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Abstract: Aim: To evaluate the association of non conventional risk factors for atherosclerosis ApoB, ApoAl and ApoAl/ApoB ratio in
patients with and without CAD in comparison to conventional lipid parameters, hsCRP levels and Insulin resistance. Methods: A case-
control study on 125 subjects each of 35-65 years of age, with and without CAD, confirmed by coronary angiogram was conducted and
the levels of serum hsCRP, ApoB and ApoAl were estimated. Pearson’s correlation was done to find the association of ApoB, ApoAl,
and their ratio with other cardiovascular risk factors. Multivariate logistic regression analysis was used to estimate the effect of ApoB,
ApoAl on CAD, controlling the other confounders. ROC analysis was done to calculate the sensitivity and specificity of ApoB, ApoAl
and ApoAl/ApoB ratio for CAD. A value of P<0.05 was considered significant. Results: Apo Al was significantly lower and the serum
ApoB level was significantly higher in subjects with CAD, with and without DM than the control. The levels of conventional markers of
CAD, like troponin t, CPK-MB and LDH were very highly significant with ApoB, ApoAl and ApoB/ApoAl ratio. Conclusion: Declined

levels of ApoAl and elevated levels of ApoB among CAD subjects proved them to be efficient biomarkers for CAD.
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1. Introduction

Coronary artery disease (CAD) is the leading cause of
morbidity and mortality in both developed and developing
countries [1]. The increase of CAD among Indians has been
observed throughout the country, as well as among Indian
immigrants in different parts of the world. CAD epidemic in
India has entered into an epidemiological transition phase. It
has been projected that mortality attributable to "circulatory
system diseases" in India would rise by 103% in men and by
90% in women during the period 1985 to 2015.

Myocardial Infarction (M) is a manifestation of CAD due to
atherosclerotic plaque deposits undergoing dynamic
changes. Pathogenesis actually involves interplay of
dyslipidemia with oxidative damage and inflammation
leading to atherosclerosis [2]. Lipids are involved in the
pathogenesis of atherosclerosis, and hence lipid profile is a
basic investigation done in cases of CAD. The lipoprotein
transport system is central to the mechanism by which
genes, diet and hormones interact to regulate the cholesterol
and triglyceride plasma levels and their tissue distribution

[3].

For over three decades it has been recognized that a high
level of total cholesterol (TC), particularly low density
lipoprotein cholesterol (LDL-C), is a major risk factor for
developing MI but a considerable proportion of patients with
MI have levels of LDLC and total cholesterol within the
recommended range [4-6]. The other lipid parameters are
also associated with elevated cardiovascular risk and it has
been suggested that TC and LDL-C may not be the best
discriminates for the presence of CAD.

Comprehensive Lipid tetrad index (CLTI) derived by the
product of cholesterol, triglycerides and Lp(a) values
divided by the HDL-C level may be the best estimate of the
total burden of dyslipidaemia as it eliminates the need for
various cut-off points and ratios involving the lipid subsets.
A high index (>20,000) would indicate the presence of a
highly atherogenic lipid profile. This index can serve as a
better and novel risk factor for CAD and has been
determined in few studies involving South Indian population

[7]1.

Apolipoproteins (apo) Al and B are structural proteins for
high density lipoproteins (HDL-C), and the very low
density-low density lipoprotein spectrum (VLDL-LDL)
respectively. Apo B containing lipoproteins carry lipid from
liver and gut to the sites of utilization, while Apo Al
containing particles mediate reverse cholesterol transport
returning excess cholesterol from peripheral tissues to liver.

Apo Al mediates transferring cholesterol from cell surfaces
to lipoprotein particles and activates the enzyme responsible
for cholesterol esterification in the circulation, lecithin:
cholesterol acyl transferase (LCAT). Cholesterol efflux from
tissues occurs via receptors such as ABCA1 and ABCG1 [8,
9]. The sterol acquired by HDL-C is then trapped by LCAT-
mediated formation of cholesteryl ester, and in the process
the structure of the lipoprotein changes from discoidal to
spherical as the lipid becomes sequestered in the
hydrophobic interior. Cholesteryl ester in HDL-C is then
either passed by the action of cholesteryl ester transfer
protein (CETP) to Apo B containing lipoproteins (VLDL-C
and LDL-C) and so finds its way back to the liver, or is
removed directly from the HDL-C by receptors such as SR-
B1 on hepatocytes [8].
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The role of non-conventional lipid risk factors like Lp(a),
Apo Al and Apo B -100 and other conventional lipid profile
parameters in children and adolescents of premature CAD
patients in India was evaluated in a study which explains the
highest occurrence of premature CAD in this population
[10]. In the last decade, mounting evidence also implicates
apolipoprotein B and apolipoprotein A-l levels in the
pathogenesis of CAD [11-13]. Indeed, several recent reports
have raised the possibility that these measures might be
superior to traditional lipid measures for CAD risk
prediction based on the premise that Apo B levels better
reflect the number of atherogenic lipoprotein particles in a
given volume of plasma [14,15]. However, the published
data are not entirely consistent because in some other studies
Apo B and Apo Al did not perform better than traditional
lipid measures for the purpose of risk prediction fuelling an
intense debate. Though many researchers have studied
ApoB/ApoA ratio and compared it with other lipid
parameters, comparison with conventional lipid ratios have
not been done for prediction of risk of CAD [16, 17]. Hence
a study was conducted to evaluate the difference in various
risk factors for atherosclerosis namely apoB, apoAl and
apoAl/ApoB ratio in comparison with LDL, HDL
cholesterols, CLTI, hs-CRP levels and Insulin resistance in
the study population with and without CAD.

2. Materials and Methods

The levels of serum hs-CRP, apoB and apoAl were
estimated in the study population, between the age group 35-
65 years, admitted in the Cardiac Care Centre of a tertiary
care teaching hospital. This investigation was carried out
using a case control study. The subjects (n=125) with CAD
confirmed by coronary angiogram were cases. The subjects
(n=125) with absence of CAD confirmed by coronary
angiogram comprised the control group.

