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RISK PREDICTION OF CORONARY ARTERY DISEASE WITH OR WITHOUT
DIABETES MELLITUS: APOLIPOPROTEINS SCORE OVER LIPID FRACTIONS.
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ABSTRACT

To evaluate the association of lipoproteins & apolipoproteins with Coronary artery
disease (CAD) in patients with (CAD-DM*) & without Type Il Diabetes mellitus (CAD-
DM’) and to determine better risk predictor, we conducted a case-control study. 40
patients with clinical and angiographic evidence of CAD (20 diabetics, 20 non-diabetics)
and 20 healthy controls were drawn for the study. Significantly high total
cholesterol(TC), Triglycerides(TG), low density cholesterol(LDL-C), TC/HDL-C were
observed in CAD-DM" patients but no significant differences were found in CAD-DM
patients when compared with controls. On the other hand, levels of ApoB/A-
I(apolipoproteinB/ apolipoproteinA-lI) and apoB were significantly high in both groups.
When comparison was done between two CAD groups, significantly higher(p<0.001)
levels of ApoB/A-l and apoB were observed in diabetics compared to non-diabetics. In
ROC analysis between CAD-DM" vs. controls, maximum AUC was found for apoB/A-
1(0.9975) and apoB(0.9925) compared to LDL-C(0.8425), TC/HDL-C(0.7913). Between
CAD-DM" and controls, AUC for apoB/A-1(0.81) was maximum compared to
apoB(0.6575), LDL-C(0.6313) and TC/HDL-C(0.5613). These findings suggest that
ApoB/A-l is a better predictor of risk for CAD whether associated with DM or not, and is
superior to traditional lipid markers in patients without DM.

KEY WORDS: ApolipoproteinA-l; ApolipoproteinB; ApolipoproteinB/ApolipoproteinA-l ratio;
Coronary artery disease (CAD); Diabetes mellitus (DM)
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INTRODUCTION

Coronary artery disease (CAD) in Indians
often occurs in prime of life and in many cases
the initial event is often fatal. In others the
disease is so advanced and diffuse that little
can be done to reduce the risk of further
coronary event'. With recognition of many risk
factors in the causation of coronary heart
disease, prevention has been found to be the
best solution to tackle this problem at
present’. The only major risk factor which
seems to be more prevalent in Asian Indians
is diabetes mellitus®. According to the
International Journal of Diabetes in developing
countries, India is labeled as the diabetic
capital of the world*. Patients with type I
diabetes have 2 - 4 times higher risk of
experiencing cardiovascular disease than
adults without diabetes®. The pathogenesis of
CAD is complex. Distinguishing the factors
contributing to the development of CAD in
diabetic and non-diabetic population helps to
develop specific preventive and therapeutic
strategies in these populations. A major
finding of the Framingham study is that most
cases of premature vascular disease occurred
in individuals with levels of total and LDL-C
that were indistinguishable from those of
individuals who did not develop premature
disease®. Apolipoproteins are important
components of lipoprotein particles, and there
is accumulating evidence that measurement of
various forms of apolipoproteins may improve
the prediction of the risk of cardiovascular
disease’. The involvement of apolipoproteins
in regulating the synthesis and metabolism of
lipoprotein particles is gradually being
defined®. Elevated levels of apolipoprotein-B
(apoB), a constituent of atherogenic
lipoproteins, and reduced levels of apoA-I, a
component of anti-atherogenic HDL, are
associated with increased cardiac events.
ApoB, apoA-I and the apoB/A-l ratio have
been reported as better predictors of
cardiovascular events than LDL-C and they
even retain their predictive power in patients
receiving lipid-modifying therapy.
Measurement of these apolipoproteins could
improve cardiovascular risk predictions.

Apolipoproteins, lipoprotein metabolism
and atherogenesis

Lipoprotein particles are made up of an
insoluble lipid core surrounded by a coat of
phospholipid, free cholesterol and
apolipoproteins. Each class of lipoprotein
particles is associated with distinctive
apolipoproteins that, in addition to stabilizing
lipoprotein structure, play an essential role in
regulating metabolism. ApoB-100 is
synthesized in liver and is present in LDL, IDL
and VLDL particles. Only one apoB molecule
is present in each of these lipoprotein particles
and therefore the total apoB value indicates
the total number of potentially atherogenic
lipoproteins. ApoB is essential for the binding
of LDL-particles to the LDL receptor, allowing
cells to internalize LDL and thus absorb
cholesterol. An excess of apoB-containing
particles is a main trigger in the atherogenic
process. Target levels for apoB have now
been included in a table on treatment goals in
an update of the NCEP ATP Ill guidelines.
ApolipoproteinA-l is the major apolipoprotein
associated with HDL-C and largely
responsible for determining the plasma level
of HDL. ApoA-| acts as a cofactor for lecithin
cholesterol acyl transferase(LCAT), which is
important in removing excess cholesterol from
tissues and incorporating it into HDL for
reverse transport to the liver. Using apoB and
apoA-l, expressed as the apoB/apoA-I ratio,
seems to be a very effective way of
characterizing cardiovascular risk in any
patient irrespective of their lipoprotein
abnormalitys. This study was undertaken with
the dual aim of (i) elucidating the specific lipids
and apolipoproteins that contribute to the
development of CAD and (ii) identifying the
parameters that help in the risk prediction of
CAD in diabetic and non-diabetic subjects.

