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ABSTRACT

Background: Type 2 Diabetes Mellitus is highly prevalent worldwide and its
intensive control with available pharmacological agents is usually hampered
due to numerous side-effects as well as resistance to the therapy. Recent
research suggests that vitamin D supplementation ameliorates glycaemic burden
and effectively reduces the risk and progression of type 2 diabetes. So, present
study was done to assess the effect of vitamin D supplementation on glycaemic
control and insulin resistance in type 2 diabetic patients.

Methods: A Prospective Randomized Parallel Open-label study of three months
duration was conducted on 60 type 2 diabetes mellitus patients, who were
divided into two groups (group A and B) of 30 patients each. Group A received
standard oral hypoglycaemic agents and 600000 IU of intramuscular injection
of vitamin D3 for 3 doses one month apart, while the Group B received only
standard oral hypoglycaemic agents. Subjects were evaluated for fasting blood
glucose, HbAlc, serum insulin levels, insulin resistance and serum vitamin D
levels at defined intervals.

Results: The results showed a significant improvement in fasting blood glucose
in both the groups during the study period (group A p<0.004, group B p<0.03),
however no significant difference was observed between the two groups (p<0.7)
at the end of 12 weeks. There was a significant decrease in HbAlc (p<0.04),
serum insulin levels (p<0.04) and HOMA-IR (p<0.03) in group A compared
with group B.

Conclusions: The study showed that vitamin D supplementation improves the
glycaemic control and insulin sensitivity in type 2 diabetes mellitus patients.

Keywords: Vitamin D, Type 2 diabetes mellitus, Vitamin D deficiency,
Glycaemic control, Insulin resistance

INTRODUCTION

The prevalence of diabetes is rapidly rising with more
than 80% of diabetic deaths occurring in low-income and
middle-income countries, affecting the youth and middle
aged population also in addition to the elderly. According
to diabetes atlas published by the International Diabetes
Federation (IDF), 382 million people had diabetes in
2013 and this number is expected to rise to 592 million
by 2035.! India at present has the world’s largest diabetic
population. As per ICMR-INDIAB national study, there
were 62.4 million people with type 2 diabetes and 77
million people with pre-diabetes in India which is
projected to increase to 101 million by the year 2030.2
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The predominant features in type 2 Diabetes Mellitus
(DM) are B-cell dysfunction and insulin resistance at the
level of muscle, fat and liver. Insulin resistance (IR) is
defined as a condition when normal amount of insulin in
body fails to produce the desired response. Insulin
sensitivity is a quantifiable parameter that is measured as
the amount of glucose cleared from the blood in response
to a dose of insulin.?

Type 2 DM can be managed using non- pharmacological
(diet control, exercise etc.) and pharmacological
(sulfonylureas, meglitinides, biguanides,
thiozolidinediones, insulin etc.) measures. These
conventional anti-diabetic drugs can effectively reduce
HbAlc levels, but intensive control with these agents is
usually hampered by side effects such as hypoglycaemia,
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weight gain etc. Moreover, newer anti-diabetic drugs
(such as incretin analogs, amylin mimetic, SGLT-2
inhibitors) are expensive, with little information on their
long term safety. So there is a need to develop new
treatment options in order to achieve the glycaemic
control with less undue side effects. Vitamin D
supplementation is a new strategy which has been
reported in some global studies to play an important role
in normal insulin secretion in response to glucose and in
effectively reducing the risk and progression of type 2
DM and insulin resistance.**

Vitamin D, apart from its role in bone metabolism has got
a pleiotropic effect in the pathogenesis of many diseases
such as cancer, cardiovascular diseases and diabetes.®
Recently, interest in vitamin D and diabetes emerged
from many animal and human studies which identified
vitamin D receptors (VDRs) on pancreatic tissue.” These
studies also demonstrated that diabetic patients have
lower levels of vitamin D and insulin resistance was
found to be more prevalent in vitamin D deficient
patients. So, in order to see these pleiotropic effects,
optimal serum vitamin D levels have to be maintained
adequately. The general consensus is that vitamin D
sufficiency is achieved, when vitamin D serum levels are
30-32 ng/ml. Vitamin D deficiency is defined as serum
levels of < 20 ng/ml and vitamin D insufficiency is
defined as serum levels ranging from 20-29 ng/ml. An
overall safe range for vitamin D for most of the known
effects of vitamin D is 30-100 ng/ml.?

