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Abstract

The rising prevalence of obesity in India has a direct correlation with the increasing prevalence of
obesity-related co-morbidities; hypertension, the metabolic syndrome, dyslipidemia, type 2 diabetes
mellitus (T2DM), and cardiovascular disease (CVD).

Methods: A case control study was conducted in the department of biochemistry, Osmania general
hospital, Hyderabad with the objective of assessing the discriminatory power of atherogenic indices over
individual lipids in risk assessment of Myocardial infarction in obese. Cases were categorized into obese
and non obese MI group depending on the BMI. Control groups were selected from the outpatient
department of Osmania General Hospital. Control groups were classified into healthy controls and obese
controls basing on BMI.

Results: The mean values of BMI , WHR , TC , TAG, LDL-C ,CRR, AC, AIP are higher in obese controls
when compared to healthy controls, HDL-C is lower in obese control group when compared to healthy
control group. The BMI exhibited better discriminatory power than WHR. AIP and TAG exhibited the
highest combined sensitivity and specificity followed by AC and CRR, TC and LDL-C in discriminating
healthy controls and obese controls.

Conclusion: We conclude the present study showed atherogenic indices were found to be better markers
in explaining the pathogenesis of atherosclerosis. Among them AIP had the highest sensitivity and
specificity followed by cardiac risk ratio, atherogenic coefficient and TAG in predicting the future risk of
development of atherosclerosis in obese.

Keywords: Cardiac risk ratio (CRR), atherogenic coefficient (AC) and atherogenic index of plasma
(AIP). Hypertension, metabolic syndrome, dyslipidemia, type 2 diabetes mellitus (T2DM), and
cardiovascular disease (CVD).
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Introduction

Obesity is defined as an excess accumulation of
fat in the body resulting in adverse effects on
health of the individual.! The prevalence of
obesity is rising to epidemic proportions at an
alarming rate in both developed and less
developed countries around the world.?

In India, obesity is emerging as an important
health problem particularly in urban areas,
paradoxically co-existing with under nutrition.
Almost 30-65% of adult urban Indians are either
overweight or obese or have abdominal obesity.
The rising prevalence of obesity in India has a
direct correlation with the increasing prevalence
of obesity-related co-morbidities; hypertension,
the metabolic syndrome, dyslipidemia, type 2
diabetes mellitus (T2DM), and cardiovascular
disease (CVD).!

Obesity is characterized by a series of lipid
disturbances, such as hypercholesterolemia, high
fasting (and postprandial) triacylglycerol levels,
low HDL cholesterol, high apolipoprotein B, high
small dense lipoprotein particles and alterations of
serum and tissue lipoprotein lipase (LPL)
activity.*

Dyslipidemia is known to increase platelets
aggregation, fibrinogen levels and platelets
activation inhibitor. In addition, an elevated total
cholesterol (TC), triacylglycerols (TAG), low-
density lipoprotein-cholesterol (LDL-C) and
lowered high-density lipoprotein cholesterol
(HDL-C) are conventional risk factors for
myocardial infarction as well as the major cause
of atherosclerosis.®

Myocardial infarction is the leading cause of death
worldwide. According to World Health
Organization (WHO), in 2002 nearly 7.2 million
deaths resulted from coronary heart disease. Risk
factors associated with myocardial infarction are
found to be old age, smoking, high risk diet,
excess alcohol, abdominal obesity, hypertension,
diabetes mellitus and dyslipidemia.” Obesity has
been correlated to increased morbidity and
mortality risk in various populations. Three simple
measures of obesity are widely used in clinical

practice; BMI (body mass index), WC (waist
circumference) and waist-to-hip circumference
ratio (WHR). The combined use of these may be
better in identifying people at risk of CVD than
either of them alone.?

High plasma concentrations of triacylglycerols is
an independent and synergistic risk factor for
cardiovascular diseases and is often found in
hypertension, abnormal lipoprotein metabolism,
obesity, insulin resistance and diabetes mellitus.
Similarly high plasma concentrations of LDL and
VLDL cholesterol is also a risk factor for
cardiovascular disease and is often found in
diabetes mellitus, hypertension and obesity.
Another major and well-established risk factor for
the development of cardiovascular diseases is
decreased plasma concentrations of HDL
cholesterol which often accompanies diabetes
mellitus, hypertension, and obesity.'®

Several lipoprotein ratios or atherogenic indices
have been defined in an order to increase the
predictive capacity of the lipid profile. These
ratios can provide information on risk factors
difficult to quantify by routine analysis and are
better indicators of the metabolic and clinical
interactions between various lipid fractions.*!
Atherogenic indices are powerful indicators of the
risk of heart disease, the higher the value, the
higher the risk of developing cardiovascular
disease and vice versa. Low atherogenic indices
are protective against coronary heart disease.™
The three atherogenic indices include, cardiac risk
ratio (CRR), atherogenic coefficient (AC),
atherogenic index of plasma (AIP).