MATERIALS AND METHODS

The study was conducted in 60 subjects of
Hyderabad population between age group of
30 — 65yrs, in Osmania General Hospital. The
subjects were divided into 3 groups of 20
patients each.

Group | (CAD-DM*): The study group
consisted of 20 patients with CAD and type Il
DM; between age of 30 — 65yrs.
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Group Il (CAD-DM): Comprised of 20 patients
of similar age group with CAD without DM.
Group lll: Consisted of 20 normal adults as
control with no history of either CAD or DM or

hypertension. They are normal
symptomatically, fasting  glucose and
electrocardiographically. CAD patients

recruited for the study are those who were
undergoing elective coronary artery bypass
surgery based on angiographic evidence
(significant stenosis >70% stenosis in the left
anterior descending, left circumflex, or right
coronary artery and >50% stenosis in the left
main coronary artery)g. American Diabetes
Association, 2000criteria was used for
diagnosis of Type Il DM'. Diagnosed cases of
DM on regular use of diabetes medication
were also included. Patients with recent
myocardial infarction (<6weeks), chronic liver
and kidney disease and acute or chronic
infections were not included in the study. An
informed consent was taken from the patients.
Hospital ethics committee approval was taken.

Blood samples were drawn following overnight
fast and the assays were performed adhering
to the standard protocols and quality control
procedures. Reagent kits employed for
performing the test were as follows: (a) Total
cholesterol using CHOD-PAP enzymatic
procedure by autopak kit, Bayer Diagnostics,
(b) HDL-Cholesterol where apoB containing
lipoproteins(LDL+VLDL) were precipitated
with phosphotungstic acid and Mg?using
ERBA KIT, (c) Triglyceride by GPO-PAP
enzymatic procedure, using autopak kit, (d)
ApoA-I and ApoB-100 by immunoturbidimetric
method by using Human kit. All the samples
were analysed on RA-50 semi auto-analyzer.
(e) LDL-Cwas measured indirectly by
calculation using Friedwald’s equation [LDL-
C=TC-{HDL-C + (TG/5)}] .

STATISTICAL ANALYSIS

The data was analyzed in order to assess the
significance of analyses using SAS (version
1.2).

RESULTS
Table 1

Mean & S.D. Values of analyzed parameters in 3 the groups

Parameters CAD-DM* CAD-DM CONTROLS
(Group-l) (Group-Il) (Group-IIl)

Total cholesterol (TC)(mg/dl) 240.75 + 43.35* 205.7 + 35.6" 186.35 + 23.9
Triglycerides (TG) (mg/dl) 193.35 + 50.43** 161.45 + 43.45" 148.15 + 26.10
HDL-C (mg/dI) 42.45 + 8.27 47.8 £ 10.36 475+9.8
LDL-C (mg/dl) 159.9 + 45.63**  125.57 + 38.16" 108.15 + 25.97
TC/HDL-C 6.01 + 2.1** 4.3+1.96" 3.92+1.25
Apolipoprotein B (mg/dl) 164.65 + 27.4**  110.85 + 28.5*F 91.35+ 21.22
Apolipoprotein A-l(mg/dl) 98.95 + 15.3** 101.25 + 26.02* 120.3 + 14.05

ApoB/A-I 1.7 £ 0.38** 1.13 + 0.32**F 0.76 £ 0.17
Values are expressed as mean * SD, values that are marked with * differ significantly from the controls at p<0.05 and values that are
shown as ** differ significantly at p<0.001. Mean * SD values that are marked with ' differ significantly from the CAD-DM" at p<0.05 and
values that are shown as * differ significantly at p<0.001. (Analyzed by Student t test).