Methods Adopted

Fasting venous blood samples (5ml) were collected from
case and control, serum separated and assayed for hsCRP,
Apo B, and Apo Al measurements. Serum concentrations of
hsCRP were estimated using hsCRP latex DAIICHI kit
(Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan) by
immuno-turbidimetric method using semi auto analyser (Star
21 plus, Rapid Diagnostics, USA). Serum concentrations of
apolipoprotein Al were estimated using Daiichi kit (Daiichi
pure co., chemicals, Japan) by immuno-turbidimetric
method, using semi auto analyser (Star 21 plus, Rapid
Diagnostics, USA). Serum concentrations of apolipoprotein
B were estimated using Daiichi kit, Daiichi pure co.,
chemicals, Japan, by immuno-turbidimetric method using
semi auto analyser (Star 21 plus, Rapid Diagnostics, USA).
Insulin resistance was calculated using Homeostasis
assessment (HOMA-IR) model using the formula: Fasting
insulin (uIU/mI) x fasting glucose (mmol/litre) / 22.5. CLTI
was derived by multiplying the three commonly measured
lipids directly associated with CAD and dividing the product
by HDL-C, which is inversely associated with CAD (total
cholesterolxtriglyceridexLp(a)/HDL-C).

Statistical Methods

Descriptive statistics were used to summarize the clinical
findings, risk factors, and coronary angiographic findings of
patients. Student’s t test, chi square test and analysis of
variance test (ANOVA) were used to get the statistical
significance. Pearson’s correlation co-efficient analysis was
done to find the associations of Apo B, Apo Al, and their
ratio with other cardiovascular risk factors. The association
between individual risk factor and outcome was estimated
using univariate logistic regression. The multivariate logistic
regression analysis was used to estimate the effect of Apo B,
Apo Al on CAD, controlling the other confounders. ROC
analysis was done to calculate the sensitivity and specificity
of Apo B, Apo Al and Apo Al/Apo B ratio for CAD. As the
distribution of Apo B, Apo Al were highly skewed,
logarithmic transformation of Apo B, Apo Al were used for
statistical analysis. A value of P<0.05 was taken as
significant.

3. Results

In the current study, among 125 subjects diagnosed with
CAD, 91 (73%) patients were males and 34 (27 %) were
females. In angiographically proven control population 71
(57%) were females and 54 (43%) were males. Among cases
34 (27.2%), 35 (28%) and 56 (44.8%) had Single Vessel
Disease, Double Vessel Disease and Triple Vessel Disease
respectively. 73 (58.4%) subjects had type 2 DM with CAD
and 52 (41.6%) had CAD without type 2 DM. Among the
control subjects, 64 (51.2%) subjects had type 2 DM and 61
(48.8%) had no type 2 DM. In the total study population,
111(44.4%) subjects had positive family history of CAD
while 139 (55.6%) subjects had no family history of CAD.
Among the above study population 198 (79.2%) were non
smokers. 37 (14.8%) were smokers and 15 (6%) were ex-
smokers.

Table 1 shows characteristics of subjects with CAD and
without CAD included in the case control study such as, age,
body mass index (weight in kg / height in m?), waist hip
ratio and waist circumference, systolic blood pressure (mm
Hg), diastolic blood pressure (mm Hg), glycated hemoglobin
(%), total serum cholesterol (mg/dl), serum triglycerides
(mg/dl), total serum cholesterol (mg/dl), serum triglycerides
(mg/dl), LDL-C (mg/dl), HDL-C (mg/dl). We found that
subjects with CAD when compared without CAD had higher
systolic blood pressure (139 vs.128 mm Hg, P < 0.01),
diastolic pressure (87 vs. 82 mm Hg, P < 0.01), fasting
plasma glucose (144 vs. 127 mg/dl, P < 0.05) and glycated
haemoglobin (7.0 vs. 6.5 %, P < 0.05). However, waist hip
ratio (WHR) (94.4 vs. 93.2 cm, P < 0.368), LDL-C (109 vs.
107 mg/dl, P= 0.550) and HDL-C (40 vs. 41 mg/dl, P=
0.213) levels were not statistically significant between the
subjects with CAD and without CAD.
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Table 1: General characteristics of study subjects

Subjects without| Subjects with| P
Variables* CAD CAD value
(n = 125) (n = 125)

Age (years) 51+8 55+ 8 <0.01
BMI (kg/m?) 265+4.3 26.2+4.0 |0.333
Waist circumference (cm) 93.2+11.4 94.4+11.1 | 0.368
Systolic blood pressure (mm 128 + 16 139 +19 |<0.01
Hg)
Diastolic blood pressure 82+9 87+9 <0.01
(mm Hg)
HOMA - IR 3.6.15 54,17 |<0.01
Fasting plasma glucose 127 £51 144 +66 |<0.05
(mg/dl)
Glycated haemoglobin (%) 65+1.4 7.0+16 |<0.05
Total serum cholesterol 166 + 42 172+39 |0.187
(mg/dl)
Serum triglycerides (mg/dl) 159 + 86 185+ 83 |<0.01
LDL cholesterol (mg/dl) 107 £ 30 109+ 30 | 0.550
HDL cholesterol (mg/dl) 417 40+7 0.213
hs-CRP (mg/dl) 0.44 +0.12 0.55+0.13 | <0.01

* Data is presented as meant SD

The mean serum levels of Apo Al and Apo B among CAD
and non-CAD subjects are reported in Figure 1. The mean
serum Apo Al was significantly lower in subjects with CAD
(141.06 £ 2.53 mg/dl; P<0.001) when compared to subjects
without CAD (162.8 + 3.37 mg/dl). However, serum Apo B
was significantly higher in subjects with CAD (125.7 + 1.51
mg/dl; P<0.001) compared to subjects without CAD (104.84
+ 1.49 mg/dl). The mean levels of Apo Al and Apo B in
CAD and non-CAD patients with and without diabetes
mellitus (DM) are reported in Figure 2. The subjects who
had CAD with (144.31 + 3.51 mg/dl) and without DM
(136.50 + 3.51 mg/dl) had significantly lower levels of Apo
Al (P<0.05) than non-CAD subjects with (163.34 + 4.90
mg/dl) and without DM (162.19 + 4.63 mg/dl). The serum-
Apo B level was significantly higher (P<0.05) among CAD
subjects with (126.92 + 1.91 mg/dl) and without DM
(123.97 £ 2.44 mg/dl) compared to non-CAD subjects with
(103.8 £ 1.99 mg/dl) and without DM (105.9 + 2.24 mg/dl).
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Figure 1: Apo Al and Apo B levels in relation to CAD
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Pearson’s correlation analysis of Apo Al and Apo B and
their ratio with cardiovascular risk factors revealed the
following aspects. Apo B had significant correlation with
systolic blood pressure (P<0.05), diastolic blood pressure
(P<0.01); while Apo B/Apo Al was correlated with systolic
blood pressure (P<0.05). Moreover, Apo B showed
significant correlation with the biochemical parameters like
FBS and HOMA- IR (P<0.05); with lipid profile namely
serum TC, TG, LDL-C, HDL-C, non-HDL-C, CLTI and
also hs-CRP levels (P<0.01); while Apo Al had significant
correlation with HDL-C (P<0.01), FBS, serum TC and
hsCRP (P<0.05). Moreover, Apo B/Apo Al was associated
significantly with the biochemical parameters like FBS,
HDL-C, LDL-C, CLTI and hsCRP (P<0.01). Cardiac
markers were significantly associated (P<0.01) with Apo B,
Apo Al and Apo B/Apo Al ratio; the same trend was
observed with the Stenosis scores (Table 2).
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Table 2: Pearson correlation analysis of Apo Al and Apo B
and Apo B/Apo Al with cardiovascular risk factors

