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Background: Prediabetes is a condition in which blood glucose level is above the normal but below the
diagnostic value of diabetes mellitus. Besides progression to diabetes mellitus, prediabetic subjects are at
risk for cardiovascular disease (CVD). It is associated with oxidative stress and inflammation and
therefore this research was conducted with the aim to evaluate the risk of cardiovascular disease in
prediabetic subjects by measuring the markers of oxidative stress and inflammation and their possible
correlation with glucose intolerance.
Materials and methods: A total of 400 human subjects were recruited for the present cross-sectional
study. Of them, 200 were prediabetic subjects and 200 were age and gender-matched control sub-
jects. Blood samples were collected from all participants and analyzed for 8-hydroxy-20-deoxy-guanosine
(8-OHdG), malondialdehyde (MDA), reduced glutathione (GSH) and high sensitivity C-reactive protein
(hs-CRP).
Results: The markers of oxidative stress i.e. 8-OHdG and MDA were found to be significantly increased in
prediabetic subjects as compared to control subjects except GSH, which was significantly reduced in
prediabetic subjects. Similarly, hs-CRP (a marker of inflammation) was significantly increased in predi-
abetic subjects compared to controls. On correlation analysis, 8-OHdG, MDA and hs-CRP were signifi-
cantly and positively correlated with glucose intolerance in prediabetes whereas GSH showed significant
negative correlation with glucose intolerance.
Conclusion: In conclusion, markers of oxidative stress and inflammation should be taken into consid-
eration while evaluating the risk for CVD in prediabetes since these markers were well correlated with
glucose intolerance in prediabetic subjects.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Prediabetes represents an elevation of plasma glucose level
above the normal range but below clinical diabetes and considered
as leading risk factor for type 2 diabetes mellitus [1]. It is often
considered as gray area between normal blood glucose and diabetic
levels. Prior to the development of diabetes mellitus, insulin
sensitivity was reduced for a period of 13 years with a greater
decline observed 5 years before the onset of type 2 diabetes and it
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has been reported that around 70% of the people with prediabetes
will eventually develop diabetes [2]. Besides progression to dia-
betes mellitus, prediabetic individuals are at high risk for stroke,
coronary artery disease and peripheral vascular disease [3]. The
prevalence of prediabetes is increasing across the globe and ac-
cording to International Diabetes Federation, the prevalence of
prediabetes was reported to be 318 million in the year 2015 and
expected to increase to 482 million by the year 2040 and if un-
treated will progress to diabetes and associated complications [4].

Increase in blood glucose levels lead to the generation of excess
free radicals via several biochemical pathways and induce oxidative
stress [5,6]. Oxidative stress can be defined as an imbalance
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between the production and elimination of reactive oxygen species
(ROS), in favor of the former and subsequently excessive levels of
these ROS can cause damage to macromolecules namely, proteins,
carbohydrates, lipids and DNA [1] and is now recognized as being
the cause and consequences of cardiovascular disease [7]. Among
the many types of ROS-induced oxidative modifications, 8-
hydroxy-20-deoxy-guanosine (8-OHdG) has been widely used as a
sensitive marker of oxidative DNA damage and is formed when a
hydroxyl group can be added to the eighth position of the deoxy-
guanosine molecule under the condition of oxidative stress [8]. In
addition, several biomarkers of lipid peroxidation have been
studied to monitor the production of ROS. Malondialdehyde (MDA)
is the principal and one of the most important studied end-
products of lipid peroxidation and is often considered as a surro-
gate marker of oxidative stress [9]. The products of DNA damage
and lipid peroxidation can potentially be used as biomarkers for
early diagnosis of disease, monitoring the progression of the dis-
ease and determining the efficacy of therapy [1].

The oxidative stress depends not only on the overproduction of
ROS but also the deficiency of antioxidant defense mechanism [10].
An antioxidant is a molecule stable enough to donate an electron to
a rampaging free radical and neutralize it, thus reducing its capacity
to damage [11] and its activity is known to reflect the altered redox
balance of affected fluids, tissues, or organs in several pathological
states. Therefore, antioxidant concentrations or measures of their
activity have been used to estimate the amount of oxidative stress
[12]. Reduced glutathione (GSH) is the most important endogenous
antioxidant and plays important role in detoxification of ROS and
prevents ROS induced cellular damage and thus providing protec-
tion against oxidative stress [13]. Moreover, GSH acts as a substrate
to glutathione peroxidase-1 (Gpx-1), whose deficiency has been
shown to be associated with increased risk for the development of
coronary artery disease and cardiovascular events [14].

Low-grade systemic inflammation has considered as a key
player in the pathogenesis of type 2 diabetes [15,16] and cardio-
vascular disease [17,18]. High sensitivity C reactive protein (hs-CRP)
is an acute phase reactant proteinwith a short life of around 18 h, is
considered as a potential biomarker of subclinical inflammation
and has been shown to be increased in a hyperglycemic state [19]. It
is produced and released by the liver under the stimulation of cy-
tokines such as tumor necrosis factor a and interleukins 1 and 6
during inflammation and has shown to affects the process of
atherothrombosis, hence considered as a powerful risk marker for
cardiovascular disease [20].

The study regarding the role of oxidative stress and inflamma-
tion for prediction of cardiovascular disease in prediabetes is very
limited. Hence, we embarked on a study to evaluate the risk of
cardiovascular disease in prediabetes by measuring the markers of
oxidative stress and inflammation and their possible correlation
with glucose intolerance.

