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Abstract
Aim: To evaluate the effect of different anti-diabetic treatment strategy on oxidative stress markers in patients with
type 2 diabetes mellitus (T2DM).
Subject and methods: A total of 93 patients with T2DM treated with metformin (G1 = 25), OHA (G2 = 22), OA and
insulin (G3 = 26) and insulin alone (G4 = 20). In all patients, lipid profile and glycemic indices were assessed using
routine laboratory tests. MDA and Oxidized LDL were assessed using commercially available ELISA kits. Laboratory
tests were performed at baseline and at a control visit after 24 weeks of treatment.
Results: A significant decrease in the levels of MDA with improvement of glycemic control was observed in the
group receiving OHA in combination with insulin therapy. A similar decrease of oxLDL was observed in all diabetic
subgroups with borderline significance in those receiving metformin alone. The remaining clinical and biochemical
parameters were not changed during follow-up in any of the involved groups.
Conclusion: A combination therapy with insulin was more effective in glycemic control and MDA reduction in T2DM.
Whereas, a significant oxLDLc reduction was observed in T2DM irrespective of categories of antidiabetic treatment or
glycemic control.
Keywords: T2DM, Oxidative stress, OHA and insulin
Background
Diabetes mellitus (DM) is a major worldwide health
problem and considered as one of the leading causes of
death and disability [1], with estimated prevalence of
more than 500 millions by 2035 [2]. Hyperglycemia, an
important pathologic characteristic of type 2 diabetes
mellitus (T2DM), measured by percentage of glycated
hemoglobin (HbA1c) has long been linked to mortality associated with DM. Chronic hyperglycemia through
polyol pathway and protein kinase C increase formation
of reactive oxygen species (ROS) inducing a state of oxidative stress that has been proposed as a major pathophysiological link between progression of T2DM and the
onset of diabetic complications [3]. Furthermore, oxygen
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free radical generation due to non-enzymatic protein
glycosylation, aut-oxidation of glucose and changes in
oxidant/antioxidant balance in DM [4]. Also, lipid alterations and lipoproteins oxidation have been also considered as contributory factors to oxidative stress in DM [5].
It has been shown that improvement in control is associated with reduced complications. However, intensive
therapy to achieve near-normal HbA1c levels in patients
with T2D has not been shown to reduce associated complications [6]. An effective interventions able of slowing progression of diabetes complications via alleviating
oxidative stress are desirable. Despite, the critical role of
antioxidants in diabetes, the clinical trials with conventional anti-oxidants and vitamins have either failed to
exert beneficial effects or have inconsistent results [7].
Recently the role of of anti diabetic agents in oxidative
stress reduction has been evaluated with controversial
results. Thus, our study evaluated the role of different
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anti-diabetic strategy on oxidative stress markers and
their relations with glycemic control, variable clinical and
biochemical parameters.