Risk Factors Apo B/Apo Al Apo Al Apo B

rvalue | P value | rvalue| Pvalug rvalue| P valug

Apo Al (mg/dl)  |0.756** < 0.001

IApo B(mg/dl) 0.615**| < 0.001

Age (Years) 0.148*| 0.021 | -0.069| 0.280| 0.102 | 0.109

Body mass index -0.028 | 0.658 0.009 | 0.894| -0.059 | 0.356
kg/m?)

Waist -0.016 | 0.806 0.053 | 0.408| 0.025 | 0.699
circumference

Systolic blood| 0.128* | 0.045 | 0.001 | 0.991
ressure (mmHg)

0.156*| 0.014

Diastolic blood 0.117 | 0.066 0.013 | 0.837
ressure (mmHg)

0.175**| 0.006

HOMA IR 0.161*| 0.012 -0.105| 0.099| 0.163*| 0.010
Fasting Blood 0.200**| 0.002 | -0.135* 0.034| 0.137*| 0.031
Sugar (mg/dl)

Glycated 0.096 | 0.199 | -0.016| 0.834| 0.110 | 0.140
hemoglobin (%)

Serum cholesterol 0.104 | 0.106 | 0.131*| 0.040| 0.448** <

mg/dl) 0.001

HDL cholesterol| - 0.001 | 0.405*% <0.001 0.217**| 0.001
mg/dl) 0.217**

LDL  cholesterol| 0.219 | 0.001 0.102 | 0.109 | 0.594** <
mg/dl) 0.001
Non HDL 0.109 | 0.109 0.076 | 0.266 | 0.429** <
cholesterol 0.001
mg/dl)

TG : HDL 0.115 | 0.090 | -0.109| 0.108| 0.090 | 0.182

Total Cholesterol ;| -0.013 | 0.845 -0.028| 0.668| -0.038 | 0.551
HDL

Serum 0.111 | 0.083 | -0.030| 0.635| 0.201 | 0.001

triglycerides

mg/dl)

CLTI (mg/dl)? 0.244**|<0.001 | -0.074| 0.249 | 0.368** <
0.001

hs-CRP (mg/dl) ]0.253**| < 0.001 | -0.148* 0.020 | 0.173** 0.006

ICardiac markers

Troponin t leveld0.380%* < 0.001 [-0.182**] 0.004 | 0.381%* <
ng/dl) 0.001

CPK (u/l) 0.399**| < 0.001 |-0.201**| 0.001| 0.407** <
0.001
CPK-MB(u/l) 0.407**| < 0.001 |-0.196**| 0.002 | 0.411** <
0.001
LDH (u/l) 0.289**| < 0.001 |-0.160**| 0.012 | 0.304** <
0.001
Stenosis score 0.491**| < 0.001 |-0.215**| 0.001 | 0.539** <
0.001

**Correlation is significant at 0.01 level

*Correlation is significant at 0.05 level

The association between serum apolipoproteins and
angiographic severity of CAD is depicted in figure 3. A
significant decreasing trend with Apo Al was observed in
severity of CAD: No CAD (Mean + SEM = 163.21+
3.41mg/dl) > SVD (Mean = SEM = 143.2 + 4.26 mg/dl) >
DVD (Mean + SEM = 141.18 + 4.33 mg/dl) >TVD (Mean +
SEM = 138.58 + 4.25 mg/dl). Meantime, a significant
increasing trend with Apo B was observed in severity of
CAD: NCAD (Mean + SEM = 104.76 + 1.49 mg/dl) < SVD
(Mean £ SEM = 118 + 2.18 mg/dl) < DVD (Mean + SEM =
127.4 £ 3.34 mg/dl) <TVD (Mean + SEM = 128.49 + 2.23
mg/dl). In addition, family history (FH) is inherited in a
dominant manner. In our analysis (Figure 4), the mean level
of Apo Al was lower in FH-CAD (Mean + SEM =150.52 +
3.36 mg/dl) than in non-FH-CAD (Mean + SEM=152.8 +
2.94 mg/dl) while Apo B was higher in FH-CAD (Mean *
SEM=116.07£2.00 mg/dl) than in non-FH-CAD (Mean *
SEM =114.7241.59 mg/dl). Even though there was no
statistical significance, the elevated level of Apo B in

subjects with FH-CAD and lower level of Apo Al in FH-
CAD FH may probably play a role in the development of
CAD. In the case of association of smoking and CAD, our
study had shown that (Figure 5), the mean level of Apo Al is
lower in smokers (Mean £ SEM=135.53+5.75 mg/dl) than in
non-smokers (Mean + SEM=154.94+2.40 mg/dl) and ex-
smokers (Mean + SEM=151.03£10.22 mg/dl). Meantime,
the mean level of Apo B is higher in smokers (Mean *
SEM=117.16+2.97 mg/dl) than in non-smokers (Mean *
SEM=114.98+1.39mg/dl) and ex-smokers (Mean + SEM=
115.07+6.65 mg/dl). These findings concluded that smoking
and positive family histories of CAD are additional risk
factors for CAD among individuals, who often have milder
coronary artery stenosis.

Figure 3: Apo Al and Apo B Ievels in relation to severity of
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Figure 6: Odds ratio for Apo Al, Apo B, Apo B/Apo Al,
HDL-C, LDL-C and TC/HDL-C (Dependent variable: CAD
with 95% ClI)

Apo A

Multiple logistic regression analysis was performed using
Apo Al and Apo B as the independent variables and the risk
factors for CAD (Table 3). In model-1, the association of
Apo B with elevated level of odds-ratio and confidence
interval was highly significant (P<0.001) with the dependent
variable of CAD. Moreover, the relation of Apo Al with
low-level of odds-ratio and confidence interval was
significantly correlated with the dependent variable of CAD.
Consequently, after adjustment of age and gender in model-
2, adjustment of insulin resistance in model-3, and even
addition of FBS in model-4, the serum levels of Apo Al and
Apo B were highly significant (P<0.001) with dependent
variable CAD and thus proved as predictive markers for
CAD.

