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 Deficiency of vitamin D is linked to reduced insulin secretion and 

increasingly reported in type 2 diabetes mellitus in epidemiological as 

well as experimental studies. A trial of animals demonstrates that 1,25 

dihydroxy vitamin D regulates the β cell of the pancreas for secretion of 

insulin. A connection between resistance of insulin and deficiency of 

vitamin D is influenced by presence of inflammatory marker is linked 

with vitamin D deficiency. Vitamin D genetic mutation may predispose 

to type 2 diabetes and glycemic control. Epidemiological studies 

demonstrated a link between 24-hydroxyvitamin D3 low-level serum 

amount and increased risk of type 2 diabetes and metabolic syndrome, 

which an increase in fat mass may partially describe. A possible normal 

relationship linking with type 2 diabetes and vitamin D deficiency 

should be verified by a randomized clinical trial demonstrating that 

either vitamin D supplements may improve insulin resistance and insulin 

sensitivity or prevent type 2 diabetes. The result of randomized 

controlled trials (RCT) on an impact of placebo versus Vitamin D, 

occasionally combination with calcium and prediabetes. Review of 

available studies demonstrated decreased in glucose fasting plasma or 

improved insulin resistance. Meta-analysis of RCT does not show a 

significant effect on glycemic control by vitamin supplementation. 

Nowadays, a large RCT is performed for a high dose of vitamin D to 

control glycemic control. The deficiency of vitamin D needs to be 

regulated or prevented; until then, no vitamin D supplementation should 

be recommended to avoid type 2 diabetes. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

An epidemiological study of type 2 diabetes mellitus (T2DM) has linked vitamin D deficiency with 

precipitation of metabolic syndrome and diabetes mellitus. However, it is uncertain to demonstrate whether 

a diabetes type 2 and vitamin D deficiency relationship is causal or confounding. A 1α,25-dihydroxy 

vitamin D3 is a dynamic metabolite of vitamin D3 (1,25(oh)2 D3) that affects insulin secretion and 

pancreas β cell, also by other mechanisms it may affect insulin sensitivity, including dyslipidemia, 

abnormal obesity, hypertension and with a consequence risk of developing cardiovascular disease [1]. 

According to [2], surveys have been done on random clinical trials that demonstrate vitamin D has been 
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improved by improving glycemic control in the patient associated with T2DM. But, the result of these study 

trials does not appear as important, or maybe they are not clinically appropriate. This result is concluded by 

meta-analysis [3]. 

 

Various treatment options has been utilized to improve glycemic control [4], [5], including vitamins [6], 

minerals [7], [8], or through controlling diabetes-coexisted conditions, such as, hyperlipidemia [9], [10], 

hyperuricemia [11], thyroid diseases [12], and metabolic syndrome [13]. Recently a clinical trial has been 

ongoing with vitamin D high doses compared to placebo with an occurrence of diabetes mellites type 2 as 

an outcome. In this review, we would like to cover some important literatures about roles of vitamin D in 

diabetes mellitus. 

 

2. Vitamin D and Diabetes Mellitus Type 2 

The vitamin D receptor is present in many different body organs, which shows that vitamin D metabolite 

has many special-structural effects [14]. For example, in a pancreatic β cell, a vitamin D receptor is present, 

confirmed through the addition of 1,25(oh)2 D3 serum level in a culture medium lead to that stimulation of 

pancreatic islets of animal increase insulin secretion. This increased insulin secretion can be produced by 

high calcium in intracellular [14]. The incidence of protein calcium-binding called calbindin in the cells 

indicates that calcium is a mediator. Modulation of a b- cells growth and differentiation occur by adding 

active metabolite of Vitamin D [1]. A deficiency of vitamin D can lead to an increased concentration of 

parathyroid hormone that causes intolerance in glucose and causes secondary hyperthyroidism [15]. The 

insulin resistance and vitamin D deficiency could be produced by inflammation, as an increase in 

inflammation marker can lead to vitamin D deficiency. Although, a study paper on mendelian 

randomisation can demonstrate that c-reactive protein and vitamin D do not have a causal relationship [16], 

[17]. 