Methods
This prospective study was performed in 2015 at the outpatient clinic of Diabetes and Endocrinology Center—
AL-Noor hospital-Makka. A total of 93 patients with
T2DM were selected according to the following inclusion criteria; age >30 years, duration of diabetes more
than 5 years. Based on their anti-diabetic strategy they
were sub-classified into four groups; (G1) 25 (26.9%)
(13 male and 12 female) treated by metformin, (G2)
22 (23.7%) (10 male and 12 female) received oral hypoglycemic agents (OHA) (A combination of metformin
and sulfonylurea), (G3) 26 (28%) (16 male and 10 female)
were treated by OHA and insulin and (G4) 20 (21.5%) (11
male and 9 female) were controlled with insulin alone.
The decision-making for treatment based on glycemic
control and patient compensation for treatment. The
four groups were matched for age and gender. Pregnant
or lactating female and patients with renal impairment
(based on the value of estimated glomerular filtration
rate of <60 ml/min according to the Modification of Diet
in Renal Disease formula), other endocrine abnormalities, chronic diseases or other inflammatory disorders
were also excluded from the study. This study was conducted according to the Declaration of Helsinki guidelines and was approved by the local ethical committee of
Faculty of Medicine UQU and AL-Noor hospital. A written informed consent was signed by all participants. In
order to evaluate the possible role of variable antidiabetic
strategies in oxidative stress, the participants were followed for 24 weeks; the follow up visits were scheduled
every 12 weeks of treatment. A full through history (socidemographic, medical history) and clinical data were
taken from all subjects. A venous blood samples were
collected (in plain and EDTA tubes) from all participants
after an over-night fasting and 2-h post prandial for analysis of glucose panel [fasting plasma glucose (FBG) and a
2-h post prandial glucose (2HPPG)], lipid profile [Total
Cholesterol (TC), Triglycerides (TG), Low Density Lipoprotein Cholesterol (LDLc), High Density Lipoprotein
Cholesterol (HDLc) and LDLc/HDLc], renal function
(serum creatinine and blood urea), oxidative stress markers [malondialdehyde (MDA) and oxidized-Low Density
Lipoprotein Cholesterol (ox-LDLc)] and inflammatory
marker C-reactive protein (CRP). Also, glycemic control was measured by (HbA1c) (in whole blood) using a
high-performance liquid chromatography. Serum Malondialdehyde (MDA) was assessed utilizing Quantichrom
TBARS Assay Kit (DTBA-100) according to manufactures instructions. Serum ox-LDLc was analyzed using
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Enzyme-Linked-Immunosorbent Assay (ELISA) CloudCron Corp Kit according to manufacturer’s instructions
[8]. The diagnosis of DM is defined as a (FBG) ≥ 126 mg/
dl, a (2HPPG) ≥ 200 mg/dl, HbA1C ≥ 6.5%, in a patient
with classic symptoms of hyperglycemia [9]. Hypertension was diagnosed based on [systolic blood pressure
(SBP) ≥ 140 mmHg and/or diastolic blood pressure
(DBP) ≥ 90 mmHg in at least two separate measurements
or regular use of anti-hypertensive medication] [10].

Statistical analysis
The collected data were analyzed by statistical package
for the social science (SPSS) software, version 16, Echosoft Corporation, USA. Categorical data are presented as
percentages and continuous variables as mean ± SD for
parametric data and median with range for non-parametric data. Comparisons between groups were calculated
by Chi Square test with P for categorical variables and
by t test and Mann–Whitney U test for continuous variables. The one-way analysis of variance (ANOVA), post
hoc test and Kruskal–Wallis test were used when comparing more than two continuous variables. Spearman
rank correlation analysis was used to determine associations between oxidative and inflammatory markers with
selected parameters. Linear regression analysis was used
to assess the independent predictors of oxLDLc. P values <0.05 were considered significant.
Results
The baseline characteristics of the study participants
are summarized in Tables 1 and 2. A total of 93 of
patients with T2DM [G1 (52% male and 48% female),
G2 (45.5% male and 54.5% female), G3 (61.5% male and
38.5% female) and G4 (55% male and 45% female)] were
enrolled. The mean of their age and body mass index
(BMI) were [(51.72 ± 5.8), (49.13 ± 9.11), (49.84 ± 3.7),
(51.75 ± 4.15)], [(34.4 ± 6.41), (33.35 ± 5.59),
(32.24 ± 3.58), (31.19 ± 3.41)] kg/m2, respectively. The
study groups of diabetic patients were comparable for
age (P = 0.35), gender (P = 0.73) and smoking habits
(P = 0.22) with a similar distribution of BMI categories
(P = 0.74). Those categorized in G4 suffered from DM for
10 (2–24) years (long duration) than the other subgroups
(P = 0. 001) (Table 1). The median SBP and DBP were
at pre-hypertensive level in G1 and G3, while G2 and G4
were hypertensive with significantly increased prevalence
(59.1%) (70%) of HTN compared to G1(20%) and G3
(42.3%) (P = 0.004). Also G4 revealed a higher prevalence
of neuropathy (P = 0.008) with increased inflammatory
marker CRP in both G3 and G4 compared to G1 and G2
(P = 0.0001) (Table 1).
Diabetic patients selected in G3 received insulin
and OHA or G4 controlled by insulin alone initially
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Table 1 Comparison of demographic and clinical data among studied groups
Variables