Table 3: Multiple logistic regression analysis using CAD as
dependent variable

Odds 95%
Ratio | Confidence
[OR] |Interval [CI]

Independent variable: Apo Al

Model 1: Apo Al — Unadjusted | 0.979 |0.970—0.987]<0.001
Model 2: [Model 1 + adjusted for] 0.980 |0.971—0.990|< 0.001
age and gender]
Model 3: [Model 2 + adjusted for| 0.982
insulin resistance]
Model 4: [Model 3 + FBS] 0.982 |0.972-0.992|< 0.001
Independent variable: Apo B

Parameter P value

0.972 -0.992 |< 0.001

Model 1: Apo B — Unadjusted | 1.077 |1.056 —1.099|<0.001
Model 2: [Model 1 + adjusted for] 1.080 |1.056 —1.104|< 0.001
age and gender]
Model 3: [Model 2 + adjusted for] 1.076 |1.052 —1.101|< 0.001
insulin resistance]
Model 4: [Model 3 + FBS] 1.076 [1.052-1.100|< 0.001

In an attempt to find which among the lipid profile panel
whether the conventional (LDL-C, HDL-C and TC/HDL-C)
or the non-conventional (Apo B, apo A and Apo B/ Apo Al)
parameters stand out to be better markers for CAD, the
following interesting facts were revealed from the multiple
logistic regression analysis: The odds ratio of non-
conventional risk factors like Apo Al (OR: 3.202; 95% C.1..
1.893-5.415; P<0.000), Apo B (OR: 10.509; 95% C.I.:
7.241-25.580; P<0.000) and Apo B/Apo Al ratio (OR:
13.610; 95% C.l.. 7.241-25.580; P<0.000) were
comparatively higher than non-conventional risk factors like
HDL-C (OR: 0.508; 95% C.I.: 0.299-0.862; P<0.012), LDL-
C (OR: 1.184; 95% C.l.: 0.711-1.970; P<0.517) and
TC/HDL-C (OR: 1.000; 95% C.I.: 0.999-1.000; P<0.527)
respectively. In this case of prediction of better marker for

CAD, Apo B was significantly higher than LDL-C, Apo Al
was significantly higher than HDL-C and Apo B/Apo Al
ratio was significantly higher than TC/HDL-C which
demonstrates the higher potency of Apo B, Apo Al and Apo
B/Apo Al in the prediction of CAD risk (Table 4 and Figure
6).

Table 4: Multiple logistic regression analysis for association
of CAD with Apo Al, Apo B, Apo B/Apo Al, HDL-C, LDL-
Cand TC/HDL-C

HDL-C Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper | €rror
CAD variables | 0.508 | 0.299 | 0.862 0.270 0.012
Constant 2.676 - - 0.201 <0.001
LDL-C Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper | error
CAD variables | 1.184 | 0.711| 1.970 0.260 0.517
Constant 1.451 - - 0.182 0.041
Apo Al Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper | €rror
CAD variables | 3.202 | 1.893| 5.415 0.268 <0.001
Constant 0.743 - - 0.183 0.104
Apo B Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper | €rror
CAD variables | 10.509 | 7.241 | 25,580 | 0.322 <0.001
Constant 0.359 - - 0.192 <0.001
TC/HDL-C Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper error
CAD variables | 1.000 | 0.999 | 1.000 0.001 0.527
Constant 1.026 - - 0.128 0.843
Apo B/Apo Al Vs CAD
CAD code | 95% C.I. for EXP(B) | Standard | P value
Exp(B)|Lower| Upper error
CAD variables | 13.610| 7.241 | 25,580 | 0.322 <0.001
Constant 0.359 - - 0.192 <0.001

F statistics showed (Table 5) overall high significance of
Apo Al, Apo B and Apo B/Apo Al ratio in patients (P<
0.001). The overall variables (Apo Al, Apo B and Apo
B/Apo Al ratio) exhibited an excellent explanation of the
variation in the occurrence of CAD. Apo B/Apo Al ratio (F:
70.977) and Apo B (F: 46.271) had shown higher F value for
occurrence of CAD which were highly significant (P<0.001)
and proved itself as a potent predictor for CAD.
Comparatively Apo Al (F: 12.230) had lower F value for
occurrence of CAD, but was also highly significant
(P<0.001) and also proved itself as an effective marker for
CAD.
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Table 5: Descriptive statistics for Apo Al, Apo B and Apo HDL-C
B/Apo Al Value Df | Asymp. Sig. (2-sided)
Apo Al [ Sumof [ Mean [ SD | SEM | F [Pvalue Pearson Chi-Square | 9.841° 3 0.020
Squares Likelihood Ratio 9.608 3 0.022
Between | 13462.482 | 13.9439|29.35914| 2.83826 [12.230| < 0.001 Linear-by-Linear 5.072 1 0.024
Groups Association
Within (269686.206) 28.8429(35.81714( 3.02710| - - N of Valid Cases 250
Groups Notes:
ApoB | Sumof | Mean |Standard|Standard| F |P value a. 0 cells (0.0%) have expected count less than 5. The
Squares Deviation _error minimum expected count is 14.71.

Between | 44831.071| 5.8300 |15.72687| 1.57269 |46.271| < 0.001
Groups

Total |284143.141] 22.2088|33.84876| 2.14508| - -

Apo Sumof | Mean |Standard|Standard] F |P value
B/Apo Al| Squares Deviation error

ratio
Between | 63691.548| 8.4786 {20.91210| 1.76740|70.977| < 0.001
Groups

Within [218953.851)40.9717|38.81175| 3.76973| - -

Groups

The Chi-Square test was performed to measure the value
(presence or absence of normal and abnormal levels) of
CAD risk factors among subjects (Table 6). The value of
Apo B (59.999; P<0.001) and Apo B/Apo Al ratio (83.660;
P<0.001) were higher than LDL-C (1.109; P<0.001) and the
value of Apo Al (23.545; P<0.001) was higher than HDL-C
(9.841; P<0.001) value which were highly significant for
prediction of CAD among subjects. In this case, LDL-C had
shown very lower Chi-Square value, likelihood ratio and
linear-by-linear-association than Apo B and Apo B/Apo Al
ratio. Also, the value of LDL-C and HDL-C were very
inferior to minimum expected count. Hence, Apo B and Apo
B/Apo Al ratio are the prospective predictors of CAD than
all other risk factors, especially LDL-C.