2. Materials and methods

2.1. Study design and inclusion criteria

This cross-sectional study was conducted in the Department of
Biochemistry, Gajra Raja Medical College, Gwalior, India. The study
population consists of total 400 human subjects, of them, 200 were
prediabetic subjects, aged between 20 and 55 years of either sex
and 200 were age and gender-matched control subjects. The par-
ticipants were selected from general population, and those who
were at risk of developing diabetes (who had at least one of the
main risk factors for diabetes-first degree relative with diabetes,
BMI �25 kg/m2, women who were diagnosed with gestational
diabetes mellitus, womenwith polycystic ovary syndrome, persons
who are physically inactive, and other clinical conditions associated
with insulin resistance, for example, severe obesity, acanthosis
nigricans, etc.) in Gwalior City through a predesigned screening
questionnaire.

The prediabetic subjects had been diagnosed on the basis of the
American Diabetes Association (ADA) guidelines as:

a) Fasting plasma glucose level 100e125mg/dL (Impaired fasting
glucose, IFG) and

b) 2-h plasma glucose (after giving 75 gm of glucose) level
140e199mg/dL (Impaired glucose tolerance, IGT) [21].

Those with a normal range of blood glucose level had been
selected as the control group (Fasting plasma glucose
(FPG)< 100mg/dL, 2-h plasma glucose (2h-PG) concentration after
giving 75 gm of glucose <140mg/dL).

The study protocol was reviewed and approved by the Ethics
Committee of Gajra Raja Medical College, Gwalior, India (Ref. No:
286/Bio/MC/Ethical, Approval date: 3 March 2017), and informed
consent was obtained from people that participate in this study.

2.2. Exclusion criteria

Subjects with type 2 diabetes mellitus, clinical cardiovascular
disease, renal disease, hepatic disease, pulmonary tuberculosis,
acute or chronic inflammatory disease, gout and arthritis, pro-
longed illness, subjects who were on antioxidant supplements,
subjects not willing to give consent or refuse to participate in the
study, and patients receiving medicines known to interfere with
glucose metabolism and inflammation were excluded from the
present study.

2.3. Anthropometric measurements

Both weight and height were measured in light clothes and
without footwear, using the standard apparatus. The weight was
measured using calibrated electronic weighing scales prior to
eating in the morning and height was measured to the nearest
centimeter using a portable stadiometer. Waist circumference (WC)
was measured using an anthropometric tape at a level on the skin
midway between the mean point of iliac peak and the inferior
border of the last rib at the level of the umbilicus while in a
standing position at the end of gentle expiration. Hip circumference
(HC) was measured over the widest part of the gluteal region at the
level of pubic tubercle in standing position. Body mass index (BMI)
of the participants was calculated as body weight (kg) divided by
the square of height (m2), BMI¼Weight (Kg)/[Height (m)]2. Waist-
to-hip ratio (WHR) was calculated by dividing the waist circum-
ference (cm) by hip circumference (cm).

2.4. Blood pressure measurements

The systolic and diastolic blood pressures were taken after
10min of resting by using a standardized mercury sphygmoma-
nometer using standard recommended procedures.

2.5. Biochemical measurements

After at least 10e12 h of overnight fasting, about 8ml of venous
blood samples were collected from all participants under all aseptic
precautions and dispensed into 3 different tubes based on analysis
to be done. About 2ml of blood sample was taken into fluoride bulb
for estimation of fasting plasma glucose, 2ml blood was dispensed
into an EDTA bulb for determination of reduced glutathione (GSH)
in whole blood and remaining 4ml blood sample was dispensed



Table 2
Biomarkers of oxidative stress and inflammation in control and prediabetic subjects.

Variables Control Subjects (n¼ 200) Prediabetic Subjects (n¼ 200)

8-OHdG (pg/ml) 126.72 ± 15.94 186.29± 10.76**

MDA (nmol/ml) 2.47± 0.41 3.28± 0.28**

GSH (mg/dl) 29.61± 4.95 25.84± 5.09**

hs-CRP (ng/ml) 1492.53 ± 591.79 3112.95± 865.60**

8-OHdG: 8-hydroxy-20-deoxy-guanosine; MDA: Malondialdehyde; GSH: Reduced
glutathione; hs-CRP: High sensitivity C-reactive protein; **Significant at p< 0.001.
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into the plain bulb for analysis of 8-OHdG, MDA and hs-CRP. After
that, 75 gm of glucose was given orally to each participant and
about 2ml blood sample was collected after 2 h and dispensed into
fluoride bulb for determination of 2h-PG during OGTT. The
collected blood samples were then centrifuged at 3000 rpm for
10min in order to get serum/plasma. The serum samples were kept
at �20 �C for 8-OHdG, MDA and hs-CRP analysis.

