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Abstract

Objective: To study the correlation of lipids and lipoprotein indices with special reference to oxidized LDL in study
subjects.

Material and Methods: Study comprised of total 124 subjects. 104 symptomatic cases either sex age between
20-80 years were recruited, of which, 10 were type-2 diabetes mellitus(Type- 2DM), 63 were with metabolic
syndrome (MS), and 31 were type-2 diabetes mellitus with hypertension (Type-2DM+HT). Total 20, age and sex
matched normal healthy subjects were recruited and served as control group for the present study.

Results: Comparing the mean OxLDL of four groups (Type-2DM, MS, Type-2DM+HT and normal), by one way
ANOVA showed significantly (p<0.001) differences among the groups. Further, Bonferroni test showed that the
mean OxLDL rose significantly (p<0.001) in cases (Type-2DM, MS and Type-2DM+HT) groups as compared to
normal group but no differences were observed among the cases.

Conlusion: It is concluded that OxLDL may serves as better predictive biomarker in metabolic syndrome
individuals.

Keywords: Ox -LDL; HDL; VLDL; Diabetes mellitus; Metabolic
Syndrome

Introduction
Visceral Obesity, Insulin resistance, Dyslipidaemia, Hypertension

and pro-inflammatory or thrombotic state collectively define
metabolic syndrome [1-2]. Metabolic syndrome is a combination of
unfavorable health factors including abdominal obesity, dyslipidemia,
hypertension and glucose intolerance and is strongly associated with
increased risk of cardiovascular disease (CVD) and type-2 diabetes
[3-4]. One of the key drivers in the development of metabolic
syndrome is obesity [5]. Oxidized LDL, a marker of lipoprotein-
associated Oxidative stress, is an emerging cardiovascular risk factor.
Oxidized LDL activates circulating monocytes, thereby increasing their
ability to infiltrate the Vascular wall. This increased infiltration is a
primary stage in atherogenesis [6]. Oxidative stress (OX) is known to
play a major role in the pathogenesis of Metabolic Syndrome.Oxidative
stress means an imbalance between production of reactive oxygen
species and antioxidant defence system that buffers the oxidative
damage, and is considered to be one of the main causes of molecular
damage to cellular and tissue structures [7,8]. This imbalance in the
rate at which the intracellular content of free radicals, produced
through a number of cellular events, increases relative to the capacity
of the cell to dispose of these oxidants, when not neutralized, these free
radicals have the capacity to alter the integrity of numerous molecules
such as lipids, proteins and DNA. Lipids are a major target of free
radical attack, which induces lipid peroxidation. Free radical induced
peroxidation of membrane lipids is critical for memebrane damage.
Because it leads to alterations in the biophysical properties of the
membrane, such as the degree of fluidity, and can lead to inactivation

of membrane-bound receptors or enzymes, which in turn may impair
normal cellular function. Therefore, measurement of products of lipid
peroxidation has been commonly used to assess oxidative stress/injury
[9].

Presence of oxidized low-density lipoprotein (OxLDL) is another
aspect of oxidative modification. The concentration of circulating
oxidized LDL (OxLDL) has shown relationships with atherosclerotic
disease, and some studies indicate OxLDL concentrations to be
increased in the metabolic syndrome. Although the origin of OxLDL is
unknown, the vascular wall is considered the main source. However,
the oxidative stress status in patients with Metabolic Syndrome
remains unclear. The challenge is to identify high risk individuals as
through effective identification and intervention of risk factors, so that
the disease can be halted successfully [10]. One strategy is to
understand the overlying pathogenesis and disease mechanisms which
will possibly help in identifying surrogate markers to effectively
evaluate the overall risk of these individuals.

Materials and Methods
The present study is a cross sectional study, carried out at

Department of Pathology, King Georg’s Medical University, Lucknow
from August 2015–August 2016. Human peripheral blood samples
were collected from Department of Cardiology OPD as well as from
Department of Medicine. The present study determines association of
lipids and lipoproteins indices with special interest to oxidized low
density lipoprotein in metabolic syndrome. This study comprised of
total 124 subjects. 104 symptomatic cases either sex age between 20-80
years were recruited, of which 10 were type-2 diabetes mellitus (Type-
2DM), 63 were with metabolic syndrome (MS), and 31 were type-2
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diabetes mellitus with hypertension (Type-2DM+HT). 20 age and sex
matched normal healthy subjects were served as control group. Lipid
profile of the subjects was classified based on ATP III model [11].
Patients are recruited after obtaining their written informed consent.
Ethical clearance was obtained for the study from the Institutional
Ethics Committee. (Ethical clearance no: 71 ECM II B Thesis/P 13).