Table 6: Chi-Square Tests for association of CAD with
Apo Al, Apo B and Apo B/Apo Al

Apo Al
Value Df | Asymp. Sig. (2-sided)
Pearson Chi-Square | 23.545° 3 <0.001
Likelihood Ratio 24.020 3 <0.001
Linear-by-Linear 20.437 1 <0.001
Association
N of Valid Cases 250
Apo B
Value Df |Asymp. Sig. (2-sided)
Pearson Chi-Square | 59.999° 3 <0.001
Likelihood Ratio 63.569 3 <0.001
Linear-by-Linear 49.236 1 <0.001
Association
N of Valid Cases 250
Apo B/Apo Al ratio
Value Df |Asymp. Sig. (2-sided)
Pearson Chi-Square | 83.660° 3 <0.001
Likelihood Ratio 90.306 3 <0.001
Linear-by-Linear 75.582 1 <0.001
Association
N of Valid Cases 250
LDL-C
Value Df |Asymp. Sig. (2-sided)
Pearson Chi-Square | 1.109¢ 3 0.775
Likelihood Ratio 1.132 3 0.769
Linear-by-Linear 0.197 1 0.57
Association
N of Valid Cases 250

b. 0 cells (0.0%) have expected count less than 5. The
minimum expected count is 13.63

c. 0 cells (0.0%) have expected count less than 5. The
minimum expected count is 14.63

d. 0 cells (.0%) have expected count less than 5. The
minimum expected count is 13.30

e. 0 cells (.0%) have expected count less than 5. The
minimum expected count is 11.65

The receiver operating characteristic (ROC) curve of Apo
Al, Apo B and Apo B/Apo Al ratio are represented in
figure 7. The cut-off values for Apo B and Apo Al were
determined as 109.3 and 150.2 mg/dl. The sensitivity value
of Apo B and Apo B/Apo Al were maximally correlated
with the area of true-positive than the areas of false-
positive and false-negative in graph. Moreover, Apo Al
was very moderately correlated with the area of true-
positive than the areas of false-positive and false-negative.
So the sensitivity score of Apo Al was negative, so the
prediction of CAD prevalence was less (50.6%). But, the
sensitivity score of Apo B (60.88%) was positive and the
prediction of CAD prevalence also high (50.6%). In this
case, our subjects had shown maximum sensitivity for Apo
B (AUC: 0.809; 95% C.I: 0.755-0.856) which was highly
significant (P<0.0001) with the prediction of CAD. Apo
B/Apo Al ratio (AUC: 0.837; 95% C.I: 0.784-0.881) and
Apo Al (AUC: 0.673; 95% C.I: 0.611-0.731) were also
significant with P<0.0001, but the disease prevalence
scores were less. Hence, the ROC curve concludes that,
Apo B and the Apo B/Apo Al ratio are better markers than
any other CAD predictors.
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Figure 7: (a) the ROC curve of Apo Al. The ROC curve for
the sample size of 250, disease prevalence — 50.6%, standard
error — 0.0339, area under the ROC curve (AUC) — 0.673,
95% confidence interval — 0.611-0.731, Z-statistics — 5.106,
and significance level p (<0.0001). (b) The ROC curve of
Apo B. The ROC curve for the sample size of 250, disease
prevalence — 60.82%, standard error — 0.0270, area under the
ROC curve (AUC) — 0.809, 95% confidence interval —
0.755-0.856, Z-statistics — 11.477, and significance level p
(<0.0001). (c) The ROC curve of Apo B/Apo Al ratio. The
ROC curve for the sample size of 250, disease prevalence —
50.8%, standard error — 0.0253, area under the ROC curve
(AUC) — 0.837, 95% confidence interval — 0.784-0.881, Z-
statistics — 13.296, and significance level p was <0.0001.

4. Discussion

In a quest to find whether apolipoproteins Al and B stand
out to be better markers than conventional lipids for CAD,
angiographically verified case control study was pursued in
a South Indian population. The odds ratio of non-
conventional risk factors like Apo Al (OR: 3.202; P<0.001),
Apo B (OR: 10.509; P<0.001) and Apo B/Apo Al ratio (OR:
13.610; P<0.001) were comparatively higher than non-
conventional risk factors like HDL-C (OR: 0.508; P<0.012),
LDL-C (OR: 1.184; P<0.517) and TC/HDL-C (OR: 1.000;
P<0.527) respectively. It is very evident that from this study
Apo B was significantly higher than LDL-C, Apo Al was
significantly higher than HDL-C and Apo B/Apo Al ratio
was significantly higher than TC/HDL-C which
demonstrated the higher potency of Apo B, Apo Al and Apo
B/Apo Al in the prediction of CAD risk. The Apo A | and
Apo B remained the potent risk factors for CAD even after
adjustment for age, gender, insulin resistance and FBS. The
OR for prediction of CAD-incidence among study subjects

was higher for Apo B. When adjusting for age, gender,
insulin resistance and FBS, the contribution of the LDL-C
and HDL-C lost their statistical significance. However, Apo
B (OR=10.509; P<0.001) at any level of LDL-C, also
especially in those having normal/low LDL-C levels and
Apo Al (OR= 3.202; P<0.001) remained highly significant
predictors for CAD. It was also found that the predictive
value of the Apo B/Apo Al ratio was highly preserved.

This was one of the major objectives of this study to
determine whether the Apo B is superior to conventional
lipids, lipoproteins, and cholesterol ratios to predict risk of
CAD. Moreover, we examined whether any lipids,
lipoproteins, or cholesterol ratios add significant predictive
information beyond that provided by the Apo B. Walldius, et
al., found that the Apo B was the strongest of all risk factors
including smoking, hypertension, abdominal obesity,
diabetes, alcohol, psycho-social stress, vitamin intake, and
exercise. In our study (ANNOVA, ROC curve) the single
and strongest risk marker was the Apo B for CAD, which
correlated with earlier [18-20]. Notably, the Apo B was also
strongly predictive in those with normal lipid values. High
Apo B group was apparently significantly associated with
insulin resistance, inflammatory marker (hs CRP) and low
HDL-C in spite of the lower levels of classical lipid risk
factors - namely TC, LDL-C. Our findings are in agreement
with  the results from IRAS (insulin resistance
atherosclerosis) study, in which Apo B was more closely
associated with central adiposity, insulin resistance,
thrombosis, and inflammation than LDL-C [21] and non-
HDL-C [22].