Blood glucose (both FPG and 2h-PG) was determined on fresh
plasma sample on Mindray BS-400 chemistry analyzer (Mindray
Medical International Ltd., Shenzhen, China) using a commercially
available kit from ERBA Diagnostics, Mannheim, Germany on the
same day of blood collection. Serum 8-OHdG was estimated by
ELISA using a commercially available kit from Cloud-Clone Corp,
(Katy, TX 77494, USA). Malondialdehyde (MDA) in serum was
estimated using the thiobarbituric acid reacting substance [TBARS]
by themethod described by Satoh (1978) [22]. Reduced glutathione
(GSH) was measured on a fresh sample in whole blood using the
5,50- dithiobis-2-nitrobenzoic acid (DTNB) reaction by the method
described by Beutler et al. (1963) [23]. Serum hs-CRP wasmeasured
by ELISA using commercially available kit from Diagnostics Bio-
chem Canada (DBC) (Inc, Dorchester, Ontario, Canada).
2.6. Statistical analysis

All the quantitative variables were presented as mean± stan-
dard deviation (SD). The normality of distribution of variables was
checked using the Shapiro-Wilk test. For intergroup comparisons of
normally distributed parameters Student Independent Sample t-
test was used whereas for the intergroup comparisons of skewed
data, the Mann-Whitney U test was used. For categorical data, a
Chi-squared test was used. To assess the possible relationship be-
tween studied parameters, the Pearson's correlation analysis was
done. A p value of less than 0.05 was considered to be statistically
significant. All statistical measures were performed using the Sta-
tistical Package for Social Science version 20 (IBM, SPSS Statistics
20, Armonk, NY, USA).
Table 3
Correlation of markers of oxidative stress and inflammation with glucose intoler-
ance in prediabetic subjects.

Parameters FPG (IFG) 2h-PG (IGT)

r-value p-value r-value p-value

8-OHdG 0.760 <0.001 0.717 <0.001
3. Results

Table 1 demonstrates the general characteristics of the studied
subjects. Subjects with both the groups were age and gender-
matched since there was no difference in terms of age and
gender between prediabetic and control subjects. There was
significantly increased mean BMI, WC, HC, and WHR in prediabetic
subjects compared to control subjects (29.08± 1.66 kg/m2 vs.
23.42± 0.94 kg/m2, p< 0.001; 92.02± 3.91 cm vs. 82.51± 2.82 cm,
p< 0.001; 95.99± 2.61 cm vs. 95.42± 2.42 cm, p< 0.05 and
Table 1
General characteristics of the studied subjects.

Variables Control Subjects (n¼ 200) Prediabetic Subjects (n¼ 200)

Age (years) 39.07± 7.60 39.90± 8.84NS

Sex (M/F) 112/88 106/94NS

FPG (mg/dl) 90.19± 3.83 116.13± 3.62**

2h-PG (mg/dl) 123.65± 6.20 150.13± 4.16**

BMI (kg/m2) 23.42± 0.94 29.08± 1.66**

WC (cm) 82.51± 2.82 92.02± 3.91**

HC (cm) 95.42± 2.42 95.99± 2.61*

WHR 0.86± 0.03 0.96± 0.03**

SBP (mmHg) 116.30± 3.31 127.00± 5.66**

DBP (mmHg) 77.48± 3.36 81.87± 3.63**

FPG: Fasting plasma glucose; 2h-PG: 2-h plasma glucose; BMI: Body mass index;
WC: Waist circumference; HC: Hip circumference; WHR: Waist to hip ratio; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; NSNot significant;
*Significant at p< 0.05; **Significant at p< 0.001.
0.96± 0.03 vs. 0.86± 0.03, p< 0.001, respectively). Prediabetic
subjects had significantly increased systolic blood pressure (SBP)
and diastolic blood pressure (DBP) than the control subjects
(127.00± 5.66mmHg vs. 116.30± 3.31mmHg, p< 0.001 and
81.87± 3.63mmHg vs. 77.48± 3.36mmHg, p< 0.001, respectively).
Table 2 demonstrates biomarkers of oxidative stress and inflam-
mation in control and prediabetic subjects. Prediabetic subjects had
significantly increased oxidative stress markers namely 8-OHdG
(186.29± 10.76 pg/ml vs. 126.72± 15.94 pg/ml) and MDA
(3.28± 0.28 nmol/ml vs. 2.47± 0.41 nmol/ml) compared to controls
except for GSH which was found to be significantly decreased in
prediabetes (25.84± 5.09mg/dL vs. 29.61± 4.95mg/dL). Also, there
was a significantly increased level of inflammatory marker hs-CRP
in prediabetic subjects as compared to control subjects
(3112.95± 865.60 ng/ml vs. 1492.53± 591.79 ng/ml). Table 3 shows
the correlation of markers of oxidative stress (8-OHdG, MDA and
GSH) and inflammation (hs-CRP) with glucose intolerance (IFG and
IGT) in prediabetes. 8-OHdG was positively and significantly
correlated with IFG (r¼ 0.760, p< 0.001) and IGT (r¼ 0.717,
p< 0.001). Similarly, MDA was positively and significantly corre-
lated with both IFG (r¼ 0.475, p< 0.001) and IGT (r¼ 0.476,
p< 0.001). The antioxidant GSH was significantly and negatively
correlated with IFG (r¼�0.495, p< 0.001) and IGT (r¼�0.368,
p< 0.001) both. The inflammatory marker hs-CRP is positively and
significantly correlated with IFG (r¼ 0.606, p< 0.001) and IGT
(r¼ 0.455, p< 0.001). Table 4 shows a correlation of 8-OHdG and
MDAwith GSH in prediabetic subjects. Both 8-OHdG andMDAwere
significantly and negatively correlated with GSH (r¼�0.456,
p< 0.001 and r¼�0.382, p< 0.001 respectively). Table 5 shows a
MDA 0.475 <0.001 0.476 <0.001
GSH �0.495 <0.001 �0.368 <0.001
hs-CRP 0.606 <0.001 0.455 <0.001

8-OHdG: 8-hydroxy-20-deoxy-guanosine; MDA: Malondialdehyde; GSH: Reduced
glutathione; hs-CRP: High sensitivity C-reactive protein; FPG: Fasting plasma
glucose; 2h-PG: 2-h plasma glucose; IFG: Impaired fasting glucose; IGT: Impaired
glucose tolerance.

