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ABSTRACT

Vitamin D, the “sunshine vitamin’ mainly benefits bones and muscles. Over the past few decades, it has generated lot
of interest in scientific community regarding its extra skeletal health benefits. These benefits range from
neurodegenerative diseases to metabolic conditions, cardiovascular disease, lung infection and cancer. The present
short review will highlight its extra skeletal beneficial health effects in particular the present thinking on vitamin D and

diabetes mellitus.
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INTRODUCTION

Vitamin D has been incriminated as the main factor
promoting growth and fitness of bones as well as cognitive
health. Over the past few decades, interest has been
generated for its extra skeletal health benefit. There are
many clinical situations which have been linked to Vitamin
D deficiency states. Interestingly but really alarming,
Vitamin D deficiency has become a common biochemical
finding. It is difficult to trace the exact cause of Vitamin D
deficiency, but the two important mechanisms are the
possibilities. Firstly, the vitamin is not found in a lot of
commonly eaten food and secondly, the primary source, the
sun, its exposure may be limited depending upon the living
conditions and social upbringing.

Extra-skeletal Health Benefits of Vitamin D
Vitamin D and Respiratory Infections

The role of vitamin D has been linked to respiratory illness

including COVID-19. Preliminary research data found that
Vitamin D supplementation may be beneficial in preventing
the common respiratory illness. In a systemic review and
meta-analysis, it was found that Vitamin D
supplementation protected against the respiratory tract
infection without side effects. The patients, in whom the
Vitamin D levels were very low, benefited most'.

As far as the connection between Vitamin D levels and
COVID-19 is concerned, it is still not authenticated.
However, in an unpublished study by researchers at North
Western University in Chicago, observed that countries
with high prevalence of Vitamin D deficiency had higher
rates of COVID-19 mortality rate. Vitamin D has been
known to play a role in immune system and there are
Vitamin D receptors on immuno competent cells. Vitamin
D deficiency therefore, may increase the body's
susceptibility to infection and its supplementation is
therefore beneficial .
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Vitamin D and Psychiatric illnesses

Vitamin D is also nicknamed as “sunshine vitamin” and
conditions like seasonal affective disorder and depression are
linked with its deficiency.

In a study (Sunshine Study) conducted on women with type 2
diabetes who had significant depressive symptoms and were
administered 50,000iu of Vitamin D weekly for six months.
The result obtained was, that there was a significant (p<0.001)
decrease in depression and anxiety along with improvement in
mental health’.

Astrong association was found between vitamin deficiency and
schizophrenia in a systematic review and meta-analysis from
19 observational studies’.

Vitamin D and risk of dementia including Alzheimer disease
was assessed in more than 1600 elderly people without
dementia at the start of the study. Comparing the Vitamin D
levels in those who had normal values and those with low
levels; it was observed that people with low levels of vitamin D
had a 53 percent more risk of developing all-cause dementia.
On the other hand, those were severely deficient had a 125
percent increased risk of developing dementia. People with
lower levels of Vitamin D were 70 percent more chance to
develop Alzheimer's disease specifically, while severely deficit
individuals had more than 120 percent chance to develop this
neurodegenerative disorder of elderly”.

Prostate Cancer Risk and Vitamin D Levels

In a meta-analysis of 21 relevant publications including 11,941
cases and 13,870 controls, it was revealed that a significant 17
percent increased risk of prostate cancer for the study subjects
with higher levels of Vitamin D’. On the contrary, previous
study reported earlier, found a link between low levels of
Vitamin D and aggressive prostate cancer in African American
and European men.

Vitamin D and Breast Cancer

Besides prostate cancer, a link has also been seen with Vitamin
D deficiency and breast cancer. A review published in 2018
found that most of the studies support that there is an inverse
association between the level of Vitamin D and the risk of
breast cancer”’.

Erectile Dysfunction and Vitamin D Levels

A small study conducted on 143 patients with varying severity
of erectile dysfunction (ED) to assess their Vitamin D levels.
They found that the men with severe ED had significantly
lower Vitamin D levels than the men with mild ED.
Furthermore, it was interesting that this combination of ED
with low level of Vitamin D was more frequent in patients with
arteriogenic etiology, suggesting that low levels of Vitamin D
may increase ED by promoting endothelial dysfunctions®.

Vitamin D Deficiency and Cardiovascular Diseases

Literature reviewed points towards the relation between
Vitamin D and heart problems. It may be a potential risk factor
for health problems related to heart disease including
hypertension, atherosclerosis, diabetes and stroke. However, it
still not established whether Vitamin D supplementation will
reduce the cardiac risk.
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A recent study, conducted on Vitamin D supplementation and
development of cardiovascular events, indicated that Vitamin
D supplementation might reduce the incidence of major
cardiovascular events, but absolute risk difference is small.
However, it can also not be concluded that Vitamin D
administration does not alter the risk of cardiovascular
diseases’.

Vitamin D and Diabetes

The exponential increase of T2DM is a great cause for concern
and if left untreated, T2DM can lead to a multitude of chronic
microvascular and macrovascular conditions such as
retinopathy, nephropathy, neuropathy and cardiovascular
disease (CVD)". The enormity of the T2DM epidemic and its
sequelae emphasize the importance of finding ways to prevent
and/or ameliorate the deleterious effects of this disease. In
addition to genetics which predisposes individuals to
developing T2DM, there are also many environmental factors
which contribute greatly to its development". A plausible
explanation of pathophysiology of T2DM is a requisite to
understand the relationship between Vitamin D status and
T2DM before reviewing the evidences for their association.

PATHOGENESIS OFTYPE 2 DIABETES:

In a normoglycemic individual, in response to a rise in blood
glucose, the B-cells of the islets of Langerhans, found within
the pancreas, will synthesize and secrete insulin into the
blood”. A malfunctioning of the feedback loops between
insulin action and insulin secretion results in abnormally high
glucose levels in blood”. T2DM is a progressive chronic
disease; it begins with insulin resistance, which leads to
increasl“els5 in hepatic glucose production and ends with f -cell
failure ™.