Numerous trials have demonstrated that hypolipidemic
therapies (primarily ustatins) directed at LDL-C lowering
significantly reduce the risk of CAD disease. Nevertheless,
even with adequate LDL-C lowering, many patients on
statin therapy have significant residual CAD disease risk.
One of the reasons of this residual risk may be that LDL-C is
not the appropriate treatment target, especially in patients
with obesity, metabolic syndrome, type 2 diabetes, in
patients with cardiovascular disease, or generally in patients
with the high cardio metabolic risk [22-25]. These patients
usually have relatively low TC and LDL-C levels but
increased number of small, dense LDL-C particles [26,27]
and other atherogenic lipoproteins (VLDL-C, IDL-C), which
are not reflected well by assessing LDL-C [28,29]. As all
atherogenic lipoprotein particles each contain only one
molecule of Apo B, the concentration of Apo B is a better
marker of the total number of atherogenic particles in the
blood. The predictive value of Apo B as the strongest single
lipid associated risk factor has been shown in large
observational studies [30, 31], in primary-prevention trials
[32], and in secondary-prevention trials [33,34]. Thus, Apo
B should be used for assessment of risk and evaluation of
hypolipidemic therapy especially in subjects with cardio
metabolic risk, because LDL-C may underestimate the risk
in this population.

Furthermore, pathophysiological surrogate markers of
atherosclerosis defined by coronary angiography and
calcium scores of the coronary arteries, and by ultrasound
techniques such as IMT of the carotid, endothelial and
existence of femoral plaques all correlate strongly with a
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high Apo B. In addition, a high Apo B also predicts risk of
progression of carotid plaques. Importantly, previous
researches explain that Apo B is associated with ischaemic
and atherosclerotic diseases and their manifestations [35,
36]. All evidences indicate that the Apo B and Apo B/Apo
Al ratio are specific for these conditions, and moreover the
ratio is not a marker of risk for other diseases such as cancer,
mental disorders, and accidents [20].

Global CAD cross-sectional case control studies [30,31,37]
and Indian studies [38-40] are mimicking our South Indian
analysis in evaluation of risk relationship for Apo B which
was stronger than any other lipid, lipoproteins or lipid ratios.
Furthermore, the Apo B adds predictive value on top of
conventional risk factors including lipids and lipoproteins
not only in all but also in most of the studies, where several
conventional risk factors are measured. Although some
studies have shown that Apo B, Apo Al and/or the Apo
B/Apo Al ratio have similar, but not better predictive power
than lipids and lipid ratios, to our knowledge, there is only
one report from any event or any surrogate marker study that
has shown that LDL-C, or any other lipid, lipoprotein or
lipid ratio, is significantly better in explaining risk than the
Apo B [41,42].

Based on the findings of the current study and prospective
studies, especially the AMORIS [43] and the
INTERHEART studies [44] suggesting that the risk of CAD
disease is increasing almost linearly with increasing values
of the Apo B, it seems logical to add Apo B as well as the
Apo B/Apo Al ratio into clinical practice in order to simplify
risk evaluation and to optimize lipid lowering therapy.

Based upon the novel conception it is now time to formulate
a broader update of national and international guidelines to
include Apo B, Apo Al and the Apo B/Apo Al ratio, to be
acknowledged as primary risk variables of equal or even
greater importance than LDL-C, HDL-C and TC/HDL-C
ratio respectively. It is proposed that values indicating level
of risk should be developed also taking the conventional risk
factors into consideration as well as the prevalence and
incidence of CAD diseases within varied geographic and
socio-economic regions. The Apo B could be a simple,
robust, accurate risk indicator of great value in health
screening and during lipid-lowering therapy. Moreover there
are also a number of user-friendly reasons for incorporating
apolipoproteins into the clinical practice. As the analyses
can also be made on non-fasted samples this is of added
practical advantage for patients and physicians over the
other methods assessing lipids and lipoproteins, which
typically require fasting. Moreover, the results can be
expressed as one number for the Apo B only, rather than by
many values for LDL-C, HDL-C, TG, and lipid ratios.
Furthermore, no sort is needed- just one number signifies
whether one is on the risk scale.

Considering all new evidences of the advantages of using
Apo B, apo Al and the Apo B/apo Al ratio as stronger tools
for predicting CAD risk, we propose an unique shift to
predict lipid-related CAD risk — the apolipoproteins
paradigm in this South Indian population. However, it is
evident that there exists a pedagogical impedance to modify
patients, clinicians, and other healthcare stakeholder’s

perception to shift from cholesterol to apolipoproteins. In
order to keep the common viewpoint of cholesterol being a
foremost risk factor, instead of still lingering with the older
paradigm: ‘LDL-C-the lesser the better’, we now
recommend a new paradigm: ‘apolipoproteins suggestive of
the cholesterol balance — the lower the better’. This
paradigm is probably more sensitive and specific, and
indicates an enhanced approach to estimate CAD risk and to
decide the target levels for therapy. Hence, in spite of the
increased expenditure for assay and instrumentation
necessary to measure apolipoproteins, we strongly
recommend Apo B, Apo Al and Apo B /Apo Al ratio
assessment in CAD risk prediction.

5. Conclusion

The observation of declined levels of Apo Al and elevated
levels of Apo B among CAD subjects proved to be efficient
biomarkers for CAD. Moreover our study demonstrated that
subjects with elevated Apo B were more insulin resistant
and had higher CAD risk profile, being reflected in
increased inflammatory, endothelial
dysfunction/prothrombotic markers namely hs-CRP and
lower HDL-C levels. Thus for dyslipidemic subjects with
elevated cardio-metabolic risk, we strongly recommend Apo
B to be a more reliable marker of risk for CAD than LDL-C.

References

[1] Yusuf, S., Reddy, S. and Ounpuu, S., et al. ‘Burden of
cardiovascular Diseases’. Circulation, vol. 104, pp.
2855-2864, 2001.

[2] Libby, P. and Theroux, P. “Pathophysiology of
Coronary Artery Disease”. Circulation, 111, pp. 3481-
3488, 2005.

[3] Steinberg, D. and Witztum, J.L. “Lipoproteins and
atherosclerosis; Current concepts”. Journal of American
Medical Association, 264, pp. 3047-3052, 1990.

[4] Ginsburg, G.S., Safran, C. and Pasternak, R.C.
‘Frequency of low serum high-density lipoprotein
cholesterol levels in hospitalized patients with
‘desirable’ total cholesterol levels’. Am J. Cardiology,
vol. 68, pp. 187-92, 1991.

[5] Law, M.R., Wald, N.J. and Wu, T., et al. ‘Systematic
underestimation of association between serum
cholesterol concentration and ischemic heart disease in
observational studies: data from BUPA study’.BMJ,
vol. 308, pp. 363-6, 1994.

[6] Vogel, R.A. ‘The management of hypercholesterolemia
in patients of coronary artery disease: guidelines for
primary care’. Clin Cornerstone, vol. 1, pp. 51-64,1998.