Table 4
Correlation of 8-OHdG and MDA with reduced glutathione (GSH) in prediabetic
subjects.

Parameters Reduced glutathione (GSH)

r-value p-value

8-OHdG �0.456 <0.001
MDA �0.382 <0.001

8-OHdG: 8-hydroxy-20-deoxy-guanosine; MDA: Malondialdehyde; GSH: Reduced
glutathione.



Table 5
Correlation of markers of oxidative stress and inflammation with anthropometric parameters in prediabetic subjects.

Parameters 8-OHdG MDA GSH hs-CRP

r-value p-value r-value p-value r-value p-value r-value p-value

BMI 0.492 <0.001 0.301 <0.001 �0.341 <0.001 0.433 <0.001
WHR 0.391 <0.001 0.227 <0.01 �0.222 <0.01 0.353 <0.001
SBP 0.457 <0.001 0.301 <0.001 �0.254 <0.001 0.429 <0.001
DBP 0.387 <0.001 0.386 <0.001 �0.246 <0.001 0.299 <0.001

8-OHdG: 8-hydroxy-20-deoxy-guanosine; MDA: Malondialdehyde; GSH: Reduced glutathione; hs-CRP: High sensitivity C-reactive protein; BMI: Body mass index; WHR:
Waist to hip ratio; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

Table 6
Correlation of oxidative stress markers with inflammation in prediabetic subjects.

Parameters Hs-CRP

r-value p-value

8-OHdG 0.566 <0.001
MDA 0.425 <0.001
GSH �0.369 <0.001

8-OHdG: 8-hydroxy-20-deoxy-guanosine; MDA: Malondialdehyde; GSH: Reduced
glutathione; hs-CRP: High sensitivity C-reactive protein.
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correlation of markers of oxidative stress and inflammation with
anthropometric parameters in prediabetic subjects. 8-OHdG, MDA
and hs-CRP were significantly and positively correlated with BMI
(r¼ 0.492, p< 0.001; r¼ 0.301, p< 0.001 and r¼ 0.433, p< 0.001
respectively), WHR (r¼ 0.391, p< 0.001; r¼ 0.227, p< 0.01 and
r¼ 0.353, p< 0.001 respectively), SBP (r¼ 0.457, p< 0.001;
r¼ 0.301, p< 0.001 and r¼ 0.429, p< 0.001 respectively) and DBP
(r¼ 0.387, p< 0.001; r¼ 0.386, p< 0.001 and r¼ 0.299, p< 0.001
respectively). GSH was negatively and significantly correlated with
BMI (r¼�0.341, p< 0.001), WHR (r¼�0.222, p< 0.01), SBP
(r¼�0.254, p< 0.001) and DBP (r¼�0.246, p< 0.001). Table 6
shows a correlation of markers of oxidative stress with inflamma-
tion in prediabetic subjects. 8-OHdG and MDA were positively and
significantly correlated with hs-CRP (r¼ 0.566, p< 0.001 and
r¼ 0.425, p< 0.001 respectively) whereas GSH showed a negative
correlation with hs-CRP (r¼�0.369, p< 0.001).

4. Discussion

In this cross-sectional study, we have evaluated the risk of car-
diovascular disease in subjects of prediabetes by measuring
markers of oxidative stress (8-OHdG, MDA and GSH) and inflam-
mation (hs-CRP) and found significant differences in the levels of
these markers between control and prediabetic subjects. In addi-
tion, we found strong correlation of oxidative stress and inflam-
mation with glucose intolerance in prediabetes.

The anthropometric parameters namely BMI, WC, HC and WHR
were significantly increased in prediabetic subjects as compared to
controls. Similar to the findings of our study, Ferrannini [24] and
Agarwal et al. [25] also reported the significant increased BMI, WC,
HC and WHR in prediabetes and suggested that prediabetic sub-
jects have a higher rate of general obesity and central obesity which
may predispose prediabetic subjects to an increased risk for CVD. In
addition, we also found significantly increased levels of SBP and
DBP in prediabetic subjects compared to controls which further
increases the risk of CVD in prediabetes.

Oxidative stress and the generation of reactive oxygen species
are believed to play an important role in the pathogenesis of
atherosclerotic cardiovascular diseases. It is well known that DNA
damage frequently occurs in cells exposed to reactive oxygen spe-
cies [26]. Increased blood glucose leads to the generation of ROS
which causes damage to the DNA, including oxidized bases and
DNA strand breakage leading to increase in 8-OHdG and destruc-
tion of endothelial function resulting in atherosclerosis [27,28]. 8-
OHdG is considered as a novel biomarker of oxidative DNA dam-
age in vivo and is the most frequently detected and studied DNA
lesion [29]. A significant increase in the level of 8-OHdG was noted
in prediabetic subjects compared with control subjects. This result
is consistent with the findings of previous studies [28,30,31].
Similarly, Maschirow et al. [32] and Kant et al. [1] found a signifi-
cant rise in the level of 8-OHdG in prediabetic subjects as compared
to controls though they have measured 8-OHdG in urine sample.
Furthermore, on correlation analysis, 8-OHdG was found to be
significantly and positively correlated with glucose intolerance i.e.
both IFG and IGT in prediabetes. The increased level of 8-OHdG in
prediabetes may be due to the hyperglycemia-induced generation
of reactive oxygen species, which causes damage to the DNA [28].
Increased levels of 8-OHdG indicate an increase in the degree of
oxidative stress, affecting tissue function and integrity and hence
provides useful information on oxidative stress and disease pro-
gression [28,30]. It has been suggested that oxidative DNA damage
plays a potential role in the pathogenesis of atherosclerosis, a major
cause of cardiovascular disease [26] and formation of atherogenic
lesions may be initiated in arterial smooth muscle cells by muta-
tional events after DNA damage [33].

