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ABSTRACT

Accumulating researches suggest that serum Vitamin D has an effect on insulin synthesis, secretion and insulin resistance
revealing an inverse relationship with glucose tolerance. The present study was undertaken with an objective to evaluate
the serum Vitamin D status in the patients of Type 2 Diabetes Mellitus with and without complications and its association
with the disease process. The serum vitamin D concentrations were found to be significantly reduced in patients of type 2
DM as compared to healthy individuals with significantly lower level observed in complicated cases. A significant negative

association was observed between HbA1C level and serum Vitamin D concentration in the study population

KEYWORDS

Vitamin D; Diabetes mellitus; HbA1c; VDR; DBP

INTRODUCTION

Diabetes Mellitus, characterized by impaired insulin secretionor
variable degrees of insulin resistance includes a heterogene-
ous group of disorders associated withhyperglycemia and dys-
lipidemia leading to many micro vascular and macro vascular
complications. (1). Although prevalence of both Type 1 and
Type 2 DM(Type 2 Diabetes mellitus) is increasing worldwide,
the rise in Type 2 DM is much more rapid, presumably be-
cause of increasing obesity, reduced level of physical activity as
countries are becoming more industrialized, altered environ-
mental factors and increase in aging population. (1).Among
the several environmental and dietary causes, Vitamin D de-
ficiency is now being studied extensively as a predisposing
factorsupposedly contributing to the development of diabetes
mellitus. Accumulating research suggestan inverse relation-
shipof serum Vitamin Dconcentration with blood glucoselev-
el and insulin resistance (2-7).Moreover Vitamin D deficiency
has been shown to alter insulin synthesis and secretion in the
beta cells of pancreas in both human and animal models (8-
10).Vitamin D replenishment in establishedhypovitaminosis D
caseshas shown improvement in the glycemic status and in-
sulin secretion in patients with Type2 DM(10). The presence
of vitamin D receptors (VDR) and vitamin D binding proteins
(DBP) in pancreatic tissue and the relationship between certain
allelic variations in the VDR and DBP genes with glucose toler-
ance and insulin secretion have further supported the hypoth-
esis (5,11).

Hence, perceiving the importance of the role of Vitamin D in
Diabetes mellitus, this study focuses on identifying any sub-
stantial association between serum vitamin D level and glycae-
mic status in Type2 Diabetes mellitus patients, along with the
significance of serum vitamin D concentrations in the occur-
rence of chronic complications in these patients.

MATERIALS AND METHODS

The study was conducted in the Department of Biochemistry
in collaboration with Department of General Medicine, S.C.B.
Medical College and Hospital, Cuttack, Odisha. 68 patients
of age group 35-74 years, attending OPD and indoor in the

Department of Medicine were included in the study. Patients
with Type 2 Diabetes Mellitus were selected and diagnosed on
the basis of their history, physical examination, biochemical in-
vestigations and according to the Criteria for the diagnosis
of Diabetes Mellitus given by WHO 2011 having any one
of the following features:

i.Classic symptoms of diabetes and random plasma glucose con-
centration >200mg/dl

ii. Fasting plasma glucose >126mg/dl
ii. HbAlc>6.5%

iv. 2-hour post prandial plasma glucose concentration >200mg/dl
during the OGTT

The control group consisted of 64 age and sex matched
healthy adults with fasting plasma glucose levels < 99mg/d|
and post prandial plasma glucose < 139 mg/dl having no fam-
ily history of diabetes mellitus, previous hypertension, renal
diseases, ongoing tuberculosis and chronic metabolic diseases.

Patients with Type 2 diabetes mellitus having acute complica-
tions like hypoglycemia, ketoacidosis, hyperosmolar nonketotic
coma or any infections, with pregnancy or Gestational Diabe-
tes Mellitus, with known thyroid/parathyroid disorders or any
other endocrinopathy, cases of essential hypertension, immu-
nosuppression or history of illicit drug use, taking anticonvul-
sants, steroids, thyroxin group of drugs, vitamin supplements
were excluded from the study group.

All the case records were collected in a specified proforma.
Written, informed consent was obtained from all subjects. The
study was approved by institutional ethical committee.

3 ml of blood was collected after overnight fasting of 8 hours
from all enrolled patients and healthy controls for the assess-
ment of Vitamin D levels and other biochemical parameters.
Fingerprick blood sample was taken at the same time for as-
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sessment of HbA1c levels from all patients and healthy con-
trols.

