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INTRODUCTION

Being the prime cause of morbidity and mortality,
cardiovascular disease (CVD) risk is great in diabetic
patients,!? with more than a 200% greater risk of
CVDs than non-diabetic individuals.P! India has a
high prevalence of Type 2 diabetes mellitus (T2DM)
and CVD risk associated with urbanization.™
Dyslipidemia characterized by the elevation of plasma
total cholesterol (TC), triglycerides (TG) and TG-rich
very-low-density lipoprotein cholesterol (VLDL-C),
reduced high-density lipoprotein cholesterol (HDL-C),
and increased low-density lipoprotein cholesterol
(LDL-C) contributes significantly to the excess
risk of CVD.P! Several studies have reported the
possibility that newly addressed lipid profiles may
be more useful than the traditional ones such as
TC/HDL-C, TG/HDL-C and LDL-C/HDL-C ratio,*
which are independently associated with insulin
resistance and CVD risk prediction.”! Furthermore,
the Adult Treatment Panel (ATP-III) of the National
Cholesterol Education Program has recommended
using non-HDL-C (nHDL-C) in assessing CVD risk,"!
and was better explored in a diabetic cohort as a stronger

predictor than LDL.'"'") Hermans et al., proposed
atherogenic index of plasma (AIP) as a simple means
to estimate atherogenic dyslipidemia and the residual
cardiovascular risk in T2DM.[

Diabetes is usually accompanied by increased production
of free radicals or impaired antioxidant defenses
resulting in increased oxidative stress (OS) contributing
to the development and progression of diabetes and
its complications.® OS induced by Reactive Oxygen
Species (ROS), generated by hyperglycemia, is one of
the major focuses of recent research related to DM,
there are studies reporting increased levels of plasma
malondialdehyde (MDA) as an indicator of elevated
lipid damage.['>'"! In addition, dyslipidemia may also
contribute to increase in OS."¥! Despite the occurrence
of atherogenic dyslipidemia and OS in diabetes, to
the best of our knowledge no study has compared the
association among lipid risk factors of atherosclerosis,
hyperglycemia, and OS in newly diagnosed T2DM.
Therefore, the present study was taken up to address
this issue. In this study, total antioxidant capacity (TAC)
as ferric reducing ability of plasma (FRAP) has been
assessed as an antioxidant marker. Smoking status,
alcohol consumption, abnormal Body mass index (BMI),

Address for correspondence: Dr. Suchitra MM, Department of Biochemistry, SVIMS, Tirupati, Aandra Pradesh, India.
E-mail: suchitrasvims @ yahoo.com
Received: 02-12-2011; Revised: 06-01-2013; Accepted: 23-01-2013

89

Journal of Research in Medical Sciences

| February 2013 |

WWwWWw.mui.ac.ir



Suchitra, et al.: Association of MDA with hyperglycemia in diabetes

and hypertension which may influence lipid status and OS
are confounding factors, and their effect was nullified by
conducting the study in newly diagnosed T2DM patients
who were non-smokers, non-alcoholics, and normotensives
with normal BMI, with the aim of studying whether
increased OS is related to lipid risk factors of atherosclerosis.

MATERIALS AND METHODS

Patients and assessments

The present study recruited 52 (33 males and 19 females)
newly diagnosed patients with T2DM from the outpatient
clinic of the Endocrinology and Metabolism division of
Sri Venkateswara Institute of Medical Sciences (SVIMS)
from August 2009 to March 2010. Inclusion criteria were
patients with fasting blood sugar (FBS) >126 mg/dl, and who
were not receiving any treatment for the hyperglycemia.
The criteria for exclusion were patients on antioxidant
supplements and/or hypolipidemic agents, end-stage renal
disease, active infection, pregnant and post-menopausal
females, chronic or acute illnesses and patients suffering
from endocrine disorders other than T2DM. Smokers,
alcoholics, patients with abnormal BMI and hypertension
were excluded to remove their confounding effect on
dyslipidemia and OS. Fifty-two gender- and age-matched,
healthy participants (38 males and 14 females) were
enrolled as control group. The study was approved by the
institutional ethical committee and informed consent was
taken from the participants.