Another important biomarker related to oxidative stress is
malondialdehyde (MDA) which is formed as a result of lipid per-
oxidation caused by ROS activity [34] and is considered as a major
player in low-density lipoprotein modification. We found the
significantly increased level of MDA in prediabetic subjects as
compared to controls. The finding of the current study concurs with
the results of previous studies [35,36]. A rise in serum MDA in
prediabetic subjects reflects lipid peroxidation which is the
consequence of oxidative stress. Also, the increase in the level of
MDA significantly and positively correlates with glucose intoler-
ance (with both IFG and IGT) in prediabetic subjects. This may be
because of self-oxidation of glucose during hyperglycemia, which
could generate free radicals and causing damage to the lipids.
Increased lipid peroxidation impairs membrane function by
decreasing membrane fluidity and changing the activity of
membrane-bound enzymes and receptors [37]. Malondialdehyde
(MDA) interacts with lysine residues in apo B-100 of low-density
lipoprotein (LDL) to form oxidized LDL. Oxidized LDL plays impor-
tant role in the induction of atherosclerosis (by stimulating
monocyte infiltration and smooth muscle cell migration and pro-
liferation), atherothrombosis (by inducing endothelial cell
apoptosis), and plaque erosion (by impairing the endothelial anti-
coagulant balance), which ultimately leads to the development of
cardiovascular disease (CVD) [38].

Besides generating reactive oxygen species (ROS), increased
blood glucose level also attenuates anti-oxidative mechanisms by
scavenging enzymes and antioxidant substances [39] A number of
antioxidants exist in the cells either enzymatic (superoxide dis-
mutase, glutathione peroxidase and catalase) or non-enzymatic (as
glutathione and uric acid) as scavengers of ROS, to prevent
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biological membranes from oxidative damage [40]. The most
ubiquitous pool of antioxidants is erythrocyte reduced glutathione
(GSH), which detoxify the free radicals and ROS entering the
bloodstream. GSH acts as an electron donor in the conjugation
reaction driven by glutathione transferase for detoxifying endoge-
nous compounds [41]. In addition, GSH plays an excellent role by
keeping up the cellular levels of active forms of Vitamin C and E by
neutralizing free radicals, thus protecting the cells from oxidative
damage [40]. Our data showed a significant reduction of reduced
glutathione (GSH) in prediabetic subjects as compared to controls,
which is parallel with the findings of previous studies [42,43].
Decreased level of GSH may be due to its reduced synthesis or it
may have been used up in order to counterbalance the free radicals
generated in prediabetes due to hyperglycemia. Our result also
supports the findings of Nwose et al. [14], who also reported the
decreased level of GSH in prediabetes and suggested that the initial
phase of response by the erythrocytes commence prior to the
establishment of diabetes. In addition, we found a significant and
negative correlation between GSH and glucose intolerance (both
IFG and IGT) in prediabetes, which confirms the link between hy-
perglycemia and decreased GSH. Furthermore, a negative correla-
tion was observed between antioxidant GSH and oxidative stress
markers MDA and 8-OHdG which indicate the existence of an
abnormal balance between the pro-oxidants and protective
mechanisms in subjects with prediabetes.

Moreover, it has been reported that inflammation is associated
with prediabetes [25,43]. It has been suggested that chronic
inflammation plays a causal role in endothelial dysfunction and
formation of atherosclerotic plaque, contributing to the develop-
ment of vascular complications in patients with diabetes [44].
Increased inflammation in the prediabetic state has been indicated
in our study by increased concentration of hs-CRP, which is in
agreement with the findings of previous studies [45,46]. Moreover,
the correlative analysis revealed a strong positive correlation be-
tween hs-CRP and glucose intolerance (both IFG and IGT) in pre-
diabetic subjects. These findings suggest the presence of underlying
inflammatory milieu before the onset of diabetes mellitus, which
predispose prediabetic subjects to an increased risk for the car-
diovascular disease since elevated hs-CRP levels are associatedwith
increased risk of cardiovascular disease [47]. Our finding also sup-
ports the hypothesis of Pickup and Crook, who stated that the
chronic inflammation may act as an initiating factor in the devel-
opment of type 2 diabetes mellitus [48]. The increased concentra-
tion of hs-CRP in prediabetes may be due to decreased insulin
sensitivity, which is known to counteract the physiological effect of
insulin on hepatic acute phase protein synthesis. Therefore, hepatic
insulin resistance could lead to increased synthesis of CRP [49].