Objectives

The objective of the study is to assess the
discriminatory power of atherogenic indices over
individual lipids in risk assessment of Myocardial
infarction in obese.

Methods and Materials

Setting

A case control study was conducted in the
department of biochemistry, Osmania general
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hospital, Hyderabad, after obtaining institutional
ethical approval.

Sources of Samples and Data

Cases were selected from the admitted patients in
the Department of cardiology, Osmania General
Hospital. The clinical diagnosis of Myocardial
infarction was based on the presence of classical
changes of Myocardial Infarction along with
characteristic ST changes in ECG and the rise/fall
of cardiac markers. Cases were categorized into
obese and non obese MI group depending on the
BMI. Control groups were selected from the
outpatient department of Osmania General
Hospital. Control groups were classified into
healthy controls and obese controls basing on
BMI. Written informed consent was taken from
cases and controls. Samples were analyzed for
various parameters at the Department of
Biochemistry, Osmania General Hospital
Inclusion Criteria

1. Healthy control group: Consists of 30 healthy
controls with BMI 18.5 - 24.99 of age group 42-
60 yrs.

2. Obese control group: Consists of 30 healthy
obese controls with BMI > 30 of age group 40-55
YISs.

3. Non Obese myocardial infarction patients:
Consists of 30 non-obese patients with BMI <30
admitted in the cardiology department of age
group 40 - 80 yrs diagnosed with myocardial
infarction within 48 hours of onset of symptoms.
The classification of obese, healthy groups was
according to W.H.O classification.

4. Obese myocardial infarction patients: Consists
of 30 obese patients with BMI >30 admitted in the
cardiology department of age group 40-70 yrs
diagnosed with myocardial infarction within 48
hours of symptoms.

Exclusion Criteria

Diabetes Mellitus, Hypothyroidism, Cushings
syndrome, chronic systemic illness, Hepatic
impairment, renal disorder, Endocrine disorder
and subjects on lipid lowering drugs, thiazide
diuretics were excluded from the study.

Specimen collection

Overnight fasting blood samples of 5ml of was
taken from control groups and cases groups by
venipuncture in plain serum tube. Serum was
separated within 1 hour and grossly hemolysed
samples were excluded. The following parameters
were analyzed:

1. Body mass index (BMI): was calculated by
dividing weight (in kilograms) by height (in
meters squared) for the individuals®.
Controls were categorized depending on the
BMI as healthy controls, obese controls with
BMI 185 - 24.99, >30 respectively.
Similarly MI cases were categorized as non
obese MI cases and obese MI cases
depending on BMI 185 - 24.99, >30
respectively.

2. WHR: Waist circumference was measured
using a measuring tape at the approximate
midpoint between the lower margin of the
last palpable rib and the top of the iliac
crest, hip circumference measurement was
taken around the widest portion of the
buttocks. Waist -hip ratio was calculated by
dividing waist circumference by the hip
circumference.* Waist-hip ratios cut off
values are: 0.90 cm (Males) 0.85 cm
(Females) Values above these are associated
with increased metabolic risk and other
health complications.

3. Serum Total Cholestero was estimated
with Cholesterol oxidase and peroxidase
method (CHOD-PAP). Reference Range
for TC*: Serum Total cholesterol TC
(mg/dl), Desirable<200, Borderline high
risk, 200 — 239, High risk>240

4. Serum  HDL-Cholesterol®® was estimated
with PEG — CHOD - PAP, both are End
point Assays. Reference Range for HDL-C*
Serum HDL cholesterol HDL-C (mg / dl):
Low risk>60, High risk<40. *Reference
values are recommended by the US National
Education Program Expert Panel (NCEP —
ATP III)

1
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5. Serum Triacylglycerol** was estimated with

GPO-PAP; an End point assay. Reference
ranges* for serum triacylglycerol levels
(mg/dl), Normal Less than 150, Borderline
highl50 to 199, High200 to 499, Very
high>500.