Group 1 (25)

Group 2 (22)

Group 3 (26)

Group 4 (20)

51.72 ± 5.8

49.13 ± 9.11

49.84 ± 3.7

51.75 ± 4.15

Male

13 (52%)

10 (45.5%)

16 (61.5%)

11 (55%)

Female

12 (48%)

12 (54.5%)

10 (38.5%)

9 (45%)

Median (range)

3 (1–10)

3 (1–11)

4 (1–24)

10 (2–24)

Smoking

1 (4%)

1 (4.5%)

5 (19.2%)

3 (15%)

0.22

0.74

Age (years)
X ± SD

Gender

P value
0.35

Duration (years)

0.73
0.001*

BMI category
18–25

1 (4%)

>25–30

5 (20%)

7 (31.8%)

6 (23.1%)

5 (25%)

>30

19 (76%)

15 (68.2%)

20 (76.9%)

15 (75%)

138.8 ± 26.42

149.09 ± 26.48

139.62 ± 26.34

146.5 ± 17.45

X ± SD

86.8 ± 10.09

91.13 ± 7.54

87.3 ± 8.74

91.75 ± 8.15

HTN

5 (20%)

13 (59.1%)

11 (42.3%)

14 (70%)

0.004

IHD

2 (8%)

4 (18.2%)

2 (7.7%)

3 (15%)

0.61

HCT

2 (8%)

4 (18.2%)

6 (23.1%)

5 (25%)

0.43

Neuropathy

0

1 (4.5%)

6 (23.1%)

6 (30%)

0.008

CRP (mg/l) X ± SD

9.6 ± 3

13.41 ± 4.59

14.35 ± 1.54

19.8 ± 2.59

SBP (mmHg)
X ± SD
Range

0.41
130 (110–200)

152.5 (110–200)

127.5 (110–180)

150 (120–170)

DBP (mmHg)
Range

0.13
85 (70–120)

* Post hoc test significance between G4 vs. G1, G2 and G3
◊
#

95 (80–100)

85 (75–100)

95 (80–100)

0.0001◊#

Post hoc significance G3 and G4 vs. G1 and G2
Post hoc significance G1 vs. G2

differed from G1 and G2 received OHA by increased
FPG of (171.08 ± 25.71, 179.6 ± 66.04 vs. 132.28 ± 21.57,
129.86 ± 28.73) mg/dl and 2H-PPG (166.36 ± 45.95,
192.91 ± 37.23, 200.23 ± 7.93, 279.15 ± 15.1) mg/dl
(P = 0.0001). Also, there was an initial lack of metabolic
control (HbA1C > 7.5%) in G2, G3 and G4 (7.91 ± 1.15,
8.59 ± 1.16, 9.67 ± 1.65 vs. 6.77 ± 1.18) compared to G1
(control group) (P = 0.0001). In addition, G4 patients
revealed increased TG (P = 0.01) and decreased HDLc
(P = 0.005) compared to those controlled by OHA (G1
and G2) (Table 2). However, patients with T2DM distributed in the different subgroups were matched for
BMI (P = 0.16) (Table 2). Regarding oxidative stress
markers both MDA, oxLDLc and oxLDL/HDLc initially
revealed a significant difference among diabetic subgroups (P = 0.026), (P = 0.031) and (P = 0.002), mainly
in G3 and both G3 and G4 respectively (Table 2). A significant decrease was observed in MDA [10.38 ± 2.65 to
7.34 ± 1.87 (P = 0.0001)] with improved glycemic control (HbA1C) [(8.49 ± 1.26 to 7.76 ± 0.93) during follow
up at the 24th weeks mainly in G3 (Tables 3, 4). In addition, a significant reduction of the median oxLDLc [G2

