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ABSTRACT
Vitamin D, a fat-soluble vitamin, plays a critical role in regulating plasma calcium concentration and
may influence several non-skeletal medical conditions, including diabetes as well as other human diseases. The
aim of this study was to determine the relationship between serum concentration of 25-hydroxy vitamin D 25
(OH) D3and both of glycemic profile and some of oxidative stress markers in diabetic patients compared to
healthy subjects. The study included 84 subjects aged between 40-60 years divided into two main groups: Type
2 Diabetes Mellitus (T2DM) (n=43) and healthy subjects (n=41). Further classification of each group was carried
out based on 25 (OH) D3status (deficient, insufficient and sufficient). Age was recorded and BMI was
calculated. It was found that the prevalence of vitamin D deficiency was 44.18% and 56% for T2DM and control
groups, respectively. Results indicated highly significant elevation in the mean values of FBG, HbA1c, FI,
HOMA-IR, TG, MDA and AGEs in T2DM group compared to control group. Mean values of TAC, HDL were
significantly decreased in T2DM compared to control group. Mean values of BMI, age, cholesterol, LDL and 25
(OH) D3 were not significantly changed in T2DM compared to control group. In control group, non-significant
correlations were obtained for 25(OH) D3 with each tested parameter, however, in T2DM, 25(OH) D 3 showed
significant correlations with cholesterol and LDL. This study has shown that dyslipidemia, poor glycemic control
and increased oxidative stress markers were highly prevalent among diabetic subjects. Though vitamin D
deficiency was prevalent in T2DM and non-diabetic control subjects, its relationship to glycemic parameters
and oxidative stress markers could not be confirmed, demonstrating that improvement in vitamin D status was
not the only factor responsible for better health of the individuals but lifestyle and dietary changes seem to
play a role, which will improve the overall health including hemoglobin glycation and insulin resistance along
with vitamin D levels.
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INTRODUCTION
Vitamin D, a fat-soluble vitamin, plays a critical role in regulating plasma calcium concentration
through effects on intestinal absorption and bone metabolism (Liu et al. 2010). There is mounting evidence
suggesting that vitamin D may influence several non-skeletal medical conditions, including neuromuscular
function, cancer, and a wide range of chronic diseases, including autoimmune diseases, atherosclerosis,
obesity, cardiovascular diseases, diabetes, and associated conditions such as the metabolic syndrome and
insulin resistance (1).Type 2 Diabetes Mellitus (T2DM) is a multifactorial disease characterized by chronic
hyperglycemia, altered insulin secretion, and insulin resistance – a state of diminished responsiveness to
normal concentrations of circulating insulin (2, 3).
Oxidation is a chemical process whereby electrons are removed from molecules and highly reactive
free radicals are generated (4). Free radicals include reactive oxygen species (ROS) such as superoxide and
hydroperoxyl and reactive nitrogen species (RNS) such as nitric oxide and nitrogen dioxide (5). There is a
growing scientific and public interest in connecting oxidative stress with a variety of pathological conditions,
including diabetes mellitus as well as other human disease. Oxidative stress has been implicated in the
pathogenesis of type 2 diabetes and its complications (6).
Recent studies showed that vitamin D status, measured as plasma 25(OH)D, was inversely associated
with markers of oxidative stress, such as urinary isoprostanes and serum lipid peroxides(7). However, some
others found that 25-OH-D had no beneficial effect on antioxidant defense (8). The aim of this study was to
determine the relationship between serum concentration of 25-hydroxy vitamin D (25-OH-D) and both of
glycemic profile and some of oxidative stress markers in diabetic patients compared to healthy subjects.
MATERIALS AND METHODS
The study population included 84 subjects (43 men and 41 women) aged 40-60 years, subjects were
randomly selected from outpatient clinics in King Abdulaziz University Hospital. Subjects were diagnosed by
hospital physicians and were divided into two groups: control and T2DM, according to clinical and biochemical
criteria of The American Diabetes Association (9).The T2DM group included 43 subjects meanwhile, the control
group that was selected from the outpatient department included 41 subjects who were apparently healthy
with normal glucose levels and normal lipid profiles. Further classification of each group was carried out based
on 25 (OH) D3 status; Deficient 25 (OH) D3 subgroup: (control or T2DM with serum 25 (OH) D3 level < 30
nmol/L), Insufficient 25 (OH) D3 subgroup (control or T2DM with serum 25 (OH) D 3 level range from 30 to < 50
nmol/L and Sufficient 25 (OH) D3 subgroup: (control or T2DM with serum 25 (OH) D3 level range from 50 - 80
nmol/L).
The study protocol was approved by the King Abdulaziz University Hospital Ethics Committee. All
participants were asked to sign an informed consent prior to entering the study. All measurements were
carried out at the laboratory of King Abdulaziz University Hospital.
Each participant was subjected to a single withdrawal of blood sample after overnight fasting. The
blood sample was divided into two parts. First part was added to the EDTA tube for HbA1C% measurement
meanwhile, second part was added to a plain tube and allowed to clot for 30 minutes at room temperature
and it was centrifuged at 3000 r.p.m for 10 minutes to separate serum. Sera were divided into aliquots to
avoid freezing and thawing and were kept on -20°C pending assay. Sera were used for determination of:
fasting blood glucose, fasting insulin, lipid profile parameters, vitamin D, Total antioxidant capacity,
Malondialdhyde and Advanced glycation end products.
Instruments which were used in this study were: Dimension Xpand (Siemens) for determination of
blood glucose, HbA1C and lipid profile. Cobas e 601 (cobas) Immunoassay analyzer for determination insulin
and vitamin D and Humareader plus, Human, GmbH, Germany for determination Total antioxidant capacity,
Malondialdhyde and Advanced glycation end products.
Fasting blood glucose was determined by using a kit provided by Siemens Healthcare. Serum HbA1c
was determined by using a kit provided by Siemens Healthcare Diagnostic Limited, UK. Insulin levels were
determined using an electrochemiluminescence immunoassay technique employing a kit purchased from
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Cobas. For lipid profile: Serum cholesterol was determined by using a kit provided by Siemens Healthcare,
Serum triglyceride was determined by using a kit provided by Siemens Healthcare, Serum LDL Cholesterol was
determined by using a kit provided by Siemens Healthcare, Serum HDL Cholesterol was determined by using a
kit provided by Siemens Healthcare. Vitamin D levels were determined using an electrochemiluminescence
immunoassay technique employing a kit purchased from Cobas. Total Antioxidant Capacitywas determined by
using a kit provided by Cell Biolabs, Inc., USA. Malondialdehyde was determined by using a kit provided by Cell
Biolabs, Inc., USA. Advanced glycation end products were determined by using a kit provided by Cell Biolabs,
Inc., USA.
Statistical Analysis
Statistical analysis was performed with the Statistical Package for Social Sciences Software (SPSS Inc.,
USA) version 24. Data were expressed as means ± standard deviation (SD). Differences in means of study
parameters between normal control and diabetic subjects were assessed using Independent-Sample T-Test.
Pearson correlations were used to study the interrelationship between different parameters included in the
study. A p-value of <0.05 was considered statistically significant.
RESULTS
The study included 84 subjects who were classified into two main groups: control (n=41) and T2DM
(n=43). Mean values of body mass index, age, and multiple different blood glucose levels compared between
control and T2DM groups are shown in Table (1). In addition, it shows mean values of lipid profile and 25
hydroxyvitamin D3 in the studies groups. The mean value of Triglycerides significantly increased while the
mean value of HDL significantly decreased inT2DM compared to the normal control group. On the other hand,
the mean values of cholesterol, LDL and 25 hydroxyvitamin D 3 were not significantly changed in T2DM. Table 1
additionally demonstrates difference in mean values of total antioxidant capacity, malondialdehyde and
advanced glycation end products between control and T2DM groups. Data obtained from this study revealed
highly significant increased mean values of MDA and AGEs in T2DM compared to the control group. In
contrast the mean value of TAC significantly decreased in T2DM compared to normal control group.
Comparison between the mean levels of all parameters included in the study as regards to 25
hydroxyvitamin D3 status
According to 25 (OH) D3 levels, control and T2DM subjects were classified into 3 subgroups as follows:
•
•
•