6. Serum Ldl-Cholesterol is calculated
indirectly using Friedwalds Equation: LDL
Cholesterol = Total Cholesterol — HDL
Cholesterol — Triacylglycerol /5. Reference
values for LDL-C ( mg/dl)*: Optimal<100,
Near optimal:100-129, Borderline
High:130-159, High:160-189, Very
High>190.*  Reference  values are
recommended by the US National Education
Program Expert Panel (NCEP -ATP 11l )
Atherogenic Indices: % are:

7. Cardiac Risk Ratio (CRR): It is calculated
by dividing total cholesterol by HDL.
CRR=Total  cholesterol/HDL.  Cardio
vascular Risk stratification using CRR,
Interpretation: High risk (3X): Ratio in
males: 9.7-23.4, Ratio in females:7.2-11.0,
Above average risk (2X): Ratio in males:
5.1-9.6, Ratio in females: 4.5-7.1, Average
risk: Ratio in males: 3.5-5.0, Ratio in
females: 3.4-4.4, Below average risk (1/2):
Ratio in males: 1.0-3.4, Ratio in females:
1.0-3.3.

8. Atherogenic Coefficient (AC) this is
calculated by using the formula
AC = (Total Cholesterol - HDL-C)/HDL —C
Or  AC=NonHDL-C/HDL-C.

9. Atherogenic Index of Plasma this is
calculated by using the formula
AIP =log (Triacyglycerol /HDL), Reference
value for AIP: low Cardiovascular risk< 0.1,
medium Cardiovascular risk:0.1-0.24, high
Cardiovascular risk: > 0.24. For calculating
AIP individual lipid values were converted
to mmol/l by using formula: Triacylglycerol
(mmol/l)=triacyglycerol  (mg/dl)/89 and
Cholesterol (mmol/l)= Cholesterol (mg/dl)/
39

Results

The mean values of all parameters studied are
higher in total cases studied when compared to
total controls except HDL-C which are lower in
cases compared to controls. The mean values of
BMI, WHR, TC, TAG, LDL-C ,CRR, AC, AIP
are higher in obese controls when compared to
healthy controls, HDL-C is lower in obese
control group when compared to healthy control
group. The data was analyzed using SPSS
software version 17.0. Descriptive results are
expressed as mean and SD of various parameters
in different groups.

The results were expressed in milligrams /deciliter
for Serum Total Cholesterol, Serum HDL Cholest-
erol, Serum Triacylgerol, Serum LDL Cholesterol
BMI expressed in kg/m* WHR, Cardiac Risk
Ratio, Atherogenic coefficient, Atherogenic index
of plasma have no units as they are ratios.

Table 1. Mean +S.D of studied parameters in all groups

Parameter Healthy controls Obese controls Non obese Ml Obese Ml
Mean +S.D Mean +S.D Mean +S.D Mean +S.D
BMI 23.31 1.27 33.86 3.32 22.91 1.15 33.66 2.64
WHR 0.81 0.05 1.08 0.24 0.80 0.05 1.06 0.13
TC 141.83 18.9 205.1 43.4 187.66 37.1 221.2 47.71
HDL -C 47.2 7.49 37 7.02 38.0 9.86 33.57 7.09
TAG 108.96 28.0 191.3 453 146.16 435 200.16 37.88
LDL-C 73.17 19.1 129.5 45.2 1204 34.8 147.56 48.74
CRR 3.04 0.62 5.65 1.13 5.17 1.42 6.86 2.14
AC 2.04 0.62 4.65 1.13 417 142 5.86 2.14
AIP 0.01 0.14 0.35 0.15 0.22 0.20 0.42 0.11

In order to assess the significance of the
differences observed in the mean values of
different parameters observed in different groups
studied, the data is subjected to ANOVA test. The

significance of difference is represented by p
values and p value <0.05 is considered as
significant.