[7]1 Rajappa, M., Shridhar, M.G., Balachander, J. and
Sethuraman, K.R. “Lipoprotein (a) and comprehensive
lipid tetrad index as a marker of coronary artery disease
in NIDDM patients in South India”. Clinica Chimica
Acta, 372(1-2), pp. 70-75, 2006.

[8] Wong, N., Lan, D., Chen, W., Matsuura, F. and Tall,
A.R. “ATP binding cassette transporters G1 and G4
mediate cellular cholesterol efflux to high density
lipoproteins”. Proceedings of the National Academy of
Sciences USA, 101, pp. 9774-9779, 2004.

Volume 3 Issue 6, June 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 0201321331

DOI: 10.21275/0201321331 247



International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[9] Lewis, G.F. and Rader, D.J. “New insights into the
regulation of HDL metabolism and reverse cholesterol
transport”. Circulation Research, 96,pp. 122-132, 2005.

[10]Das, B., Daga, M.K. and Gupta, S.K. “Lipid Pentad
Index: A novel bioindex for evaluation of lipid risk
factors for atherosclerosis in young adolescents and
children of premature coronary artery disease patients
in India”. Clinical Biochemistry, 40(1-2), pp. 18-
24,2007.

[11]Lamarche, B., Moorjani, S. and Lupien, P.J. et al.
‘Apolipoprotein Al and B levels and the risk of
ischemic heart disease during a five-year follow-up of
men in the Quebec cardiovascular study’. Circulation,
vol. 94, pp. 273-8, 1996.

[12] Sharrett, A.R., Ballantyne, C.M. and Coady, S.A., et al.
‘Coronary heart disease prediction from lipoprotein
cholesterol  levels, triglycerides, lipoprotein(a),
apolipoproteins A-1 and B, and HDL density
subfractions: The Atherosclerosis Risk in Communities
(ARIC) Study’. Circulation, vol. 104, pp. 1108-13,
2001.

[13]Shai, I, Rimm, E.B. and Hankinson, S.E., et al.
‘Multivariate assessment of lipid parameters as
predictors of coronary heart disease among
postmenopausal women. Potential implications for
clinical guidelines’. Circulation, vol. 110, pp. 2824-30,
2004.

[14]Pischon, T., Girman, C.J. and Sacks, F.M., et al. ‘Non-
high-density lipoprotein cholesterol and apolipoprotein
b in the prediction of coronary heart disease in men’.
Circulation, vol. 112, no. 22, pp. 3375-3383, 2005.

[15]Benn, M. ‘Apolipoprotein B levels, APOB alleles, and
risk of ischemic cardiovascular disease in the general
population, a review.” Atherosclerosis, vol. 206, no. 1,
pp. 17-30, 2009.

[16] Denke, M.A. “Weighing in before the fight: low-density
lipoprotein cholesterol and non-high-density lipoprotein
cholesterol versus apolipoprotein B as the best predictor
for coronary heart disease and the best measure of
therapy’. Circulation, vol. 112, no. 22, pp. 3368-3370,
2005.

[17] Sniderman, A.D. ‘Apolipoprotein B versus non-high-
density lipoprotein cholesterol. And the winner
is....”.Circulation, vol. 112, pp. 3336-67, 2005.

[18] Walldius, G., Jungner, I., Aastveit, A.H., Holme, I.,
Furberg, C.D. and Sniderman, A.D. “The Apo B/apo Al
ratio is better than the cholesterol ratios to estimate the
balance  between plasma proatherogenic  and
antiatherogenic lipoproteins and to predict coronary
risk”. Clinical Chemistry and Laboratory Medicine, 42,
pp. 1355-1363, 2004b.

[19]Walldius, G., Aastveit, A. and Jungner, .
“Hypercholesterolemia and hypertriglyceridemia —
greatest cardiac risk in subjects with high Apo B/apo Al
levels”. International Congress Series, 1262, pp. 203-
206,2004c.

[20] Walldius, G. and Jungner, I. “The Apo B/apo Al ratio: a
strong, new risk factor for cardiovascular disease and a
target for lipid-lowering therapy — a review of the
evidence.|” Journal of Internal Medicine, 259, pp. 493-
519, 2006a.

[21]Williams, K., Sniderman, M.D., Sattar, N., Lynne, E
Wagenknecht and Steven, M, Haffner. “Comparison of

the associations of apolipoprotein B and low-density
lipoprotein cholesterol with other cardiovascular risk
factors in the Insulin Resistance Atherosclerosis Study
(IRAS)”. Circulation, 108, pp. 2312-2316, 2003.

[22] Sattar, N., Williams, K., Sniderman, A.D., et al.
“Comparison of the association of apolipoprotein B and

non-high-density-lipoprotein  cholesterol with other
cardiovascular risk factors in patients with the
metabolic syndrome in the Insulin Resistance

Atherosclerosis Study.” Circulation, 110, pp. 2687-
2693, 2004.

[23] Vaverkova, H., Frohlich, J., Jackuliakovd, D. and
Novotny, D. “Comparison of apolipoprotein B and
plasma lipids as targets for lipid lowering treatment.”
Clinical Biochemistry, 38, pp. 509-513, 2005.

[24] Sniderman, A.D. “Low-density lipoprotein lowering in
type 2 diabetes mellitus: how to know how low to go”.
Current Opinion in Endocrinology, 14, pp. 116-123,
2007.

[25] Brunzell, J.D., Davidson, M., Furberg, C.D., Goldberg,
R.B., Howard, B.V., Stein, J.H., et al. “Lipoprotein
management in patients with cardiometabolic risk:
Consensus statement from the American Diabetes
Association and the American College of Cardiology
Foundation.” Diabetes Care, 31, pp. 811-822 , 2008.

[26] Kathiresan, S., Otvos, J.D., Sullivan, L.M., Keyes, M.J.,
Schaefer, E.J., Wilson, P.W., et al. “Increased small
low-density lipoprotein particle number: a prominent
feature of the metabolic syndrome in the Framingham
Heart Study.” Circulation, 113, pp. 20-29, 2006.

[27]Rizzo, M. and Berneis, K. “Small, dense low-density-
lipoproteins and the  metabolic  syndrome.”
Diabetes/Metabolism Research and Reviews, 23, pp.
14-20, 2007.

[28] Sniderman, A.D., St-PierreA., Cantin, B., Dagenais,
G.R, Després, J.P. and Lamarche, B.
“Concordance/discordance between plasma
apolipoprotein B levels and the cholesterol indexes of
atherosclerotic risk.” American Journal of Cardiology,
91, pp. 1173-1177, 2003a.