When we correlate the markers of oxidative stress and inflam-
mation with anthropometric parameters in prediabetes, then we
found significant and positive correlation of 8-OHdG, MDA and hs-
CRP with BMI, WHR, SBP and DBP whereas GSH showed significant
negative correlation with anthropometric parameters, indicating
that obesity and increased blood pressure strongly contributes to
the generation of reactive oxygen species which ends up in the
induction of oxidative stress and creates the environment of
inflammation. Also, in the present study, we have correlated the
markers of oxidative stress namely, 8-OHdG, MDA and GSH with
inflammatory marker hs-CRP in prediabetic subjects. Pearson's
correlation coefficient showed a significant positive correlation of
8-OHdG and MDA with hs-CRP whereas the antioxidant GSH was
significantly negatively correlated with hs-CRP in prediabetic sub-
jects. This indicates that oxidative stress goes hand in hand with
inflammation due to increased blood glucose in prediabetes.
Inflammation in conjugation with a state of elevated oxidative
stress participates in foam cell formation in atherosclerosis and
hence accelerates the pathogenesis of the cardiovascular disease
[50].

The strength of this study is that the subjects were selected on
the basis of both fasting plasma glucose and 2-h plasma glucose
(after giving 75 g of glucose). In addition, our study was carried out
in a large sample size and was adequately powered since the sig-
nificance of results was high. However, our study has got major
limitations because of the cross-sectional nature of the data which
limits the inferences about causal relationships betweenmarkers of
oxidative stress and inflammation, and glucose intolerance.

5. Conclusion

In conclusion, the results of the present study indicate that the
prediabetes is associated with oxidative stress (reflected by
increased 8-OHdG, increased MDA and decreased GSH) and
inflammation (reflected by increased hs-CRP), which put predia-
betic subjects to an increased risk for the development of cardio-
vascular disease. Furthermore, markers of oxidative stress and
inflammation were well correlated with glucose intolerance in
prediabetic subjects. Hence, these markers should be taken into
consideration while evaluating the risk for CVD in prediabetes.
However, there is a need for further clinical studies to finally accept
the concept.
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[1] Kant M, Akış M, Çalan M, Arkan T, Bayraktar F, Dizdaroglu M, et al. Elevated
urinary levels of 8-oxo-2'-deoxyguanosine, (5'R)- and (5'S)-8,5'-cyclo-2'-
deoxyadenosines, and 8-iso-prostaglandin F2a as potential biomarkers of
oxidative stress in patients with prediabetes. DNA Repair (Amst) 2016;48:
1e7.

[2] Tab�ak AG, Herder C, Rathmann W, Brunner EJ, Kivim€aki M. Prediabetes: a
high-risk state for diabetes development. Lancet 2012;379(9833):2279e90.

[3] Charfen MA, Ipp E, Kaji AH, Saleh T, Qazi MF, Lewis RJ. Detection of undiag-
nosed diabetes and prediabetic states in high-risk emergency department
patients. Acad Emerg Med 2009;16(5):394e402.

[4] International Diabetes Federation. IDF diabetes atlas. seventh ed. Brussels,
Belgium: International Diabetes Federation; 2015.

[5] Mehta JL, Rasouli N, Sinha AK, Molavi B. Oxidative stress in diabetes: a
mechanistic overview of its effects on atherogenesis and myocardial
dysfunction. Int J Biochem Cell Biol 2006;38(5e6):794e803.

[6] Sheetz MJ, King GL. Molecular understanding of hyperglycemia's adverse ef-
fects of diabetic complications. J Am Med Assoc 2002;288(20):2579e88.

[7] Dandana A, Gammoudi I, Ferchichi S, Chahed H, Limam HB, Addad F, et al.
Correlation of oxidative stress parameters and inflammatory markers in
tunisian coronary artery disease patients. Int J Biomed Sci 2011;7(1):6e13.

[8] Sun J, Lou X, Wang H, Sollazzo A, Harms-Ringdahl M, Skog S, et al. Serum 8-
hydroxy-20-deoxyguanosine (8-oxo-dG) levels are elevated in diabetes

http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref1
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref2
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref2
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref2
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref2
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref2
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref3
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref3
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref3
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref3
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref4
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref4
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref5
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref5
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref5
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref5
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref5
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref6
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref6
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref6
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref7
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref7
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref7
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref7
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref8
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref8
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref8


R.K. Mahat et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 616e621 621
patients. Int J Diabetes Dev Ctries 2015;35(3):368e73.
[9] Bastos AS, Graves DT, Loureiro AP, Rossa Júnior C, Abdalla DS, Faulin Tdo E.

Lipid peroxidation is associated with the severity of periodontal disease and
local inflammatory markers in patients with type 2 diabetes. J Clin Endocrinol
Metab 2012;97(8):E1353e62.

[10] Alquoqa RS, Kasabri V, Naffa R, Akour A, Bustanji Y. Cross-sectional correlates
of myeloperoxidase and alpha-1-acid glycoprotein with adiposity, athero-
genic and hematological indices in metabolic syndrome patients with or
without diabetes. Ther Adv Endocrinol Metab 2018;9(9):283e91.

[11] Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and functional
foods: impact on human health. Phcog Rev 2010;4(8):118e26.

[12] Chehaibi K, Trabelsi I, Mahdouani K, Slimane MN. Correlation of oxidative
stress parameters and inflammatory markers in ischemic stroke patients.
J Stroke Cerebrovasc Dis 2016;25(11):2585e93.

[13] Espinosa-Diez C, Miguel V, Mennerich D, Kietzmann T, S�anchez-P�erez P,
Cadenas S, et al. Antioxidant responses and cellular adjustments to oxidative
stress. Redox Biol 2015;6:183e97.