Deficient subgroup: 25 (OH) D3< 30 nmol/L.
Insufficient subgroup: 25 (OH) D3 30-<50 nmol/L.
Sufficient subgroup:25 (OH) D3 50-80 nmol/L.

Results obtained from deficient subgroup
The results in Table 2 displays the mean values of FBG, HbA1C, FI and HOMA-IR in deficient T2DM
subgroup, which shows a significant increase relative to their matched values in the control subgroup with
deficient 25 (OH) D3. In the T2DM deficient subgroup, mean values of TG and LDL increased and the mean
value of HDL decreased compared to control subgroup with deficient 25 (OH) D3, however these results were
not significant. Meanwhile, both of the two subgroups had similar values of cholesterol and 25 hydroxyvitamin
D3.
Significant elevation in mean values of MDA and AGEs was noted in T2DM deficient subgroup, while
TAC showed a non-significant difference between the same two subgroups.
•
•

T2DM: type 2 diabetes mellitus and BMI: body mass index.
FBG: fasting blood glucose, HbA1C: Glycated hemoglobin FI: fasting insulin and HOMA-IR:
Homeostasis model assessment insulin resistance.
TG: triglycerides, LDL: low density lipoprotein, HDL: high density lipoprotein and 25 (OH) D 3: 25
hydroxyvitamin D3.
• TAC: total antioxidant capacity, MDA: malondialdhyde and AGEs: advanced glycation end products.
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Results obtained from insufficient subgroup
As seen in Table 3 above, the insufficient T2DM subgroup reported significantly higher mean values of
FBG, HbA1C, FI, HOMA-IR and TG in comparison to control subgroup. T2DM group also reported slightly higher
mean values of cholesterol, LDL and 25 (OH) D3 with a slight decrease of HD. Furthermore, results showed a
significant increase in mean values of MDA and AGEs for insufficient T2DM subgroup compared to control
subgroup.
Results obtained from sufficient subgroup
Tables 4 below shows slightly higher TG values, meanwhile mean values of cholesterol, LDL, and HDL
were slightly lower in T2DM subgroup with sufficient 25 (OH) D3 compared to control sufficient subgroup. On
the other hand, highly significant elevation could be noted in the mean values of FBG, HbA1C, FI, HOMA-IR,
MDA and AGEs for sufficient T2DM subgroup compared to control sufficient subgroup. The mean values of 25
(OH) D3 and TAC were almost the same in these two subgroups.
Table 1: Mean levels of Age, BMI, different blood glucose levels and Homeostasis model assessment in
control and T2DM groups
Groups
Parameters
Age (year)
± SD
Range
BMI (Kg/m2)
± SD
Range
FBG (74-106 mg/dl)*
± SD
Range
HbA1C (4.3-6%)*
± SD
Range
FI (2.6-24.9 mlU/L)*
± SD
Range
HOMA-IR
± SD
Range
Cholesterol (< 200 mg/dl) *
± SD
Range
TG (< 150 mg/dl) *
± SD
Range
LDL (< 99 mg/dl) *
± SD
Range
HDL (40 -60 mg /dl) *
± SD
Range
25 (OH) D3 (50-80 nmol/L) *
± SD
Range

May–June

2018

Control
n =41

T2DM
n =43

P value

46.83 ± 6.62
40-60

47.91 ± 6.19
40-60

>0.05

27.7 ± 5.4
21.43 - 40.05

29.0 ± 6.5
21.60 - 54.43

>0.05

101±10.29
48-127

169±57.01
99-325

0.000

5.81 ± 0.36
5.1-6.6

8.21 ±1.90
4.9-13.5

0.000

12.62 ± 5.95
4.25- 27.2

29.34 ± 26.10
2.31 - 89.13

0.000

3.23 ± 1.74
0.95- 8.19

11.70 ± 0.87
0.83- 44.60

0.000

191.83 ± 34.20
107-262

190.93± 39.91
119-263

128.20 ±42.05
72-239

159.63 ± 71.07
60-358

113.56 ± 27.96
54-177

112.84 ±37.29
46-189

56.27 ±22.28
23-160

47.63 ±12.33
21-80

34.29 ± 22.97
7.5-81.28

37.99 ± 22.90
7.5-85
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TAC m mol /L
± SD
0.62±0.26
0.51±0.10
Range
0.40- 1.71
0.13 - 0.65
MDA µmol/L
± SD
3.01 ± 1.05
6.02 ±1.83
Range
1.25 - 5.16
2.67 - 10.32
AGEs µg/ml
± SD
7.74 ± 0.87
11.98 ± 2.67
Range
6.33 - 10.66
7.02 - 17.03
*values between brackets indicates the normal range for each parameter.

