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ABSTRACT

Introduction: Type 2 Diabetes Mellitus (DM) is associated with
hyperglycaemia, dyslipidaemia and oxidative stress. Oxidative
damage, indicated by elevated levels of Malondialdehyde (MDA),
plays a vital role in development of Coronary Artery Disease (CAD)
in diabetics. Although, reduction of Low Density Lipoprotein (LDL)
is identified as the primary target for therapy in dyslipidaemic
patients by National Cholesterol Education Programme (NCEP),
the levels of LDL may not be elevated in diabetic patients.
Moreover, many studies have shown that apolipoprotein B100
and A1 (Apo B100 and Apo A1), which are the corresponding
protein components of LDL and High Density Lipoproteins (HDL)
respectively, are more sensitive markers for screening of CAD.

Aim: To determine the concentration of Apo A1 and Apo B100
along with serum MDA in patients with type 2 DM and study the
correlation between them.

Materials and Methods: A case-control study was done on
75, type 2 diabetic patients and 75 healthy controls. Fasting
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plasma glucose, glycated haemoglobin, fasting lipid profile
along with Apo A1, Apo B100 and MDA as a marker for lipid
peroxidation were determined, compared and analysed using
SPSS version 23.0.

Results: Diabetic patients had a significantly higher levels of
serum triglyceride, Apo B100 and MDA along with significantly
lower levels of HDL and Apo A1. The Apo B100/Apo A1 ratio
was also higher in diabetic cases which showed a strong
positive correlation with HbA1c (r=0.515) and MDA (r=0.819).
The levels of total cholesterol and LDL were comparable in both
the groups.

Conclusion: Diabetes mellitus is associated with dyslipidaemia
and oxidative stress. Poor glycaemic controlis associated with an
increased oxidative damage which contributes to development
of microvascular complication. Hence, Apo A1, Apo B100 and
serum MDA may be included as additional parameters in the
management of DM as they could help in early diagnosis and
prevention of CAD.
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INTRODUCTION

Diabetes mellitus has emerged as a global health issue. Currently,
about 20-30 million people in India are diagnosed to have DM and
this figure is expected to rise to about 80 million by 2030 [1,2].
Chronic hyperglycaemia seen in long standing DM, is responsible for
various life threatening complications like retinopathy, nephropathy
and atherosclerosis. Of these, CAD or cardiovascular complications
are now established as a major factor for increased morbidity and
mortality in diabetics. Epidemiologic studies have also demonstrated
that DM is anindependent risk factor for CAD [3]. Along with smoking,
hypertension and other factors, dyslipidaemia in the presence of
hyperglycaemia accelerates the incidence of cardiovascular disease
[4]. The NCEP in their Adult Treatment Plan (ATP) Il has identified
high LDL level to be the major risk factor for CAD [5]. Though
dyslipidaemia is a common presentation in chronic diabetics, the
plasma levels of LDL may not be increased in all diabetics [6,7].
HDL and LDL consists of a protein component called as Apo A1l
and Apo B100 respectively. Recent studies suggest that plasma
concentration of Apo A1 and Apo B100 and their ratio (Apo B100/
Apo A1 ratio) are more sensitive and specific biochemical markers
for the risk of CHD than the conventional lipid and lipoprotein
measurement [8-12].

Oxidative stress, defined as an imbalance between the Reactive
Oxygen Species (ROS) and the antioxidant, plays an important role
in the development of diabetic complication. Excessive production
of ROS results in peroxidation of lipids which is abundantly
present in the cellular membrane. This mechanism is suspected
to play an important role in pathogenesis of diabetic complication
including atherosclerosis and CAD [13]. MDA is a stable and easily
measurable product of lipid peroxidation. They are frequently used
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to evaluate the oxidative stress [14]. Although, microvascular and
macrovascular complications of DM are known to increase with
DM severity, the association between DM and MDA levels in type 2
DM remains controversial and contradictory as both increase and
decrease of MDA have been reported in DM [14].

Hence, this study was carried out to determine the Apo A1 and
Apo B100 levels along with serum MDA levels and study the
effect of type 2 DM on these parameter and establish a correlation
between them.