Biochemical investigations
Total 5 ml of the fasting peripheral blood was collected from patient

as well as control into the plain serum vial and allowed to clot. The
blood was centrifuged at 3000 rpm for 15 min at room temperature.
Serum was separated in 2 ml micro centrifuge tube and store in -80°C
until further analysis .Serum triglyceride was estimated by enzymatic-
colorimetric end point method. HDL cholesterol was estimated by
coupled classic precipitation method using diazyme’s HDL-cholesterol
kit. VLDL and LDL cholesterol was calculated by Friedwald’s formulae
considering its limitations. Blood glucose was estimated by enzymatic-
colorimetric, trinder-kinetic. All the parameters which were under
investigation were determined in the serum of subjects by using
commercially available reagents kits. In vitro quantitative
determination of Human oxidized low density lipoprotein (OxLDL)
concentrations in serum was done by Elabscience ELISA Kit
recognizes natural and recombinant Human OxLDL.

Human oxidized low density lipoprotein ELISA
Human oxidized low density lipoprotein was estimated using ELISA

kit based on sandwich-ELISA method. The micro ELISA plate
provided in the kit is pre-coated with an antibody specific to OxLDL.
Standards or samples was added to the appropriate micro ELISA plate
wells and combined with the specific detection antibody. Then a
biotinylated detection antibody specific for OxLDL and Avidin-
Horseradish Peroxidase (HRP) conjugate was added to each micro
plate well successively and incubated. Free components were washed
away. The substrate solution was added to each well. Only those wells
that contained OxLDL, was observed blue in color due to biotinylated
detection antibody and Avidin-Horseradish Peroxidase (HRP)
conjugation. The enzyme-substrate reaction was terminated by the

addition of a sulphuric acid solution which turned blue color to yellow.
The optical density (OD) was measured spectrophotometrically at a
wavelength of 450 nm ± 2 nm. The OD value was proportional to the
concentration of OxLDL. Concentration of OxLDL was calculated in
the samples by comparing the OD of the samples to the standard
curve.

Statistical analysis
The results are presented as Mean ± Standard error of the mean

(SEM) using SPSS statistical computer package version 10 software
(SPSS 10, 1999). Student's t-test was used to ascertain the significance
of the difference between two means of continuous variables. ANOVA
is used for difference in mean values of more than two grouped data.
Bonferroni multiple comparison tests were used to calculate
differences between group means. P<0.05 was considered as
statistically significant.

Results
The age of healthy controls, Type-2DM, MS and Type-2DM+HT

ranged from 32-70 yrs, 35-64 yrs, 20-78 yrs and 28-80 yrs respectively
with mean (± SE) 54.25 ± 2.45 yrs, 48.80 ± 3.23 yrs, 46.56 ± 1.83 yrs
and 53.03 ± 2.28 yrs respectively and median 54 yr, 49 yrs, 45 yrs and
50 yrs, respectively. The mean age of normal group was the highest and
MS the least. Comparing the mean age of four groups showed similar
age among the groups (F=2.62, p=0.054) i.e. did not differed
significantly. Further, there were 8 (40.0%) females and 12 (60.0%)
males in Normal group while it were 2 (20.0%) and 8 (80.0%)
respectively in Type-2DM group, 32 (50.8%) and 31 (49.2%)
respectively in MS group, and 19 (61.3%) and 12 (38.7%) respectively
in Type -2DM+HT group. In all groups, the frequency (%) of males
was higher than females except MS group. The OxLDL of four groups
showed significantly (p<0.001) different mean OxLDL among the
groups (Table 1). Further, Bonferroni test showed that the mean
OxLDL rose significantly (p<0.001) in cases (Type-2DM, MS and
Type-2DM+HT) groups as compared to Normal group (Table 2) but
not differs among the cases i.e. found to be statistically the same.

Variables Normal (n=20) Type-2DM (n=10) MS (n=63) Type- 2DM+HT (n=31) F value p value

OxLDL (ng/mL) 108.36 ± 3.94 195.87 ± 17.30 200.24 ± 6.36 213.36 ± 7.71 25.49 <0.001

Table 1: OxLDL (Mean ± SE) of four groups.

Comparisons OxLDL

Normal vs. Type-2DM <0.001

Normal vs. MS <0.001

Normal vs. Type-2DM+HT <0.001

Type-2DM vs. MS 1

Type-2DM vs. Type-2DM+HT 1

MS vs. Type-2DM+HT 1

Table 2: Comparison (p value) of mean difference in OxLDL between
the groups by Bonferroni test.

