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Abstract

Background: In recent years, non-bone diseases have been reported with vitamin D deficiency, one of them is type 2 diabetes, which is a
group of metabolic disorders caused by insulin action deficiency. Evidences suggest that vitamin D deficiency affects the metabolic function of
cells, including beta-pancreatic cells. Regarding the fact that some studies have shown the effect of vitamin D on control of type 2 diabetes, the
present study aims to review on the relationship between vitamin D, glucose homeostasis and insulin resistance type 2 diabetes.

Methods: This study is a review on descriptive and analytic studies which accessed data using biochemical tests, questionnaires and
interviews. By using key words on vitamin D, type 2 diabetes and insulin resistance, 10 articles including descriptive-analytic, cross-sectional,
case-control and interventional types from 1986 to 2018 were conducted.

Results: Many studies have shown that vitamin D levels of 25-hydroxyvitamin D in diabetics, women, and obese people are lower than
others. It shows the effect of vitamin D on glucose homeostasis. In addition, vitamin D has an effect on intracellular calcium therefore it influences
on insulin secretion. It can be said that vitamin D deficiency causes calcium inefficiency to regulate insulin secretion.

Conclusion: According to studies, it can be concluded that vitamin D might be effective in preventing type 2 diabetes and its controlling.
Also, there is no association between vitamin D and insulin secreted by food and hemoglobin Alc (HbAlc).

Keywords: Vitamin D deficiencies; Diabetes mellitus; Type 2; Insulin secretion; Insulin resistance; Pancreatic gland; Fat; Protein; Carbohydrates;
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Introduction

varies according to gender, age and type of food intake, and the
climate and skin color [7]. Decreased vitamin D levels are a factor
in predicting the progression of type 2 diabetes [8]. This article
is aimed to review the researches on the relationship between
type 2 diabetes and vitamin D deficiency which vitamin D might
be a preventive factor for type 2 diabetes.

Diabetes mellitus is a chronic disorder in pancreatic gland,
which increases glucose levels due to low levels of insulin
secretion or insufficiency of insulin activity in the body [1].
Type 2 diabetes leads to decreased insulin sensitivity and poor
performance of pancreatic beta cells [2]. The consequence
of disruption of insulin activity is disorder of fat, protein and
carbohydrates [3]. Vitamin D and its deficiency

Diabetes mellitus is the third leading cause of death in the Looking again at vitamin D has led to a greater impact on
world [4]. According to the World Health Organization (WHO), cancer, cardiovascular disease, allergies and diabetes, and it's a
the number of diabetics has risen from 108 million in 1980 source of attention for all [8]. Vitamin D is referred to as two
to 422 million in 2014, with 1.5 million deaths directly due to  types of steroid compounds: Ergocalciferol (D2) is produced
diabetes in 2012 [5]. by plants, more by fungi and yeast, and cholecalciferol (D3) is

produced by humans by ultraviolet radiation on the skin. This
The statistics show that only 50% of the world’s population

form of vitamin D in fish oil is also available [8]. According to a
hasenoughvitaminD [6]. The prevalence of vitamin D deficiencies
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study, exposure the face, hand, legs or back in front of sunlight
for about 2 hours a day is likely to be enough to provide vitamin
D [9]. This exposure is 3 minutes a day in the winter, 20 minutes
in the autumn and 10 minutes in the summer, to let sunlight
to provide vitamin D [10]. Food sources of vitamin D are also
limited to salmon, lamb liver, and egg yolk [11].

Regarding the metabolism of vitamin D, the 25-hydroxylase
enzyme in the liver and intestinal microsomes catalyzes
the first step of vitamin D activating [9]. This process is so
efficient that with only a small amount of vitamin D in the small
intestine or liver, small amounts of pro-vitamin D can be found
in the bloodstream [9]. Activation of 1.25-hydroxyvitamin D
in the epithelium of the proximal tubular is also known as
1-monoxygenase 4, called 1-alpha-hydroxylase (a cytochrome
P450 mitochondrial oxidase) [9].

Looking again at vitamin D has led to a greater impact on
cancer, cardiovascular disease, and allergies and diabetes, and
overall attention on it [8]. Due to the type of coverage among
women in the Middle East, the lack of vitamin D in these areas is
more severe than in Europe and the United States [12], however,
vitamin D deficiency is common in women [13]. Since vitamin
D is a fat solution and can be surrounded by fat molecules,
overweight people are more likely to be exposed to Vitamin
D deficiency [14]. Vitamin D deficiency is associated with
atherosclerosis, depression, cancer, infectious and inflammatory
bowel disease, migraine and multiple sclerosis [11].