Ayesha Jabeen et al IMSCR Volume 05 Issue 11 November 2017

Page 30679



Table 2. Anova F value and P VALUE between cases and controls

Parameter F value Significance P value
BMI 29.836 <0.001
WHR 34.958 <0.001
TC 18.190 <0.001
HDL -C 14.011 <0.001
TAG 26.556 <0.001
LDL-C 15.524 <0.001
CRR 30.805 <0.001
AC 30.805 <0.001
AIP 34.064 <0.001

Figure. 1 Graphical representation of Mean * | Figure 2 Graphical representation of Mean + SD
SD of BMI in healthy controls, obese controls | of WHR in healthy controls, obese controls, non
,non obese MI cases and obese MI cases obese MI cases and obese MI cases

BMI WHR

40 1.4

35 T 1.2 T

30 - 1

25 7 08 -

20 T 06 .

15 7 0.4 |

10 - uBMI 02 | I mWHR
5 1 o .

HEALTHY
MEAN £5D MEAN £ 5D

0 -

OBESEMI | NONOBESE

M

OBESE
CONTROL

OBESE MI NONOBESEMI |OBESE CONTROL,  HEALTHY

Figure 3. Graphical representation of TC, | Figure 4 Graphical representation of CRR,
HDL-C, TAG, LDL-C in healthy controls, | Atherogenic coefficient in healthy controls, obese
obese controls, non obese MI cases and obese | controls, non obese MI cases and obese MI cases

MI cases

T.chol ,HDL,TGL,LDL CRR, ATH.COEFF

bl Bane

OBESE MI NONOBESE MI OBESE CONTROL HEALTHY OBESE Ml NONOBESEMI OBESE CONTROL HEALTHY

=

ORNWBUGAN®ODO

MEAN 25D MEAN # SD

Figure 5 Graphical representation of AIP in healthy controls, obese controls ,non obese cases and
obese MI cases

0.6
0.5 T
.4 3
0.3
0.2
o1 AP
(o]
e e OBESE N1 NOMNOBRBESE OBESE HEASALTH Y
P COMNTROL
0.2
MEAMN = SD

Ayesha Jabeen et al IMSCR Volume 05 Issue 11 November 2017 Page 30680




The Mean + SD of all the parameters studied in have higher F value compared to CRR and AC.
the total cases were significantly different from Among the lipids and lipoproteins TAG was
those of controls. F value was highest for lipid found to have higher F value compared to
ratios when compared to individual lipids and remaining lipids and lipoproteins. WHR had
lipoproteins. Among lipid ratios AIP was found to higher F value compared to BMI.

Table 4. ANOVA multiple Comparison of significance
between obese controls and non obese MI, obese MI;
between non obese MI and obese MI

Table 3. ANOVA multiple Comparison of
significance between healthy controls, obese
controls , non obese MI and obese Ml

Parameter Healthy controls with Parameter Obese controls with Non obese M1 with
Obese Non obese | Obese Non obese Obese Obese M1
controls MI MI MI MI

BMI <0.001 0.99 <0.001 BMI <0.001 1.000 <0.001
WHR <0.001 0.99 <0.001 WHR <0.001 0.619 <0.001
TC <0.001 <0.001 <0.001 TC 0.534 0.997 0.024
HDL -C <0.001 <0.001 <0.001 HDL -C 0.99 0.519 0.246
TAG <0.001 0.011 <0.001 TAG 0.001 0.943 <0.001
LDL-C <0.001 <0.001 <0.001 LDL-C 0.930 0.505 0.115
CRR <0.001 <0.001 <0.001 CRR 0.762 0.024 <0.001
AC <0.001 <0.001 <0.001 AC 0.762 0.024 <0.001
AIP <0.001 <0.001 <0.001 AlP 0.02 0.487 <0.001

All parameters were significantly increased in obese
controls and obese MI cases compared to healthy
controls except HDL-C which was significantly
decreased. Significant increase was seen in the mean
values of TC, TAG, LDL-C, CRR, AC and AIP in non
obese MI cases compared to healthy controls except
HDL-C which was decreased. The mean values of
WHR and BMI were not significantly different in non
obese MI compared to healthy controls.

In order to assess the maximum sensitivity and specificity exhibited
by various parameters in identifying abnormality the best cut off
values are calculated using ROC analysis. Best cut off values are
established by selecting a point closer to top left hand curve that
provides greatest sum of sensitivity and specificity. The performance
of a diagnostic test can be quantified by calculating Area under curve
(AUC).An ideal test would have a value of 1. The cases and controls
were classified as obese and non obese based on BMI. BMI exhibited
100% sensitivity and specificity and AUC values of 1.0 in
discriminating obese and non obese groups.