(P = 0.002), G3 (P = 0.017) and G4 (P = 0.002)] and both
oxLDL/LDLc and oxLDL/HDL [G2 (P = 0.009 & 0.001)
and G4 (P = 0.018 & 0.002)] respectively was observed
during follow up with a borderline significant reduction
in G1 (P = 0.044) and G3 (P = 0.05) regarding oxLDLc
and oxLDLc/HDLc respectively (Table 4). However,
reduction of oxidative stress parameters [oxLDLc and
both oxLDL/LDLc and oxLDL/HDL] not associated with
an improved glycemic control. On the other hand, lipid
profiles and BMI did not reveal any significant reduction
during follow up, with no significant association with
glycemic control. In addition, poorly controlled patients
with T2DM revealed a high prevalence of neuropathy
[(20% at 1st visit and 21.3% at last one) (P = 0.007 &
0.04)] regardless of antidiabetic strategy (not shown). The
median ox-LDLc and MDA were significantly associated
with hyperglycemia [PPG (r = 0.25, P = 0.015); 2hPPG
(r = 0.3, P = 0.002)], diabetic complications [neuropathy (r = 0.25, P = 0.015) and inflammation (r = 0.26,
P = 0.013) (Table 5). CRP an inflammatory marker was
significantly associated with diabetes duration (r = 0.29,
P = 0.004), hyperglycemia (r = 0.65, P = 0.0001), poor
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Table 2 Character of the study groups regarding, anthropometric, routine biochemical data, inflammatory and oxidative
stress markers at the 1 s visit
Variables

Group 1

Group2

Group 3

Group 4

P value

BMI kg/m2

34.4 ± 6.41

33.35 ± 5.59

32.24 ± 3.58

31.19 ± 3.41

0.16

126 (73)

111 (100)

151 (59)

144 (172)

166.36 ± 45.95

192.91 ± 37.23

200.13 ± 8.05

278.95 ± 15.1

0.0001◊

FBG mg/dl
PPBG mg/dl
HbA1C%
TC mg/dl
TG mg/dl
LDLc mg/dl
HDLc

132.28 ± 21.57

131.59 ± 26.65

171.08 ± 25.71

179.6 ± 66.04

155 (83–260)

194 (140–285)

201 (178–244)

290 (250–360)

6.83 ± 1.24

7.98 ± 1.17

8.49 ± 1.26

9.67 ± 1.64

0.0001◊

0.0001◊#

174.84 ± 25.46

183.5 ± 35.39

172.6 ± 34.48

176.85 ± 44.97

0.74

136 (90–290)

143.5 (99–296)

140 (112–400)

148.64 ± 60.06

159.86 ± 53.83

168.77 ± 75.1

219 ± 93.28

208.5 (111–340)

0.01*

103.08 ± 23.37

102.314 ± 28

110.65 ± 29.32

106.8 ± 22.27

0.65

41 (28–70)

38 (33–67)

40 (30–50)

32.5 (29–53)

43.8 ± 10.87

LDLc/HDLc

MDA μM
OxLDLc pg/ml

3.21 ± 1.02

0.09

0.95 ± 0.04

0.95 ± 0.07

0.97 ± 0.07

0.94 ± 0.04

0.58

28.76 ± 3.45

27.81 ± 2.38

27.92 ± 1.67

28.35 ± 2.1

0.55

9 (5–12)

8.5 (4–13)

9 (7–12)

8 (7–14)

9.62 ± 2.57

2.53 (1.34–4.97)
0.97 (0.84–1.09)
8.05 ± 2.63

2.83 (1.48–6)
0.98 (0.85–1.08)
10.38 ± 2.65

3.28 (1.64–4.28)
0.94 (0.85–1)
9.6 ± 3.68

0.026

1272.5 ± 395.35

1558.3 ± 552.7

1590.3 ± 586.57

1518.4 ± 292.61

1156 (880–2505)

0.031

11.47 ± 3.02

15.28 ± 7.44

14.76 ± 5.95

15.09 ± 4.92

0.069

31.38 ± 11.61

37.49 ± 13.69

39.81 ± 15.42

44.13 ± 11.99

0.002

10.9 (6.7–18.4)

OxLDLc/HDLc

0.005*

2.89 ± 1.31

1090 (600–2600)

OxLDLc/LDLc

35.05 ± 7.29

2.51 ± 0.91

0.9 (0.84–1.05)

Urea mg/dl

40.654 ± 5.72

2.49 ± 0.83

3.11 (1.21–4.04)

s.creatinine mg/dl

42.68 ± 8.81

26.1 (16.8–62.3)