0.008

0.000

0.000

Table 2: Difference in mean levels of multiple variables between control and T2DM groups with deficient 25
(OH) D3.
Groups
Control
T2DM
Parameters
n =23
n =19
FBG (74-106 mg/dl)*
± SD
101.39 ± 9.66
176.37 ± 59.75
Range
85-122
99-325
HbA1C (4.3-6%)*
± SD
5.81± 0.36
8.31 ± 1.96
Range
5.10-6.30
5.2-11.5
FI (2.6-24.9 mlU/L)*
± SD
12.72 ± 6.51
29.84± 30.15
Range
4.59-27.20
3.96-89.13
HOMA-IR
± SD
3.26 1.89
12.58 ±13.04
Range
1.08-8.19
1.51-44.61
Cholesterol (< 200 mg/dl)*
± SD
199.30 ±26.81
208.32± 36.02
Range
150-262
132-263
TG (< 150 mg/dl)*
± SD
137.74± 47.67
165.16 ± 87.36
Range
72-239
60-358
LDL (< 99 mg/dl)*
± SD
118.35± 25.30
130.00± 33.04
Range
75-177
58-189
HDL (40 -60 mg /dl)*
± SD
54.96± 14.94
47.16± 11.91
Range
31-92
33-68
25 (OH) D3 (50-80 nmol/L)*
± SD
18.00 ± 6.63
17.62± 6.53
Range
7.5-29.1
7.5-27.42
TAC mmol /L
± SD
0.66 ± 0.33
0.51 ± 0.11
Range
0.4-1.72
0.14-0.62
MDA µmol/L
± SD
2.99 ± 1.16
6.54 ± 1.75
Range
1.25-5.16
3.18-10.04
AGEs µg/ml
± SD
7.82± 0.69
12.12 ± 2.88
Range
6.78-9.2
7.02-16.99
*values between brackets indicates the normal range for each parameter.
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P value

0.000

0.000

0.025

0.006
> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

0.000

0.000
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Table 3: Difference in mean levels of multiple variables between control and T2DM groups with insufficient
25 (OH) D3.
Groups
Control
T2DM
Parameters
n =8
n =12
FBG (74-106 mg/dl)*
± SD
102.75 ± 14.08
167.08 ± 56.73
Range
84-127
112-273
HbA1C (4.3-6%)*
± SD
5.89 ± 0.45
8.08 ± 2.29
Range
5.40-6.60
4.90-13.50
FI (2.6-24.9 mlU/L)*
± SD
13.03 ± 5.83
26.06 ± 18.05
Range
4.62-19.50
10.87-72.40
HOMA-IR
± SD
3.42 ±1.82
10.13 ± 6.64
Range
0.96-6.12
4.33-25.36
Cholesterol (< 200 mg/dl)*
± SD
174.50 ±39.20
186.75 ±35.37
Range
121-217
129-251
TG (< 150 mg/dl)*
± SD
127.13 ±31.07
168.83 ±44.41
Range
91-179
70-224
LDL (< 99 mg/dl)*
± SD
101.00 ±30.99
111.67 ±33.98
Range
54-14
47-168
HDL (40 -60 mg /dl)*
± SD
48.75± 12.48
43.42 ±12.01
Range
28-65
21-63
25 (OH) D3 (50-80 nmol/L)*
± SD
36.54 ± 5.32
41.68 ± 5.54
Range
30.80-45.70
31.85-49.34
TAC mmol /L
± SD
0.59 ± 0.15
0.48 ± 0.12
Range
0.44-0.90
0.15-0.64
MDA µmol/L
± SD
3.03 ± 0.94
5.76 ±1.83
Range
1.91-4.91
2.62-10.32
AGEs µg/ml
± SD
7.60 ± 0.67
11.76 ± 3.02
Range
6.33-8.50
7.58-17.03
*values between brackets indicates the normal range for each parameter.

P value
0.006

0.007

0.035

0.005

> 0.05

0.034

> 0.05

> 0.05

> 0.05

> 0.05

0.001

0.001

Table 4: Difference in mean levels of multiple variables between control and T2DM groups with sufficient 25
(OH) D3.
Groups
Parameters
FBG (74-106 mg/dl)*
± SD
Range
HbA1C (4.3-6%)*
± SD
Range
FI (2.6-24.9 mlU/L)*
± SD
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Control
n =10

T2DM
n =12

P value

99.50 ± 9.11
85-112

162.33 ± 56.60
102-288

0.002

5.76 ± 0.31
5.40-6.20

8.17 ± 1.49
6.20-10.80

0.000

12.05 ± 5.18

31.82 ± 27.73

0.039
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Range
HOMA-IR
± SD
Range
Cholesterol (< 200 mg/dl)*
± SD
Range
TG (< 150 mg/dl)*
± SD
Range
LDL (< 99 mg/dl)*
± SD
Range
HDL (40 -60 mg /dl)*
± SD
Range
25 (OH) D3 (50-80 nmol/L)*
± SD
Range

4.25-32.20

2.31-89

2.99 ± 1.42
1.04-6.24

11.85± 9.41
0.83-30.76

0.008

188.50 ±42.70
107-254

167.58±39.64
119-241

> 0.05

107.10 ±28.72
77-165

141.67±65.68
61-260

> 0.05

112.60 ±31.04
56-165

86.83± 33.47
40-146

65.30±37.33
23-160

52.58 ±12.55
31-77

> 0.05

69.95± 10.97
54.20-81.30

69.15± 12.91
55.85-85

> 0.05

> 0.05

TAC mmol /L
± SD
0.56 ± 0.15
0.52 ± 0.08
Range
0.40-0.84
0.38-0.65
MDA µmol/L
± SD
3.02 ± 0.96
5.46 ± 1.98
Range
1.45-4.52
2.74-9.04
AGEs µg/ml
± SD
7.67 ±1.36
11.98 ± 2.09
Range
6.33-10.70
8.90-15.63
*values between brackets indicates the normal range for each parameter.