Epidemiology and pathology of type 2 diabetes

The prevalence of type 2 diabetes is growing at an alarming
rate in the world. Every year, more than a million people are
diagnosed as new in the United States [15]. Recently, the
prevalence of type 2 diabetes increased and genetic factors as
well as environmental factors are associated with the onset of
this disease [16]. Changes in the lifestyle including type of diet,
physical activity, smoking, consumption of high-fat foods and
reduced consumption of fruits and vegetables, have increased
the prevalence of type 2 diabetes [17].

In addition to the genetic evaluation, some major factors
related to diabetes are hormones, molecular and biochemical
factors [18]. Increasing levels of triglycerides and cholesterol
and lowering high density lipoprotein (HDL) in diabetics
increases the risk of atherosclerosis [19]. Type 2 diabetes is most
commonly seen in adults, which can be attributed to increased
insulin resistance, overweight and low physical activity [17]. The
higher prevalence of type 2 diabetes in most societies is seen as
a result of lifestyle changes from traditional to industrial [13].

The relationship between vitamin D deficiency and
type 2 diabetes

The common characteristic between vitamin D deficiency
and diabetes is that both of these are endemic diseases [8].8
Vitamin D deficiency and diabetes can be linked to osteoporosis
and metabolic syndromes [13]. Common risk factors among
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them can be African American race, obesity, aging and reduced
physical activity [13]. Also, old men with vitamin D deficiency
release more insulin after absorption of glucose [13]. Recently,
researchers have found that serum levels of 25-hydroxy vitamin
D are considered to be an effective preventative factor for long-
term diabetes mellitus complications including cardiovascular
and renal diseases [20]. So, it can be concluded that diabetic
patients with liver and/or renal diseases have a lower vitamin
D deficiency [8]. It has been observed that 25-hydroxy vitamin
D decreased in cases of type 2 diabetes, pregnancy diabetes and
obesity. It has also been shown that insulinogenic indexes have
improved with vitamin D supplementary.

On the other hand, the role of vitamin D on systemic
inflammation can be pointed here briefly. Systemic inflammation
has been linked initially with insulin resistance [15]. It can be
concluded that it is also associated with type 2 diabetes [15].
Systemic inflammation of cytokines causes apoptosis in beta
pancreatic cells [15]. It can say vitamin D can improve the
survival of beta cells by modulating the effects of cytokines
[15]. It also has an anti-inflammatory effect on reducing insulin
resistance.

Calcium, vitamin D and diabetes

Indirect effect of calcium on insulin secretion is that vitamin
D can maintain extracellular calcium density in normal level and
hold calcium flux within the cell membrane at the natural level
[8]. The effect of vitamin D deficiency on intracellular calcium
is that if intracellular calcium increases, post-receptor binding
insulin function is impaired, such as dephosphorylation of
glycogen synthase and adjustable glucose transduction (GLUT-
4) [21].

Since insulin secretion from pancreatic 3 cells associated
with the amount of intracellular calcium and elevated
intracellular calcium which inhibits insulin receptors, so lack
of vitamin D can increase amount of parathyroid hormone and
consequently, elevated intracellular calcium can inhibit insulin
receptors [22]. Acute increase of intracellular calcium causes
insulin target cells to not measure intracellular calcium flux
for insulin performance [21]. Increased intracellular calcium
can weaken beta-pancreatic cells [21]. The mentioned fact
about vitamin D deficiency is not explicitly discussed [21]. It is
also stated that the level of vitamin D does not correlated with
basal insulin resistance in blood, but it significantly stimulates
secretion of insulin after taking glucose [23].

In general, it can be concluded that, calcium loses its ability to
affect insulin secretion in vitamin D deficiency [8]. In summary,
vitamin D shows some improvements in the association of
diabetes in actions such as stimulating the expression of the
receptor of insulin as aresult of increased insulin activity, indirect
effect on calcium as a result of improved insulin secretion, and
improvement the responsiveness of cells to transfer glucose into
them [8].
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Design and Method

This study is a review on descriptive, cross-sectional,
interventional and analytical studies. By searching in Pubmed,
Biomed central, SID and Iran doc, at the first step the key words
of type 2 diabetes, insulin and vitamin D and at the next step,
insulin resistance, insulin sensitivity, pregnancy and fasting
blood sugar were searched. A total of 10 full text articles in
English and Persian in period of 30 years (from 1986 to 2018)
were selected.