All the routine biochemical parameters like FPG (Fasting Plas-
ma Glucose), PPPG (Post prandial Plasma Glucose), serum
Urea, Creatinine, Cholesterol, Triacylglycerol and HDL (High
Density Lipoprotein)were done in an Automated Clinical Ana-
lyzer using commercially available kits. Serum LDL (Low Densi-
ty Lipoprotein) and VLDL (Very Low Density Lipoprotein) were
calculated using Friedewald’s formula. Special parameter like
serum ionized calcium was estimated by ISE method, Capillary
blood HbA1c level measured by immunoturbidimetricmethod
and serum 25-OH Vitamin D concentration assay was done by
ELISA.

The results obtained were statistically analyzed using SPSS
version 16.0 software.All data are expressed as mean = SD.
Student’s t-test and ANOVA are used to compare mean values
between different study groups and calculate significance. A
p-value <0.05 is considered to be statistically significant.Pear-
son’s coefficient of correlation was used to assess the associa-
tion between Vitamin D and other variables.

OBSERVATIONS

In our study, the mean FPG in mg/dl was 84.09 + 8.67 in the
control group, 154 + 16.35 in the uncomplicated DM cases
and 207.26 + 27.96 in the complicated DM cases and the
mean PPPG in mg/dl was 103.71+ 11.17, 192.5+ 19.35 and
263.5+ 38.53 in the controls, uncomplicated and compli-
cated DM cases respectively. The FPG and PPPG values were
significantly higher in the cases compared to controls with a
p<0.001(Table 1)

The mean serum urea in mg/dl was 28+ 3.88 in the controls,
32.05+ 2.86 in uncomplicated DM cases and 56.3 + 12.01
in complicated DM cases. The mean serum creatinine in mg/
dl was 0.88+ 0.1 in the controls, 1.01+ 0.16 in uncomplicat-
ed DM cases and 1.94 + 0.45 in complicated DM cases. The
serum urea and serum creatinine were found to be higher in
complicated cases of Type 2 DMwhich was statistically signif-
icant when compared to controls and uncomplicated cases.
(Table 1)

Dyslipidemia was very clearly evident in the cases compared
to controls with the derangement in lipid profile being more
marked in the complicated cases of DM (Table 1).The mean
total cholesterol level was161.5+20.57 in controls, 186+21 in
uncomplicated DM cases and 222.4 + 37.33 in complicated
DM cases. The mean serum triglycerides level was estimated
to be 126.5+£23.95,138.9+20.33 and 174.1 = 33.13in the
controls, uncomplicatedand complicated DM cases respec-
tively. The serum LDLc level in controls, uncomplicated cases
and complicated cases was 93.08 + 17.8, 119.8+19.33 and
150.3+33.75 while the serumVLDLc level in controls, un-
complicated cases and complicated cases was 25.31 = 4.79,
27.91+3.98 and 34.49+6.64 respectively.SerumHDLc level was
43.92+2.42 in controls, 37.61+2.70 in uncomplicated cases
and 40.35+4.58 in complicated cases.

The mean serum Vitamin D concentration in the control group
was found to be 33+£3.33 with a 95% confidence interval of
32.41-33.59. Patients with uncomplicated DM had a mean
serum Vitamin D concentration of 19.94+2.41ng/ml and 95%
confidence interval of 19.38 -20.51.In patients with compli-
cated DM the mean serum Vitamin D level was found to be
13.4+£1.45 and 95%confidence interval of mean was 12.98
— 13.73.The serum Vitamin D concentration was significantly
lower in cases compared to controls which was more discern-
ible inpatients diagnosed with complications of DM (Table 2).

The assessment of the mean HbA1c (%) level showed a val-
ue of 4.67+£0.39 % in the control group .HbA1c level in the
uncomplicated DM cases was 7.36+0.42% and in patients
with complicated DM the HbATc (%) level was found to be
8.66+0.33%.Long term hyperglycemia was prominent in the
cases compared to controls, it being more marked in the com-

plicated DM cases (Table 3).

Table — 4 depicts the serum ionized calcium levels in mmol/L.
The serum ionized calcium levels were markedly reduced in
patients with Type 2 diabetes mellitus as compared to the
healthy individuals in the control group (1.21+0.09, 0.93+0.10
and 0.81+0.06 in the controls, uncomplicated and complicat-
ed cases respectively.

