
Introduction
In recent years, a few studies, mostly carried out in the
West, have shown an association between
hypovitaminosis D [serum levels of 25-hydroxy vitamin D
less than 20ng/ml] and abnormal glycated haemoglobin
(HbA1C) levels in patients with type II diabetes mellitus.1-6
This association was observed even in the South Asian
patients of type-2 diabetes mellitus (DM) living in the
United Kingdom (UK).7 However, there are hardly any
studies carried out in South Asia to ascertain this
relationship. Since HbA1C is a marker of glycaemic control
in patients with DM,8 we embarked on investigating the
relationship between serum levels 25-hydroxy vitamin D
[25(OH)D] and concentration of HbA1C in Pakistani
patients with type-2 DM.

Methods
In a cross-sectional survey, 165 consecutive diabetic
patients with age ranging from 22 to 70 years visiting the
Endocrinology Clinic of the Aga Khan University Hospital

between July, 2013 to April, 2014 were enrolled with
informed consent. These patients had been diagnosed to
have type-2 DM as per guidelines of International
Diabetes Federation, which included clinical history and
fasting serum glucose concentration >126mg/dl.9 They
had not received any vitamin D supplementation during
the past 6 months and were free from any of the chronic
diseases such as liver disease, uraemia, cancer or lung
disease. The study had the approval from the Ethics
Review Committee of the Aga Khan University. Medical
records of these patients were obtained and those whose
HbA1C levels were done within one week of their
recruitment were included in this study. One hundred and
forty one patients including 102 males and 39 females
fulfilled the criterion and were selected for analysis of
25(OH)D and other related biomarkers.

Tenml bloodwith at least 4 hours of fasting was collected
and serum was analyzed for 25(OH)D, parathyroid
hormone (PTH), calcium, alkaline phosphatase (ALP),
phosphate, albumin, alanine aminotransferease (ALT)
and creatinine using kit methods (Roche Diagnostics,
Indianapolis, IN). For statistical analysis of the data,
patients were divided into 2 groups on the basis of their
glycaemic control: Good glycaemic control (HbA1C
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<7.0%) and poor glycaemic control (HbA1C >7.0%) as per
guidelines of American Diabetes Association.10
Demographic and clinical characteristics in these groups
were compared using statistical tests such as chi-square
for comparing proportions and Independent sample t
test for comparing mean values. Binary logistic
regression was applied to study the association between
hypovitaminosis D and its relationship with poor
glycaemic control. Pearson's correlation was used for
correlation between serum levels of 25(OH)D and
concentrations of HbA1C. A p-value of <0.05 was
considered significant.

Results
A comparison of demographic characteristics and mean
concentrations of biomarkers in patients with good
glycaemic control and patients with poor glycaemic
control indicates no statistically significant difference
with respect to gender, sunlight exposure, age, age of
diagnosis, body mass index (BMI), waist circumference,
serum levels of calcium, PTH, phosphate, albumin, ALT
and creatinine (Table-1). However, mean serum level of
25(OH)D was significantly higher in the group with
good glycaemic control compared to the mean level in
the group with poor glycaemic control (27.0±9.8 vs.
19.4±10.1ng/ml; p-value <0.001; Table-1). On the other
hand, mean serum concentration of ALP was
significantly lower in the group of patients with good
glycaemic control compared to the group with poor
glycaemic control (54±16 vs. 67±44 U/l; p-value =
0.045). Percent vitamin D deficiency (serum 25(OH)D
<20ng/ml) was significantly higher in patients with

poor glycaemic control than patients with good
glycaemic control (58.7% vs. 30.6%, p-value = 0.002;
Table-2). Pearson's correlation analysis indicated that
serum 25(OH)D levels were inversely correlated with
concentrations of HbA1C in these patients (r = -0.203; p-
value = 0.016). Binary logistic regression analysis
revealed association of hypovitaminosis D with poor
glycaemic control (odds ratio (OR), 3.22 (95% CI, 1.54-
6.7); p-value=0.002; Table-3). Odds of poor glycaemic
control in these diabetic patients was nearly 5-fold

when the model was adjusted for other covariates, BMI,
serum concentrations of albumin, ALT and ALP (OR, 4.86
(95% CI, 1.9-11.9); p-value <0.001; Table-3).
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Table-1: Demographic characteristics and concentrations of biomarkers in diabetic
patients with good and poor glycaemic control.

Characteristics Good glycaemic Poor glycaemic p-value*
control control

[HbA1c <7.0] [HbA1c >7.0]
n(%) n(%)

Gender
Female 12 (24.5) 27 (29.3) 0.54
Male 37 (75.5) 65 (70.7)
Sunlight exposure
(>2 hours/day) 0.84
- Yes 20 (40.8) 36 (39.1)
- No 29 (59.2) 56 (60.9)

Mean ± SD p-value**
Age (years) 49.9± 8.2 49.05±9.6 0.57
Age of diagnosis (years) 44.0±8.2 43.4±9.0 0.72
BMI (Kg/m2) 28.1±4.6 28.6±4.4 0.59
Waist circumference (cm) 98.5±8.6 100.1±10.4 0.36
25 (OH)D (ng/ml) 27.0±9.8 19.4±10.1 <0.001
Calcium (mg/dl) 9.6±1.8 9.4±1.7 0.48
PTH (pg/ml) 33.9±14.8 36.3±13.1 0.32
Alkaline phosphatase (U/l) 53.8±15.5 66.9±44.4 0.045
Phosphate (mg/dl) 3.5±0.4 3.5±0.5 0.55
Albumin (g/l) 46.2±3.1 45.0±3.7 0.05
ALT (U/l) 5.9±4.4 7.4±7.4 0.18
Creatinine (mg/dl) 0.87±0.1 0.86±0.2 0.82

*p-value is obtained by comparing percentages in two groups using chi-square
** p-value is obtained by comparing mean values in two groups using Independent sample test.