In the case of B-cell dysfunction, insulin secretion is reduced,
limiting the body's capacity to maintain physiological glucose
levels. On the other hand, IR contributes to increased glucose
production in the liver and decreased glucose uptake both in the
muscle, liver and adipose tissue .

T2DM pathophysiology involves at least seven organs and
tissues, including the pancreas, liver, skeletal muscle, adipose
tissue, brain, gastrointestinal tract, and kidney (Figure 1).
Reduced sensitivity to insulin (i.e., impaired insulin-mediated
glucose disposal or insulin resistance) in liver, muscle, and
adipose tissue, and a progressive decline in pancreatic B-cell
function leading to impaired insulin secretion, eventually result
in hyperglycemia, the hallmark feature of T2DM".

VITAMIN DAND T2DM:
Synthesis of 1, 25-Hydroxyvitamin D:

When the skin is exposed to solar ultraviolet B radiation
(wavelength, 290 to 315 nm), 7-dehydrocholesterol is
converted to pre-vitamin D3, which is rapidly converted to
Vitamin D3 (cholecalciferol).Vitamin D from the skin and diet
is then transported in the blood by circulating vitamin D-
binding protein (DBP, a specific binding protein for Vitamin D
and its metabolites in serum).
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Figure 1: Multi-organ and tissue pathophysiology of type 2 diabetes'’
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Link between Vitamin D Deficiency and Insulin Resistance:

Vitamin D has been proposed to play an important role and to
be arisk factor in the development of insulin resistance and the
pathogenesis of type 2 DM by affecting either insulin
sensitivity or B-cell function, or both”.

In keeping with the notion that T2DM cannot manifest without
B-cell failure, it is important to examine the role of Vitamin D
metabolites (i.e., 1, 25(OH) 2D3) in pancreatic B-cell function.
Vitamin D is reported to be essential for insulin secretion from
pancreatic B—cells”'in both in vitro and in vivo studies™**. The
mechanisms by which Vitamin D acts on insulin secretion are
thought to be both direct and indirect; in particular, the direct
effect of vitamin D on insulin synthesis and secretion is
suggested by the demonstrated binding of the active form 1,
25(0OH) D to the vitamin D receptor on B-cells, by the
identification of vitamin D response elements in the human
insulin gene promoter™, and by the transcriptional activation of
the human insulin gene caused by 1, 25(OH) D25. Instead, the
indirect effects of Vitamin D on B-cell secretory function seem
to be mediated by alterations in calcium flux through the B-cell
megnbrane, as suggested by a study conducted by Beaulieu et
al.”.

Another plausible explanation given is based on low-grade
inflammation characterized by increase in circulating
cytokines, which is one of the hallmarks of T2DM. High
amounts of circulating inflammatory cytokines, such as TNF a
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and IL-6, contribute significantly to insulin resistance in
muscle and adipose tissue”. To help establish a protective role
for vitamin D and its respective metabolites against T2DM,
Riachy et al. examined the effects of 1,25(OH)2D3 on human
islets in the presence of cytokines and found that islets
incubated with cytokines and 1,25(OH)2D3 were protected
against apoptosis compared to those incubated with cytokines
alone™. Moreover, the identification of the VDRE in the insulin
receptor gene promoter has also helped establish a role for 1,
25(0OH) 2D3 in increasing insulin sensitivity by increasing
insulin receptor gene expression™. Furthermore, Vitamin D3
supplementation has been shown to reduce inflammatory
cytokines such as IL-6 and TNF-a, which play a significant role
ininducing insulin resistance”.

Following chart summarize the role of Vitamin D deficiency in
Insulin Resistance and hence, Diabetes as per the evidences
available from literature:

In order to assess the correlation between Vitamin D levels and
diabetes mellitus, many prospective case control and cross-
sectional studies have been conducted throughout India as well
as the globe. In India, results have been reported from Kolkata,
Eastern India, Tirupati from south and Rajasthan from the west.
Other studies have been reported from Kenya, Saudi Arabia,
Korea, Brazil and Riyadh. Many reviews and meta-analysis of
randomized controlled trials have also been published with
different population and subsets of patients.
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Role of Vitamin D Deficiency in Insulin Resistance Study Reference

Inherited gene polymorphisms
e Including DBP, VDR, and CYP1alpha gene polymorphisms 18,30,31
» Disturbance of Vitamin D transport, action, and production
Immuno-regulatory function
e Activating innate and adaptive immunity
» Enhancing dendritic cell maturation and macrophage differentiation, and cytokine release 18,32-34
« Enhancing T-cell proliferation Releases of IL-12, IL-2, INF-y, and TNFa (destruction of the 3-cell)
Inflammation
e Upregulation of NF-kB and inducing TNFa proinflammatory actions
»  Downregulates IkB-a by decreasing mRNA stability and increasing IkB-o phosphorylation. 24,27-29,35
« Enbhancing the expression of TLR2 and TLR4 protein and mRNA in human monocytes, reducing

the release of cytokines
Other molecular actions of vitamin D to alter glucose homeostasis
» Low calcium status: hypocalcemia can lower glucose-stimulated insulin secretion in f-cell
e PTH level: elevating PTH reduces glucose uptake by liver, muscle and adipose cell 18.36,37
» Obesity: Vitamin D deficiency can increase adiposity, and increasing sequestration of Vitamin D in

adipose tissue TLR2 and TLR4 protein and mRNA in human monocytes, reducing the release of

cytokines

REVIEW OF STUDIES

A prospective case control study found out the Vitamin D status
in newly detected T2D patients. One hundred and two, newly
detected T2D patients and similar number of age, body mass
index (BMI), and gender matched healthy controls without
diabetes were studied. Overall 25HD, was lower (mean + SD,
18.81 + 15.18 ng/ml) in patients with T2D as compared to
healthy controls (28.46 + 18.89 ng/ml). Severe VDD (25HD of
< 5 ng/ml) was seen in 16.2% of patients with diabetes and
2.5% of control subjects. Conclusion was drawn that the mean
serum 25HD was significantly lower in people with diabetes
compared with controls™.