Table 5. Best cut off values, sensitivity, specificity
in discriminating healthy controls and obese
controls

Table 6. Best cut off values, sensitivity, specificity
in discriminating healthy controls and non obese
Ml

Para- Best Cut Sensi Speci - AUC Para Best

meter Off Values tivity ficity meter Cut Off | Sensi - Speci
Values tivity ficity AUC
BMI 27.65 100% 100% 1.000 BMI 21.85 80 23.3 0.385
WHR 0.885 96.7% 96.7% 0.957 WHR 0.8750 16.7 90 0.402
TC 179 73.3% 100% 0.930 TC 150.5 83.3 70 0.860
HDL -C 40.5 86.7% 76.7% 0.861 | HDL -C 40.5 86.7 77 0.811
TAG 153 86.7% 96.7% 0.926 TAG 146.5 60 90 0.752
LDL-C 99.5 76.7% 93.3% 0.887 LDL-C 108 66.7 100 0.884
CRR 4.3 93.3% 86.7% 0.959 CRR 3.8 83.3 86.7 0.907
AC 2.75 93.3% 86.7% 0.959 AC 2.8 83.3 86.7 0.907
AIP 0.190 86.7% 96.7% 0.932 AIP 0.165 73.3 96.7 0.812

AIP and TAG exhibited the highest combined sensitivity and
specificity followed by AC and CRR, TC and LDL-C in
discriminating healthy controls and obese controls. Area
under the curve calculated using ROC analysis showed that
CRR and AC were best discriminatory followed by AIP, TC
, TAG ,LDL-C and HDL-C in discriminating healthy controls
and obese controls throughout the range of values studied.

AIP , CRR and AC exhibited highest combined sensitivity
and specificity followed by LDL-C , HDL-C , TC and TAG
in discriminating non obese M1 from healthy controls. Area
under the curve calculated using ROC analysis showed that
CRR and AC were best discriminatory markers followed
by LDL-C , TC, AIP, HDL-C and TAG in discriminating
healthy controls and non obese MI cases.
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Table 7. Best cut off values, sensitivity,
specificity in discriminating healthy controls

Table 8.Best cut off values, sensitivity, specificity in
discriminating obese controls and non obese MI case

and obese MI case group group
Parameter Best Paramet | Best Cut

Cut Off | Sensit | Specifi er Off Specifi
Values ivity city AUC Values Sensitivity city AUC
BMI 27.45 100 100 1.000 BMI 21.7 100 100 1.000
WHR 0.89 93.3 96.7 0.956 WHR 0.89 93.3 96.7 0.991
TC 176.5 80 100 0.946 TC 258 26.7 100 0.605
HDL-C 40.5 86.7 93.3 0.929 HDL-C 36.5 56.7 46.7 0.496
TAG 153 96.3 96.7 0.978 TAG 184.5 63.3 83.3 0.782
LDL-C 107.5 80 100 0.921 LDL-C 1715 26.7 93.3 0.552
CRR 4.35 86.7 96.7 0.982 CRR 5.1 76.7 46.7 0.597
AC 3.35 86.7 96.7 0.982 AC 4.65 76.7 46.7 0.597
AlP 0.195 96.7 96.7 0.964 AIP 0.375 56.7 86.7 0.709

AIP was found to have highest combined sensitivity and
specificity followed by TAG, CRR, AC, TC, HDL-C
and LDL-C in discriminating healthy controls and obese
MI case group. Area under the curve calculated using
ROC analysis shows CRR and AC best discriminatory
followed by TAG, AIP, TC, HDL-C and LDL-C in
discriminating healthy controls and obese MI case group.

TAG was found to have highest combined sensitivity and
specificity followed by AIP, CRR, AC, TC, LDL-C and HDL-C in
discriminating obese controls and non obese MI case group. Area
under the curve calculated using ROC analysis shows TAG best
discriminatory followed by AIP, TC, CRR, AC, LDL-C and HDL-
C in discriminating obese controls and non obese MI case group.

