCLUSION 

Recent studies showed that not only vitamin D is a required 

for osteogensis, and osteoporosis prevention, but also it is 

involved in several extra-skeletal functions such as regulation 

of immune system, prevention from cancer, hypertension, 

inflammatory bowel disease, systemic lupus erythematous, 

rheumatoid arthritis, type I diabetes, and infectious diseases. 

Since vitamin D deficiency is more common in the middle 

east compared with Europe and the United States, evaluation 

of vitamin D deficiency and factors affecting vitamin D 

deficiency is vital. There a limited number of studies on the 

role of vitamin D deficiency in health and approaches to 

prevent from vitamin D deficiency. Moreover, due to the 

nature of vitamin D and several factors affecting vitamin D 

level, as well as disease and complications caused by vitamin 

D deficiency, evaluation of this issue should be considered 

among the major priorities of health field. Overall, these 

evidences indicate the necessity of performing further studies 

in the future (without the limitations of previous studies) to 

achieve more reliable results on the role of this vitamin in 

disease prevention. 
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