 

On the other hand, the animal trial of mice with a knockout gene of vitamin D receptor [18- 20] does not 

show a high susceptibility to diabetes. But, mice with an inactive vitamin D receptor with a mutation in the 

af2domain regulate normal glucose homeostasis and normal mineralization until an average concentration 

of calcium serum is maintained rescue diet called calcium lactose enriched diet. In a previous study, a 

vitamin D binding protein gene polymorphism may dispose of type 2 diabetes mellitus. In Japan, a vitamin 

D unbreakable protein mutations were linked with higher plasma insulin [21]. According to [22], the 

vitamin D receptor was noticed that a genetype of BSM bb was linked with insulin resistance. Still, it is 

contradictory as carrier BB tented to have higher (BMI) mass body index. 

 

2.1 Studies confirming the relationship between type 2 Diabetes Mellitus and Vitamin D 

Collecting different studies to clarify the role of vitamin D in diabetes has been revealed an inconclusive 

relationship. The inverse relationship between a status of vitamin D and diabetes suggesting insulin 

resistance mechanism has been reported [23] in cross-sectional study involving 6228 patients. At high 

doses, vitamin D has provided a protection against diabetes in case-control study involving 230 apparently 

healthy individual with 22 years of follow up [24]. In 10 years' follow-up cohort study on 37 cases, inverse 

associations between baseline serum vitamin D and future glycaemia and insulin resistance [25]. In 

alternative 608 women-cases control study has revealed that plasma 25-OHD concentration was associated 

with a lower risk of incident type 2 diabetes in women after 14 years' follow-up [26]. In cohort 11 years' 

follow-up study involved 247 cases of non-diabetic patients, the outcome has revealed an inverse 

relationship between diabetes and vitamin D use in BMI-dependent manner [27]. Moreover, non-diabetics 

adults exposed to high dose of vitamin D have shown reduced risk of diabetes in cohort 7 years' follow-up 

study conducted on 2571 subjects [28], [29]. No change has achieved on fasting serum glucose or HOMA-
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IR in cross sectional studies conducted on 668 individuals [30]. Low calcium diet plus high serum vitamin 

D concentration associated with lower diabetes incidence in 5 years' follow-up study conducted on 199 

cases [31].  No association between vitamin D levels and developing diabetes mellitus in 7 years follow up 

case control study involving 317 cases [32]. Alternatively, high plasma vitamin D levels associate with 

lower glucose levels and better B-cells functioning in cohort study involving 131 non-diabetic cases after 3 

years of follow-up [33]. 

 

Healthy Patients 

The consequence of calcium and of vitamin D3 administration compared to placebo in impaired fasting 

glucose. Outcome confirmed that FPG was better in treated than placebo [34]. In another large-scale trial 

study conducted over 7 years on postmenopausal women’s using vitamin D (4000 IU/day) and calcium 

(1000 mg/day). The developing risk ratio of type 2 Diabetes Mellitus was 1.02 [35]. In a Tromso study, 

randomized clinical trials were examined in which 104 patients had a low level 25(OH)D baseline serum. 

The members receive vitamin D3 and after six months of treatment, three hyperglycemic check were 

performed at baseline. The result of vitamin D group does not diverge from the placebo regarding insulin 

sensitivity index and insulin release [27]. A double randomized study trial in healthy volunteers’ women 

(90) with a 25(OH)D<45nmol/I level of serum compared a consequence of placebo and 50,000 IU/WK 

ergocalciferol, a result shows that there is no difference in insulin sensitivity or insulin secretion [36]. 

 

Prediabetes 

Experimental interventional studies on prediabetes subjects revealed no changes in glucose level or insulin 

release compared to control [37- 40]. In south Asian study conducted on women, vitamin D3 has shown 

significant improvement in insulin resistance and sensitivity, and fasting insulin was decreased compared to 

control group [41]. In a separate randomized interventional trials compared the effect of calcium, vitamin 

D3, combined calcium and vitamin D3 versus placebo in 92 obese adults. The results show that vitamin D3 

positively obtained effects after glucose tolerance tests compared to placebo [42]. A non-western immigrant 

who were overweight, highly affected by deficiency of vitamin D, a high risk of a type of diabetes mellitus, 

was treated with vitamin D3 versus placebo. 