[14] Nwose EU, Jelinek HF, Richards RS, Kerr PG. Changes in the erythrocyte
glutathione concentration in the course of diabetes mellitus. Redox Rep
2006;11(3):99e104.

[15] Bertoni AG, Burke GL, Owusu JA, Carnethon MR, Vaidya D, Barr RG, et al.
Inflammation and the incidence of type 2 diabetes: the multi-ethnic study of
atherosclerosis (MESA). Diabetes Care 2010;33:804e10.

[16] Spranger J, Kroke A, Mo�E hlig M, Hoffmann K, Bergmann MM, Ristow M, et al.
Inflammatory cytokines and the risk to develop type 2 diabetes: Results of the
prospective population-based European Prospective Investigation into Cancer
and Nutrition (EPIC)-potsdam study. Diabetes 2003;52:812e7.

[17] Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley A, et al. C-
reactive protein and other circulating markers of inflammation in the pre-
diction of coronary heart disease. N Engl J Med 2004;350:1387e97.

[18] Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive protein as a risk
factor for coronary heart disease: a systematic review and meta-analyses for
the U.S. Preventive Services Task Force. Ann Intern Med 2009;151:483e95.

[19] Hossain IA, Akter S, Bhuiyan FR, Shah MR, Rahman MK, Ali L. Subclinical
inflammation in relation to insulin resistance in prediabetic subjects with
nonalcoholic fatty liver disease. BMC Res Notes 2016;9:266.

[20] Gupta A, Kumar D, Rajvanshi S, Kumar A, Arya TVS. To study the association of
high sensitivity C-reactive protein with newly diagnosed DM type 2. JIACM
2015;16(1):12e5.

[21] American Diabetes Association. Classification and diagnosis of diabetes. Sec. 2.
In standards of medical care in diabetes-2017. Diabetes Care
2017;40(Suppl. 1):S11e24.

[22] Satoh K. Serum lipid peroxide in cerebrovascular disorders determined by a
new colorimetric method. Clin Chim Acta 1978;90(1):37e43.

[23] Beutler E, Duran O, Kelly BM. Improved method for the determination of
blood glutathione. J Lab Clin Med 1963;64:822e88.

[24] Ferrannini E. Definition of intervention points in prediabetes. Lancet Diabetes
Endocrinol 2014;2(8):667e75.

[25] Agarwal A, Hegde A, Yadav C, Ahmad A, Manjrekar PA, Srikantiah RM.
Assessment of oxidative stress and inflammation in prediabetes-A hospital
based cross-sectional study. Diabetes Metab Syndr Clin Res Rev 2016;10(2):
S123e6.

[26] Botto N, Masetti S, Petrozzi L, Vassalle C, Manfredi S, Biagini A, et al. Elevated
levels of oxidative DNA damage in patients with coronary artery disease.
Coron Artery Dis 2002;13(5):269e74.

[27] Pereira CS, Molz P, Palazzo RP, de Freitas TAB, Maluf SW, Horta JA, et al. DNA
damage and cytotoxicity in adult subjects with prediabetes. Mutat Res Genet
Toxicol Environ Mutagen 2013;753(2):76e81.

[28] Al-Aubaidy HA, Jelinek HF. 8-Hydroxy-2-deoxy- guanosine identifies oxida-
tive DNA damage in a rural prediabetes cohort. Redox Rep 2010;15(4):
155e60.

[29] Pan HZ, Chang D, Feng LG, Xu FJ, Kuang HY, Lu MJ. Oxidative damage to DNA
and its relationship with diabetic complications. Biomed Environ Sci
2007;20(2):160e3.

[30] Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage and obesity in type 2
diabetes mellitus. Eur J Endocrinol 2011;164(6):899e904.

[31] Al-Aubaidy HA, Jelinek HF. Oxidative stress and triglycerides as predictors of
subclinical atherosclerosis in prediabetes. Redox Rep 2014;19(2):87e91.

[32] Maschirow L, Khalaf K, Al-Aubaidy HA, Jelinek HF. Inflammation, coagulation,
endothelial dysfunction and oxidative stress in prediabetes- Biomarkers as a
possible tool for early disease detection for rural screening. Clin Biochem
2015;48(9):581e5.

[33] Ari E, Kaya Y, Demir H, Cebi A, Alp HH, Bakan E, et al. Oxidative DNA damage
correlates with carotid artery atherosclerosis in hemodialysis patients.
Hemodial Int 2011;15(4):453e9.

[34] Asmat U, Abad K, Ismail K. Diabetes mellitus and oxidative stress-A concise
review. Saudi Pharmaceut J 2016;24(5):547e53.

[35] Su Y, Liu XM, Sun YM, Jin HB, Fu R, Wang YY, et al. The relationship between
endothelial dysfunction and oxidative stress in diabetes and prediabetes. Int J
Clin Pract 2008;62(6):877e82.

[36] Rodríguez-Ramírez G, Simental-Mendía LE, Carrera-Gracia MA, Quintanar-
Escorza MA. Vitamin E deficiency and oxidative status are associated with
prediabetes in apparently healthy subjects. Arch Med Res 2017;48(3):257e62.

[37] Aouacheri O, Saka S, Krim M, Messaadia A, Maidi I. The investigation of the
oxidative stress-related parameters in type 2 diabetes mellitus. Can J Diabetes
2015;39(1):44e9.