Table 9 Best cut off values, sensitivity,
specificity in discriminating obese controls and
obese MI case group

Table 10 Best cut off values, sensitivity, specificity in
discriminating non obese MI and obese MI case group

Best Cut Off | Sensitivi | Specifici Parame | Best Cut Off | Sensitivi | Specifici
Parameter Values ty ty AUC ter Values ty ty AUC
BMI 33.15 56.7 56.7 0.517 BMI 27.5 100 100 1.000
WHR 1.005 50 70 0.588 WHR 0.895 93.3 96.7 0.988
TC 2015 63.3 66.7 0.620 TC 257 333 100 0.707
HDL-C 36.5 56.7 733 0.66 HDL-C 335 70 60 0.651
TAG 182.5 80 333 0.536 TAG 183 80 76.7 0.837
LDL-C 115.5 76.7 46.7 0.612 LDL-C 155 46.7 83.3 0.676
CRR 7.35 40 100 0.652 CRR 6.95 43.3 90 0.724
AC 6.1 40 100 0.652 AC 5.45 43.3 90 0.724
AIP 0.335 83.3 40 0.625 AIP 0.385 733 86.7 0.836

CRR and AC had highest combined sensitivity and
specificity followed by TC , HDL-C , LDL-C , AIP and
TAG in discriminating obese controls and obese MI case
group. Area under the curve calculated using ROC
analysis shows HDL-C best discriminatory followed by
CRR, AC, AIP, TC , LDL-C and TAG in discriminating
obese controls and obese MI case group.

AIP had highest combined sensitivity and specificity followed by
TAG, RR,AC,TC,HDL-C & LDL-C in discriminating non-obese Ml
case group MI & obese MI case group. Area under the curve
calculated using ROC analysis shows TAG best discriminatory
followed by AIP, CRR, AC, TC, LDL-C and HDL-C in
discriminating non obese MI case group and obese MI case group. In
order to assess the atherogenic risk using cut off values for various
parameters recommended by different authors, individual groups
were stratified.

Table. 11 Percentage of total patients in different risk

Table 12.Percentage of total patients in different

groups as classified by Serum Total cholesterol cut off | risk groups as classified by Serum  HDL

points.° cholesterol cut off points.™®

Total healthy obese non obese obese HDL healthy obese non obese obese Ml

Cholesterol (mg/dl) controls controls M1 cases MI Cholesterol controls controls MI cases cases
cases (mg/dl)

Desirable <200 100% 56.6% 63.3% 33.3% Low | <40 13.3% 76.6% 63.3% 33.3%

Borderline high 200- 239 0% 16.6% 23.3% 26.6% High | >60 13.3% 0% 23.3% 26.6%

High >240 0% 26.6% 13.3% 40%

None of the healthy controls had cholesterol in the higher risk range
while 43.2 % of obese controls, 36.6 % of non obese MI cases and

66.6 % of obese M1 cases had cholesterol in higher risk range.

In healthy control group 13.3% had HDL-C in higher risk
range while 76.6% of obese controls, 63.3% of non obese
MI cases and 33.3% of obese MI cases had HDL- C in
higher risk range.
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Table 13. Percentage of total patients in different
risk groups as classified by Serum Triacylglycerol

Table 14. Percentage of total patients in different risk
groups as classified by Serum LDL cholesterol cut off

cut off points.*® points.*°
Triacylglycerols healthy obese non obese LDL healthy obese non obese obese Ml
(mg/dI) controls controls | obese Ml Mi Cholesterol controls | controls MI cases cases
cases cases (mg/dl)
Normal <150 90% 13.3% 50% 3.3% Optimal <100 93.3% 23.3% 33.3% 20%
Borderline 150- 10% 36.6% 40% 50% Near 100 - 129 6.6% 36.6% 30% 23.3%
high 199 optimal
High 200- 0% 50% 10% 46.6% Borderline | 130 - 159 0% 10% 23.3% 13.3%
499 high
Very high >500 0% 0% 0% 0% High 160- 189 0% 16.6% 13.3% 13.3%
Very high >190 0% 13.3% 3.3% 30%

10% of healthy controls had triacylglycerols in the higher
risk range while 86.6 % of obese controls, 50 % of non obese
MI cases and 96.6 % of obese MI cases had triacylglycerols
in higher risk range.

None of the healthy controls had LDL cholesterol in the higher
risk range while 39.9 % of obese controls, 69.9 % of non obese
MI cases and 56.6 % of obese MI cases had LDL cholesterol in
higher risk range.