> 0.05

0.002

0.008

DISCUSSION
In the present study showed that the BMI was non–significantly increased in T2DM as compared to
the control group. Luca and Iordache (2013) consider obesity as a strong risk factor for T2DM and its
complications and this may explain and support the significant positive correlation between BMI and Insulin in
the present study for T2DM. No association between vitamin D and BMI could be observed in both T2DM and
control groups included in this work. Agreeing, Sebekova et al. (2015) also did not reveal such association.
Meanwhile, a meta-analysis of 21 studies reported that each unit of increase in BMI (kg/m2) is associated with
1.15% lower plasma concentrations of 25(OH)D (10). Likewise, further data suggests that reduction of weight
and consequently of fat in overweight and obese subjects was not found to be associated with significant
changes in white adipose tissue or circulating vitamin D3 levels (11). This could be explained by that vitamin D
accumulates in fat cells which probably results in its trapping in that site consequently causing a decrease in
vitamin D levels.
Results in the current study indicated highly significant elevation in the mean values of FBG, HbA1c, FI
and HOMA-IR in T2DM group compared to normal control. On the other hand the mean values of 25(OH) D
was not significantly changed in T2DM group compared to control group.
Further classification of normal and diabetic groups was carried out based on 25(OH) D status
(deficient, insufficient and sufficient). The results obtained showed that in all these three classes the diabetic
patients had significant elevated levels of FBG, HbA1c, FI and HOMA-IR and comparable values of 25(OH) D
compared to non-glycemic control. In addition pearsonʹs correlation between different parameters in T2DM
and control groups of the present study could not show any association between vitamin D values and any of
the glycemic parameters which may be due to the small size in number of subjects.
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The evidence so far available on the role of vitamin D in the pathogenesis of T2DM is inconclusive. An
association between low vitamin D status and T2DM have been reported in several cross-sectional studies ( 12,
13), as well as prospective cohort studies (14-16). Two recent large prospective cohort studies provided
evidence of an inverse association between serum 25(OH)D and markers of glucose homeostasis (15)and risk
of T2DM (16) ,indicating a possibility of a causal relationship. Nonetheless, vitamin-D supplementation was not
found to be effective in reducing HbA1c, as stated by Melville (2013) (17). In contrast, as with the present
work, other studies reported no association between 25(OH)D levels and the incidence of T2DM (18),
hemoglobin glycation(19) and glycemic control (20).
Activation of vitamin D receptors and calcium homeostasis have been reported to be possibly affected
by impaired pancreatic-β cell function and insulin resistance in T2DM (21). This has been confirmed by a
couple of in vitro studies, suggesting its role in improving insulin sensitivity and secretion (20-22). On the
other hand, Fonseca (2009) (23) explained that the β-cell reserve attenuates with the progression in the
duration of T2DM, but Shethet al. 2015(19)could not observe significant association between HbA1c and
HOMA-IR with 25(OH)D taken into account with the duration of T2DM.
A study conducted in Australia in 2014 by Elkassabyet al. (2014) (24) observed a transient
improvement in glycaemia in T2DM with the intake of oral vitamin D3 supplements without change in either
HbA1c or beta cell function, meanwhile concluded that high doses have little or no therapeutic benefit. A
similar study from United Arab of Emirates (UAE) done by Sadiya A.et al. (2014) (25) has also reported no
significant change in HbA1c levels after six months of supplementation with vitamin D3 in vitamin D-deficient
obese T2DM patients of an Emirati population. Furtherly confirming this, Kampmannet al. (2014) (26) showed
that improvement in vitamin D status may increase insulin secretion but did not improve insulin resistance and
HbA1c in patients with T2DM. This is in agreement with our findings that vitamin D levels did not show any
significant association with HOMA-IR status in T2DM cases as well as control subjects. This is possibly because
the inflammatory mechanisms are highly stimulated by the diabetic milieu or the β-cell dysfunction, and
insulin resistance is more severe and less reversible by extended duration of diabetes as explained by Luo et al.
(2009) (20). On the other hand, Aksuet al. (2013) (27) found that serum vitamin D levels increase after the
correction of hyperglycemia and HbA1c, suggesting a bidirectional biological relationship between blood
glucose level and vitamin D metabolism.
In this study, the mean value of triglycerides was significantly increased while the mean value of HDL
was significantly decreased in T2DM compared to control group. In contrast Thanpariet al. (2015) (28)
demonstrated that HDL-C level was raised significantly in T2DM. Maharjanet al. (2008) (29) reported that there
was no significant difference between HDL-C in control and diabetes. The raised HDL levels should protect the
diabetic patients from atherosclerotic complications because it can play a role in reverse cholesterol transport,
and it also carries cholesterol from the atherosclerotic plaques to the liver for removal. So, it is considered to
be a protective factor to the development of atherosclerosis (30).
Upon further classification of normal and diabetic groups as regard to vitamin D status, it was found
that the prevalence of vitamin D deficiency was 44.18% and 56% for T2DM and control groups respectively and
vitamin D sufficiency and insufficiency were 55.81% for T2DM and 43.90% for control. The present study
displayed that there was a significant negative correlation between vitamin D and cholesterol and LDL in
diabetic patients. Meanwhile, the relationship between vitamin D and each of BMI, cholesterol, triglycerides
and LDL in the control group was non-significant.
The inverse correlations of total cholesterol and LDL with vitamin D noted in this study are consistent
with other studies that evaluated cardiovascular risk in T2DM patients from sunny regions (31, 32). Perhaps
lipid levels might be the intervenient variable that explains the link between hypovitaminosis D and
cardiovascular disease in patients with T2DM (33). However, the literature on this subject is not homogeneous
and interventional studies have failed to demonstrate that raising the levels of vitamin D resulted in
improvement in the lipid profile of T2DM patients (34-36).Ford et al. (2005) (37) found a negative association
between serum levels of 25(OH) D and TG in patients with hypertriglyceridemia. However, this relationship
was not observed in HDL levels in healthy subjects. Rejnmarket al. (2009) (38) reported that serum
concentration of triglycerides was inversely associated with 25(OH)D in healthy postmenopausal women who