Overnight fasting venous blood samples were drawn
from each participant in fluoride-containing anticoagulant
tubes for blood glucose estimation and in heparinized
tubes for the remaining parameters. The samples were
processed by centrifugation at 3000 rpm to obtain
plasma for immediate analysis or stored at —80°C until

a blue ferrous complex by the antioxidants in the plasma.
The change in absorbance at 593 nm is directly related to
the total reducing power of electron-donating antioxidants
present in the plasma.f!

Statistical analysis

Between-group differences for all normal distributed
variables were tested by unpaired student t-test and
expressed as mean + SEM. The correlations were assessed by
the Pearson and partial correlation. Receiver operating curve
(ROC) analysis was done to statistically predict the variables
with higher area under curve (AUC) values. A statistical
significance was reported at a two-tailed P value of <0.05. All
the statistical analyses were done using MedCalc software
Version 12.1.0 (MedCalc®, Mariakerke, Belgium) and the
SPSS software Version 11.5 (SPSS Inc, Chicago, IL, USA).

RESULTS

Mean and SEM of age, lipid profile, lipid risk factors and
parameters of OS in patient and control groups are shown
in Table 1. There was no significant difference in BMI
between the groups. Diabetic patients had significantly
high levels of FBS, TG (P < 0.01) and VLDL (P < 0.01)
whereas there was no significant change in the TC, LDL,
and HDL-C levels in the patients when compared to
controls. Among various atherogenic lipid risk factors,
TG/HDL-C (P < 0.01), and Al (P < 0.05) were found to
be significantly elevated in diabetic patients compared
to controls. There was a significant increase in the level
of plasma MDA, a lipid peroxidation marker among
diabetic patients versus controls (P < 0.01). FRAP levels

Table 1: Demographic and biochemical characteristics
of the study population

Variable Cases (n=52) Controls (n=52) P value
further analysis. Plasma levels of fasting glucose, uric meanzSD meanzSD
acid, total cholesterol (TC), triacylglycerol (TG), and Age 50.2+1.13 52.340.95 0.16
high-density lipoprotein (HDL-C) were determined by  BMI (kg/m®) 24.8740.70 23.92+0.47 0.26
enzymatic colorimetric methods on Beckman Synchron  FBS (mg/dl) 135.43+0.48 92.09£1.13 0.000**
CX9 Autoanalyzer using commercial kits. Since the TG~ TC (mg/dL) 160.37+5.05 153.67+4.70 0.33
level in all participants was lower than 400 mg/dl, VLDL TG (mg/dL) 156.08+10.83 126.13+4.95 0.01*
was calculated as TG/5 and LDL as TC-HDL-C-TG/5 HDL-C (mg/dL) 43.73£1.29 44.37+0.49 0.64
using Friedwald formula." Various lipid risk factors VLDL (mg/dL) 31.2242.16 25.2340.99 0.01*
of atherosclerosis, such as non-HDL-C (TC-HDL-C), LDL (mg/dL) 87.38+5.18 84.08+4.48 0.63
molar ratios of TG/HDL-C, TC/HDL-C, LDL/HDL-C, and ’T\lg;;-lHDDLI:_CC (me/dl)  1eAa IS S e
non-HDL-C/HDL-C were calculated from the lipid profile. o e '

.. . TC/HDL-C 3.74%0.10 3.48+0.10 0.09
Atherogenic index (Al) was calculated as the logarithm LDL/HDLC 19940 11 19040 10 0.55
of the ratio of molar concentrations of TG and HDL-C Non-HDL-C/HDL-C 2.74+0.10 2.4840.10 0.09
[Al =log (TG/HDL-C)]. Plasma MDA, the end product of Al 0.1640.03 0.0840.01 0.02*
lipid peroxidation was estimated spectrophotometrically )5 (mg/dL) 4.5240.07 4.6240 14 0.54
as thiobarbituric acid reactive substances (TBARS),™  ypa (umol/L) 3.4240.09 0.804+0.05 0.000**
and TAC was determined by FRAP method in which a FRAP (mmol/L) 0.33+0.01 1.41+0.05 0.000**
colorless ferric tripyridyltriazine complex is reduced to  *P<0.05, **P<0.01; when significance was checked by the student t-test
| February 2013 | Journal of Research in Medical Sciences 920

WWWw.mui.ac.ir



Suchitra, et al.: Association of MDA with hyperglycemia in diabetes

were decreased significantly in the patient group when
compared with the control group (P < 0.01).