The Pearson’s correlation analysis between Vitamin D and
HbA1Tc % in the DM cases revealed a significant nega-
tive association with a r value of -0.883 and p value of
<0.001(Graph 1).Serum Vitamin D concentrationalso demon-
strated a negative correlation with the fasting plasma glu-
cose level in the uncomplicated and complicated cases of the
study group with a r value of -0.156 (Graph 2) and r value of
-0.334 (Graph 3) which was statistically non-significant with
a p value of 0.356 and 0.066 respectively.The observations
markedly points towards a negative association of Vitamin D
level with the diseases process implicating its importance in
relation to long term hyperglycemia denoted by HbA1c% in
comparison to immediate plasma sugar level revealed by FPS
and PPPS levels.

DISCUSSION

The present study was undertaken with an objective to evalu-
ate the serum Vitamin D status in the patients of Type 2 Dia-
betes Mellitus with and without complications and its associa-
tion with the disease process.

The study population comprised of 132 subjects out of which
68 were patients with type 2 diabetes mellitus and 64 served
as age and sex matched healthy controls. Out of the 68 cases
37 consisted of uncomplicated cases and 31 cases were with
complications related to long term DM.

Hyperglycemia, revealed by a significantly raised FPG and
PPPG level in the cases compared to controls along with in-
creased HbATclevel was observed in our study population
which is a quintessential feature of Type 2 DM. An obvious
dyslipidemia exists in type 2 diabetes patients with higher lev-
els in complicated cases in the present study. This observation
accorded with the observation of Gordon L et al (12) and Ma-
hato RV et al (13) who also reported an increased occurrence
of dyslipidemia in patients with uncontrolled diabetes. Thea-
bove metabolic derangements like hyperglycemia and dys-
lipidemia can be attributed toimpaired insulin secretion with
increased hepatic glucose production along with insulin resist-
ance in adipose tissue as a result of which free fatty acid (FFA)
flux from adipocytes is increased, leading to increased lipid
synthesis in hepatocytes.(1).

The HbA1c is a better index of glycaemia as it is a long term
marker reflecting the plasma sugar level over a period of 12
weeks, is not affected by food intake, emotional stress, exer-
cise or time of day and it correlates better with complications.
In our study, the HbA1c% levels were significantly raised in
patients of diabetes and were found to be still higher in com-
plicated cases as compared to uncomplicated cases (p<0.001)
which agrees with the observations made by many authors
supporting that HbA1cis an indicator of long term blood glu-
cose concentrations and is an apt gage for the development
of complications in patients with diabetes mellitus (14-16).

A raised serum urea and creatinine level was observed in the
complicated cases of DM in the study population compared to
uncomplicated cases and healthy controls .This is in covenant
with the view of Powers Alvin C (1) who documenteda rise in
blood urea nitrogen and creatinine due to micro vascular com-
plications of diabetes mellitus like diabetic nephropathy.

In our study the non-diabetic healthy individuals had Vitamin
D levels ranging from 29.7 to 36.3ng/ml and the lowest val-
ues were observed in complicated type 2 diabetes patients
with a range of 11.9 to 14.9 ng/ml. In patients with uncompli-
cated diabetes the Vitamin D levels ranged from 17.5 to 22.3
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ng/ml which was intermediate between the levels found in
controls and complicated cases. Our finding agrees with the
observations made by Pittas et al (17) who reported a serum
Vitamin D concentration in the range of 27t034.5 ng/ml in
their highest tertile and 10.4t014.9 ng/ml in the lowest tertile.

Our study documented an inverse relationship of serum Vita-
min D concentration with FPG in the cases of DM which was
however statistically non-significant. Need et al (18) previous-
ly reported that lower serum VitD levels was associated with
higher fasting plasma glucose throughout the measured array
and is most marked when serum VitD levels were less than
40nmol/L (16.0 ng/ml). The association of increased FPG and
decreased vitamin D levels may be explained by the regulatory
role of vitamin D on insulin sensitivity and increasing insulin
secretion from the pancreatic K cells (8, 9).

On analyzing the correlation between serum Vitamin D con-
centrations and the HbA1c% levels in the study population by
Pearson’s correlation analysis,a negative association between
them was revealed which was statistically significant(p<0.001).
This observation was in agreement with that of Kositsawat J
et al (19) who established a mechanistic link between serum
vitamin D concentration and glucose homeostasis manifested
by HbA1c% levels.