had been treated with either 40 mg/day Simvastatin or a placebo for one year. In contrast, Chiu et al. (2004)
(39) showed no relationship between serum levels of 25(OH) D and TG or HDL cholesterol in healthy subjects.
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The biological mechanism explaining both direct and indirect effects of vitamin D on modifying the
lipid profile may occur through regulatory action that increases the activity of lipoprotein lipase in adiposity
(40). The effect of vitamin D on serum lipids could also be via suppression of the PTH secretion as PTH has
been reported to reduce lipolysis at least in vitro (41). In addition, vitamin D could affect the serum lipids
through an increased calcium level which may reduce hepatic TG formation and/or secretion (42, 43).
Furthermore, vitamin D may have an effect both on insulin secretion and insulin sensitivity and thereby
indirectly influencing lipid metabolism (44).
Lots of evidences link Reactive Oxygen Species (ROS) and oxidative stress to the pathogenesis of
T2DM and development of complications (45). Several studies have shown elevated extra and intracellular
glucose concentrations resulting in elevated oxidative stress among diabetic animals and individuals (46), and
ROS can contribute to the development and progression of diabetes and related complications by directly
damaging DNA, proteins, and lipids or indirectly activating a number of cellular stress-sensitive pathways to
induce damage to tissues such as islet β cells (47).
Vitamin D status was inversely associated with markers of oxidative stress, such as urinary
isoprostanes and serum lipid peroxides (48). However, some others found that 25-OH-D had no beneficial
effect on antioxidant defense (49).
The results obtained from this study revealed highly significant decrease in the mean value of TAC
accompanied by a highly significant increase in the mean values of MDA and AGEs in T2DM as compared to
control group. The same trend of decrease and increase were also noted in these parameters for the three
subgroups (deficient, insufficient and sufficient).
Studies conducted among different populations have also showed a decreased level of total
antioxidants in type 2 diabetes than controls (50- 53). In addition, a study conducted among Egyptians
consisting of 50 type 2 diabetes patients have concluded that the depletion of total antioxidant capacity is
associated with diabetic complications (54).On the contrary, a recent study conducted in Romania has
reported an increase in total antioxidants when compared to controls. The compensatory response from the
endogenous antioxidants might contribute to such increase in total antioxidant activity in diabetes mellitus
(55).
The significant elevation noted in the mean value of MDA in T2DM as compared to control in the
present work was in line with many previous studies (51, 53, 56, 57) which all of them observed an association
between lipid peroxidation and T2DM.
Hyperinsulinemia in diabetes increases the activity of the enzyme fatty acyl coenzyme A oxidase,
which initiates β- oxidation of fatty acids, resulting in lipid peroxidation (58). Oxidative stress arises because of
excessive production of ROS and impaired antioxidant defense mechanisms. It has been suggested that ROS
induce membrane lipid peroxidation and that the toxicity of generated fatty acid peroxides are important
causes of cell malfunction (59). Interaction between ROS with lipoproteins (LDL and HDL) leads to their hydro
peroxidation. Due to this interaction and interaction between free radicals and polyunsaturated fatty acids,
MDA levels were increased in the plasma (60).
The present study indicated the absence of correlation between MDA and any of glycemic control
parameters nor oxidant-antioxidant parameters. Kassim (2011) (61) found that HbA1c was associated with
MDA and SOD, but Vessbyet al. (2002) (62) have not observed such a correlation.
T2DM group in the present study were having more highly significant mean value of AGEs than
control group. This was in concordance with Bucala and Cerami (1992) (63) and Šebekováet al (2015) (64).
AGEs may directly contribute to induction or aggravation of diabetes causing progressive insulin secretory
defects and pancreatic beta cell deaths (65) and by enhancing insulin resistance via decreased biological
activity of glycated insulin (66). The presence of high significant correlation between AGEs and each of FBG,
HbA1c and insulin observed in diabetic group and between AGEs and each of FBG and HbA1c in control group
for present study may support and clarify the mechanism of action of AGEs. These finding are compatible with
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those of Aouacheriet al. (2015) (6) that correlate HbA1c with oxidative stress, and with Goodarziet al. (2008)
(67) that support the correlation between the degree of hyperglycemia and oxidative stress.
In in vitro studies it was shown that the deleterious effects of AGEs modified albumin on endothelial
cells could be prevented by incubation with calcitriol, the active form of vitamin D (68). In diabetic rats
administration of vitamin D reduced systemic oxidative stress and the deposition of AGEs in the aortic wall
(69). On the other hand,Sabekovaet al. (2015) (70) suggested that in diabetic subjects hypovitaminosis D is not
associated with enhanced AGE accumulation and sufficient vitamin D levels are not linked with a lower AGE
accumulation. Taken together in the current study the association between vitamin D and each of MDA and
AGEs could not be observed.
This study had some limitations. First, the sample size was small; therefore, it may decrease the
possibility of the study to be able detect a significant association between parameters and may limit the
generalizability of these findings. Second, data about financial income, sun exposure or other characteristics
could not be collected. Third, a random measurement error may be arising by the use of a single measurement
of glycemic and oxidative stress markers.
CONCLUSION
This study has shown that dyslipidemia, poor glycemic control and increased oxidative stress markers
were highly prevalent among diabetic subjects. Though vitamin D deficiency was prevalent in T2DM and nondiabetic control subjects, its relationship to glycemic parameters and oxidative stress markers could not be
confirmed, demonstrating that improvement in vitamin D status was not the only factor responsible for better
health of the individuals but lifestyle and dietary changes seem to play a role, which will improve the overall
health including hemoglobin glycation and insulin resistance along with vitamin D levels.
RECOMMENDATIONS
Efforts should be made in the area of glycemic control, lipid lowering and life style modifications to
reduce the risk of diabetes complications. In addition, more longitudinal studies focusing on the effects of
vitamin D supplementation on oxidative stress markers are needed to elucidate a potential relationship
between vitamin D status and oxidative stress markers accumulation and their interaction in potentiating of
toxic effects.
REFERENCES
[1]