The bivariate Pearson correlations between FBS, lipids,
lipid risk factors and MDA are depicted in Table 2. The
MDA levels correlated positively with FBS [Figure 1],
TG, non-HDL-C, TG/HDL-C and with AI (P < 0.01), and
negatively with LDL (P < 0.05). The partial correlation
analysis of MDA with lipids and lipid risk factors after
nullifying the effect of FBS in the patient group is shown
in Table 2. The partial correlation analysis found a similar
significant positive correlation of MDA with TG, TG/HDL-C
and Al and a significant positive correlation was also
observed with VLDL. The significant negative correlation
observed with LDL was lost by partial correlation analysis.
Partial correlation of MDA with FBS after nullifying
the effects of each of the lipid variables among diabetic
patients is depicted in Table 2, wherein the significant
positive correlation of MDA with FBS did not change. ROC
curve analysis showed high AUC for TG/HDL-C and Al
respectively as shown in Table 3 and Figure 2.

DISCUSSION

Previous studies have also demonstrated hyperlipidemia
and an increase in OS among Type 2 DM patients as
compared to control counterparts.'>”1 The present study
is novel in its approach of addressing the association of
various lipid risk factors with diabetes and OS.

OS results when there is increased production of free
radicals or decreased activity of counter-actors, antioxidants
or both in a combination.” In the present study we found
a significant increase in the levels of MDA, the major
marker of lipid peroxidation and OS, which is in agreement
with a similar observation reported in newly diagnosed
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Figure 1: Correlation analysis of plasma MDA with FBS in diabetic patients (n
=52). r=0.39, p = 0.004 by Pearson’s correlation and y = 11.23x + 90.12 and
R2 =0.16 for the graph
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Type 2 DM patients.”™ We found a depletion of TAC in
the diabetic group, represented by significantly reduced
FRAP level indicating antioxidant imbalance in favor of
OS. MDA levels correlated positively with FBS indicating

Table 2: Pearson and partial correlations of MDA with
variables

Variable MDA with MDA with MDA with FBS

variables lipids (nullified (nullified by each

by FBS) lipid variable)
Pearson Partial Partial correlation
correlation correlation r value
r value r value

FBS (mg/dL) 0.39** -
TC (mg/dL) -0.22Ns -0.17N8 0.37**
TG (mg/dL) 0.38** 0.41** 0.34*
HDL-C (mg/dL) -0.21n8 -0.18Ns 0.38**
VLDL (mg/dL) -0.17N8 0.41** 0.34*
LDL (mg/dL) -0.33* -0.28Ns 0.36*
Non-HDL-C 0.38** —-0.12N8 0.38**
(mg/dL)
TG/HDL-C 0.45** 0.45** 0.32*
TC/HDL-C 0.01Ns 0.03Ns 0.39**
LDL/HDL-C —0.24Ns -0.21Ns 0.36**
Non-HDL-C/ 0.01Ns 0.03s 0.39**
HDL-C
Al 0.40** 0.38** 0.34*

"(Correlation coefficient); P(two-tailed significance); *P<0.05, **P<0.01; NS-Not
significant; MDA=Malondialdehyde; TG=Triglycerides; LDL=Low-density lipoprotein;
HDL-C=High-density lipoprotein cholesterol

Table 3: Receiver operating characteristics’ curve for
atherogenic lipid risk factors

Variable AUC 95% CI P value
Non-HDL 0.53 0.45-0.65 0.32
TG/HDL 0.62* 0.52-0.74 0.03*
TC/HDL 0.57 0.50-0.69 0.07
LDL/HDL 0.51 0.43-0.63 0.56
Non-HDL/HDL 0.58 0.50-0.69 0.07
Al 0.62* 0.50-0.74 0.03*

Cl=Confidence interval; AUC=Area under curve; #(high AUC); *(P<0.05)
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Figure 2: Receiver operating curve analysis showing high Area under curve
values for atherogenic lipid risk factors; TG/HDL-C (AUC = 0.62, p = 0.03) and
Al (AUC =0.62, p = 0.03).
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the association of hyperglycemia with OS. The source
of OS in DM includes non-enzymatic, enzymatic and
mitochondrial pathways.!"™! It has been demonstrated that
higher concentrations of glucose lead to excess free radical
generation. Recently, Whiting et al., observed that chronic
hyperglycemia can influence the generation of free radicals,
which may eventually lead to increased lipid peroxidation
and depletion of antioxidants, and thereby enhanced OS in
subjects with T2DM.4