Diabetes mellitus (DM) refers to a group of common metabol-
ic disorders with hyperglycaemia being the archetypal feature.
Type 1 Diabetes is the result of complete or near-total insulin
deficiency while Type 2 DM is a heterogeneous group of dis-
orders characterized by variable degrees of insulin resistance,
impaired insulin secretion, and increased glucose production.
Based on current trends, it is projected that >360 million in-
dividuals will have diabetes by the year 2030. (1, 20)Studies
from various urban areas of India have shown a several fold
increase in the prevalence of Type 2 diabetes in the last two
decades. (21, 22)The chronic complications of DM affect many
organ systems and are responsible for the majority of morbidi-
ty and mortality associated with the disease.The risk of chronic
complications increases as a function of the duration of hyper-
glycemia; they usually become apparent in the second decade
of hyperglycemia. Since type 2 DM often has a long asympto-
matic period of hyperglycemia, many individuals with type 2
DM have complications at the time of diagnosis. (1)

The ubiquitous expression of the vitamin D receptor (VDR) in
all nucleated cells, the presence of functional 1X-hydroxylase
in several other tissues apart from the kidney and the exten-
sive number of genes that are under control of VitD depicts
a more universal role of the vitamin D endocrine system than
just regulation of calcium, phosphate and bone metabolism.
The suggested relationship between type 1 diabetes melli-
tus and vitamin D deficiency has been extensively reported
(23,24). Vitamin D treatment has been shown to improve, and
even prevent, type 1 diabetes mellitus in both human and an-
imal models (25- 27). These effects have been mainly ascribed
to the immunomodulatory actions of vitamin D. (24).The as-
sociation between Vitamin D and Diabetes mellitus is still in
experimental stage and absolute conclusive evidence of inter-
action is yet to be determined. However studies shows that
Vitamin D deficiency causes reduced insulin secretion in rats
and humans, and its replenishment improves R-cell function
and glucose tolerance.(8-11) Moreover, certain allelic varia-
tions in the vitamin D receptor (VDR) and vitamin D-binding
protein (DBP) might influence glucose tolerance and insulin se-
cretion,(5,11,28 )thus contributing to the genetic risk for type
2 diabetes. Accumulating evidences suggests a role for vitamin
D in insulin secretion, which includes the presence of the VDR
in B cells and the vitamin D-dependent calcium-binding pro-
teins (DBP) in pancreatic tissue(29-31). Therefore the effects
of vitamin D on insulin secretion may follow several pathways.
Evidence furthermore points towards influence of Vitamin D
on R-cell insulin secretion through a rise in intracellular calci-
um concentration via non-selective voltage-dependent calcium
channels (32, 33).The present study registered a low serum
ionized Calcium in cases compared to controls (Table 4) which

explains the above mentioned role of Vitamin D on K-cell in-
sulin secretion It has also been advocated that Vitamin D im-
proves insulin secretion by activation of protein biosynthesis in
pancreatic islets cells(34).

As vitamin D modulates insulin receptor gene expression and
insulin secretion, it is an interesting environmental candidate
for type 2 diabetes mellitus pathogenesis and development.
(5). Studies have documented that prolonged treatment of
osteomalacia with vitamin D increases insulin secretion and
improves glucose tolerance (35, 36).Chiu et al found that
healthy normoglycaemic subjects with hypovitaminosis D had
a greater prevalence of developing metabolic syndrome later
compared to subjects without hypovitaminosis D (6). They also
found a positive correlation between Vit Dconcentration and
insulin sensitivity and an alteration in ®-cell function associat-
ed with hypovitaminosis D, suggesting that hypovitaminosis D
might be an independent risk factor for insulin resistance, type
2diabetes and the metabolic syndrome.

CONCLUSION

Vitamin D deficiency is a common problem and the clinical
consequences are protean. In addition to its essential role in
bone health, vitamin D has multiple extra skeletal beneficial
effects. Experimental studies and clinical observations suggest
an association between vitamin D deficiencies, abnormal glu-
cose metabolism, type 2 diabetes mellitus and metabolic syn-
drome.

In this study we observed an inverse association between
glycosylated hemoglobin level and serum vitamin D concen-
tration in type 2 diabetes patients. Though it was observed
that fasting plasma glucose was higher in patients with lower
vitamin D levels, it was not statistically significant. Glycosylat-
ed hemoglobin, a better long term marker of glycemic status
showed a significant negative correlation with serum Vitamin
D concentration in the study population.

Many studies have suggested that supplementation with vi-
tamin D could reduce incidence of diabetes in individuals at
risk and also improve glycemic status in diabetics by increasing
insulin secretion from beta cells of pancreas and decreasing in-
sulin resistance. Thus, further studies with larger cohorts are
essential to establish an association between Vitamin D status
and Diabetes mellitus and vitamin D supplementation could
serve as an element in the prevention and complex treatment
of type 2 diabetes mellitus.
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