To determine the prevalence of Vitamin D deficiency in Asian
Indians with Type 2 diabetes mellitus (T2DM) living in north
India a study was conducted on a total of 92 patients with
T2DM and were compared with nondiabetic patients (n = 92)
matched for age, gender, BMI, waist circumference and total
body fat. The average concentration of serum 25(OH) D3 was
significantly lower for T2DM patients as compared with non-
diabetic patients. Severe vitamin D deficiency was
significantly more prevalent among T2DM patients (57.6%)
than the non-diabetic patients (33.3%). The average
concentration of serum 25(OH) was significantly lower for
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diabetic males than diabetic females (9.07+ 6.7 vs. 12.6 +7.6,p
= 0.02). Conclusion was made that the prevalence of severe
Vitamin D deficiency among Asian Indians living with T2DM
in a metropolitan city of north India was greater than those
without T2DM and this difference was statistically
significant”.

The occurrence of Vitamin-D insufficiency/ deficiency among
Pre-diabetics and the relationship between Vitamin-D status
and insulin resistance was also addressed in a study carried out
on 157 pre-diabetics along with 42 diabetics and 28 controls
attending department of Endocrinology and Metabolism,
Institute of Postgraduate Medical Education & Research,
(IPGMER) and SSKM hospital, Kolkata, India.lt was
estimated that out of 157 subjects Vitamin-D deficiency/
insufficiency was 73.25% (n=115), 66.6% (n=28) and 78.57 %
(n=22) in individuals with pre-diabetes, diabetes and controls
respectively. A statistically significant inverse correlation was
observed between Vitamin D and insulin resistance (HOMA2-
IR; 1=-0.33, P=0.008); and a positive correlation with measures
of insulin sensitivity (QUICKI, 1/fasting insulin). Conclusion
was drawn that Vitamin-D deficiency/insufficiency may play
role in the development or worsening of insulin resistance in
pre-diabetic individuals™.
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In a cross-sectional study conducted in a Tertiary Care Hospital
of Eastern India, the prevalence of Vitamin D deficiency in new
onset type 2 diabetes mellitus as well as the association
between 25 hydroxy vitamin D with insulin resistance and
insulin secretion was explored. The study was carried out for a
duration of 18 months over 120 newly diagnosed cases of type
2 diabetes which were compared with 120 non-diabetic healthy
controls. Results showed that there was significantly lower
vitamin D level (p< 0.001) in cases (mean =24.91+ 14.58
ng/ml) as compared to controls (mean=41 + 28.33 ng/ml). 30%
subjects (n=36) and 29.16% (n=35) were having insufficient
Vitamin D levels among cases and controls respectively.
Similarly, 30% (n=36) and 19.16% (n=23) were deficient
among cases and controls respectively. As per the revealed
results conclusion was drawn that 25(OH) D had significant
negative association with insulin resistance'.

Prevalence of hypovitaminosis D among type 2 diabetic
patients at Kenyatta National Hospital in Nairobi, Kenya was
determined through a cross-sectional study. A total of 151type 2
diabetic patients on follow-up were recruited. Results reported
that the mean Vitamin D level was 31.40 ng/ml (£23.22).
Vitamin D deficiency was found in 58 study participants
(38.4%). The study brought out that population on a long-term
follow-up for diabetes, there was high prevalence of vitamin D
deficiency. This forms a basis for further management of
patients with poor glycemic control®.

A cross-sectional study investigated the prevalence Vitamin D
deficiency in male patients with T2DM. 1145 patients with
T2DM attending the Diabetes centre at King Fahad Armed
Forces Hospital, Saudi Arabia between January 2018 and
December 2018. The prevalence of different Vitamin D status
were; 55.6% deficient, 27.3% insufficient and 17.0% sufficient.
Vitamin D deficient patients have statistically significant
higher HbAlc than patients with vitamin insufficiency or
sufficiency (8.3 £2.0 vs. 7.7 = 1.7 vs. 7.4 £ 1.7 respectively,
p<0.0001). Moreover, Vitamin D deficient patients have
statistically significant lower 25(OH) D than patients with
vitamin insufficiency or sufficiency (34.3 = 8.9 vs. 60.6 + 7.2
vs. 100.3 +23.0 respectively, p<0.0001). The mean 25(OH) D
was upward as age advanced with highest frequency of VDD
was found in the sixth decades. Conclusion revealed that the
prevalence of VDD in male patients with T2DM was high®.

A cohort study explored the association between 25-hydroxy
vitamin D and type 2 diabetes (T2D) risk. 1080 nondiabetic
Korean subjects based on the presence of one or more risk
factors for T2D, including obesity, hypertension, dyslipidemia,
and/ or family history of T2D were recruited for the study and
followed up for 5 years. Anthropometric and biochemical
indicators, HOMAZ2-IR, and the insulinogenic index (IGI)
were measured. Results revealed that 0.5% had a serum
25(0OH) D deficiency, 51.6% had an insufficiency and 38.0%
had a sufficiency. Out of 1080 participants, 97 (9.0%)
developed T2D over 32.3 6 15.6 months of observation. The
incidence rates of T2D (Hb Alc =6.5%) came out to be 15.9%,
10.2%, and 5.4% in the 25(OH) D-deficient, insufficient, and
sufficient groups, respectively (P <0.01). It was concluded that
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independently of known risk factors, Vitamin D metabolism
play arole in pathogenesis of T2D".

Blood levels of Vitamin D3 and its association with type 2 DM
in rural ethnic population was assessed in a cross- sectional
study undertaken from February 2018 to January 2019 at
Multidisciplinary Research Unit of Agartala Government
Medical College. A total of 208 ethnic subjects were recruited
in this study using multistage sampling technique. 65%
prevalence of Vitamin D3 insufficiency was observed as per the
reported results. It was revealed that out of 208, 136 subjects
had blood Vitamin D3 insufficiency while 72 subjects were
with sufficient amount of Vitamin D3 level. The findings of this
study also suggested a much higher prevalence of Vitamin D3
insufficiency in the age range of 51-61 years”.

A prospective study was carried out in D. Y. Patil University,
School of Medicine for a duration of 1 year to assess the
correlation of Vitamin D deficiency with T2D and metabolic
risk factors in Indian population. A total of 144 subjects were
recruited for the study, out of which 74 were diabetic and 70
were non-diabetic controls. Analysis of the data revealed that
13.51% of the diabetics to be Vitamin D deficient as compared
t0 28.57% deficient among the non-diabetics. This study found
out an inverse relation between Vitamin D and serum
cholesterol (p=0.01) and it was also statistically significant for
Vitamin D and low-density lipoprotein (p=0.01)".