At present, literature regarding vitamin D status in type 2
diabetes is scarce and conflicting. Many observational
studies have shown that restoration of vitamin D levels
ameliorate glucose tolerance and improve insulin
response in diabetic patients with vitamin D
deficiency.>*® While the results of interventional studies
done so far in this field have been inconsistent.**** This
discrepancy might be related to difference in race, dosage
or formulation of vitamin D used and sample size.
Moreover, very few studies have been conducted in north
Indian population. So the present study aims at
assessment of effect of vitamin D supplementation on
insulin sensitivity, short and long term glycaemic control
in type 2 diabetes mellitus patients.

METHODS

T Study design

It was a prospective, randomized open label parallel
group study, conducted in department of Pharmacology
(Government Medical College, Amritsar) after obtaining
the approval of the institutional thesis committee and
ethics committee. Sixty patients diagnosed with type 2
diabetes were recruited from the Medicine out-patient
department of Guru Nanak Dev Hospital, Amritsar for
the duration of 12 weeks. Patients fulfilling the inclusion
criteria were informed regarding the study in vernacular
language and a written informed consent was taken from
them.

Inclusion criteria

Patients in the age group of 20-70 years (either sex) with
diagnosis of type 2 diabetes mellitus, fasting glucose
levels >126mg/dl and HbA1c levels >6.5%.

Exclusion criteria

Patients with pre-existing hepatic and renal disease,
uncontrolled blood pressure or any other serious major
illness, patients on drugs which interact with vitamin D,
with history of recent consumption of vitamin D,
pregnant and lactating women, patients with history of
type 1 diabetes mellitus and insulin therapy, were
excluded from the study.

Intervention

Sixty patients fulfilling the inclusion criteria were
enrolled and randomized using computer generated
randomisation code in two groups: group A and group B
of 30 patients each. Group A received standard oral
hypoglycaemic agents (OHAs) and 600000 IU of
intramuscular injection of vitamin D3 for 3 doses one
month apart. Group B received only standard OHAs.
After detailed history and clinical examination, routine
investigations were carried out in Department of
Pharmacology, Department of Microbiology and
Computerized Clinical Biochemistry Laboratory of Guru
Nanak Dev Hospital as follows: (a) fasting blood sugar
(FBG by glucose-oxidase method)'**® every 2 weeks (b)
HbA1c™!" (cation-exchange resin method), serum
insulin®™®? (DRG Insulin ELISA kit), serum vitamin D"
2 (Calbiotech Vitamin D ELISA kit) levels and HOMA-
IR* (Homeostatic model assessment to quantify Insulin
resistance = S. Insulin x S. Glucose/405) at baseline and
at 12 weeks. Apart from these serum calcium, serum
phosphorus, ALP (alkaline phosphatase), LFTs (liver
function tests) were also done to monitor vitamin D
toxicity.

Follow up

The patient visits were scheduled in the morning with 12
hours of fasting. At each follow up: (a) history of adverse
events related to vitamin D toxicity (nausea, vomiting,
abdominal pain, constipation, major hypoglycaemic event
or other relevant complaints) was taken (b) blood samples
were taken for requisite investigations as per schedule.

Statistical analysis

It was performed using Graphpad instat 3. The
observations were tabulated in the form of mean *
standard deviation and analysed using‘t’ test. The paired
t-test was used for intra-group comparison and unpaired
t-test for intergroup comparison. The level of significance
was determined as its ‘p’ value with p>0.05-insignificant,
p<0.05-significant, p<0.01-very significant and p<0.001-
highly significant.
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RESULTS

Sixty patients (23 males and 37 females) completed the
study period of 12 weeks. The demographic
characteristics were comparable in two groups at the
beginning of the study (p>0.05). The mean age of
patients in two groups at baseline was found to be
comparable which came around to be 52.4+11.03 years in
group A and 49.6+10.47years in group B. (Table 1).

Table 1: Baseline parameters of study patients.

Parameter Group A Group B |
Age (years) ' 52.4+11.03 49.6 +10.47
No. of pts. 30 30

HbAlc (%) 8.5+1.03 8.3+1.08
FBG (mg/dl) 162 +25.22  163.3+38.79
FSI (uIU/ml) 26.1+15.81 26.2+10.23
HOMA-IR 106+7.18 10.7+5.14
S.vitamin D (ng/ml)  24.7 +8.14 28.7 +11.99
S. calcium (mg/dl) 8.2+0.78 8.7+1.12

S. phosphorus (mg/dl) 3.4 £ 0.98 3.5+0.59
ALP (IU/L) 59.1+26.29 57.9+15.29
SGOT(IU/L) 39.5+9.2 37.6+12.94
SGPT(IU/L) 48.6 +13.25 442+11.2

Study parameters of both the groups at 0 week (Mean + SD)
were comparable with no significant difference between two
groups (p>0.05).