Selection of articles preferably interventional,
sectional and case-control studies was considered according
to their subjects and goals. Certainly, qualitative studies were
not included in the study. Studies with population over 100

participants up to 400 were entered the current study, but due

Cross-

to the value of studies, some interventional and/or case-control
studies were selected however they conducted less than 100
participants. Most of the articles were in line with the goal of our
study, and articles on type 1 diabetes and the effect of calcium
intake on diabetes were excluded.

Results

The following statements show some researches in this field.
According to the results, the major combination of vitamin D
is 25-hydroxy vitamin D3, which is the highest representative
of the level of vitamin D in blood [24]. The following are the
findings of some studies which stated the predictive role of
serum 25-hydroxy vitamin D for glycemic status and insulin
resistance. For instance, a cross-sectional study on 524 men and
women (40-69 years old), baseline mean serum 25- hydroxy
vitamin D was lower in women (57.2 nmol/l) than men (64.5
nmol/1). Baseline 25-hydroxy vitamin D was associated inversely
with risk of fasting glucose and fasting insulin [25]. In a case-
control study on 90 participants with type 2 diabetes and 90
healthy subjects in Diabetes Clinic in Kermanshah-Iran it was
found that 82.2% of diabetics and 61.1% of healthy subjects had
vitamin D deficiency and the obese subjects had 5.4 ng/ml lower
vitamin D levels compared to those with normal body mass
index (BMI). There was a significant difference (p<0.05) in the
25-hydroxyvitamin D levels between patients (12.4+6.1 nmol/L)
and in the healthy group (20.7+18 nmol/L).20 Another cross-
sectional study in 2015 on 84 patients with diabetes in Golestan
hospital, Iran showed the level of 25-hydroxyvitamin D in women
was significantly lower than men and there was a relationship
between waist-hip ratio (WHR) and fasting blood sugar and
vitamin D levels, but there was no significant relationship
between vitamin D and insulin, HbAlc and Homeostasis Model
Assessment of Insulin Resistance JHOMA-IR( levels) [26].

Moreover, a study of descriptive-analytical in Ghazvin-Iran,
in 2012, among 69 participants (one group: diabetic and treated
with drug and another group non-diabetic) stated that the
average serum levels of vitamin D3 in diabetics was significantly
less than non-diabetics (56.7£19.1 vs. 35.5+16.6). Diabetics
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according to glycated hemoglobin (HbA1lc) were separated into
two groups with controlled and uncontrolled of blood sugar.
There was no significant statistical difference between serum
levels of vitamin D3 of controlled and uncontrolled blood sugar
groups. Average serum levels of vitamin D3 in men were more
than women.

Serum levels of vitamin D3 did not have significant
relationship with level of HbAlc in diabetics. Out of 69, sixty-
two participants were had metabolic syndrome. In patients with
metabolic syndrome the average serum levels of vitamin D3 in
diabetics (36.1x16.9 nmol/L) was significantly less than non-
diabetic (60.2+18.5 nmol/L) [27]. An interventional study aimed
to measure insulin sensitivity in 100 diabetic patients (30-70
years old) from Arak, Iran [13]. Patients were given 50,000 units
of vitamin D3 for 2 months. In conclusion, the serum level of FPG
from pre to post intervention reached 7.6 +2.04 nmol/L to 7.27
+2.16 nmol/L, respectively and HOMA-IR reduced from 3.57
+3.18 to 2.89 +£3.28.13

In addition, the findings of overseas studies were in line
with the current study to show the association between vitamin
D deficiency and diabetes. An interventional study by Gedic
and colleagues measured insulin secretion among 4 Turkish
women (average 32.7 years old) with vitamin D deficiency.
Determination of metabolic activity of insulin and glucose was
conducted by OGTT method. Participants were given 2000 IU/d
oral cholecalciferol for 6 months and increased insulinogenic
and insulin levels were observed [21].

Another study by Upreti et al. [24] with randomized
controlled trial design and 60 Indian patients with coexisting
type 2 diabetes and hypovitaminosis D in 2012-13 was done.
Patients were supplemented with vitamin D for 6 month and
results showed significant decrease in mean HbAlc levels
(7.29% to 7.02%; P=0.01), mean fasting plasma glucose (FPG)
(131.4 to 102.6 mg/dl; P=0.04).