1122 (625–2740)
14.4 (5.4–37.5)
32.5 (23–73.2)

1315 (670–2550)
13.1 (6.5–25)
38.7 (15.9–67.2)

15.5 (9.1–24.2)
38.8 (32.5–66.3)

Italic values indicate analysis of non-parametric data of more than two groups by Kruskal–Wallis test
◊
#

Post hoc significance G3 and G4 vs. G1 and G2
Post hoc significance G1 vs. G2

* Post hoc significance G4 vs. G1 and G2

glycemic control (r = 0.39, P = 0.0001), and diabetes
complications (Table 5). Moreover, regression analysis
proved that hyperglycemia was independently associated
with oxidative stress markers MDA [CI (0.015–0.048)
P = 0.0001] (not shown) and oxLDLc [CI (0.53–4.44),
P = 0.013] that displays a significant association with
female gender, renal function [s.creatinine CI (204–534),
P = 0.035] and hypertension [SBP CI (9–32), P = 0.0001]
(Table 6).

Discussion
This study demonstrated the effect of variable anti-diabetic treatment strategy on the oxidative stress biomarkers
regarding glycemic control and their effect on lipoprotein parameters in obese patients with T2DM. Silvares
et al. have shown an elevated oxidative stress with inflammation, microvascular damage and AGEs deposition in
HFD-/STZ-induced diabetes in rats [11]. Hyperglycemia
induces ROS production, that initiate a chain reaction

leading to an increased inflammatory response and chemical modification of lipoproteins [12]. Thus the profiles of
the transported lipids in diabetes are characterized not
only by their increased levels, but also by aberrant patterns
[13]. Most previous studies detect induced oxidative stress
in T2DM, represented through increased MDA, oxLDL
and F2-Isoprostanes [14, 15]. Our results indicate that
in T2DM the activation of oxidative stress appears to be
influenced not only by hyperglycemia but also by the categories of anti-diabetic treatments. Monnier et al. observed
that oxidative stress is more pronounced in patients
receiving insulin alone compared to those receiving both
OHA and insulin; indicating the role of hyperinsulinemia
in exaggerating oxidative stress [16]. Thus the activation of
oxidative stress could appear to depend on the categories
of anti-diabetic treatments (OHA alone or in combination
with insulin) and secondly on the total daily doses of insulin employed. In concern with their finding, we observed
a significant reduction of oxidative stress (MDA) in those
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Table 3 Character of the study groups regarding, anthropometric, routine biochemical data, inflammatory and oxidative
stress markers at the end of the study
Variables

Group 1

Group 2

Group 3

Group 4

P value

BMI kg/m2

34.64 ± 7.07

32.97 ± 5.53

31.41 ± 3.73

30.73 ± 3.29

0.054

FBG mg/dl

127.8 ± 17.48

126.05 ± 23.31

150.58 ± 10.03

164.85 ± 47.51

0.0001•

124 (78)

111.5 (96)

150 (60)

140 (151)

PPBG mg/dl

157.2 ± 35.71

179.32 ± 30.01

182.27 ± 8.72

249.5 ± 15.71

0.0001#•

HbA1C%

6.77 ± 0.84

7.73 ± 1.17

7.76 ± 0.93

8.85 ± 1.72

0.0001#”

147.54 ± 59.01

157.66 ± 51.63

166.67 ± 73.01

217 ± 91.26

153 (135)

TC mg/dl
TG mg/dl
LDLc mg/dl
HDLc
LDcL/HDLc

172.6 ± 25.42

Urea mg/dl
MDA μM
OxLDLc pg/ml

174.5 ± 44.31

0.69
0.02*

143.5 (99–296)

140 (112–400)

208.5 (111–340)

93.68 ± 26.66

112.42 ± 28.83

94.15 ± 19.86

43.88 ± 9.47

41.09 ± 7.77

42.46 ± 4.39

0.027◊

32.85 ± 4.74

0.0001#

40 (35)

40 (26)

43.5 (17)

32 (16)