In another study conducted in 2017, the association between
serum Vitamin D levels and glycemic control markers in type 2
DM patients was analysed. 80 diagnosed subjects of Type 2
DM reporting to Endocrinology and Metabolism outpatient
department of Sri Venkateswara Institute of Medical Sciences,
Tirupati were included in the study. Subjects were divided into
two groups; n=38 (with Vitamin D >20 ng/mL - Vitamin D non-
deficient) and n = 42 subjects with Vitamin D <20 ng/ mL
(Vitamin D deficient). Results revealed that there was no
significant association between Vitamin D and markers of
glycemic control- FBS, PPBS, HbA 1¢ and Insulin resistance”’.

The relationship between Vitamin D levels and ages of type 2
diabetes individuals was assessed in a descriptive-analytical
study conducted on 101 type 2 diabetes patients. The mean age
of the subjects was 61.25 + 11.75 years. Out of 101 diabetic
patients, 72 individuals suffered Vitamin D deficiency which is
71.3%. Findings of the study suggested that serum Vitamin D
levels of type 2 diabetic subjects were significantly correlated
with their ages (r=0.282, P=0.004)".

Another study determined the vitamin D status among type 2
diabetics and examined the association of Vitamin D status
with level of glycemic control. Subjects were divided into 3
groups- group I consisting of 48 healthy controls, group II
having 46 patients with DM history of more than five years and
HbAlc levels < 7% and Group III comprising of 56 patients
with DM history of more than five years and HbAlc levels >
7%. Results of the study showed that diabetic patients had
lower Vitamin D levels in comparison to healthy individuals
and the value further decreases in patients with poor glycemic
control (HbAlc >7%). It was also concluded that there was
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significant negative correlation between HbAlc and Vitamin D
levels (r=-0.94 and -0.97 respectively)”.

Prevalence of Vitamin D deficiency and its correlation with
diabetes among menopausal women was also evaluated in a
cross sectional one year analysis. A total of 312 Post-
menopausal women were recruited in this study. Fasting blood
glucose levels were used to analyse any Correlation between
raised blood sugar levels and Vitamin D deficiency among
postmenopausal women (PMW). Although results have shown
high Vitamin D deficiency (53.35%) among the study
population but it failed to show any statistical significant
association between Vitamin D deficiency and existence of
diabetes. Conclusion was made that statistical correlation
between Vitamin D deficiency and existence of diabetes was
not significant because of the small sample size™.

The effect of Vitamin D supplementation on glycemic control
and insulin resistance in Type 2 Diabetes Mellitus was explored
in a Pre-post Intervention Trial. Fasting and postprandial blood
samples were collected from the 300 known cases of Type 2
Diabetes mellitus and controls, which were further divided into
2 groups- Group I (subjects with normal Vitamin D level
>20ng/ ml), no Vitamin D supplementation was given, whereas
Group II (with decreased Vitamin D level <20 ng/ml), oral
supplementation of Vitamin D, 60,0001U/week for 4 weeks
was given. Results showed that prevalence of Vitamin D
deficiency (< 20 ng/mL) in type II diabetes individuals was
30%. It wasrevealed that after supplementation to the Vitamin
D deficient Diabetic group there was a significant decrease in
Fasting plasma glucose (p-value 0.0028). Also, a statistically
significant decrease was observed in Fasting serum insulin
levels (p <0.0031) and insulin resistance (p=<0.0001) after 4
weeks of Vitamin D supplementation. The Conclusion was
drawn that Vitamin D supplementation in Diabetics could be
beneficial in management of Type 2 DM

Correlation between Vitamin D level and glycemic control in
type 2 diabetics was investigated in a study conducted on 50
type-2 diabetes patients attending Medicine OPD and Geriatric
OPD in PBM Hospital Bikaner Rajasthan. Result of this study
revealed an inverse between Vitamin D level and HBAlc
which meant Vitamin D status is inversely related to glycemic
control. The conclusion was made that Vitamin D deficiency is
prevalent in type 2 diabetes mellitus patients. Hence,
supplementation of Vitamin D can improve their glycemic
control which can further reduce the complication of diabetes™.

The status of Vitamin D among type 2 diabetes mellitus patients
was investigated in a systematic review including 12 Saudi
studies. There were nine cross-sectional studies, two
randomized case-control studies and one study whose design
was not mentioned. In 10 studies14,373 T2DM patients
participated and in the remaining studies there were 272 T2DM
patients and 273 controls. Results showed that the prevalence
of Vitamin D deficiency varied in a range 0f37.6% to 80%
among the included studies. Four studies found that HbAlc
was higher among T2DM patients with Vitamin D deficiency
than patients without deficiency of the vitamin. On the contrary
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three studies found a negative correlation between HbAlc and
Vitamin D deficiency, where HbAlc was higher among T2DM
patients without Vitamin D deficiency. It was concluded that
the prevalence of Vitamin D deficiency was high among T2DM
patients especially among older patients™.

Predictors of hypovitaminosis D in patients with type 2
diabetes mellitus patients were identified in a cross-sectional
study on 108 patients recruited from Endocrinology outpatient
clinic, Brazil. Results of the study revealed that the overall
prevalence of hypovitaminosis D was 62% (39.8% insufficient
and 22.2% deficient). In this study p =0.02), dyslipidemia (OR
6.50, p < 0.01) and obesity (OR 2.55, p = 0.07) emerged as
independent predictors of Vitamin D deficiency. HbAlc (r =
—0.22, p =0.03) showed significant inverse linear correlations
with vitamin D levels. Based on these results conclusion was
made that future studies are needed to evaluate whether vitamin
D replacement would help reducing cardiovascular outcomes™.