[2]
[3]

[4]
[5]
[6]
[7]

[8]

Garcia-Bailo, B., El-Sohemy, A., Haddad, P. S., Arora, P., BenZaied, F., Karmali, M., &Badawi, A. (2011).
Vitamins D, C, and E in the prevention of type 2 diabetes mellitus: modulation of inflammation and
oxidative stress. Biologics, 5(1), 7-19.
Savage, D. B., Petersen, K. F., & Shulman, G. I. (2005). Mechanisms of insulin resistance in humans and
possible links with inflammation. Hypertension, 45(5), 828-833.
Lamb, R. E., & Goldstein, B. J. (2008). Modulating an oxidative‐inflammatory cascade: potential new
treatment strategy for improving glucose metabolism, insulin resistance, and vascular function.
International journal of clinical practice, 62(7), 1087-1095.
Bartlett, H. E., &Eperjesi, F. (2008). Nutritional supplementation for type 2 diabetes: a systematic
review. Ophthalmic and physiological optics, 28(6), 503-523.
Evans, J. L., Maddux, B. A., &Goldfine, I. D. (2005). The molecular basis for oxidative stress-induced
insulin resistance. Antioxidants & redox signaling, 7(7-8), 1040-1052.
Aouacheri, O., Saka, S., Krim, M., Messaadia, A., &Maidi, I. (2015). The investigation of the oxidative
stress-related parameters in type 2 diabetes mellitus. Canadian journal of diabetes, 39(1), 44-49.
Gradinaru, D., Borsa, C., Ionescu, C., Margina, D., Prada, G. I., & Jansen, E. (2012). Vitamin D status and
oxidative stress markers in the elderly with impaired fasting glucose and type 2 diabetes mellitus. Aging
clinical and experimental research, 24(6), 595-602.
Saedisomeolia, A., Taheri, E., Djalali, M., Djazayeri, A., Qorbani, M., Rajab, A., &Larijani, B. (2013).
Vitamin D status and its association with antioxidant profiles in diabetic patients: A cross-sectional
study in Iran. Indian Journal of Medical Sciences, 67(1), 29-37.

May–June

2018

RJPBCS

9(3)

Page No. 1110

ISSN: 0975-8585
[9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]
[18]

[19]
[20]

[21]

[22]

[23]
[24]

[25]
[26]

[27]

[28]

[29]

American Diabetes Association.(2011) Diagnosis and classification of diabetes mellitus. Diabetes Care,
34(Suppl 1),S62–S69.
Vimaleswaran, K. S., Cavadino, A., Berry, D. J., Whittaker, J. C., Power, C., Järvelin, M. R., &Hyppönen, E.
(2013). Genetic association analysis of vitamin D pathway with obesity traits. International Journal of
Obesity, 37(10), 1399-1406.
Piccolo, B. D., Dolnikowski, G., Seyoum, E., Thomas, A. P., Gertz, E. R., Souza, E. C., & Van Loan, M. D.
(2013). Association between subcutaneous white adipose tissue and serum 25(OH)Din overweight and
obese adults. Nutrients, 5(9), 3352-3366.
Scragg, R., Sowers, M., & Bell, C. (2004). Serum 25-hydroxyvitamin D, diabetes, and ethnicity in the
Third National Health and Nutrition Examination Survey. Diabetes care, 27(12), 2813-2818.
Stadlmayr, A., Aigner, E., Huber-Schönauer, U., Niederseer, D., Zwerina, J., Husar-Memmer, E., ...&Datz,
C. (2015). Relations of vitamin D status, gender and type 2 diabetes in middle-aged Caucasians.
Actadiabetologica, 52(1), 39-46.
Pittas, A. G., Nelson, J., Mitri, J., Hillmann, W., Garganta, C., Nathan, D. M., & Diabetes Prevention
Program Research Group. (2012). Plasma 25(OH)Dand Progression to Diabetes in Patients at Risk for
Diabetes. Diabetes care, 35(3), 565-573.
Husemoen, L. L. N., Thuesen, B. H., Fenger, M., Jørgensen, T., Glümer, C., Svensson, J., &Linneberg, A.
(2012). Serum 25 (OH) D and type 2 diabetes association in a general population. Diabetes care, 35(8),
1695-1700.
Afzal, S., Bojesen, S. E., &Nordestgaard, B. G. (2013). Low 25(OH)Dand risk of type 2 diabetes: a
prospective cohort study and metaanalysis. Clinical chemistry, 59(2), 381-391.
Melville, N. A. (2013). Large review casts cloud over vitamin D health benefits. Medscape Medical News,
5.
Robinson, J. G., Manson, J. E., Larson, J., Liu, S., Song, Y., Howard, B. V., & Johnson, K. C. (2011). Lack of
association between 25 (OH) D levels and incident type 2 diabetes in older women. Diabetes Care,
34(3), 628-634.
Sheth, J. J., Shah, A., Sheth, F. J., Trivedi, S., Lele, M., Shah, N., .& Vaidya, R. (2015). Does vitamin D play
a significant role in type 2 diabetes?.BMC endocrine disorders, 15(1), 5.
Luo, C., Wong, J., Brown, M., Hooper, M., Molyneaux, L., & Yue, D. K. (2009). Hypovitaminosis D in
Chinese type 2 diabetes: lack of impact on clinical metabolic status and biomarkers of cellular
inflammation. Diabetes and Vascular Disease Research, 6(3), 194-199.
Pittas, A. G., Lau, J., Hu, F. B., & Dawson-Hughes, B. (2007). The role of vitamin D and calcium in type 2
diabetes. A systematic review and meta-analysis. The Journal of Clinical Endocrinology & Metabolism,
92(6), 2017-2029.
Eftekhari, M. H., Akbarzadeh, M., Dabbaghmanesh, M. H., &Hasanzadeh, J. (2011). Impact of treatment
with oral calcitriol on glucose indices in type 2 diabetes mellitus patients. Asia Pacific journal of clinical
nutrition, 20(4), 521-526.
Fonseca, V. A. (2009). Defining and characterizing the progression of type 2 diabetes. Diabetes care,
32(suppl 2), S151-S156.
Elkassaby, S., Harrison, L. C., Mazzitelli, N., Wentworth, J. M., Colman, P. G., Spelman, T., &Fourlanos, S.
(2014). A randomised controlled trial of high dose vitamin D in recent-onset type 2 diabetes. Diabetes
research and clinical practice, 106(3), 576-582.
Sadiya, A. et al., 2014. Vitamin D status and its relationship with metabolic markers in persons with
obesity and type 2 diabetes in the UAE: a cross-sectional study. Journal of diabetes research, 2014.
Kampmann, U., Mosekilde, L., Juhl, C., Moller, N., Christensen, B., Rejnmark, L., ...&Orskov, L. (2014).
Effects of 12weeks high dose vitamin D3 treatment on insulin sensitivity, beta cell function, and
metabolic markers in patients with type 2 diabetes and vitamin D insufficiency–a double-blind,
randomized, placebo-controlled trial. Metabolism, 63(9), 1115-1124.
Aksu, N. M., Aksoy, D. Y., Akkaş, M., Yilmaz, H., Akman, C., Yildiz, B. O., & Usman, A. (2013). 25-OHVitamin D and procalcitonin levels after correction of acute hyperglycemia. Medical Science Monitor,
19, 264-268.
Thanpari, C., Takhelmayum, R., Yadav, N. K., Shrewastwa, M. K., Thapa, P., & Mittal, R. K. (2015). Lipid
peroxidation, antioxidants, lipid profile, and HbA1c in diabetic patients. International Journal of
Diabetes in Developing Countries, 1-4.
Maharjan, B. R., Jha, J. C., Adhikari, D., Vishwanath, P., Baxi, J., Alurkar, V. M., & Singh, P. P. (2008). A
study of oxidative stress, antioxidant status and lipid profile in diabetic patient in the western region of
Nepal. Kathmandu University medical journal (KUMJ), 6(1), 16-22.