Moreover, OxLDL also showed significant diagnostic importance
when evaluated between normal and total cases (Type-2DM + MS +
Type-2DM+HT) and at cut off value of >135.6 it is discriminating the
subjects of two groups significantly (AUC=0.954, Z=25.82, p<0.001)
with high 90.38% sensitivity (95% CI=83.0-95.3) and 100.00%
specificity (95% CI=83.0-100.0) and 100.0% positive predictive value
and 96.7% negative predictive value. (Table 3 & Figures 1-4).
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Figure 1: Diagnostic accuracy of OxLDL to discriminate normal and
Type-2DM cases.
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Figure 2: Diagnostic accuracy of OxLDL to discriminate normal
and metabolic syndrome cases.
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Figure 3: Diagnostic accuracy of OxLDL to discriminate normal
and Type-2DM +HT cases.
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Figure 4: Diagnostic accuracy of OxLDL to discriminate normal
and cases (Type-2DM + MS + Type-2DM with HT).

ROC
Normal vs.

Cut off value
(ng/ml) AUC Z value P value

Sensitivity
(95% CI)

Specificity
(95% CI) +PV -PV

Type-2 DM >135.6 0.91 6.17 <0.001 90.00 (55.5-98.3) 100.00 (83.0-100.0) 100 95.2

MS >124.2 0.94 17.69 <0.001 93.65 (84.5-98.2) 95.00 (75.1-99.2) 98.3 82.6

Type-2DM +HT >135.6 0.998 95.25 <0.001 96.77 (83.2-99.5) 100.00 (83.0-100.0) 100 95.2

Total >135.6 0.954 25.82 <0.001 90.38 (83.0-95.3) 100.00 (83.0-100.0) 100 96.7

AUC: area under cure, CI: confidence interval, +PV: positive predictive value, -PV: negative predictive value

Table 3: Diagnostic accuracy of OxLDL to discriminate normal and cases.

The lipid profile of four groups showed significantly (p<0.001)
different mean fasting TG and fasting HDL among the groups (Table

4). Further, Bonferroni test showed that the mean fasting TG raised
while fasting HDL decrease significantly (p<0.01 or p<0.001) in cases
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(Type-2DM, MS and Type-2DM+HT) as compared to Normal group
but not differed (p>0.05) among the cases i.e. found to be statistically
the same (Table 5). However, fasting TC and fasting LDL showed

increasing trend with severity (Type-2DM<MS<Type-2DM+HT) but
did not reach statistical significance (p>0.05) i.e. found to be
insignificant among the groups (Table 6, Figure 2).

Variables
Normal
(n=20)

Type-2DM
(n=10)

MS
(n=63)

Type- 2DM+HT
(n=31)

F value P value

TC (mg/dL) 151.24 ± 4.96 167.31 ± 16.75 170.10 ± 7.73 175.68 ± 12.19 0.76 0.518

Fasting TG (mg/dL) 107.54 ± 8.45 245.83 ± 21.50 210.15 ± 9.58 182.31 ± 14.33 11.23 <0.001

Fasting LDL (mg/dL) 81.40 ± 4.13 84.80 ± 14.56 91.63 ± 6.31 93.86 ± 8.03 0.4 0.757

Fasting HDL (mg/dL) 51.73 ± 1.00 29.23 ± 3.62 33.67 ± 2.00 36.55 ± 3.50 7.97 <0.001

Table 4: Lipid profile (Mean ± SE) of four groups.

Comparisons Fasting TG Fasting HDL

Normal vs. Type 2DM <0.001 0.001

Normal vs. MS <0.011 <0.001

Normal vs. Type 2DM+HT 0.002 0.005

Type 2DM vs. MS 0.42 1

Type 2DM vs. Type 2DM+HT 0.099 1

MS vs. Type 2DM+HT 1 1

Table 5: For each lipid profile, comparison (p value) of mean difference
between the groups by Bonferroni test.

The FBG of four groups showed significantly (p<0.001) different
mean FBG among the groups (Table 6). Further, Bonferroni test
showed that the mean fasting FBG elevated significantly (p<0.001) in
all case groups (Type-2DM, MS and Type-2DM+HT) as compared to
Normal group (Table 7). Conversely, the mean FBG also found
elevated significantly (p<0.001) in Type-2DM and Type-2DM+HT as
compared to MS group but not differ (p>0.05) between Type-2DM and
Type-2DM+HT i.e. found to be statistically the same.