The impact of Vitamin D on glycemic control in patients with
type 2 diabetes mellitus was analysed in a study conducted on
128 diabetic patients. Based on HBA1c values patients were
divided into two groups: good glycemic control (HbA1c<7%)
and poor glycemic control (HbA1c>7%). In this study Vitamin
D deficiency rate was found to be 98.3%. Although there were
high level of Vitamin D deficiency, results of this study
indicated that Vitamin D was not significantly associated with
glycemic control in type 2 diabetes mellitus subjects. (P value
>0.05)".

The hypothesis that low 25(OH) D levels are associated with
poorer glycemic control in diabetes mellitus (DM) patients was
investigated in a prospective observational cohort study carried
over 1000 type 1 and type 2 diabetes patients reported to
outpatient clinics of a tertiary centre in Riyadh. Baseline
HbAlc and vitamin D levels were recorded prior to
supplementation and after a period of 9 months of
supplementation with vitamin D. Results of the study revealed
a total of 73.1% of patients having 25 (OH) D deficiency.
HbAlc levels were found to be inversely correlated to 25
(OH)D levels (r=-0.14 (P=<0.0000002). it was observed that
the mean HbA1C dropped down to 7.70 form 10.55 after
Vitamin D supplementation to the patients. It may be
concluded based on the findings of this study that advising
regular check on Vitamin D levels and correcting any
deficiency would result in better blood glucose control™.

A cross-sectional study conducted in 2016 investigated serum
25-hydroxy Vitamin D level in diabetic patients and compared
it to the normal individuals. Study was conducted on a total of
106 subjects, 75 of those were free of diabetes while 31 were
type 2 diabetics. Results have shown that the prevalence of
Vitamin D deficiency (<50 nmol/l) was 88.87% in diabetic and
92% in normal subjects respectively which meant that level of
Vitamin D was 8% lesser in diabetics in comparison to non-
diabetics. However, the mean serum level of Vitamin D was not
significantly different between the two groups (P=0.788).
There was significant positive association of Vitamin D level
with age in subjects with normal glucose levels”'.
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A review paper published in 2011 summarized the relation
between Vitamin D and diabetes and discussed the mechanism
of action of vitamin D and its implications on health. Two main
forms of Vitamin D: ergocalciferol (Vitamin D2) and
cholecalciferol (Vitamin D3) were clinically understood,
highlighting the mechanism and dietary recommendations. 2-
step process of conversion in the liver and kidney for both the
forms was explained. Also, authors discussed binding of active
form, 1, 25-dihydroxyvitamin D to Vitamin D receptors
(VDRs). This mechanism explained why diabetics having pre-
existing liver and kidney are amenable to high risk of Vitamin
D deficiency. Supported by observational and experimental
evidence, it was concluded that Vitamin D status appears to
play a role in the development as well as treatment of diabetes
and reasonable supplementation of Vitamin D can possibly
reduce incidence of diabetes mellitus™.

Over the past decade, Vitamin D deficiency has been linked to
an increase risk for a number of extra skeletal conditions
including type to diabetes. Its antidiabetic properties have been
hypothesized to be by regulating insulin secretion or its
sensitivity, its anti-inflammatory effect as well as down-
regulation of elevated parathyroid hormone which impair
insulin secretion™ . Conflicting results also suggest its role in
glucose homeostasis.

Many cross-sectional studies have highlighted that insufficient
Vitamin D levels was associated with type 2 diabetes and its
complications” . Also low levels of Vitamin D have been
observed in obesity and metabolic syndrome- the two
predisposing situations for the development of diabetes™.

Prospective cohort studies have revealed inverse association
between serum 25-OH-Vitamin D and future risk of type 2
diabetes, hyperglycemia, insulin resistance and diabetic

. . 67-69 .
complications’ . On the contrary, a meta-analysis of four
prospective cohort studies suggested no association between
Vitamin D and type 2 diabetes".

Intervention Studies

Many intervention studies conducted so far to evaluate the
effect of Vitamin D supplementation on glycemic control have
shown conflicting results’"™”. Many previous meta-analyses
had methodological limitations and the findings were
inconsistence™”

A recent systematic review and meta-analysis of randomized
controlled trials on the issue of Vitamin D supplementation and
its effect on glycemic control in diabetic patients found that
Vitamin D supplementation may be beneficial for reduction of
fasting glucose, HbAlc and insulin resistance in patients with
type 2 diabetes with deficient Vitamin D status. This significant
effect was especially prominent when Vitamin D was given in
large doses for a short period of time™.

Present thinking

Recently a study published highlighting that supplementation
of vitamin D reduces the risk of type 2 diabetes in people with
pre-diabetes. It was a systematic review and meta-analysis
from three randomized clinical trials. All three trials included

Pac. J. Med. Health Sci. 2023; 5(2): 53 - 63

in analysis were randomized, double blinded and placebo
controlled. Three formulations of Vitamin D were tested:
Cholecalciferol 20,000iu (500 mcg) weekly, Cholecalciferol
4,000iu (100 mcg) daily or Eldecalcitol 0.75 mcg daily against
placebos"".

The results showed that Vitamin D significantly reduced the
risk of developing frank diabetes by 15 percent in adjusted
analysis. The three year absolute risk reduction was 33 percent.
There were no differences in the rate ratios for adverse events
related to vitamin D such as kidney stones, hypercalcemia and
hypercalciuria as compared to placebo.

The absolute risk reduction is small when compared with the
risk reduction seen with intensive life style change (58%) and
with metformin administration (31%) **. However, when these
data are extrapolated to the 374 million adults throughout the
word who are pre-diabetics suggests that this simple Vitamin D
supplementation could delay the onset of diabetes in more than
10 million people.
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FINANCIAL SUPPORT: None

REFERENCES

1. Martineau AR, Jolliffe DA ,Hooper RL, Greenberg L et al.
Vitamin D supplementation to prevent acute respiratory
tract infection : systemic review and meta-analysis of
individual participant data. BMJ. 2017; 356:16583.