[38] Nakhjavani M, Esteghamati A, Nowroozi S, Asgarani F, Rashidi A,
Khalilzadeh O. Type 2 diabetes mellitus duration: an independent predictor of
serum malondialdehyde levels. Singap Med J 2010;51(7):582e5.

[39] Hinokio Y, Suzuki S, Hirai M, Chiba M, Hirai A, Toyota T. Oxidative DNA
damage in diabetes mellitus: its association with diabetic complications.
Diabetologia 1999;42(8):995e8.

[40] Pieme CA, Tatangmo JA, Simo G, Nya PCB, Moor VJA, Moukette BM, et al.
Relationship between hyperglycemia, antioxidant capacity and some enzy-
matic and non-enzymatic antioxidants in African patients with type 2 dia-
betes. BMC Res Notes 2017;10:141.

[41] Butkowski EG, Brix LM, Kiat H, Al-Aubaidy HA, Jelinek HF. Diabetes, oxidative
stress and cardiovascular risk. Basic Res J Med Clin Sci 2016;5(1):17e23.

[42] Kalkan IH, Suher M. The relationship between the level of glutathione,
impairment of glucose metabolism and complications of diabetes mellitus.
Pak J Med Sci 2013;29(4):938e42.

[43] Priyatharshini M, Muraliswaran P, Kanagavalli P, Radhika G. The effect of
oxidative stress and inflammatory status in pre-diabetic subjects. IOSR-JDMS
2017;16(12):91e5.

[44] Hartge MM, Unger T, Kintscher U. The endothelium and vascular inflamma-
tion in diabetes. Diabetes Vasc Dis Res 2007;4(2):84e8.

[45] Parildar H, Gulmez O, Cigerli O, Unal AD, Erdal R, Demirag NG. Carotid artery
intima media thickness and HsCRP: predictors for atherosclerosis in predia-
betic patients. Pak J Med Sci 2013;29(2):495e9.

[46] Jaiswal A, Tabassum R, Podder A, Ghosh S, Tandon N, Bharadwaj D. Elevated
level of C-reactive protein is associated with risk of prediabetes in Indians.
Atherosclerosis 2012;222(2):495e501.

[47] Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in
women. N Engl J Med 2000;342(12):836e43.

[48] Pickup JC, Crook MA. Is type II diabetes mellitus a disease of the innate im-
mune system? Diabetologia 1998;41(10):1241e8.

[49] Choi KM, Lee J, Lee KW, Seo JA, Oh JH, Kim SG, et al. Comparison of serum
concentrations of C-reactive protein, TNF-alpha, and interleukin 6 between
elderly Korean women with normal and impaired glucose tolerance. Diabetes
Res Clin Pract 2004;64(2):99e106.

[50] Robson R, Kundur AR, Singh I. Oxidative stress biomarkers in type 2 diabetes
mellitus for assessment of cardiovascular disease risk. Diabetes Metab Syndr
2018;12(3):455e62.

http://refhub.elsevier.com/S1871-4021(18)30521-6/sref8
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref8
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref9
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref9
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref9
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref9
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref9
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref10
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref10
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref10
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref10
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref10
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref11
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref11
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref11
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref12
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref12
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref12
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref12
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref13
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref14
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref14
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref14
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref14
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref15
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref15
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref15
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref15
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref16
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref17
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref17
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref17
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref17
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref18
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref18
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref18
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref18
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref19
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref19
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref19
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref20
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref20
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref20
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref20
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref21
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref21
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref21
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref21
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref22
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref22
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref22
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref23
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref23
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref23
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref24
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref24
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref24
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref25
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref25
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref25
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref25
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref25
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref26
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref26
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref26
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref26
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref27
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref27
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref27
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref27
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref28
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref28
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref28
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref28
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref29
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref29
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref29
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref29
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref30
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref30
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref30
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref31
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref31
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref31
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref32
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref32
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref32
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref32
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref32
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref33
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref33
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref33
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref33
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref34
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref34
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref34
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref35
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref35
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref35
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref35
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref36
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref36
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref36
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref36
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref37
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref37
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref37
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref37
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref38
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref38
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref38
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref38
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref39
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref39
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref39
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref39
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref40
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref40
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref40
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref40
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref41
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref41
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref41
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref42
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref42
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref42
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref42
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref43
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref43
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref43
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref43
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref44
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref44
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref44
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref45
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref45
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref45
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref45
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref46
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref46
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref46
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref46
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref47
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref47
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref47
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref47
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref48
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref48
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref48
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref49
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref49
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref49
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref49
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref49
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref50
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref50
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref50
http://refhub.elsevier.com/S1871-4021(18)30521-6/sref50

	Cross-sectional correlates of oxidative stress and inflammation with glucose intolerance in prediabetes
	1. Introduction
	2. Materials and methods
	2.1. Study design and inclusion criteria
	2.2. Exclusion criteria
	2.3. Anthropometric measurements
	2.4. Blood pressure measurements
	2.5. Biochemical measurements
	2.6. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Funding
	Conflicts of interest
	Informed consent
	Acknowledgments
	References