Variables
Normal
(n=20)

Type-2DM
(n=10)

MS
(n=63)

Type- 2DM+HT
(n=31)

FBG (mg/dL) 91.76 ± 2.72 167.18 ± 15.83 126.44 ± 3.61 157.52 ± 5.75 24.99 <0.001

Table 6: FBG (Mean ± SE) of four groups.

Comparisons FBG

Normal vs. Type 2DM <0.001

Normal vs. MS <0.001

Normal vs. Type 2DM+HT <0.001

Type 2DM vs. MS 0.001

Type 2DM vs. Type 2DM+HT 1

MS vs. Type 2DM+HT <0.001

Table 7: Comparison (p value) of mean difference in FBG between the
groups by Bonferroni test.

Discussion
In this study we found that the prevalence of type-2 diabetes

mellitus which was more common in male (80.0%) than the female
(20.0%), but type-2 diabetes mellitus with hypertension was more
common in female (61.3%) than the male (38.7%) and the metabolic
syndrome was nearly equally associated in both male (49.2%) and
female (50.8%). We examined the lipid profiles (fasting triglyceride,

fasting total cholesterol, fasting LDL-C and fasting HDL-C) which
were associated with metabolic syndrome, type-2 diabetes and its
components. Comparing the mean lipid profile of all four groups
showed significantly (P<0.001) different, mean fasting triglycerides
and fasting high-density lipoprotein among the groups. We evaluated
that the mean fasting triglycerides was found to be elevated while
levels of fasting high-density lipoprotein cholesterol decreases
significantly in all the disease groups when compared to the normal
group but not significant among the disease groups which was found
to be statistically similar. Total fasting cholesterol and fasting low-
density lipoproteins showed increasing trend with all groups but did
not reaches up to the statistically significance level. In our study we
also determined that low levels of high-density lipoproteins cholesterol
(HDL-C) and elevated levels of triglycerides (TG) in all the groups as
compared to the normal group were associated with the risk of
metabolic syndrome and type-2 diabetes [12-14].

The association between metabolic syndrome, type-2 diabetes and
its components with fasting blood in glucose level, in Indian subjects
in more than 20 years of old patients of metabolic syndrome and
type-2 diabetes, was more pronounced. In present study the mean FBG
for all four groups showed significant association among all four
groups. We have also evaluated that the mean of FBG levels was found
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to be elevated significantly (<0.001) in type-2 diabetes, metabolic
syndrome and type-2 diabetes with hypertension groups when
compared to the normal group [15]. In this study we measured the
concentration of circulatory oxidized low- density lipoprotein with
metabolic syndrome, type-2 diabetes as well as normal subjects group.
Comparing the mean of OxLDL levels in all four groups and found to
be significantly (P<0.001) different among the groups. We also
evaluated that the mean OxLDL level elevated significantly (P<0.001)
in disease groups as compared to normal group. Oxidized LDL is a
marker of oxidative stress. Increased oxidative stress and inflammatory
biomarkers are known to play an important role in the initiation and
increases risk of metabolic syndrome, type-2 diabetes and its
components. Various previous studies evaluated that oxidative stress is
associated with metabolic syndrome, type-2 diabetes and its
components. Mustafa zbek et al. has showed that oxidative stress (OX)
is known to play a major role in the pathogenesis of metabolic
syndrome and its components. Paul Holvoet et al. (2004); showed that
metabolic syndrome is associated with a higher fraction of circulatory
OxLDL and thus with higher levels of circulating OxLDL increases the
risk of metabolic syndrome, type-2 diabetes and its components [16].
The results of present study levels for circulatory oxidized low-density
lipoprotein (OxLDL) suggests that higher concentration of circulatory
oxidized low-density lipoprotein (OxLDL) was significantly associated
with metabolic syndrome, type-2 diabetes and type-2 diabetes with
hypertension when compared to normal subjects. We have also
observed that the mean circulatory OxLDL levels among diabetes
alone and diabetes with hypertension was also found to be statistically
significant. This observation was consistent with previous results
analysis of (Koubaa et al. 2007); which suggests that higher OxLDL
level was detected in type-2 diabetes patients with hypertension as
compared with diabetic patients without hypertension [17].

Conclusion
It is concluded that OxLDL may serves as better predictive

biomarker in metabolic syndrome individuals. Further, extensive and
elaborated research will validate its use to diagnose subjects with
metabolic syndrome, diabetes with or without hypertension when
compared to internationally defined criteria to ultimately provide cost
effective tools for metabolic syndrome diagnosis. Moreover, further
extensive studies are required to show the association between
oxidative stress markers in type-2 diabetes mellitus, type-2 diabetes
mellitus with hypertension and metabolic syndrome.
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