2. Penckofer S, Byrn M, Adams W, Emanuele MA et al.
Vitamin D supplementation improves mood in women
with type 2 diabetes. J Diabetes Res.2017; 2017:8232863

3. Valipour G, Saneei P, Esmaizadeh A. Serum vitamin D
levels in relation toschizophrenia : A systematic review
and meta-analysis of observational studies. J Clin
Endocrinol Metab. 2014;99 (10):3863-3872

4. Littlejohns TJ, Henley WE, Lang IA, Annweiler C et al.
Vitamin D and the risk of dementia and Alzheimer disease.
Neurology. 2014; 83(10): 920-928

5. XuY, Shao X, Yao Y et al. Positive association between
circulating 25-hydroxy vitamin D levels and prostate
cancer risk: new findings from an updated meta-analysis. J
Cancer Res Clin Oncol. 2014 ; 140 :1465-1477

6. Miriam de La PY, Maria A. CC, Maria J.CC et al. Vitamin
D : And its role in breast cancer. KIMS. 2018; 34 : 423-
427

7. Hossain S, Beydoun MA, Beydoun HA , Chen X et al.
Vitamin D and breast cancer : A systematic review and
meta-analysis of observational studies. Clinical Nutrition
2019; 30:170-184

60



Aasdhir and Beniwal

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pac. J. Med. Health Sci. 2023; 5(2): 53 - 63

. Barassi A, Pezzilli R, Colpi GM, Romanelli MC. et al.

Vitamin D and erectile dysfunction. J Sex
Med.2014;11:2792-2800

. Thompson B, Waterhouse M, Dallas R, Donald SM et al.

Vitamin D supplementation and major cardiovascular
events: D-Health randomized control trial. BMJ
2023;381:¢075230

. Moreira TS, Hamadeh M J. The role of vitamin D
deficiency in the pathogenesis of type 2 diabetes mellitus.
Eur. J. Clin. Nutr2010, 5: e155-¢165.

Kahn SE, Cooper ME, Del Prato S. Pathophysiology and
Treatment of Type 2 Diabetes: Perspectives on the Past,
Present and Future Lancet. 2014; 383(9922): 1068-1083.
doi:10.1016/S0140-6736(13)62154-6

Rhodes CJ, White MF. Molecular insights into insulin
action and secretion. Eur JClin Invest 2002; 32(3):3¢e13.

Stumvoll, M.; Goldstein, B.J., van Haeften, T.W. Type 2
diabes: Principles of pathogenesis and therapy. Lancet
2005,365:1333-1346

Leahy J. Pathogenesis of type 2 diabetes mellitus. Arch
Med Res 2005;36.197¢209.

Lebovitz HE. Insulin resistance a common link between
type 2 diabetes and cardiovascular disease. Diabetes,
Obesity Metabolism 2006;8:237e49,

Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal
A, Siddiqi H. Uribe K B et al. Pathophysiology of Type 2
Diabetes Mellitus. Int. J. Mol. Sci. 2020; 21(6275):1-24.
d0i:10.3390/ijms21176275

Cornell S. Continual evolution of type 2 diabetes: an update
on pathophysiology and emerging treatment options.
Therapeutics and Clinical Risk Management 2015;11:621-
632

Sung CC, Liao MT, Lu KC, Wu CC. Role of Vitamin D in
Insulin Resistance. J. biotechnol. biomed.2012.
doi:10.1155/2012/634195.

Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis D is
associated with insulin resistance and b cell dysfunction.
Am. J. Clin. Nutr. 2004; 79(5):820- 825.

Hypponen E, Power C: Vitamin D status and glucose
homeostasis in the 1958 British birth cohort: the role of
obesity. Diabetes Care 2006; 29: 2244-2246.

Cade C, Norman AW. Vitamin D3 improves impaired
glucose tolerance and insulin secretion in the vitamin D-
deficientratin vivo. Endocrinology 1986;119:84-90

Bourlon PM, Faure-Dussert A, Billaudel B: The de novo
synthesis of numerous proteins is decreased during vitamin
D 3 deficiency and is gradually restored by 1, 25-
dihydroxyvitamin D 3 repletion in the islets of Langerhans
ofrats. J Endocrinol 1999; 162:101-109.

23

. Clark SA, Stumpf WE, Sar M: Effect of 1,25

dihydroxyvitamin D 3 on insulin secretion. Diabetes 1981:
30:382-386.

24. Maestro B. Davila N, Carranza MC, Calle C: Identification

25.

26.

27.

of a vitamin D response element in the human insulin
receptor gene promoter. J Steroid Biochem Mol Biol 2003;
84:223-230.

Maestro B. Molero S, Bajo S, Davila N, Calle C:
Transcriptional activation of the human insulin receptor
gene by 1,25-dihydroxyvitamin D(3). Cell Biochem Funct
2002;20:227-232.

Beaulieu C, Kestekian R. Havrankova J, Gascon-Barré M:
Calcium is essential in normalizing intolerance to glucose
that accompanies vitamin D depletion in vivo. Diabetes
1993;42:35-43.

Hotamisligil GS. Arner P, Caro JF, Atkinson RL,
Spiegelman BM. Increased adipose tissue expression of
tumour necrosis factor-alpha in human obesity and insulin
resistance. J Clin Invest 1995;95:2409¢15.

28. Riachy R, Vandewalle B, Moerman E, Belaich S, Lukowiak

29.

30.

31.

32.

33.

34.

35.

B, Gmyr V. et al. 1,25- Dihydroxyvitamin D3 protects
human pancreatic islets against cytokine induced apoptosis
via down-regulation of the Fas receptor. Apoptosis 2006;
11:151e9.

Schleithoff SS, Zittermann A, Tenderich G, Berthold HK,
Stehle P, Koerfer R. Vitamin D supplementation improves
cytokine profiles in patients with congestive heart failure: a

double-blind, randomized, placebo-controlled trial. Am J
Clin Nutr 2006; 83:754€9.

Blanton D, Han Z, Bierschenk L. Reduced serum vitamin
D-binding protein levels are associated with type 1
diabetes. Diabetes, 2011; 60(10):2566-2570.

Zhang J, Liu WLJ. Polymorphisms in the vitamin D
receptor gene and type 1 diabetes mellitus risk: an update
by meta-analysis. Mol. Cell. Endocrinol. 2012;
355(1):135-142.

Ritterhouse LL, Crowe SR, Niewold TB. Vitamin D
deficiency is associated with an increased autoimmune
response in healthy individuals and in patients with
systemic lupus erythematosus. Ann. Rheum. Dis. 2011;
70(9): 1569-1574.