MATERIALS AND METHODS

This case-control study was carried out at a tertiary care teaching
hospital in North India after obtaining Institutional Ethical Committee
clearance. Between July 2016 to December 2016, a total of 150
participant who had given their consent were included in the study.
The participants were divided into two Groups-A and B. Group A
included 75 newly diagnosed cases of type 2 DM and Group B
included 75 healthy controls who were matched for age and gender.
Smokers, hypertensives, patients with existing or past history of
cardiac disease, hepatic or renal disorder and those on treatment
with lipid lowering agents were excluded.

Biochemical Determination

Under aseptic condition 1 mL of venous blood was collected in
a plain serum collecting vacutainer and 2 mL venous blood was
collected in an EDTA containing vacutainer and a sodium fluoride
vacutainer from the participants of both the groups in a fasting
state. The sample collected in plain vacutainer was allowed to clot
for 30 minutes and then centrifuged at 2000 gm for 10 minutes for
the separation of serum. The blood collected in the sodium fluoride
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vacutainer was mixed gently and then centrifuged to separate
the plasma. Plasma sample was used for determining the fasting
plasma glucose levels by Glucose Oxidase-Peroxidase (GOD-POD)
method [15]. Glycated haemoglobin (HbA1c) was determined by
enhanced particle immunoturbidimetric method using the whole
blood sample collected in Ethylenediaminetetraacetic Acid (EDTA)
vacutainer [16]. Serum samples were used to determine the total
cholesterol by Cholesterol Oxidase-Phenol 4-Aminoantipyrine
Peroxidase (CHOD-PAP) method, serum triglyceride by Glycerol
Phosphate  Oxidase-Phenol  4-Aminoantipyrine  Peroxidase
(GPO-PAP) method), HDL (enzymatic method), LDL (enzymatic
method), Apo A1 (immumoturbidimetric method) and Apo B100
(immunoturbidimetric method) [17-19]. Fasting plasma glucose,
Glycated Hb (HbA1c) and lipid profile were all determined using
ErBa 360 autoanalyser. Apo A1 and Apo B100 were determined
using autoanalyser. MDA was determined from the serum sample
by Thiobarbituric Acid (TBA) method using a spectrophotometer at
532 nm [20].

STATISTICAL ANALYSIS

All the values obtained were compiled and analysed using Statistical
Package for Social Sciences Version 23.0 (SPSS/PC; SPSS-
23.0, Chicago, USA). The values were expressed as mean=SD.
Independent ‘t’-test was used to study the significance of the means
obtained. Correlation and regression were applied for analysis of
association between the variables. Tables and charts were created
using Microsoft Excel. A p-value <0.05 was considered significant.

RESULTS

As seen in [Table/Fig-1], the study included 48 diabetic males
and 27 diabetic females. The mean age of diabetic patients was
53.36+8.64 years. The lipid profile of diabetic patients was deranged
when compared with healthy controls. The increased levels of serum
triglyceride, Apo B100 and serum MDA was statistically significant
with a p-value of <0.001, <0.04 and <0.001 respectively. The HDL
and Apo A1 level were significantly lower (p-value <0.001) in the
diabetic cases. The diabetic cases also showed a significantly
elevated Apo B100/Apo A1 ratio (p=0.001) as compared to healthy
controls. The changes observed among the cases and controls with
regards to total cholesterol and LDL were comparable. Apo B100/
Apo A1 ratio showed a strong significant positive correlations with
HbA1c and MDA levels with Pearson’s coefficient of r=0.515 [Table/
Fig-2] and r=0.819 [Table/Fig-3] respectively. As seen in [Table/
Fig-4], a significant positive correlation was also observed between
HbA1c and serum MDA level (r=0.641; p<0.001).

Variables Controls (n=75) Cases (n=75)
Males 40 48
Females 35 27
Age (Years) (mean+SD) 52.04+12.54 53.36+8.64
Fasting plasma glucose (mg/dL) (mean+SD) 95.64+14.77 197.45+64.07*
Glycated haemoglobin (%) (mean+SD) 5.96+0.89 9.39+1.80*

Triglyceride (mg/dL) (mean=+SD) 128.35472.48 | 229.68+96.52*

Total cholesterol (mg/dL) (mean+SD) 179.95+46.63 187.32+40.19
HDL (mg/dL) (mean+SD) 46.16+£14.62 33.90+10.29*
LDL (mg/dL) (mean+SD) 109.41+39.24 112.17+38.11
Apolipoprotein-A1 (mg/dL) (mean+SD) 134.13+31.51 108.41+33.49*

Apolipoprotein-B100 (mg/dL) (mean+SD) 80.56+22.89 88.32+22.95"*
Apo-B/Apo-Al ratio (mean+SD) 0.63+0.21 1.03+0.95***
MDA (umol/L) (mean+SD) 3.73+1.10 7.71+3.68*

[Table/Fig-1]: Findings showing the gender distribution, age, fasting lipid profile,
glycated haemoglobin, apolipoproteins and MDA levels in type 2 diabetic cases and
control. The significance of mean difference was determined by using Independent
‘t'-test.