In a cross-sectional study carried out by Boucher, 44
adolescents living in East London, an average age of 44.9 years
with a glucose intolerance problem and an average vitamin
D serum <27.5 nmol/L participated. Insulin secretion was
determined by the oral glucose tolerance test (OGTT). It was
concluded that vitamin D had positive association with insulin
and post-challenge C peptide [21].

Discussion

In this study, it is tried to find an association between
vitamin D and type 2 diabetes such as effect of vitamin D on
insulin secretion, sensitivity and resistance. Lack of vitamin D
can reduce insulin secretion and its supplementary in animals
can save secreted insulin [8]. Pittas & colleagues [15] explained
evidences of vitamin D effects on glucose homeostasis including:
a- existence of Vitamin D Dedicated Receptors (VDRs) on
B cells of pancreas.21 b- expression of 1-alphahydroxylase
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enzyme in {3 cells that transforming 25-hydroxyvitamin D to
1.25-hydroxyvitamin D. c- existence of VDR on muscle cells.
d- direct effect of 1.25-hydroxyvitamin D on transcription of
insulin receptor gene. e- finally, increase of glucose transferring
by insulin in vitro.

The effect of vitamin D on the reduction of chance of
developing type 2 diabetes was investigated in Nurses Health
Study and Mitri, even in another study, this decline was 55%
[8,28]. There was an inverse relationship between vitamin
D deficiency and prevalence of type 2 diabetes in the study of
National Health and Nutrition Examination Survey (NHANES III)
inyears between 1988 and 1994 [8]. According to NHANES study,
the effect of race presented that there is a reverse relationship
between the levels of vitamin D and the number of diabetic
patients in whites, but no relationship has been reported in
black people [4].

Studies have shown that, giving 25-hydroxyvitamin D
increases insulin sensitivity up to 54% and its deficiency
leads to increased insulin resistance [29]. Gunal Al et al. [30],
stated that vitamin D3 increased the insulin sensitivity directly
in patients who has a kidney disorder and subsequently
hyperparathyroidism. Talaei [13] observed only a
concentration of 100-150 nmol/L of vitamin D can have a

was

dramatic effect on insulin sensitivity.

Contrary, despite the positive effects of vitamin D, studies
have found that efficacy of vitamin D has been inverted in
diabetic patients, for instance, in a study by Taylor [31], it has
been observed that, high dose of vitamin D has been increased
insulin resistance. This study only responded to 3 cases of
vitamin D deficiency and non-insulin dependent diabetes [31].
Although vitamin D injection resulted in a significant increase
in vitamin D levels in diabetics, none of them reached normal
levels of vitamin D [6]. In the study of MC Gill , no association
was found between HbAlc and vitamin D, but it was found in
Kositsawat study [21]. The differences reported in results are
due to the demographic conditions of under study groups and
use of experimental methods with various designs to measure
insulin secretion and sensitivity [24]. In a study by Orwoll, there
was no significant association between vitamin D and insulin
that secreted by meal in diabetic patients, this is probably due
to the fact that vitamin D cannot be effective for uncontrolled
diabetes [21]. In interventional studies, due to different designs
of methodology, such as different doses of vitamin D and the
selection of specific racial groups, such as Caucasian, leads to
lack of integrity in findings [21].

There are limitations in some of the cross-sectional studies,
for instance, in Scragg and colleagues study [32] they were not
sure if vitamin D levels affects glucose metabolism or vice versa.
One of the strengths of this review was presenting the role of
vitamin D in glucose homeostasis as well as insulin resistance.
Vitamin D is usually ignored while its role is crucial in type 2
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diabetes. It is suggested for future studies to show the role of
other contributing factors, such as weight, BMI and calcium
intake in correlation to type 2 diabetes.

Conclusion

There is no consensus on the efficacy of vitamin D in
the improvement of diabetic patients and findings
different. In general, the results of studies show that vitamin
D supplementation can reduce insulin resistance in patients
with type 2 diabetes and also improve beta cells function. Also,
vitamin D deficiency affects insulin response. Due to global
vitamin D deficiency, vitamin D levels in type 2 diabetes should
be considered and if necessary, vitamin D supplementary should

are

be prescribed to improve blood sugar controlling and insulin
sensitivity.
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