Mathieu C, Badenhoop K. Vitamin D and type 1 diabetes
mellitus: state of the art. Trends in Endocrinol Metab. 2005;
16(6):261-266.

Hewison M. Vitamin D and the immune system: new
perspectives on an old theme. Endocrinol. Metab. Clin.
2010;39(2):365-379.

Chagas CEA. Borges MC.MartiniLA, Rogero MM. Focus
on vitamin D. inflammation and type 2
diabetes.Nutrients2012; 4(1):52-67.

61



A Short Review on Potential Extra-skeletal...

36. Teegarden D, DonkinSS. Vitamin D: emerging new roles in
insulin sensitivity. Nutr Res Rev. 2009; 22(1):82-92.

Tai K, Need AG, Horowitz M, Chapman IM. Vitamin D,
glucose, insulin, and insulin sensitivity Nutrition 2008;
24(3):279-285.

Laway BA, Kotwal SK, Shah ZA. Pattern of 25 hydroxy
vitamin D status in North Indian people with newly
detected type 2 diabetes: A prospective case control study.
Indian J Endocrinol Metab. 2014; 18(5): 726-730.

39. Subramanian A, Nigam P, Misra A, Pandey RM, Mathur M,
Gupta R et al. Severe vitamin D deficiency in patients with
Type 2 diabetes in north India. Diabetes Manage. 2011; 1:
477-483.

40. Dutta D, Maisnam 1, Shrivastava A, Sinha A, Ghosh S, etal.
Serum vitamin- D predicts insulin resistance in individuals
with pre-diabetes. Indian J Med Res 2013; 138: 853-860.

Sharan A, Mukhopadhyay S. Majumdar J, r Ghosh B,
Sengupta S. A Study of Prevalence of Vitamin D
Deficiency in New Onset Type 2 Diabetes Mellitus in a
Tertiary Care Hospital of Eastern India. JIACM 2018; 19:
106-12.

42. Karau PB, Kirna B, Amayo E, Joshi M, Ngare S, Muriira G.
The prevalence of vitamin D deficiency among patients
with type 2 diabetes seen at a referral hospital in Kenya.
Pan African Medical Journal. 2019; 34:38.

43. Aljabri KS. Vitamin D Deficiency in Saudi Men with Type 2
Diabetes Mellitus. Ann Short Reports. 2019; 2:1037.

44. Lim S, Kim MJ, Choi SH, Shin CS, Park KS, Jang HC et al.
Association of vitamin D deficiency with incidence of type
2 diabetes in high-risk Asian subjects. Am J Clin Nutr 2013;
97:524-30.

Goswami B, Sarkar S, Reang T, Reang S, Sengupta S.
Bhattacharjee B. Prevalence of Vitamin D3 insufficiency
among rural ethnic population of Tripura and its
association with type-2 diabetes mellitus. Int J Med Sci
Public Health 2019; 8(10):806-810.

46. Bajaj AH, Gadre S, Sukumaran S, Vidhate D. Correlation of
Vitamin D deficiency with Type 2 diabetes and metabolic
traits in the Indian population. Int J Basic Clin Pharmacol
2015;4:1224-7.

47. Kumar PS, Vinapamula KS, Suchitra MM, Sachan A. Stoly
on the association of Vitamin D with glycemic control in
patients with type 2 diabetes mellitus. J Clin Sci Res
2019,8:188-92

48. Mahmodnia L., Tamadon MR, Sadoughi M, Beigrezaci S.
Vitamin D status and its relationship with age in type 2
diabetic patients. J Paradiyr Dis 2017; 5(2):45-48. DOI:
10.15171/jpd 2017.05.

49. Mukherjee B, Patra S. Prevalence of Vitamin D Deficiency
In Type-2 Diabetes Mellitus Patients and Its Correlation
with Glycemic Control. Im J. Bioassays. 2014;3(09):3313-
3317

37.

38.

41.

45.

Pac. J. Med. Health Sci. 2023; 5(2): 53 - 63

50. Tandon VR, Sharma S, Mahajan S, Raina K, Mahajan A,
Khajuria V, et al. Prevalence of vitamin d deficiency among
Indian menopausal women and its correlation with
diabetes: A first Indian cross sectional data. J Mid-life
Health2014;5:121-5.

51. Batra HS, Sampath S, Kumar SA, Kumar AVSA, Mayar N.
Study of Vitamin D supplementation in type 2 diabetes
mellitus. International Journal of Contemporary Medical
Research2019; 6(8):H9-H13.

Kumar H, Singh VB, Meena BL, Chandra S, single R.
Jakhar RS Correlation of Vitamin D level with glycemic
control in type 2 diabetes mellitus. Sch. J. App. Med. Sci.,
2015,3(6B):2277-2283.

53. Albannawi GAA, Alsaif SB, Alsaift GB, Taher BA. Vitamin
D deficiency among Type 2Diabetes patients in Saudi
Arabia: a systematic review. [JMDC 2019; 3(12):1167-
1173.

Rolim MC, Santos BM, Concei¢do G, Rocha PN.
Relationship between Vitamin D status, glycemic control
and cardiovascular risk factors in Brazilians with type 2
diabetes mellitus. Diabetol Metab Syndr2016, 8.77.

Olt S. Relationship between Vitamin D and glycemic
control in patients with type 2 diabetes mellitus. Int J Clin
ExpMed2015;8:191803

56. Buhary BM, Almohareb O, Aljohani N, Alrajhi S, Elkaissi
S, Sherbeeni S, et al. Association of glycosylated
hemoglobin levels with Vitamin D status. J Clin Med Res
2017;9:101308.

Kafeshani M, Zarafshani M, Shokri-Moghaddam S,
Ahmadi A, Nasri H Serum 25-hydroxy vitamin D level in
diabetic patients versus normal individuals; a pilot study. J
Parathyr Dis. 2016;4(2):40

58. Martin T, Campbell R K. Vitamin D and Diabetes, Diabetes
Spectrum 2014;24(2):113-118.

Borissova AM, Tankova T, Kirilov G, Dakovska L,
Kovacheva R. The effect of vitamin D3 on insulin secretion
and peripheral insulin sensitivity in type 2 diabetic patients.
IntJ Clin Pract. 2003; 57(4):258-61.