Table 15. Percentage of total patients in different risk | Table 16. Percentage of total patients in different
groups as classified by CRR cut off points.’ risk groups as classified by AIP cut off points.*®
CRR Healthy Obese Non obese Ml | Obese Ml AlIP healthy obese non obese Obese Ml
Controls controls cases cases Range controls controls MI cases cases
Below avg. risk 73.3% 3.3% 10% 0% Low 76.6% 10% 20% 0%
M:1.0-3.4 risk: <0.1
F:1.0-33
Avg. risk 26.6% 13.3% 16.6% 13.3% Medium risk: 3.3% 10% 6.6% 6.6%
M:3.5-5.0 0.1-0.24
F:3.4-4.4
Above avg risk 0% 81% 73.3% 66.6% High risk: 20% 70% 73.3% 93.3%
M:5.1-9.6 >0.24
F45-71
High risk 0% 0% 0% 20%
M:9.7-23.4 . . .
F:7.2-11.0 23.3% of healthy controls had AIP in the higher risk range
26.6 % of healthy controls had CRR in the higher risk range | While 80 % of obese controls, 79.9 % of non obese MI cases
while 94.3 % of obese controls, 89.9 % of non obese MI cases | a1d 99.9 % of obese MI cases had AIP in higher risk range.
and 99.9 % of obese MI cases had CRR in higher risk range.

Discussion

In our study mean values of BMI was
significantly increased in obese controls followed
by obese MI case group in comparison to the other
two groups. The BMI exhibited better
discriminatory power than WHR. The ideal
discrimination shown by BMI was because it was
used to classify a person as obese or nonobese.
WHR s the ratio of the circumference of waist to
hip. It is considered as a better predictor of
cardiovascular risk than waist circumference and
BMI as it is less dependent on body size and
height *The mean values of WHR was found to be
highest in obese controls followed by obese MI
case group in comparison to the other two groups.
However in the present study we did not find
WHR as a better marker than BMI.

In our study we found mean values of total
cholesterol to be significantly higher in obese Ml

cases compared to the remaining groups which is
in agreement with other studies where obesity is
associated with increased total cholesterol.” The
total cholesterol concentrations in obese controls
and non obese MI cases are also significantly
higher compared to healthy controls. Hyperchol-
esterolemia is a well-documented and established
risk factor for coronary heart disease (CHD).?
Various researches indicate the role of HDL-C as
a marker inversely and independently associated
with the risk of developing CHD"® Studies have
suggested that smaller HDL-C particles have
lower free cholesterol content acting as markers
of impaired reverse cholesterol transport and
associated with the presence of coronary artery
disease .

The HDL —C concentration in obese controls and
non obese MI cases are also significantly lower
compared to healthy controls. We also observed
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mean values of HDL —C to be lower in obese Ml
cases and obese controls compared to non obese
MI cases. The decreased HDL is due to the
impaired  lipolysis of triacylglycerol rich
lipoproteins (TRL) by decreasing the transfer of
apolipoproteins and phospholipids from TRL to
the HDL compartment and also by the delayed
cleareance of TRLs which facilitates the CETP-
mediated exchange between cholesterol esters in
HDL and triacylglycerols in VLDL.**

Studies have indicated that high levels of serum
triacylglycerols were not only a stronger risk
factor for CHD but were also a better predictor of
the severity of atherosclerosis™ In our study we
found mean values of triacylglycerols to be
significantly higher in obese MI case group in
comparison to the remaining groups which is in
agreement with other studies where obesity is
associated with increased triacylglycerols?

The increase in triacylglycerols is due to increase
in adipocyte mass and the decrease in insulin
sensitivity associated with obesity which causes
more free fatty acids to be delivered from the
adipose tissue to the liver where they are re-
esterified in hepatocytes to form triacylglycerols,
which are packaged into VLDL for secretion into
the circulation.

LDL Cholesterol was found to be higher in obese
MI cases than remaining groups. These findings
are in agreement with other studies” The LDL —C
concentrations were found to be significantly
higher in obese controls and non obese MI cases
compared to healthy controls. The mean values of
LDL-C were higher in obese MI cases and obese
controls compared to non obese MI cases.
Mechanistically small dense LDL particles enter
the arterial wall more easily and bind to arterial
wall proteoglycans more avidly and are highly
susceptible to oxidative modification, leading to
macrophage uptake all of which may contribute to
increased atherogenesis.*?

Several lipoprotein ratios or atherogenic indices
were defined to optimize the predictive capacity
of the lipid profile. These ratios include cardiac

risk ratio (CRR), atherogenic coefficient (AC) and
atherogenic index of plasma (AIP).