(HbAlc-glycosylated haemoglobin, FBG-Fasting Blood
Glucose, FSI-Fasting Serum Insulin, HOMA-IR - Homeostatic
Model of Assessment for Insulin Resistance, ALP- Alkaline
phosphatase, SGOT-Serum Glutamic Oxaloacetic Transaminase
and SGPT-Serum Glutamic Pyruvic Transaminase).

m Deficient
® Insufficient

Sufficient

(Sufficient- serum vitamin D levels >30 ng/ml, Insufficient-
serum vitamin D levels 20-29 ng/ml, Deficient- serum vitamin
D levels < 20 ng/ml)

Figure 1: Baseline vitamin D status of study patients.

It was observed that vitamin D deficiency/insufficiency
was prevalent in 71.6% of total patients recruited in the
study. Number of patients having vitamin D level
<20ng/ml (vitamin D deficient) were 17 and those with
vitamin D level ranging from 20-29ng/ml (vitamin D
insufficient) were 26 in total out of 60 patients enrolled in
study (Figure 1).

A significant reduction in FBG was observed at 2 weeks,
4 weeks, 6 weeks, 8 weeks, 10 weeks and 12 weeks in
both group A and group B. Group A showed a slightly
greater reduction in the FBG levels compared to group B
although this difference was statistically non-significant
(Figure 2).
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Group A| 162 | 152.2 | 150.1 | 142.9 | 138.8 | 137.5 | 130.8
Group B | 163.3 | 150.3 | 153.1 | 149.4 | 147.5 | 139.9 | 134.1

Figure 2: Progressive change in fasting blood glucose
(FBG) over 12 weeks.

At the end of 12 weeks, there was a significant decrease
in HbAlc levels (p<0.01), fasting serum insulin (p<0.02)
and HOMA-IR (p<0.003) in group A. On the other hand
in group B, there was a non-significant (p>0.05) increase
in HbAlc levels, fasting serum insulin levels and a non-
significant (p>0.05) decrease in HOMA-IR (Table 2).

Table 2: Change in glycaemic control and insulin
resistance (mean+S.D) over 12 weeks.

Parameter
8.5+ 8.3+
Oweek 103 108
79+ 8.6 +
HbAlc 12 week 123 15 <0.05

p value 0.016 0.054
26.1+ 262+

Oweek 151 1023
214+ 285+
FSI 12 week 13.78 12,62 <0.05

p value 0.024 0.308
10.6 10.7 £

Oweek 54g 5.14
69+ 97+
HOMA-IR 12 week o7 104 <0.05

pvalue 0.0003 0.2396

A subgroup analysis was done at the end of 12 weeks in
which group A showed a significant mean percentage
reduction in HbAlc and HOMA-IR levels. On the other
hand in group B vitamin ‘deficient’ and ‘insufficient’
subgroup of patients showed mean percentage increase in
HbAlc levels. Also, the mean percentage reduction in
HOMA-IR in vitamin D ‘deficient’ (-4.2%), ‘insufficient’
(-10%) and ‘sufficient’ (-13.7%) subgroups was very less
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compared to group A (vitamin D ‘deficient’-36%,
‘insufficient’-34.4% and ‘sufficient’-32% subgroups).
Group A showed a more favourable effect in terms of
mean percentage reduction in HbAlc and HOMA-IR
compared to group B. This shows that adequate serum
vitamin D levels are associated with good glycaemic
control and better reduction in insulin resistance (Table
3).

Table 3: The effects vitamin D supplementation on
HbA1lc and HOMA-IR (%age change) at different
baseline vitamin D levels.

Vitamin D  Vitamin D Vitamin D
deficient insufficient  sufficient
patients patients patients
Number of 8 14 8
patients
%age
changein  -11.7% -5.6% -5%
HbAlc
%age
changein  -36% -34.4% -32.5%
HOMA-IR
VitaminD  Vitamin D Vitamin D
Group B deficient insufficient sufficient
patients patients patients
Number of 9 12 9
patients
%age
changein  +6.9% +4.1% -0.5%
HbAlc
%age
changein  -4.2% -10% -13.7%
HOMA-IR

(“+” increase and ‘-’ decrease)

Table 4: Effect of vitamin D supplementation on
routine investigations (meanxS.D) has done to
monitor vitamin D toxicity at 12 weeks.