[29] Sniderman, A.D., Furberg, C.D., Keech, A., Roeters
van Lennep, J.E., Frohlich, J., Jungner, l.et al.
“Apolipoproteins versus lipids as indices of coronary
risk and as targets for statin therapy treatment.” Lancet,
361, pp. 777-780, 2003b.

[30]Pischon, T., Girman, C.J., Sacks, F.M., Rifai, N.,
Stampfer, M.J. andRimm, E.B. “Non-high-density
lipoprotein cholesterol and apolipoprotein b in the
prediction of coronary heart disease in men.”
Circulation, 112(22), pp. 3375-3383, 2005.

[31]Ridker, P.M., Rifai, N. and Cook, N.R., et al. ‘Non-
HDL cholesterol, apolipoproteins A-l and b100,
standard lipid measures, lipid ratios, and CRP as risk
factors for cardiovascular disease in Women.” JAMA,
vol. 294, no. 3, pp. 326-333, 2005.

[32] Gotto, A.M., Whitney, E., Stein, E.A., Shapiro, D.R.,
Clearfield, M., Weis, S., et al. “Relation between
baseline and on-treatment lipid parameters and first
acute major coronary events in the Air Force/Texas
Coronary Atherosclerosis Prevention Study
(AFCAPS/Tex CAPS).” Circulation,101, pp. 477-484,
2000.

Volume 3 Issue 6, June 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 0201321331

DOI: 10.21275/0201321331 248



International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[33] Roeters van Lennep, J.E., Westerveld, T., Roeters van
Lennep, W.O., Zwinderman, A.H., Erkelens, D.W. and
van der Wall, E.E. “Apolipoprotein concentrations
during treatment and recurrent coronary artery disease
events.” Arteriosclerosis, Thrombosis, and Vascular
Biology, 20, pp. 2408-2413, 2000.

[34] Snehalatha, C., Vijay, V., Mohan, S.R., Satyavani, K.,
Sivasankari, S., Megha, T., et al. “Lack of association
of insulin resistance and carotid intimal medial
thickness in non-diabetic Asian Indian subjects.”
Diabetes/Metabolism Research and Reviews, 17, pp.
444447, 2001.

[35] Wallenfeldt, K., Bokemark, L., Wikstrand, J., Hulthe, J.
and Fagerberg, B. “Apolipoprotein B/apolipoprotein A-
I in relation to the metabolic syndrome and change in
carotid artery intima.” Journal of Internal Medicine,
259, pp. 493-519, 2006.

[36] Schmidt, C., Fagerberg, B., Wikstrand, J. and Hulthe, J.
Apo B/apo Al ratio is related to femoral artery plaques
and is predictive for future cardiovascular events in
healthy men”. Atherosclerosis, 189(1), pp. 178-185,
2005.

[37] Sniderman, A.D., Barter, P.J., Ballantyne, C.M., et al.
“Report of the thirty person/ten country panel. Apo B
versus cholesterol to estimate cardiovascular risk and to
guide therapy”. Journal of Internal Medicine, 259, pp.
247-258, 2006.

[38] Patel, J.V., Caslake, M.J., Vyas, A., Cruickshank, J.K.,
Prabhakaran, D., Bhatnagar, D., et al. “Triglycerides
and small dense low density lipoprotein in the
discrimination of coronary heart disease risk in South
Asian populations.” Atherosclerosis, 209(2), pp. 579-
584, 2010.

[39] Goswami, B., Rajappa, M., Mallika, V., Shukla, D.K.
and Kumar, S. “TNF-alpha/IL-10 ratio and C-reactive
protein as markers of the inflammatory response in
CAD-prone North Indian patients with acute
myocardial infarction.” Clinica Chimica Acta, 408(1-2),
pp. 14-18, 2009.

[40] Goswami, B., Rajappa, M., Singh, B., Ray, P.C,
Kumar, S. and Mallika, V. “Inflammation and
dyslipidaemia: a possible interplay between established
risk factors in North Indian males with coronary artery
disease.” Cardiovascular Journal of Africa, 21(2), pp.
103-108, , 2010.

[41] Ingelsson, E., Arnl6v, J., Sundstrom, J., Zethelius, B.,
Vesshy, B. and Lind, L. “Novel metabolic risk factors
for heart failure. ““ Journal of American College of
Cardiology, 46(11), pp. 2054-2060, 2005.

[42] Ingelsson, E., Schaefer, E.J., Contois, J.H., McNamara,
J.R., Sullivan, L., Keyes, M.J., et al. “Clinical utility of
different lipid measures for prediction of coronary heart
disease in men and women.” Journal of American
Medical Association, 298(7), pp. 776-785, 2007.

[43]Walldius, G., Jungner, 1., Holme, I., Aastveit, A.H.,
Kolar, W. and Steiner, E. ‘High apolipoprotein B, low
apolipoprotein A-1, and improvement in the prediction
of fatal myocardial infarction (AMORIS study): a
prospective study’, Lancet, vol. 358, pp. 2026-33,
2001.

[44] Yusuf, S., Hawken, S., Ounpuu, S., Dans, T., Avezum,
A., Lanas, F., et al. ‘Effect of potentially modifiable
risk factors associated with myocardial infarction in 52

countries (the INTERHEART study): case-control
study.” Lancet, 364, pp. 937-952, 2004.

Author Profile

G. Kannan is a Professor in Department of Pharmacy Practice, Sri
Ramachandra College of Pharmacy, Sri Ramachandra University,
Tamil Nadu, India. He got his M. Pharmacy in Pharmacology from
Madras Medical College, Chennai, Affiliated to the Tamil Nadu Dr.
MGR Medical University, Chennai and his Doctorate from Sri
Ramachandra University, Tamil Nadu, India.

N.N. Rajendran is the retired Professor of Pharmacy, Madras
Medical College, Chennai with immense experience in the field of
Pharmaceutics and Pharmacology. He was awarded Doctorate by
Tamil Nadu Dr. MGR Medical University, Chennai

J.S. N. Murthy is a reputed Cardiologist and Professor of
Department of Cardiology, Sri Ramachandra University.

N. Vanitha Rani is a Lecturer in Department of Pharmacy Practice,
Sri Ramachandra College of Pharmacy, Sri Ramachandra
University, Tamil Nadu, India. She got her M. Pharmacy in
Pharmacy Practice from Sri Ramachandra University, Tamil Nadu,
India and currently pursuing PhD in the same University.

Volume 3 Issue 6, June 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 0201321331

DOI: 10.21275/0201321331 249





