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Abstract
Background: Diabetes is a metabolic disorder that can affect nearly every organ system in the body. Recently, Vitamin D3 was given some
importance worldwide in the pathogenesis of diabetes. The extraskeletal effects of Vitamin D3 have attracted considerable interest. The
identification of 1,25-Dihydroxyvitamin D3 and 1-Alpha-Hydroylase expression in pancreatic Beta cells, in cells of the immune system,and in
various other tissues besides the bone system , supports the role of Vitamin D3 in the pathogenesis of type 2 diabetes. Vitamin D3 deficiency
appears to be related to development of diabetes mellitus type 2 and metabolic syndrome. The aim of the study is to find out whether this
correlation between vitamin D and Diabetes is present or not. Mainly in this study we have tried to correlate Vitamin D with HbA1C levels
in patients with Type 2 diabetes mellitus. Subjects and Methods: The present one and half years, cross sectional study was carried out in
department of medicine, Darbhanga Medical College and Hospital, Darbhanga, Bihar from March – 2018 to September – 2019. A total of 125
patients with type 2 Diabetes Mellitus were studied. The estimation of vitamin D was done. Using Siemens, ADVIA centraurVit D assay a one
pass 18 minute antibody competitive immunassay. Results: Maximum no. of cases was in the age group of 51 to 60 that is 40 patients (32%).
The mean age of studied population was 60.22 +- 11.65 years. Out of 125 patients 77(61.6%) were males and 48 patients (38.4%) were females,
with a ratio of male to female of 1.60:1. In 104 patients (83.2%), the level of vitamin D were below normal, in 11 patients (8.8%) the levels
insufficient and in remaining 10 patients , the levels were either normal or more than normal. Conclusion: There was an inverse association
between Vitamin D and HbA1C in patients with type -2 Diabetes Mellitus. Lower Vitamin D levels are associated with poor glycemic control.
That means in case of low Vitamin D the study reveals high HbA1C. Vitamin D deficiency is prevalent in Diabetes mellitus Type 2 so by
supplementation of vitamin D we can improve glycemic controls in patients of Diabetes mellitus Type 2. By improving glycemic control, we can
reduce the complication of Diabetes.
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Introduction

Type 2 Diabetes (T2DM) is a worldwide pandemic and India
being capital for it.Thirty Five years ago, the prevalence of
Diabetes in India based on the Indian Council of Medical
Research (ICMR) multicentricsurve was around 2% in urban
India and 1% in rural India. [1,2] In just Decades, there preva-
lence rates have shot up to 12-16% in urban India, [3] to 8%
in rural India,in adults over 20 years of age.This represents a
600- 800% increase in prevalence rates of Diabetes something
which is unparallel in any western nation. That is why, India
is now referred as “Diabetic Capital “of the world. Recently
Vit-D3 was given some importance worldwide in the patho-
genesis of Diabetes. [3] One of the most important hallmark

of T2DM is the occurance of low grade inflammation as a
result of an increase in circulating cytokines TNF-alpha and
IL-6,which contributes in the development of insulin resis-
tance,particularly in themuscles and adipose tissue. [4] Vitamin
D3 being a potent immunosuppressant , tends to down reg-
ulate the transcription of various pro-inflammatory cytokine
genes, like interleukin-2 interleukin-12 and Tumour necro-
sis factor-alpha. [5,6] It also has a protective role on beta cell
mass and prevents it from apoptosis as the beta cell apop-
tosis would lead to various pathological manifestation like
excessive cytokines (TNF-alpha,IL-6) production, glucotox-
icity, lipotoxicity which are the major features among the
patient with T2DM.7 The discovery of vitamin D receptors
for, 1-alpha,25 Dihydroxyvitamin D 3(1,25(OH)2D3),the acti-
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vated form of vitamin-D, in tissues with no direct role in
calcium and bone metabolism (eg. Pancreatic Beta cells and
cells of the immune system ) has broadened our view of the
physiological role of vitamin –D. [7,8] This novel risk factor
in the development of Diabetes has recently gained atten-
tion and remains unexplored.The study from Vacek et al.
(2012), [9] found an important role of vitamin D in cardio-
vascular health and Diabetes and found that vitamin D defi-
ciency was related to reduced survival.The role vitamin-D in
T2DM suggested by Pittas et al. [1] in his study, document-
ing that insulin sensitivity is improved by as much as 60%
when levels of 25-Hydroxy vitamin-D3 are increased from 25
to 75 nmol/L and this was also quoted by few of the studies
done in India.Vitamin-D helps in insulin secretion by stim-
ulating Beta cells secretions or it may facilitate the conver-
sion of pro-insulin to insulin.Vitamin-D improves sensitivity
and promotes beta -cells survival by modulating the effects
of cytokines. Therefore,vitamin D deficiency may be impli-
cated in pathogenesis of T2DM. However, the role of vitamin
D in T2DM remains unexplored, so far, very few studies have
explored the role of vitamin –D and Type 2DM in India. Hence
the present study was undertaken to estimate the levels of vita-
min D in patients with T2DMand correlate levels of vitamin-D
with glycemic status of Diabetes Mellitus.