Parameters Group A Group B p-value
S.viaminD 7949477 31141544 0.0001
(ng/ml)

S.calcium 91,114 854060  0.0073
(mg/dl)

o REEREIE g o gy 34+072  0.6977
(mg/dI)

ALP (1U/L) 69.3+26.28 555+10.96 0.0101
SGOT(IU/L) 40.4+11.18 38+7.99  0.3299
SGPT(IU/L) 473+12.81 459+95 0.6327

The mean percentage increase in serum vitamin D levels
was extremely significant in group A (p<0.0001) in
comparison to group B (p>0.05). There was also a
significant increase in serum calcium and ALP (alkaline
phosphatase) levels in group A compared to group B, but
the levels were within the normal limits. Rest of the
parameters were comparable. The patients of both the

groups under study tolerated the drugs well and in none
of the patients the adverse effects were serious enough to
discontinue the drug therapy (Table 4).

DISCUSSION

The present study was conducted between the periods of
July 2014 to September 2015. Sixty type 2 diabetic
patients were recruited in the study and randomized into
two groups of thirty patients each. Group A was assigned
with a combination of standard oral hypoglycaemic
agents and 600000 IU of intramuscular injection of
vitamin D; for 3 doses one month apart and group B
received only standard oral hypoglycaemic agents. The
primary objective of study was to evaluate the effect of
vitamin D supplementation therapy on glycaemic control,
insulin levels and insulin resistance after 12 weeks of
treatment.

After 3 months of study period, a significant reduction in
FBG was observed every 2 weeks in both group A and
group B. An extremely significant (p<0.0001) decrease of
19.2% with mean reduction of 31.2 mg/dl in FBG levels
was observed in group A. Similar extremely significant
(p<0.0001) reduction of 17.8% with mean change of 29.1
mg/dl in FBG was seen in group B. A randomized
placebo-controlled trial conducted by Asema, et al with 6
weeks of vitamin D supplementation only, has also
reported a significant reduction in FBG (—0.89+0.69 vs +
0.2620.92 mmol/l, p<0.001).?> Mohamad, et al also found
significant decrease in FBG levels after 2 months of
vitamin D supplementation.”® However in the present
study vitamin D therapy as such does not seem to play
any additive role as far as effect on FBG levels is
concerned. Results of this study were contrary to the
randomized double-blind clinical trial conducted on 87
vitamin D-deficient type 2 diabetic patients by Sadiya, et
al which showed no significant change in FBG compared
with baseline in either group.?’

A statistically significant (p=0.01) reduction in the levels
of HbAlc were observed within group A with a mean
percentage fall of 6.9%. Group B exhibited a non-
significant (p>0.05) rise of 3.5% in HbAlc levels. There
was a significant (p<0.05) difference between the two
groups in terms of HbAlc values attained at the end of 12
weeks of treatment. The results were similar to a parallel
designed randomized placebo-controlled clinical trial,
conducted by Tabesh, et al which reported reduced
HbAlc levels (change from baseline of -0.70 + 0.19%, p=
0.02) with vitamin D supplementation.”® Another cross-
sectional study by Bonakdaran, et al done with 119 type 2
diabetic patients showed that calcitriol therapy resulted in
significant reduction in HbAlc levels (-0.8%, p=0.01).%
Similarly, a study was done by Hamid, et al to evaluate
the effect of adding vitamin D to therapeutic regimen of
type 2 diabetic patients compared to placebo. It also
showed significant reduction in HbAlc levels (-0.8%,
p=0.006).%
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At the end of 12 weeks, there was a significant decrease
in fasting serum insulin (FSI) levels (p=0.02) and
HOMA-IR (p=0.003) with a mean percent change of 17.9
% and 34.9% respectively in group A. On the other hand,
in group B, there was a non-significant increase in fasting
serum insulin levels (p=0.3) and a non-significant
decrease in HOMA-IR (p=0.2) with mean percent change
of 8.3% and 9.3% respectively. Significant inter group
difference (p<0.05) was observed between group A and B
in the levels of FSI and HOMA-IR at the end of 12
weeks. HOMA-IR is a valid epidemiological tool to
quantify insulin resistance. Since, insulin sensitivity is
inversely proportional to insulin resistance, significant
reduction in HOMA-IR levels in group A suggests
improved insulin sensitivity in this group of patients
compared to group B. These findings were consistent
with a study done by Afsaneh, et al on 100 diabetic
patients. This study also showed a significant reduction in
fasting insulin levels (p=0.02) with a mean change of 20
% and HOMA-IR (p=0.008) with a mean change of 19%
with vitamin D supplementation.> Another randomized
placebo controlled trial showed that FSI and HOMA-IR
significantly decreased by 11.7% and 12.8% respectively
in vitamin D supplemented group. While, there was a
significant increase of 7.8% in fasting serum insulin and
10% in HOMA-IR in placebo group (p=0.032).*! On the
contrary, Witham etal did not observe any significant
change in serum insulin levels and HOMA-IR with
vitamin D supplementation.® This discrepancy might be
because of different dosage and formulation of vitamin D
used and small sample size of the study.