The total cholesterol/HDL ratio (Cardiac Risk
Ratio) is a superior measure of risk for coronary
heart disease compared with either total
cholesterol or LDL cholesterol levels.?® Various
studies have shown CRR to be associated with
cardiovascular disease risk.?’ We found mean
values of Cardiac risk ratio to be higher in obese
MI cases compared to remaining groups. We
observed the mean values of CRR to be
significantly higher in obese controls and non
obese MI cases compared to healthy controls.
Also the mean values of CRR were higher in
obese MI cases and obese controls compared to
non obese MI cases. Which is in agreement with
other studies where obesity is associated with
increased CRR?

It has also been demonstrated that Atherogenic
coefficient (AC) which is always one unit lower
than CRR, can efficiently estimate the ratio of the
sum of atherogenic LDL cholesterol and VLDL
lipoproteins represented by non-HDL cholesterol
to the cardio protective HDL cholesterol which
has been supported by several other studies * We
found the mean values of atherogenic coefficient
to be higher in obese MI cases compared to
remaining groups. This is in agreement with a
previous study where atherogenic coefficient is
increased in obese compared to controls.”® We
observed the mean values of AC to be
significantly higher in obese controls and non
obese MI cases compared to healthy controls. The
mean values of AC were found to be higher in
obese MI cases and obese controls compared to
non obese MI cases in our study.

In our study we found mean value of atherogenic
index of plasma (AIP) to be higher in obese Ml
cases compared to remaining groups which is in
agreement with other studies where obesity is
associated with increased AIP, % We observed the
mean values of AIP to be significantly higher in
obese controls and non obese MI cases compared
to healthy controls. The mean values of AIP were
found to be significantly higher in obese MI cases
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and obese controls compared to non obese MI
cases.

F value was found to be highest for lipid ratios
when compared to individual lipids and
lipoproteins. Among lipid ratios AIP was found to
have higher F value compared to CRR, AC.
Among the lipids and lipoproteins TAG was
found to have higher F value compared to
remaining lipids and lipoproteins. WHR had
higher F value compared to BMI.

To assess the discriminatory capacity of various
markers we used best cut off values as determined
by ROC curves. ANOVA multiple comparison of
significance showed that CRR and AC were
significantly increased in obese MI compared to
obese controls and TAG, AIP significantly
increased in obese controls compared to non obese
MI cases. CRR and AC had highest combined
sensitivity and specificity followed by others in
discriminating obese controls and obese MI cases.
TAG had highest combined sensitivity and
specificity followed by AIP, CRR and AC in
discriminating obese controls and non obese Ml
cases. AIP had highest combined sensitivity and
specificity in discriminating healthy controls and
obese controls, healthy controls and non obese Ml
cases, healthy controls and obese MI cases, non
obese and obese MI cases.

In the present study we also observed that AIP ,
CRR and TAG predicted the risk in obese MI
patients with high sensitivity compared to TC,
HDL-C and LDL-C as risk factors. In fact all the
obese MI cases are classed as are at higher risk by
AIP and CRR. We also observed that in non obese
M1 patients the risk is predicted more sensitively
by CRR and AIP compared to the Lipid and
Lipoprotein risk factors tested.

Conclusion

In the present study Total cholesterol, LDL-C,
TAG, and their ratios are significantly increased in
obese cases and controls compared to healthy
controls, except HDL-C which was decreased.
AIP had the highest sensitivity and specificity
followed by cardiac risk ratio, atherogenic

coefficient and TAG in discriminating healthy
controls and remaining groups. Among the
lipoprotein ratios log TAG/HDL (AIP) is found to
be a better marker in assessing the risk than other
ratio and lipoproteins.

We stratified the risk for development of
atherosclerosis in the present study using the
recommended cutoff values for TC, HDL-C,
TAG, LDL-C, CRR and AIP. We observed that
lipid ratios are more sensitive predictors of risk for
development of atherosclerosis in the study group
and that obese subjects are at a higher risk for the
development of future atherosclerosis compared to
non obese subjects. Among the risk factors
studied CRR, TAG and AIP are more sensitive in
predicting the future risk of development of
atherosclerosis in obese.

As atherogenic lipid profile is associated with
atherosclerosis in obesity, the risk identification
by using lipid ratios or atherogenic indices were
found to be better markers in explaining the
pathogenesis of  atherosclerosis in  these
individuals.
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