Subjects andMethods

The present cross -sectional study was conducted in the
Department of Medicine, Darbhanga Medical College, Darb-
hanga from February -2018 to July -2019, on newly detected
and known patients with T2DM. A total of 125 patients with
T2DM were included in our study. The study was carried out
after obtaining the clearance from the institutional ethical com-
mittee and getting the informed consent from all the patients.

Inclusion criteria

• Patient with T2DM,

• Age more than 18 years.
Exclusion criteria

• Age less than 18 years ,
• Patient with chronic renal failure which corresponds to
chronic kidney disease stages 3-5 (GFR < 60ml/min per 1.73
m-sq.)

All routine and relevent investigation were done like complete
blood count, fasting and post prandial Blood sugar, HbA1C,
routine exam urine, renal function test, lipid profile, 25
hydroxy vitamin D level. Anthropometric measurement was
taken on Standing Height in meter, Weight in kg, Hip and
Waist circumference in cms and Body Mass Index were
calculated by using formula weight / height in meter square.
Individuals were divided into three groups according to their

plasma vitamin –D levels:-

Group 1: Deficiency (< 20 mg /ml)

Group 2: Insufficiency (20-30 mg/ml)

Group 3: Normal ( >30 mg/ml)

The same individuals were regrouped on the basis of HbA1C
level. As per ADA guidelines the target in diabetic patients is
to achieve an HbA1C of less than 7. So, on the basis of this
data we classified the subjects in following 3 groups.

Group A: Less than 7 %

Group B: 7-8 %

Group C:More than 8 %

Statistical Analysis

The data obtained was coded and entered into Microsoft Excel
Worksheet. The categorical Data was expressed as Rates,
Ratio Proportions and comparison was done using chi-square
test. The continuous data was expressed as mean +- standard
deviation (SD) and comparison was done by two sample‘t’ test
with unequal variance. A probability value (‘p’ value) of less
than or equal to 0.05 was considered as statistically significant.

Results

The present cross- sectional study titled “A study on the
association between HbA1C and vitamin D in Type 2
Diabetes Mellitus was carried out in Department of Medicine,
Darbhanga Medical College and Hospital Darbhanga, Bihar.
A total 125 patients were studied. The findings /observations
and final results are tabulated below.

Age Distribution

Patients age ranged from 39 to 85 years, maximum number
of cases were in the age group of 51 to 60 that is 40 patients
(32%), between 61 to 70 years 36 patients (28.8%) and
between 41 to 50 years and 71 to 80 years 19 patients (15.2%)
in each group. The mean age of study population was 60.22±
11.65 years.

Sex Distribution

Out of 100 patients 77 (61.6%) were males and 48 patients
(38.4%) were Females, accounting a ratio of male to female
1.60:1.

Inference:Male preponderance was observed.

Duration of diabetes

In the present study, we observed in 26.9% patients the
duration of diabetes Was 6 to 10years. In 41.6 of patients the
duration of diabetes was either less than 5 years or upto 5 years.
In 16% of patients the duration of diabetes was > 15 years. The
mean duration of diabetes was 7.4 ± 5.44 years.
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Figure 1: Age Distribution

Figure 2: Sex Distribution

Figure 3: Duration of Diabetes

Mode of treatment

We observed 70 patients (56%) were on oral hypoglycemic
agents, 30 patients (24%)were on insulin preparations, 16
patients (12.8%) were newly detected and 9 patients (7.2%)
were on combination of insulin and oral hypoglycemic agents.