In the present study we observed significantlipid peroxidation,
higher levels of lipids (TG and VLDL) and lipid risk factors
(such as TG/HDL-C and Al) indicating atherogenic changes.
Hypertriglyceridemia may lead to an increased production
of the small, dense form of LDL cholesterol and to decreased
HDL transport of cholesterol back to the liver. It has been
proposed that TC/HDL-C and LDL/HDL-C ratios could
be better predictors of atherosclerosis than the individual
lipid parameters.®! TG levels and TG-HDL-C ratio have
been reported to be sensitive markers of insulin resistance,
where the cutoff values that were most predictive of insulin
resistance were TG level of 130 mg/dL or more and/or
TG-HDL-C ratio of 3 or more.® In the present study the
patient group had a significantly higher TG/HDL-C ratio
when compared to controls. TG/HDL-C ratio has been
proposed as an easily measurable predictor of LDL size and
is best suggested as a surrogate marker of small dense LDL
particles. Al, which correlated inversely with LDL particle
size was proposed as a marker of plasma atherogenicity that
has better predictive value than lipids individually and ratios
of individual lipids to HDL-C.”! Hermans et al., proposed
Al as a simple means to estimate atherogenic dyslipidemia
and the residual cardiovascular risk in Type 2 DM.I"2I A
recent study by Rao et al.,*® emphasizes the importance of
Al in predicting CVD risk associated with newly diagnosed
diabetes. The current study’s observation of significantly
raised TG/HDL-C and Al is in accordance with the above
observations, indicating the presence of atherogenic risk in
newly diagnosed Type 2 DM patients.

OS is known to be associated with dyslipidemia.!"® Chronic
OS in diabetic subjects may be related to the metabolism
of excess substrates available such as glucose and fatty
acids present in the hyperglycemic state. DM is a condition
where hyperlipidemia is very common. Moreover, lipid
peroxidation increases with hyperlipidemia.l*¥! In the
present study, there were significant positive correlations of
FBS, lipids and lipid risk factors with MDA, indicating the
coexistence of atherogenic risk factors and OS. However, there
was a negative correlation between MDA and LDL which
may indicate excess LDL lipid peroxidation and thereby
the increase in MDA. We statistically nullified the effect
of hyperglycemia on the significant associations between
MDA and lipid variables. In this case, the significance of the
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association of MDA was lost only for LDL after statistical
nullification. This indicates that hyperglycemia might play a
significant role in the elevation of oxidative stress by increased
oxidizability of LDL. Similarly, we nullified the effect of each
of the lipid variables on the association between MDA and
FBS, wherein the significance of positive correlation of MDA
with FBS was retained even after nullifying the effect of
lipid parameters. Therefore, lipid parameters cannot be the
only main cause of OS in DM. Importantly, these correlation
analyses also suggest that hyperglycemia per se is greatly
involved in OS resulting in increased lipid peroxidation
which is mainly associated with high blood sugar. It is clear
from these observations that hyperglycemia in Type 2 DM
results in increased lipid peroxidation and thereby elevated
plasma MDA levels, which in turn are responsible for increase
in coronary lipid risk factors. Furthermore, among all lipid
risk factors, high AUC values were observed for TG/HDL-C
and Al indicating the importance of these ratios as predictors
of cardiovascular risk even in the early stages of T2DM. Our
study has certain limitations, such as lack of data on insulin
resistance. Nevertheless, as has been well documented
previously, increased TG/HDL-C and Al, which we have
also observed in the present study, may serve as sensitive
markers for insulin resistance.

To conclude, our study suggests that hyperglycemia in
newly diagnosed patients with Type 2 DM is associated
with elevated OS through increased lipid peroxidation and
depleted antioxidant capacity. The elevated plasma MDA
levels are in turn associated with increased atherogenic
lipid risk factors such as TG/HDL-C and Al in particular.

These findings point towards the need for early diagnosis
and management of Type 2 DM patients in order to prevent
the development of OS-associated diabetic complications.
It may also be inferred that even in the early stages diabetic
patients are exposed to OS due to hyperglycemia and OS
is known to be the unifying factor in the development
of diabetes complications. Hence supplementation of
antioxidants may also be considered in the management
of newly diagnosed Type 2 DM.
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