After 12 weeks of vitamin D supplementation in group A,
mean percentage reduction in HbAlc was 11.7%, 5.6%
and 5% in vitamin D “deficient”, “insufficient” and
“sufficient” subgroups respectively. The mean percentage
reduction in HOMA-IR was 36%, 34.4% and 32.5% in
vitamin D “deficient”, vitamin D “insufficient” and
“sufficient” subgroup of patients respectively. On the
other hand, in group B vitamin D “deficient” and
“insufficient” subgroup of patients showed a mean
percentage increase in HbAlc of 6.9% and 4.1% and
vitamin D “sufficient” subgroup showed a mean
percentage decrease of 0.5%. The mean percentage
reduction in HOMA-IR in subgroup of patients in group
B was also very less compared to group A. Thus, it
proves that adequate vitamin D levels (>30 ng/ml) in
body were associated with better improvement in HbAlc
and HOMA-IR. There appears to be a relationship
between insufficient or deficient vitamin D levels and
poor glycaemic control.

Although the reduction in FBG levels was comparable in
two groups, the mean percentage reduction in HbAlc and
HOMA-IR levels were more significant (p<0.05) in
group A compared to group B. Many observational and
clinical studies have shown that vitamin D dose
dependently suppresses the release of pro-inflammatory
cytokines (TNF-a, IL-6) which are involved in insulin
resistance. Another probable mechanism suggested by

various studies is that vitamin D act on peripheral vitamin
D receptors and increases calcium content of cells, thus
promoting glucose transport into peripheral tissues. Other
lines of evidence to support the role of vitamin D in
diabetes are: (a) presence of specific vitamin D receptors
(VDRs) on pancreatic p-cells (b) the expression of 1-a-
hydroxylase enzyme in pancreatic -cells which catalyzes
the conversion of 25-hydroxyvitamin D to 1, 25-
dihydroxyvitamin D (c) presence of a vitamin D response
element in human insulin gene promoter (d) presence of
VDR in skeletal muscle.®® Thus, the present study
demonstrates that addition of vitamin D to the standard
hypoglycaemic agents was more effective in improving
long term glycaemic control and insulin sensitivity in
type 2 diabetic patients who were having vitamin D
deficiency or insufficiency and insulin resistance.

On assessment of adverse effect profile, the patients of
both the groups under study tolerated the drugs well and
in none of the patients the adverse effects were serious
enough to discontinue the drug therapy. In group A,
nausea and vomiting occurred in 4 patients, abdominal
pain in 2 patients and hypoglycaemia was seen in 3
patients. While in group B only 2 patients reported with
nausea and hypoglycaemia. Apart from the above
mentioned adverse effects, a very significant (p<0.01)
increase was observed in serum calcium levels in group
A. No significant (p>0.05) change was seen in other
routine investigations done to monitor vitamin D toxicity
like SGOT, SGPT, ALP and serum phosphorus levels in
both the groups.

Limitations

The limitation of present study was the small sample size
with short duration of treatment. Further large sample
sized, multi-centric trials with the inclusion of placebo
are needed to validate the present findings.

CONCLUSION

The present study thus concludes that vitamin D therapy
added to standard oral hypoglycaemic agents was well
tolerated and had shown a more favourable effect on
glycaemic control (in terms of reduction in HbAlc levels)
and better improvement in insulin resistance (in terms of
reduction in insulin levels and HOMA-IR levels) in
comparison to standard oral hypoglycaemic agents alone.
It demonstrates that supplementation of vitamin D in type
2 diabetic patients who are vitamin D deficient or
insufficient and insulin resistant can enhance insulin
sensitivity and improve glycaemic control.
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