Figure 4: Mode of Treatment

Habits

In 15 patients (12%) history of alcohol consumption, 9 patients
(7.2%) history of tobacco smoking and in 6 patients (4.8%)
history of smoking and alcohol consumption was obtained.

Figure 5: Habit.

Body Mass Index

We observed in 94 patients (75.6%) BMI of 25 to 29.99, in
17patients (13.6%) BMI of 23 to 24.99, In 12 patients (9.6%)
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BMI was >30 and in only 2 patients (1.6%) BMI was 18.5 to
22.99. The mean BMI was 26.95 ± 3.15.

Figure 6: Body Mass Index

Fasting blood sugar (FBS)
Most of our patients who presented had fasting glucose
abnormality (98%) except 4 patients (3.2%).

Figure 7: Fasting Blood Sugar

Post prandial blood sugar (PPBS)
Almost all our patients had post-prandial glucose abnormality
(98.4%). 2 patients (1.6%) had post-prandial blood sugar <200
mg%.
HbA1c levels
In our present study 90 patients (72%) hadHbA1c ofmore than
8.0%, 23 patients (18.4%) had HbA1c between 7.1 to 8.0%
randomly 12 patients( 9.6%) were between 6.5 to 7.0%. The
mean HbA1c level was 8.26± 0.78.
Vitamin D level

Figure 8: Post Prandial Blood Sugar

Figure 9: 9: HbA1C level

We observed in 104 patients (83.2%) the level of Vitamin-
D were below normal , in 11 patients (8.8%) the levels were
insufficient and in remaining 10 patients (8%) the levels were
either normal or more than normal.

Correlation of Vitamin D levels with HbA1c
When Vitamin D levels were correlated with HbA1c, 104
patients had low levels of Vitamin D (7 patients had HbA1c
between 6.5 - 7.0%, in 15 patients HbA1c was 7.1 - 8.0%
and in remaining 82 patients HbA1c was > 8.0%).11 patients
had insufficient Vitamin D levels ( in 3 patients HbA1c was
6.5 - 7.0% in 4 patients 7.1 - 8.0% and in 4 patients it was
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Figure 10: 10: Vitamin D level

>8.0%).10 patients had normal Vitamin D levels (2 patients
had HbA1c between 6.5 - 7.0%, in 4 patients HbA1c was 7.1 -
8.0% and 4 had > 8.0%) .We obtained a p- value of 0.005 when
we correlated Vitamin D levels with HbA1c. This p value is
significant.

Discussion

Management of type 2 diabetes mellitus is a challenge for
health care workers, patients and their families. Current
management standards focus on optimizing glycaemic control
to reduce risk of long term complications. The main aim of our
investigation was to clarify,whether there exists association
between vitamin D levels and glycatedhemoglobin in patients
of type 2 diabetes mellitus.In the present study of 125 patients
with type 2 diabetesmellitus, we observed the levels of vitamin
D and compared it to various factors. In this cross sectional
study, we found an inverse association between vitamin D
levels and HbA1c.In our study the patients ranged from 39
to 85 years. 61 patients were in the age group of >60 years.
53 patients had low levels of vitamin D, 2 had insufficient
levels and 6 had either normal or more than normal levels. We
observed that levels of vitamin-D were low with increasing
age (p=0.147; insignificant).This observation is similar to a
study by Baynes KCR et al [10] (p=<0.05;significant). Maybe
this finding in their study is because of adjusting various
confounding factors and following up of these patients for
nearly 30 years. One study byDalgard C et al, [11] observed low
levels of vitamin-D with increasing age . The reason for this
could be the synthesis of vitamin D decreases with increasing
age due to reduced concentration of 7-dehydrocholesterol
in the skin and may be due to reduced absorption of oral
vitamin-D. Taking gender into consideration, no significant
association was found (p=0.344; insignificant) in our study.
Same observation was made by Ford ES et al. [12] In our
study, the duration of diabetes varied from 0 to >15 yrs. We
did not find any association between Vitamin-D levels and