2.37 ± 0.67

2.38 ± 0.88

2.75 ± 1.11

2.92 ± 0.71

0.048

0.95 ± 0.04

2.13 (3.15)

0.94 ± 0.04

0.56

0.98 (0.85–1.08)

0.94 (0.85–1)

28.70 ± 3.42

27.8 ± 2.36

27.9 ± 1.65

28.35 ± 2.1

0.53

7.1 (8)

8 (10.8)

7 (5.5)

8.5 (7)

1135.4 ± 427.5

10.26 ± 3.83

29.17 ± 16.86

23.08 (72.83)

8.04 ± 2.72

1063.8 ± 513.64

1011.5 (2030)
10.16 ± 5.47

9.17 (27.18)

26.32 ± 14.49

21.52 (55.64)

0.96 ± 0.06

2.73 (2.33)

0.97 (0.84–1.09)

8.4 ± 2.55

0.95 ± 0.06

2.47 (4.49)

0.9 (0.84–1.05)

9.77 (16.67)
OxLDLc/HDLc

171.08 ± 35.02

282 (52)

99.28 ± 18.54

980 (1976)
OxLDLc/LDLc

182.41 ± 36.29

200 (32)

136 (90–290)

22 (2.4)
s.creatinine mg/dl

189 (145)

7.34 ± 1.87

1277.3 ± 590.4

1065 (1916)

11.86 ± 5.55

11.83 (17.11)
32.12 ± 15.91

28.05 (49.47)

8.7 ± 2.58

0.29

1263.4 ± 1064.5

0.22

13.48 ± 12.95

0.54

37.86 ± 36.35

0.39

874 (3206)
8.84 (40.5)

21.85 (106.44)

Italic values indicate analysis of non-parametric data of more than two groups by Kruskal–Wallis test
* Post hoc significance between G1 vs.G2, G3 and G4
•

Post hoc significance between G3 and G4 vs. G1 and G2

#

Post hoc significance between G4 vs. G1, G2 and G3

“

Post hoc significance between G1 vs. G2 and G3

◊

Post hoc significance between G3 vs. G2

receiving OHA and insulin compared to those receiving insulin alone. Also, Zhang et al. reported that the 2-h
PPG level was still at a higher level in insulin monotherapy,
whether a combination therapy with insulin induces an
improvement of lipid profile, body weight, blood pressure
and MDA secretion [17]. On the other hand, Silvares et al.
stated that insulin monotherapy and metformin adjunct
treatment improved body weight, % HbA1c, and oxidative stress parameters similarly. Whether, the metformin
adjunct treatment improved fasting blood glucose level
than insulin monotherapy [11]. Additionally, Njajou et al.
reported a strong linear association of HbA1c for MDA
and oxLDL [18]. Our study, proved a significant reduction
of MDA with improvement of glycemic control in those
receiving insulin adjunct treatments. Moreover, a significant reduction of oxLDLc with no improved glycemic

control was demonstrated in our study irrespective of antidiabetic medication categories. On the other hand, Megson et al. demonstrated a significant reduction of ox-LDL
with improved glucose control (reduced glucose excursions), but not with insulin dose [19]. However, Burchardt
et al. observed a significant reduction of glycated LDL but
not oxLDLc in those receiving insulin or combination of
metformin to intensive insulin therapy [20]. In our study
those receiving metformin alone revealed a non-significant
or border-line significant reduction of MDA and oxLDLc
respectively. In contrast, a recent study demonstrated that
metformin treatment ameliorated high glucose-induced
beta cell dysfunction by decreasing intracellular ROS production [21]. The contribution of metformin to oxidative
stress inhibition could be explained by its anti-inflammatory role [22]. Forsberg et al. stated that the peripheral
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Table 4 The course for clinical parameters in studied groups
Variables

Group 1

HbA1C1

Group 2

6.83 ± 1.24

HbA1C3

7.98 ± 1.17

6.77 ± 0.8

Reduction in HbA1C
OxLDLc1
Reduction in oxLDLc

−137.1 ± 517.52

P value within group

−494.5 ± 625.1

OxLDLc/LDLc3

−1.2 ± 4.08

P value within group

P = 0.15

OxLDL/HDLc1

P value within group
MDA3

−11.18 ± 15.93

P value within group

P = 0.1

P = 0.05

8.04 ± 2.72

P = 0.002

9.6 ± 3.68

7.34 ± 1.87

8.7 ± 2.58

−3.03 ± 2.95

−1.5 (−8–6)