(p-value <0.05 was considered significant)
* p<0.001 ** p=0.004 ***p=0.001

www.jcdr.net

Correlation between Glycated Hemoglobin and Apo B100/Apo Al
ratio

W & h o ~3
-

Apo B100 / Apo Al Ratio
"

6 & 10 12 14 16
Glyecated Hemoglobin (%)

[

[Table/Fig-2]: A graph showing a Pearson’s correlation coefficient between
glycated haemoglobin and Apo B100/Apo A1 ratio in patients with type 2 diabetes
mellitus (r=0.515; p<0.001).

Correlation between MDA and Apo B100/Apo Al ratio

ek = n >

Apo B100 / Apo Al Ratio
[

MDA (pmolL)

[Table/Fig-3]: A graph showing a Pearson’s correlation coefficient between Apo
B100/Apo A1 ratio and Serum MDA levels in patients with type 2 diabetes mellitus
(r=0.819; p<0.001).

Correlation between Glycated Hemoglobmn and serum MDA
Levels

15 §

._.
(=}
N

MDA (umolL)

6 8 10 12 14 16
Glyeated Hemoglobin (%)

=
(R
.

[Table/Fig-4]: A graph showing a Pearson’s correlation coefficient between glycated
haemoglobin and serum MDA levels in patients with type 2 diabetes mellitus (r=0.641;

p<0.001).

DISCUSSION

Diabetes mellitus is associated with a deranged metabolism of
both glucose and lipids resulting in hyperglycaemia and free fatty
acidaemia. Moreover, the release of metabolic mediators such as
cytokines from the adipose tissue along with other pro-oxidants
induces a state of oxidative stress which are responsible for diabetic
complications [21]. Oxidation of polyunsaturated fatty acid results in
production of MDA which is used as a marker to assess oxidative
damage. Therefore, this research was conducted to study the effect
of type 2 DM on the basic lipid profile along with the apolipoproteins
and also on the production of MDA. The mean age of the diabetic
patients in this study was in accordance with earlier studies such
as Kaveeshwar SA and Cornwall J, Cheema A et al., in their meta-
analysis, they reported that type 2 DM was highest in the fifth
decade of life [1,2].

Diabetic patients have deranged lipid profile and is characterised
by lipid triad i.e., high serum triglyceride (TAG), low HDL levels
and elevated small dense LDL particles [22,23]. One of the most
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characteristic finding in diabetic patient is hypertriglyceridaemia. This
study was in accordance as diabetic patients showed significantly
high serum TAG levels (p<0.001) and low HDL levels (p<0.001).

Insulin resistance is associated with an elevated levels of TAG rich
Very Low Density Lipoprotein (VLDL). This is a result of increased
activity of Hormone Sensitive Lipase (HSL) in the adipose tissue and
decreased TAG catabolism by lipoprotein lipase in the liver [24,25].
The elevated TAG has a direct action on HDL as they enhance
the enzymatic activity of Cholesteryl Ester Transfer Protein (CETP)
which catalyses the transfer of TAG from VLDL to HDL in exchange
of cholesteryl esters. These TAG rich HDL undergoes increased
catabolism thus reducing their circulating concentration [26,27].

The LDL is identified as the primary target for therapy by the NCEP
in their ATP Il guidelines [5,28]. Though many studies have shown
elevated levels of circulatory LDL, patients with type 2 DM may
not necessarily have a higher LDL concentration when compared
with nondiabetic individuals [6,7]. Many literature researches have
reported that rather than the concentration, it is the size and the
number of the LDL particle that influences its atherogenic activity
which makes a diabetic patient prone to develop CAD [29]. Small
dense LDL particle are more atherogenic than larger LDLs as small
dense LDLs are removed by scavenger cells which is a critical step
in the development of atherosclerosis [30]. In the present study,
no significant increase in the LDL levels were observed in diabetic
cases which was in accordance with other studies. Sultania S et al.,
in a study on 50 diabetic patients, observed no significant increase
in the LDL concentration when compared with healthy controls
[31]. Similarly Zeqgollari A et al., in a study on 102 diabetic patients
observed that the mean LDL concentration was 118.37 mg/dL,
with only 17% type 2 diabetic patients having LDL levels above 160
mg/dL [32].