May–June

2018

RJPBCS

9(3)

Page No. 1111

ISSN: 0975-8585
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]
[42]

[43]

[44]

[45]
[46]

[47]
[48]

[49]

[50]

Bitzur, R., Cohen, H., Kamari, Y., Shaish, A., &Harats, D. (2009). Triglycerides and HDL cholesterol.
Diabetes care, 32(suppl 2), S373-S377.
Yu, J. R., Lee, S. A., Lee, J. G., Seong, G. M., Ko, S. J., Koh, G., & Lee, D. H. (2012). Serum vitamin d status
and its relationship to metabolic parameters in patients with type 2 diabetes mellitus. Chonnam
medical journal, 48(2), 108-115.
Rolim, M. C., Santos, B. M., Conceição, G., & Rocha, P. N. (2016). Relationship between vitamin D status,
glycemic control and cardiovascular risk factors in Brazilians with type 2 diabetes mellitus. Diabetology&
Metabolic Syndrome, 8(1), 77.
Patel, P., Poretsky, L., & Liao, E. (2010). Lack of effect of subtherapeutic vitamin D treatment on
glycemic and lipid parameters in type 2 diabetes: a pilot prospective randomized trial. Journal of
diabetes, 2(1), 36-40.
Yiu, Y. F., Yiu, K. H., Siu, C. W., Chan, Y. H., Li, S. W., Wong, L. Y., & Cheung, B. M. (2013). Randomized
controlled trial of vitamin D supplement on endothelial function in patients with type 2 diabetes.
Atherosclerosis, 227(1), 140-146.
Al-Zahrani, M. K., Elnasieh, A. M., Alenezi, F. M., Almoushawah, A. A., Almansour, M., Alshahrani, F., &
Al-Zahrani, A. (2014). A 3-month oral vitamin D supplementation marginally improves diastolic blood
pressure in Saudi patients with type 2 diabetes mellitus. International journal of clinical and
experimental medicine, 7(12), 5421.
Eftekhari, M. H., Akbarzadeh, M., Dabbaghmanesh, M. H., &Hassanzadeh, J. (2014). The effect of
calcitriol on lipid profile and oxidative stress in hyperlipidemic patients with type 2 diabetes mellitus.
ARYA Atheroscler, 10(2), 82-88.
Ford, E. S., Ajani, U. A., McGuire, L. C., & Liu, S. (2005). Concentrations of serum vitamin D and the
metabolic syndrome among US adults. Diabetes care, 28(5), 1228-1230.
Rejnmark, L., Vestergaard, P., Heickendorff, L., &Mosekilde, L. (2009). Simvastatin does not affect
vitamin d status, but low vitamin d levels are associated with dyslipidemia: results from a randomised,
controlled trial. International journal of endocrinology, 2010.
Chiu, K. C., Chu, A., Go, V. L. W., &Saad, M. F. (2004). Hypovitaminosis D is associated with insulin
resistance and β cell dysfunction. The American journal of clinical nutrition, 79(5), 820-825.
Wang, J. H., Keisala, T., Solakivi, T., Minasyan, A., Kalueff, A. V., &Tuohimaa, P. (2009). Serum
cholesterol and expression of ApoAI, LXRβ and SREBP2 in vitamin D receptor knock-out mice. The
Journal of steroid biochemistry and molecular biology, 113(3), 222-226.
Zemel, M. B., Shi, H., Greer, B., Dirienzo, D., &Zemel, P. C. (2000). Regulation of adiposity by dietary
calcium. The FASEB Journal, 14(9), 1132-1138.
Cho, H. J., Kang, H. C., Choi, S. A., Ju, Y. C., Lee, H. S., & Park, H. J. (2005). The possible role of Ca2+ on
the activation of microsomal triglyceride transfer protein in rat hepatocytes. Biological and
Pharmaceutical Bulletin, 28(8), 1418-1423.
Zittermann, A., Frisch, S., Berthold, H. K., Götting, C., Kuhn, J., Kleesiek, K., &Koerfer, R. (2009). Vitamin
D supplementation enhances the beneficial effects of weight loss on cardiovascular disease risk
markers. The American journal of clinical nutrition, 89(5), 1321-1327.
Kamycheva, E., Jorde, R., Figenschau, Y., &Haug, E. (2007). Insulin sensitivity in subjects with secondary
hyperparathyroidism and the effect of a low serum 25(OH)Dlevel on insulin sensitivity. Journal of
endocrinological investigation, 30(2), 126-132.
Liu, X., & Fang, F. (2014). Type 2 diabetes caused by reductive redox potential?.Science China. Life
sciences, 57(7), 729.
De Lemos, E.T., Oliveira, J., PáscoaPinheiro, J., & Reis, F. (2012). Regular physical exercise as a strategy
to improve antioxidant and anti-inflammatory status: benefits in type 2 diabetes mellitus. Oxidative
medicine and cellular longevity, 2012.
Evans, J. L., Goldfine, I. D., Maddux, B. A., &Grodsky, G. M. (2003). Are oxidative stress− activated
signaling pathways mediators of insulin resistance and β-cell dysfunction?.Diabetes, 52(1), 1-8.
Gradinaru, D., Borsa, C., Ionescu, C., Margina, D., Prada, G. I., & Jansen, E. (2012). Vitamin D status and
oxidative stress markers in the elderly with impaired fasting glucose and type 2 diabetes mellitus. Aging
clinical and experimental research, 24(6), 595-602.
Saedisomeolia, A., Taheri, E., Djalali, M., Djazayeri, A., Qorbani, M., Rajab, A., &Larijani, B. (2013).
Vitamin D status and its association with antioxidant profiles in diabetic patients: A cross-sectional
study in Iran. Indian Journal of Medical Sciences, 67(1), 29-37.
Odum, E. P., Ejilemele, A. A., &Wakwe, V. C. (2012). Antioxidant status of type 2 diabetic patients in Port
Harcourt, Nigeria. Nigerian journal of clinical practice, 15(1), 55–8.