−1.2(−7–7)

−6.28 ± 29.43

−15.98(−47.55–52.83)

10.38 ± 2.65

−0.01 ± 3.37

−0.9 ± 3.55

−2(−9–0.8)

P = 0.93

−4.96(−11.83–19.33)

P = 0.018

44.13 ± 11.99

−7.68 ± 12.84

P = 0.001

−1.62 ± 9.92

37.86 ± 36.36

−7.82(−25–22.51)

8.05 ± 2.63

8.41 ± 2.55

−1.2 ± 3.34

39.81 ± 15.42

32.12 ± 15.91

−12.88(−54.39–35.88)

P = 0.11

Reduction in MDA

−2.34(−11.96–5.37)

37.49 ± 13.69

9.62 ± 2.56

13.48 ± 12.95

P = 0.07

26.32 ± 14.49

−2.21 ± 12.76

MDA1

11.86 ± 5.55

−5.5(−13.11–7.22)

−2.98(−32.3–30)

P = 0.002

15.09 ± 4.92

−2.89 ± 4.53

P = 0.009

31.38 ± 11.61

Reduction in oxLDLc/HDLc

P = 0.017

10.16±5.47

29.17 ± 16.86

−255 ± 931.2

−639(−1379–1585)

14.76 ± 5.95

−5.12 ± 5.03

−1.38(−10.38–7.7)

OxLDL/HDLc3

−312.9 ± 514.55

15.28 ± 7.43

10.26 ± 3.83

Reduction in oxLDLc/LDLc

1263.4 ± 1064.56

−391(−1100–833)

P = 0.002

11.47 ± 3.02

1518.4 ± 292.61

1277.3 ± 590.41

−513.5(−2066–1255)

P = 0.044

OxLDL/LDLc1

P = 0.11

1590.3 ± 586.57

1063.8 ± 513.64

−131(−1744–870)

−0.82 ± 0.78

P = 0.023

1558.3 ± 552.74

1135.4 ± 427.51

8.85 ± 1.72

−0.73 ± 1.27

P = 0.39

1272.5 ± 395.35

OxLDLc3

9.67 ± 1.64

7.76 ± 0.93

−0.25 ± 0.72

P = 0.97

Group 4

8.49 ± 1.26

7.73 ± 1.17

−0.06 ± 1.04

P value within group

Group 3

−0.5(−8–4)

P = 0.0001

P = 0.31

Italic values indicate analysis of non-parametric data between two groups by Mann–Whitney test

Table 5 Correlation of oxidative stress and cardiac biomarkers with variable parameters
OxLDLc1
r

MDA1
P

r
−0.13

Age

0.089

0.39

Gender

0.1

0.034

Smoking

−0.12

0.24

−0.25

0.014

0.25

0.015

−0.007

0.95

0.25

D/duration

r

P

0.22

0.15

0.04

0.69

0.027

0.79

−0.28

P

0.15

0.17

0.09

0.03

0.77

0.007

−0.009

0.94

0.22

0.08

0.45

−0.13

0.05

0.65

−0.03

0.82

0.02

0.88

−0.07

0.12

−0.11

0.28

0.29

0.004

−0.23

0.025

0.29

0.004

0.49

0.23

0.025

0.11

0.28

0.65

0.000

0.049

0.4

0.14

0.19

0.3

0.002

0.01

0.92

0.015

0.16

0.13

0.47

0.09

0.39

0.16

0.12

−0.08

0.13

0.16

0.12

0.39

0.000

−0.014

0.39

0.36

0.07

0.49

0.03

0.75

0.71

0.19

0.065

0.32

0.002

LDLc

0.03

0.79

0.15

0.15

−0.04

−0.008

0.94

0.33

−0.06

0.58

0.1

−0.09

0.12

0.24

0.001

0.99

0.07

0.52

HDLc

0.03

0.75

0.01

0.9

0.03

0.76

0.019

0.86

LDLc/HDLc

0.13

0.9

0.06

0.56

0.08

0.44

−0.25

0.17

0.11

0.34

0.001

0.07

0.51

0.37

−0.006

0.95

−0.09

0.053

0.23

0.03

0.23

0.025

0.04

0.7

0.02

0.85

0.19

0.06

HbA1C
TC
TG

S.creatinin
Urea
CRP

0.26

0.013

Italic values are statistically significant (P < 0.05)