Apolipoproteins are the protein components which binds with
phosphoalipids to form a surface monolayer in all mature lipoprotein
particles. Apo A1 and Apo B 100 are the major apolipoprotein
components of antiatherogenic HDL and proatherogenic LDL
respectively [8]. Although, LDL and non HDL lipoproteins are
considered as important prognostic indicators for the development
of CAD, many studies has suggested that apolipoproteins maybe
better markers for predicting CAD. The five year prospective Quebec
cardiovascular study concluded that for each standard deviation
increase in baseline Apo B, there was a significant increase in
relative risk for CHD [9]. Caslake MJ et al., reported that though the
LDL levels did not differ much between the CAD patients and the
healthy controls, the disease group had a significantly higher Apo
B levels [10]. The Prospective Epidemiological Study of Myocardial
Infarction (PRIME) study, assessed the predictive ability of HDL and
its constituent in the development of CHD and concluded that Apo
A1 was the strongest predictor of CHD [11]. A cohort study called
as Apolipoprotein-related Mortility Risk (AMORIS) study, confirmed
Apo A1, Apo B and Apo B/Apo A1 ratio as stronger risk factors
for development of coronary heart disease [12]. In the present
study, the diabetic patients had a significantly lower Apo A1 levels
(p-value <0.001) which correlated well with their corresponding
HDL. It was also observed that even though the LDL levels did
not show any significant increase in diabetic patients, their Apo B
100 were significantly elevated (p=0.004). The Apo B100/Apo A1l
ratio which represents the balance between proatherogenic and
anti atherogenic lipoproteins was significantly increased in diabetic
cases (p=0.001). A strong correlation between the Apo B100/
Apo A1 ratio and HbA1c (r=0.515; p-value <0.001) indicates that
glycemic control has a direct effect of incidence of CAD.

The ROS produced during the normal course of metabolic
pathways are effectively counteracted by production of cellular
antioxidants [33]. Many research have established a link between
DM and increased production of ROS, resulting in oxidative
stress which has detrimental effect resulting in p cell dysfunction,
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dyslipidaemia and insulin resistance [13,34]. Glucose auto-
oxidation, polyol pathway, increased activity of Protein kinase C,
increased production of Advance Glycated End product (AGE) and
increased expression for its receptors have been postulated to
cause oxidative damage [35].

Polyunsaturated fatty acids undergoes oxidative damage to
produce MDA. High levels of MDA in diabetic patients is associated
with cardiovascular disease [36]. According to study reported by
Rankinen T et al., high plasma MDA levels correlated with elevated
fibrinogen level in middle age men [37]. In another study done by
Pasaoglu H et al., high erythrocyte MDA activity was reported in
diabetic patients [14]. The findings in this study was as per the
findings of the above studies. Diabetic patients had a significantly
higher levels of MDA in comparison to the control. The degree of
lipid peroxidation correlated strongly with both Apo B100/Apo A1
ratio (r=0.819; p-value <0.001) indicating that with poor glucose
control is associated with higher oxidative damage.

LIMITATION

In future, further large scale prospective multicentric or community
based study would be required to establish the role of MDA and
apolipoproteins levels in the management and prevention of CAD in
type 2 DM. Other factors such as sedentary lifestyle, diet and work
related stress which are known to affect the lipid profile were not
considered in this study.

CONCLUSION

It is evident from this study that DM is associated with dyslipidaemia
and oxidative stress. Apo A1 and Apo B100 are being preferred as an
additional marker to evaluate the dyslipidaesmia. The Apo B100/Apo
A1 ratio in diabetic patients were elevated and showed significant
positive correlation with both HbA1c and MDA. This indicates that
poor glycemic control is associated with increased oxidative damage
which contributes to development of microvascular complication.
Hence, determining MDA levels and Apo B100/Apo A1 ratio during
the management of DM could help in early diagnosis of diabetic
complication and effectively manage them. However, a large scale
study with other parameter of CAD such as angiography is required
to either accept our claim or refute it.
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