Table-2: Vitamin D status and glycaemic control in type-2 DM patients.

25(OH)D (ng/ml) Vitamin D status Good glycaemic control Poor glycaemic control p-value*
[HbA1c <7.0] n(%) [HbA1c >7.0] n(%)

<20.0 Deficient 15 (30.6) 54 (58.7) 0.002
20-29.9 Insufficient 15 (30.6) 23 (25.0) 0.60
>30.0 Sufficient 19 (38.8) 15 (16.3) 0.005

*p-value is obtained by comparing proportions in two groups using chi-square.

Table-3: Association of vitamin D deficiency with poor glycaemic control in Pakistani
patients with type II diabetes mellitus.

HbA1c <7.0 HbA1c >7.0
[good glycaemic control] [poor glycaemic control]

Crude1 1 3.22 (1.5-6.7)*
Adjusted2 1 4.86(1.9-11.9)**

1. Values are OR (95% CI) from logistic regression; *p-value <0.01.
2. Values are OR (95% CI) from logistic regression adjusted for BMI, Albumin, ALP and ALT; ** p-
value <0.001.



Discussion
Pakistani population has high prevalence of type-2 DM
and vitamin D deficiency.11,12 Because of poor glycaemic
control, many of the diabetics develop microvascular
complications (retinopathy, nephropathy and
neuropathy) and macrovascular problems (cardiovascular
disease) leading to increasedmorbidity andmortality.13-15
Therefore, glycaemic management of type-2 DM patients
is of utmost importance to prevent long-term
complications. Since HbA1C has emerged as a major
biomarker for monitoring glycaemia, it is widely used in
the management of diabetic patients.16,17 The newly
found relationship of vitamin D and calcium homeostasis
with glycaemia and type-2 DM has been of immense help
in the control of glycaemia in such patients.18,19 The
inverse association of serum levels of 25(OH)D and HbA1C
has been reported in a number of observational studies
carried out in European countries such as, Italy,1 France,2
Norway,3 Spain,5 Greece,6 UK,7 and the United States of
America.4 There are only a few studies carried out on this
subject in Asian countries such as, Lebanon19 and Egypt.20
All these studies report an inverse association between
vitamin D deficiency and HbA1C levels in population of
their type-2 DM patients, and lead to the notion that
vitamin D supplementation in these patients should
improve their glycaemic control. However, some of trials
failed to show any significant improvement in glycaemic
control following vitamin D supplementation. For
example, in a systematic review of 15 trials, vitamin D
supplementation appeared to have no significant effect
on HbA1C levels in diabetic patients.21 Nonetheless,
conclusions of this review could be questioned on the fact
that it included only 4 studies in which HbA1C was
measured as a glycaemic control. Another trial carried out
in Denmark showed that improved vitamin D status was
not associated with HbA1C but insulin secretion did
appear to increase in patients with type-2 DM.22 In a study
carried out on South Asian type-2 DM patients (n=52)
residing in UK, combined oral vitamin D3 and calcium
supplementation resulted in a significant decrease in
HbA1C.23 Conversely, in three British Asians with type-2
DM, supplementation with vitamin D led to deterioration
of glycaemic control.24 In a recent report, Sheth et al have
shown lack of association between serum levels of
25(OH)D and HbA1C in 429 type-2 DM patients from
Western India.25 However, the mean age of their type-2
DM patients was about 57 years as compared to 49 years
in our study and the possibility that this association
between 25(OH)D and glycaemic control could be
affected by old age in certain populations cannot be
discounted. Such a notion is further supported by Mehta
et al who have reported lack of association between

severity of vitamin D deficiency and elevated levels of
HbA1C in elderly diabetic patients in nursing homes.26

To the best of our knowledge, our observation that there
is a direct relationship of hypovitaminosis D with poor
glycaemic control is the first comprehensive report on this
subject in Pakistani diabetic patients. AlthoughMagsi et al
have also reported negative association of vitamin D
deficiency with plasma levels of glucose, yet their study
involved only 13 patients with diabetes mellitus.27
Moreover, they did not use HbA1C as a marker of
glycaemia.

The mechanism by which vitamin D could be influencing
glucose metabolism in diabetic patients include:
improvement in insulin sensitivity and β cell survival;18
increased insulin secretion from pancreatic β cells28 and
regulation of calcium flux for normalization of glucose
tolerance and protection of beta cells against cytokine-
induced apoptosis.18

The present study also had certain limitations. Being a
cross-sectional survey, it could not indicate the cause and
effect relationship. Moreover, we did not monitor HOMA-
IR (Homeostasis model assessment for insulin resistance)
for its association with 25(OH)D in our type-2 DM patients.

In spite of these limitations, the data did provide evidence
regarding the role of vitamin D in glycaemic control in
Pakistani diabetic patients. Large intervention trials using
vitamin D supplementation in type-2 DM patients will be
required to provide further evidence that Pakistani
patients can benefit from vitamin D supplements in
improving glycaemic control, thereby attenuating
diabetic complications.

Conclusion
The association of vitamin D deficiency with poor
glycaemic control in Pakistani patients with type-2 DM
points towards the role vitamin D supplementation could
possibly play in regulation of glycaemia in these patients.
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