 

The result shows no significant effect on the function of β cells and insulin sensitivity. Although in posthoc 

analysis after prohibition of patients suffering from diabetes, an enhancement in insulinogenic index was 

seen in patients whose serum low vitamin D level [43]. In Tromso, individuals with impaired fasting 

glucose tolerance were randomised to either placebo or vitamin D3 for one year. After one shows no 

positive effects on insulin secretion, sensitivity, or glucose metabolism. The Tromso trial was continued for 

five years, both groups developed type 2 diabetes at nearly equal rates [44], [45]. A randomised, double-

blind trial was demonstrated in older overweight Lebanese prediabetic patients, they were randomised with 

calcium citrate and vitamin D3. Homa-IR does not improve by a higher dose of vitamin D3 than a lower 

amount, additionally, the glycemic control does not change either [46]. 

 

Diabetes Type 2 

Fourteen randomized clinical trials were performed randomized in patients with type 2 diabetes mellitus. 

According to [47], 20 diabetic patients, suffering from generalized limbic weakness, were treated with 

vitamin D3 (40,000 IU/week for 4 months) alongside their diabetic medication. The study has shown 

improved limbic status compared to control diabetic non-treated group. 

 

A randomized control trial was performed in Germany where 86 individuals with type 2 diabetes mellitus 

were randomly given Vitamin D3, no significant impact on a metabolic parameter except HbA1c slightly 
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improved in those with higher plasma vitamin D3 levels [48]. In Australia, a randomized clinical trial was 

performed in 50 individuals with the early phase of type 2 diabetes mellitus, which will receive vitamin D3. 

This study shows a slight acknowledgement of glucose fasting plasma after four months but vanished 

thereafter compared to placebo group [49]. In a randomized clinical trial in Korea, diabetic patients with 

low serum vitamin D level were randomly given vitamin D 3 or placebo; the results have shown that 

vitamin D does not affect glycemic parameters compared to placebo. In a randomized control trial in United 

Arabian Emirates, 87 obese individuals with deficiency of vitamin D, treated six months with vitamin D3, 

no relevant changes in on fasting blood glucose, blood pressure, c- peptide, or HbA1c, happen compared to 

control group [50]. 

 

In Denmark, a small study was performed with an individual who has type 2 diabetes mellitus and vitamin 

D3 deficiency. The individuals received for 12 weeks a vitamin D3 or a similar placebo. Hyperinsulinemia-

euglycemic and intravenous glucose tests were performed. The result shows no change in insulin 

sensitivity. However, a marginal improvement in insulin secretion imposed [51]. A parental vitamin D3 was 

randomly used in type 2 diabetes mellitus through intramuscular in the Swiss pilot study [52]. HbA1c and 

HOMA-IR were improved in the group of vitamin D compared to placebo. In RCT in Iran, 120 patients 

with type 2 diabetes Miletus and 25(OH)D<75 nmol/l were randomly arranged according to factorial design 

to 1000 mg/d calcium, 50,000 vitamin D3, calcium or Vitamin D3 or double placebo [53]. 

 

3. The conclusion from Randomized Control Trials 

In the above studies, vitamin D treatment had a less crucial result on HOMA-IR and fasting glucose, mainly 

in individuals with impaired glucose tolerance and at baseline vitamin D deficiency. Therefore, the curiosity 

arises from here that whether these trials are clinically relevant. As the most significant result was examined 

in the post-hoc analysis, the effect in healthy individuals was not substantial. Most individuals with type 2 

diabetes mellitus were negative in the three trials. The negative trial was criticised because there may be 

low vitamin D doses and a short treatment period. In individuals with long-standing type 2 diabetes Mellitus 

may have slight improvement. Some trial studies a mixture of people with glucose intolerance, healthy 

subject, and individuals with type2 diabetes mellitus, the striking point was the summation of calcium was 

advantageous in some cases [52- 54]. 

 

4. Conclusion 

Impaired glucose tolerance along with deficiency of vitamin D were not wholly understood. Some RCTs 

demonstrate a small effect of Vitamin D on-resistance of insulin, HbA1c, and secretion of insulin. These 

impacts are mostly shown in patients with impaired glucose tolerance with baseline and individuals with 

deficiency of Vitamin D. These effects are in a small group that would be suitable for supplementation of 

vitamin D. genetic and ethnic background may affect the impact. At this period, improving type 2 diabetes 

mellitus should not be recommended by vitamin D supplementation. The future ongoing randomised 

controlled trial may alter this conclusion. 
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