−0.08

r

0.21

PPBG

0.53

P

0.15

FBG

−0.06

−0.16

r

CRP

0.8

Neuropath

0.42

P

MDA3

0.03

BMI

0.09

OxLDLc3

0.15

−0.2

−0.16

−0.06

0.55

0.014

0.15

0.12

−0.03

0.79

0.06

0.57

ALrefai et al. Diabetol Metab Syndr (2017) 9:27

Page 7 of 8

Table 6 Linear regression analysis to investigate independent factors associated with oxLDL in diabetic patients
Variables

OxLDLc1
B

Smoking

OxLDLc3
CI

P

(−452–320.9)

0.74

0.31

(103–490)

0.003

SBP

0.76

(7.2–22.9)

0.0001

DBP

−0.79

(−65–21.8)

0.0001

(−493–279)

0.58

−0.15

(−3.9–0.51)

0.13

0.26

(0.53–4.44)

0.013

0.4

(1487–5080)

0.0001

Gender

Neuropathy
FBG
PPG
S. creatinine

−0.042

−0.76

B
0.024

CI

P

(−609–505)

0.85

−0.13

(−458–103)

0.21

(9–32)

0.0001

−0.54

(−72–8)

0.013

(−395–704)

0.58

−0.059

(−5.7–3.1)

0.57

0.12

(−1.5–5.3)

0.28

0.25

(204–534)

0.035

0.78
0.08

Predictors smoking, gender, SBP, DBP. NEUROPAHY, FBG, 2H-PPG and S. creatinine
Italic values indicate linear regression analysis

neuropathy was strongly associated with oxidative stress
and inflammatory markers, confirming our results and
proving the role of oxidative stress in driving progression
of T2DM and in mediating complications associated with
the disease [23], thus the modulation of oxidative stress
represents an important target for therapeutic intervention. It was proved that severe oxidative stress in T2DM
with increased BMI has been associated with hyperglycemia, glycemic control, insulin resistance and disease duration [24–26]. However, the positive association of oxLDLc
with incident T2DM, was attenuated after adjustment for
BMI [27]. The metformin therapy was preferred not only
for its anti-hyperglycemic effect, but also for its weightreducing and insulin resistance-decreasing properties.
Adjunct metformin reduces the insulin dose requirement
and stabilizes weight with potential impact on cardiovascular risk factors and complications [28]. Our study
revealed non-significant reduction of BMI or postprandial
lipids in comparison with base-line values regardless the
type of anti-diabetic medication. This controversy could
be due to lack of evaluation of associated life style change
and short study duration. The different levels of FPG,
and PPG at the baseline between the compared groups
were the major confounding factor. Also, the received
hypolipidemic pharmacotherapy that have been discussed
previously to act in an antioxidative manner with DNAdamage-protecting properties, should be considered as
another confounding factor [29].

Conclusion
This study demonstrated that in T2DM the oxidative
stress activation is influenced not only by hyperglycemia
but also by the categories of anti-diabetic treatment. An
OHA in combination with insulin therapy induce significant reduction of MDA with improvement of glycemic control, whereas a significant reduction of oxLDL
(related to diabetic complications) was observed in

diabetic patients irrespective of glycemic control or the
categories of anti-diabetic treatment (whether they were
treated with OHA alone, OHA and insulin or insulin
alone). However, all the antidiabetic treatment strategy
induces a non-significant reduction of BMI or lipid profiles. This suggests that the effect of combination therapy
or insulin therapy alone on oxidative stress influenced by
variable factors is complicated and a further large clinical
randomized study is recommended.
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