60. Pitocco D, Crino A, Di Stasio E, Manfrini S, Guglielmi C,
Spera S, et al. The effects of calcitriol and nicotinamide on
residual pancreatic beta-cell function in patients with
recent-onset Type 1 diabetes (IMDIAB XI). Diabet Med.
2006; 23(8):920-3.

Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol
Metab Clin North Am. 2014;43(1):205-32.

62. Fadda GZ, Akmal M, Lipson LG, Massry SG. Direct effect
of parathyroid hormone on insulin secretion from
pancreatic islets. Am J Physiol. 1990; 258(6 Pt
1):E975-84.

52.

54.

55.

57.

59.

61.

62



Aasdhir and Beniwal

63.

64.

65.

66.

Xiao Y, Wei L, Xiong X, Yang M, Sun L. Association
between vitamin D status and diabetic complications in
patients with type 2 diabetes mellitus: a cross-sectional
study in Hunan China. Front Endocrinol. 2020; 11: 564738.

Butler AE, Dargham SR, Latif A, Mokhtar HR, Robay A,
Chidiac OM, et al. Association of vitamin D(3) and its
metabolites in patients with and without type 2 diabetes and

their relationship to diabetes complications. Ther Adv
Chronic Dis. 2020; 11:2040622320924159.

Dai J, Yu M, Chen H, Chai Y. Association between serum
25-OH-vitamin D and diabetic foot ulcer in patients with
type 2 diabetes. Front Nutr. 2020; 7:109.

Gulseth HL, Gjelstad IM, Birkeland KI, Drevon CA.
Vitamin D and the metabolic syndrome. Curr Vasc
Pharmacol.2013; 11(6):968—84.

67. Ahmed LHM, Butler AE, Dargham SR, Latif A, Robay A,

68.

69.

70.

71.

72.

73.

Pac. J. Med. Health Sci. 2023; 5(2): 53 - 63

Chidiac OM, et al. Association of vitamin D(2) and D(3)
with type 2 diabetes complications. BMC Endocr Disord.
2020;20(1):65.

Mattila C, Knekt P, Ménnistd S, Rissanen H, Laaksonen
MA, Montonen J, et al. Serum 25-hydroxyvitamin D
concentration and subsequent risk of type 2 diabetes.
Diabetes Care. 2007;30(10):2569-70.

Forouhi NG, Luan J, Cooper A, Boucher BJ, Warecham NJ.
Baseline serum 25-hydroxy vitamin d is predictive of
future glycemic status and insulin resistance: the medical
research council Ely prospective study 1990-2000.
Diabetes. 2008; 57(10):2619-25.

Zhao LM, Tian XQ, Ge JP, Xu YC. Vitamin D intake and
type 2 diabetes risk: a meta-analysis of prospective cohort
studies. Afr Health Sci. 2013; 13(4):1130-8.

Gulseth HL, Wium C, Angel K, Eriksen EF, Birkeland KI.
Effects of vitamin D supplementation on insulin sensitivity
and insulin secretion in subjects with Type 2 diabetes and
vitamin D deficiency: a randomized controlled trial.
Diabetes Care. 2017;40(7):872-8.

Safarpour P, Daneshi-Maskooni M, Vafa M, Nourbakhsh
M, Janani L, Maddah M, et al. Vitamin D supplementation
improves SIRT1, Irisin, and glucose indices in overweight
or obese type 2 diabetic patients: a double-blind
randomized placebo-controlled clinical trial. BMC family
practice. 2020;21(1):26.

Baziar N, Jafarian K, Shadman Z, Qorbani M, Nikoo MK,
Abd Mishani MJIRCMI. Effect of therapeutic dose of
vitamin D on serum adiponectin and glycemic in vitamin
D-insufficient or deficient type 2 diabetic patients. 2014;
16(9).

74.

75.

76.

77.

78.

79.

80.

81.

82.

Elkassaby S, Harrison LC, Mazzitelli N, Wentworth JM,
Colman PG, Spelman T, et al. A randomised controlled trial
of high dose vitamin D in recent-onset type 2 diabetes.
Diabetes Res Clin Pract. 2014; 106(3):576-82.

Krul-Poel YH, Westra S, ten Boekel E, ter Wee MM, van
Schoor NM, van Wijland H, et al. Effect of vitamin D
supplementation on glycemic control in patients with type
2 diabetes (SUNNY trial): a randomized placebo-
controlled trial. Diabetes Care. 2015; 38(8):1420-6.

Li X, Liu Y, Zheng Y, Wang P, Zhang Y. The effect of
vitamin D supplementation on glycemic control in type 2
diabetes patients: a systematic review and meta-analysis.
Nutrients. 2018; 10(3):375.

WuC, Qiu S, Zhu X, Li L. Vitamin D supplementation and
glycemic control in type 2 diabetes patients: a systematic
review and meta-analysis. Metabolism. 2017; 73:67-76.

HuZ, Chen J, Sun X, Wang L, Wang A. Efficacy of vitamin
D supplementation on glycemic control in type 2 diabetes
patients: a meta-analysis of interventional studies.
Medicine. 2019;98(14): €14970.

Lee CJ, Iyer G, Liu Y, Kalyani RR, Bamba N, Ligon CB, et
al. The effect of vitamin D supplementation on glucose
metabolism in type 2 diabetes mellitus: a systematic review
and meta-analysis of intervention studies. J Diabetes
Complications. 2017;31(7):1115-26

Farahmand MA, Daneshzad E, Fung TT, Zahidi F et al.
What is the impact of vitamin D supplementation on
glycemic control in people with type-2 diabetes: a
systematic review and meta-analysis of randomized
controlled trails. BMC Endocrine Disorders 2023 ; 23;1-15

Pittas AG, Kawahara T, Jorde R, Dawson-Hughes B etal. A
systematic review and meta-analysis of individual
participant data from 3 randomized clinical trials. Ann
Intern Med 2023; 176 (3) : 355-363

Diabetes Prevention Program Research Group. Reduction
in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med.2002; 346 :293-
403

63