May–June

2018

RJPBCS

9(3)

Page No. 1112

ISSN: 0975-8585
[51]

[52]

[53]

[54]
[55]

[56]
[57]

[58]
[59]
[60]

[61]
[62]
[63]
[64]

[65]

[66]

[67]
[68]

[69]

[70]

NourEldin, E. E. M., Almarzouki, A., Assiri, A. M., Elsheikh, O. M., Mohamed, B. E. A., &Babakr, A. T.
(2014). Oxidized low density lipoprotein and total antioxidant capacity in type-2 diabetic and impaired
glucose tolerance Saudi men. Diabetology& metabolic syndrome, 6 (1), 94.
Dordevi,c G., Duric ,S., Apostolskit, S., Dordevic, V., &Zivkovic, M. (2008). Total antioxidant blood
capacity in patients with type 2 diabetes mellitus and distal symmetrical polyneuropathy.
Vojnosanitetskipregled, 65(9), 663-669.
Angeline, T., Caroline, J. C., Rani, J. J. A., Asirvatham, A. J., & Isabel, W. (2015). Analysis of DNA damage,
plasma lipid peroxidation, and antioxidant status in type 2 diabetes mellitus patients among a south
Indian population. International Journal of Diabetes in Developing Countries, 35(3), 491-495.
Opara, E. C., Abdel-Rahman, E., Soliman, S., Kamel, W. A., Souka, S., Lowe, J. E., & Abdel-Aleem, S.
(1999). Depletion of total antioxidant capacity in type 2 diabetes. Metabolism, 48(11), 1414-1417.
Savu, O., Ionescu-Tirgoviste, C., Atanasiu, V., Gaman, L., Papacocea, R., &Stoian, I. (2012). Increase in
total antioxidant capacity of plasma despite high levels of oxidative stress in uncomplicated type 2
diabetes mellitus. Journal of International Medical Research, 40(2), 709-716.
Aouacheri, O., Saka, S., Krim, M., Messaadia, A., &Maidi, I. (2015). The investigation of the oxidative
stress-related parameters in type 2 diabetes mellitus. Canadian journal of diabetes, 39(1), 44-49.
Thanpari, C., Takhelmayum, R., Yadav, N. K., Shrewastwa, M. K., Thapa, P., & Mittal, R. K. (2015). Lipid
peroxidation, antioxidants, lipid profile, and HbA1c in diabetic patients. International Journal of
Diabetes in Developing Countries, 1-4.
Horie, S., & Ishii, H. (1981). Changes in peroxisomal fatty acid oxidation in the diabetic rat liver. The
Journal of Biochemistry, 90(6), 1691-1696.
Sanocka, D., &Kurpisz, M. (2004). Reactive oxygen species and sperm cells. Reproductive Biology and
Endocrinology, 2(1), 12.
Gupta, S., Pandey, R., Katyal, R., Aggarwal, H. K., Aggarwal, R. P., & Aggarwal, S. K. (2005). Lipid peroxide
levels and antioxidant status in alcoholic liver disease. Indian Journal of Clinical Biochemistry, 20(1), 67–
71.
Kassim, M.N.(2011) Oxidative stress and metabolic control in type 2 diabetes patients. Iraqi Academic
ScientificJournal, 24,70-78.
Vessby, J., Basu, S., Mohsen, R., Berne, C., &Vessby, B. (2002). Oxidative stress and antioxidant status in
type 1 diabetes mellitus. Journal of internal medicine, 251(1), 69-76.
Bucala, R., &Cerami, A. (1992). Advanced glycosylation: chemistry, biology, and implications for
diabetes and aging. Advances in pharmacology, 23, 1-34.
Šebeková, K., Stürmer, M., Fazeli, G., Bahner, U., Stäb, F., &Heidland, A. (2015). Is vitamin D deficiency
related to accumulation of advanced glycation end products, markers of inflammation, and oxidative
stress in diabetic subjects?.BioMed research international, 2015.
Coughlan, M. T., Yap, F. Y., Tong, D. C., Andrikopoulos, S., Gasser, A., Thallas-Bonke, V., ...& Kaye, D. M.
(2011). Advanced glycation end products are direct modulators of β-cell function. Diabetes, 60(10),
2523-2532.
Hunter, S. J., Boyd, A. C., O’Harte, F. P., McKillop, A. M., Wiggam, M. I., Mooney, M. H., ...& Sheridan, B.
(2003). Demonstration of glycated insulin in human diabetic plasma and decreased biological activity
assessed by euglycemic-hyperinsulinemic clamp technique in humans. Diabetes, 52(2), 492-498.
Goodarzi, M. T., Varmaziar, L., Navidi, A. A., &Parivar, K. (2008). Study of oxidative stress in type 2
diabetic patients and its relationship with glycated hemoglobin. Saudi medical journal, 29(4), 503-506.
Talmor, Y., Golan, E., Benchetrit, S., Bernheim, J., Klein, O., Green, J., & Rashid, G. (2008). Calcitriol
blunts the deleterious impact of advanced glycation end products on endothelial cells. American Journal
of Physiology-Renal Physiology, 294(5), F1059-F1064.
Salum, E., Kals, J., Kampus, P., Salum, T., Zilmer, K., Aunapuu, M., &Zilmer, M. (2013). Vitamin D reduces
deposition of advanced glycation end-products in the aortic wall and systemic oxidative stress in
diabetic rats. Diabetes research and clinical practice, 100(2), 243-249.
Šebeková, K., Stürmer, M., Fazeli, G., Bahner, U., Stäb, F., &Heidland, A. (2015). Is vitamin D deficiency
related to accumulation of advanced glycation end products, markers of inflammation, and oxidative
stress in diabetic subjects?.BioMed research international, 2015.

May–June

2018

RJPBCS

9(3)

Page No. 1113