duration of diabetes. This is in sharp contrast to study by Braun
TR et al, [13] who observed lower Vitamin-D in patients with
longer duration of diabetes. Some of our patients were on
treatment either with oral hypoglycemic agents (56%), Insulin
preparations (30%), or a combination of oral hypoglycemic
drugs and insulin (7.2%) and 12.8% were newly detected
diabetics. All of these patients when presented had either
fasting blood sugar or post prandial blood sugar abnormality
reflecting poor diabetic status. Most of our patients were
having low or insufficient levels of vitamin- D (except 10
patients who had either normal or more than normal). Same
conclusion was drawn by Braun TR et al. [13] This issue needs
further evaluation by comparing the diabetic patients with
healthy non-diabetic individuals. We obtained in 24 patients
history of alcohol consumption, history of smoking in 20
and 14 patients had history of smoking as well as alcohol
consumption. Whether these confounding factors have effect
on Vitamin-D levels is not clear. Similar observation was
found by Braun TR et al, [13] Study by Baynes KCR et al, [10]
found no correlation with alcohol consumption and smoking.
When the levels of vitamin –D were compared with BMI , the
vitamin - D levels were less in patient s with BMI above 23.0,
however p value was not statistically significant (p=0.423).
In a study by Braun TR et al, [13] correlation between BMI
and low levels of vitamin- D levels had a significant value
(p<0.0001) This difference could be because of small sample
size(125 patients) in our study compared to their sample size
of 887 patients.In the study of Baynes KCR et al, [10] there
was no correlation with BMI. When vitamin D levels were
compared with fasting blood sugar, most of patients with
fasting glucose abnormality had either low levels of vitamin-
D or insufficient levels (p=0.280 ; insignificant). Braun TE
et al, [13] in their study (sample size 887 cases ), observed
low levels of vitamin - D are associated with fasting blood
glucose abnormality (p=0.022; significant) .Similarly study
done by Shanthi B et al, [14](sample size 50 patients) found
a negative correlation of vitamin D with fasting glucose
abnormality.(P- 0.534, ; insignificant). Study by Lu L et al, [15]
and Kotwal SK et al, [16] found low levels of vitamin D in
patients with increasing fasting blood sugars. When vitamin
-D levels were compared with post prandial blood sugar,
almost all of our patients with post prandial blood sugar
abnormality had either low or insufficient levels(p=0.396 ;
insignificant). Same was observed by Shanthi B et al, [14]
(p=0.511; insignificant) When correlated with HbA1c the
vitamin-D levels were definitely effected with HbA1c of
6.5% and above. In 10 patients normal levels of vitamin -
D was observedinspite having HbA1c abnormality, p value
being significant (p=0.005) Similar observation was made by
Dalgard C et al, [11] (p=0.01 ; significant). In a study done by Lu
L et al, [15] they found an inverse association between Vitamin
- D levels and HbA1c, p value was significant (p =<0.0001).
When the available data was analyzed both quantitatively and
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qualitatively to find out correlation of levels of vitamin - D
in patients of type 2 diabetes mellitus we found a significant
correlation when compared with HbA1c, cholesterol and low
density lipoprotein (p value being significant ). Other variables
like age gender, duration of diabetes, body mass index, fasting
blood sugar and postprandial blood sugar. To overcome this
bias with confounding factors and co - morbid conditions,
may be large sample size is required.And also comparison of
diabetic individuals with non diabetic healthy individuals is
essential. To find out the true correlation of vitamin D levels
with these variables.

Conclusion

There was an inverse association between Vitamin D levels
and HbA1c in patients with type 2 diabetes mellitus. In
the present study of 125 patients with type 2 diabetes
mellitus we found that lower vitamin D levels were associated
with poor glycemic control. When correlated with other
variables like age, gender, duration of diabetes, body mass
index, fasting blood sugar, post prandial blood sugar we
found no significant correlation (p - value being statistically
insignificant). Further studies to compare patients with type
2 diabetes mellitus and non diabetic healthy individuals may
be necessary to know the relationship between Vitamin - D
levels and other variables. There is evidence that vitamin -
D deficiency leads to glucose intolerance and predisposes
to type 2 diabetes mellitus. Despite observational studies
showing strong association between Vitamin D deficiency and
diabetes mellitus , randomized clinical trials with vitamin D
supplementation are of short duration , with small number
of patients, and small doses if vitamin D supplementation,
thereby not permitting any definitive conclusions. Questions
persist about the optimal level of vitamin D to prevent the risk
of developing diabetes mellitus. However, large long - term
clinical trials are needed to clarify these issues. Vitamin D is
inexpensive and should a trial confirm its benefit in prevention
of diabetes, it will have a major impact on public health.
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