The serum levels of TC(240.75 £ 43.35mg/dl), TG(193.35 £ 50.43 mg/dl), LDL-C(159.9 * 45.63
mg/dl) and TC/HDL-C(6.01 + 2.1) in CAD-DM" patients are significantly higher when compared to
levels in controls (186.35 £ 23.9 mg/dl, 148.15 + 26.10 mg/dl, 108.15 + 25.97 mg/dl and 3.92+1.25
respectively) with p <0.001(Table1). In case of apolipoproteins, apoB (164.65 + 27.4 mg/dl) and
apoB/A-l ratio (1.7 + 0.38) increased significantly with p of <0.001 in CAD-DM" patients when
compared to controls (91.35 + 21.22 mg/dl and 0.76 £ 0.17 respectively). Atherogenic parameters
showed significant increase in CAD-DM” patients when compared with controls (Graph1). In these
patients anti-atherogenic parameters (Graph2) like HDL-C (42.45 + 8.27 mg/dl) and apoA-1(98.95
1 15.3 mg/dl) showed decreased values when compared with controls (47.5 £ 9.8 mg/dl and 120.3
1 14.05 mg/dl respectively), but only the decrease in apoA-I is statistically significant(p <0.001).
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Graph 1
Atherogenic parameters in Controls & CAD subjects with and without DM.
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Graph 2
Anti-atherogenic parameters in Controls & CAD subjects with and without DM.
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The serum levels of TC (205.7 £ 35.6 mg/dl), TG (161.45 + 43.45 mg/dl), HDL-C (47.8 + 10.36
mg/dl), LDL-C (125.57 + 38.16 mg/dl) and TC/HDL-C(4.3£1.96) in CAD-DM" patients, did not show
statistically significant difference when compared to controls. In case of Apolipoproteins, apoB
(110.85 £ 28.5 mg/dl) and apoB/A-I ratio (1.13 + 0.32) increased significantly with p of <0.001,
whereas apoA-| (101.25 + 26.02 mg/dl) decreased significantly with p of <0.05. When the two CAD
groups are compared, atherogenic parameters showed statistically significant increase in CAD-
DM* patients with p of <0.05 for TC, TG, LDL-C and TC/HDL-C, and p of <0.001 for apoB and
apoB/A-l ratio. Whereas antiatherogenic parameters like HDL-C and ApoA-l did not show any
statistical significant difference. In ROC analysis between CAD-DM® vs. controls (Graph3) the
maximum area under the curve was for apoB/A-1(0.9975) and for apoB(0.9925) compared to LDL-
C (0.8425), TC/HDL-C (0.7913). Between CAD-DM" (Graph4) and controls, AUC for the apoB/A-
1(0.81) was maximum compared to apoB(0.6575), LDL-C(0.6313) and TC/HDL-C(0.5613).
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Graph 3
ROC between CAD-DM" vs Controls
ROC Curves for Comparisons
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ROC between CAD-DM vs Controls.
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DISCUSSION

Coronary artery disease (CAD) is the leading
cause of mortality and morbidity in developed
and developing countries. The knowledge of
aetiopathogenesis and progressive studies
indicated that this disease is amenable for
prevention. Hence, early identification of high
risk for CAD is important. In spite of the use of
various biochemical markers, till to date no
single specific and sensitive marker is
available to identify the high risk group
population. So the search is on for
biochemical marker that can enhance the
predictability of CAD. Initial clinical and
epidemiological studies established a relation
between plasma total cholesterol and CAD'?.
Later on growing evidence (in this field)
indicated that this risk is mediated through the

major cholesterol carrying lipoproteins. This
led the NCEP to identify LDL-C as the major
atherogenic lipoprotein and as the primar%/
target for cholesterol lowering treatment’
14151617 818 A a consequence of better
understanding of lipoprotein composition and
metabolism in relation to CAD, attention is
being increasingly focused on protein
components of lipoproteins'®. Current clinical
practice in the diagnosis and treatment of lipid

disorders is undeniably complex and
confusing. Five parameters — total
cholesterol, plasma triglycerides, HDL
cholesterol, LDL cholesterol and the total

cholesterol-HDL-C ratio- are reported. All 5
must be interpreted by the physician and
understood by the patient’®. On the other
hand, in the routine clinical setting LDL-C is
most  often  calculated from  multiple
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parameters, usually using the Friedwald’s
formula. This approach is inherently subject to
compound errors for the LDL-C values and is
especially problematic in the low range of
LDL-C?'. According to Scharnagl et al.?’LDL-C
calculations are frequently inaccurate at levels
<3 mmol/L (116mg/dl) and can result in
clinical misjudgment. Furthermore,
measurements are not standardized and LDL-
C cannot be calculated in subjects with TG
levels above 4.5 mmol/L (399 mg/dl). Given
that the present system is far from ideal,
should we not consider modifying it?
Requiring the necessity for more complicated
analysis, several authors showed correlation
between apoproteins and corresponding
lipoproteins which are shown to be
atherogenic and also suggested that
apoproteins are better markers over
corresponding  lipoproteins. The  other
advantages described in using the precision
with which they can be determined and the
fact that they are not influenced by a meal and
are especially useful during analysis of a
patient whose fasting status is in question?®>.

CAD without DM (CAD-DM)

In our study CAD patients without DM in
comparison to controls showed significant
increase in levels of apo B/A-I & apoB and
decrease in apoA-l, whereas TC, LDL-C, TG,
TC/HDL-C showed increased values that are
not statistically significant. Several authors
have reported increases in apo B
concentrations in CAD patients®* 2% 20 & 27,
Some studies have shown that increases in
small dense LDL concentrations (more
atherogenic and contain less cholesterol than
normal LDL particles) are reflected by a more
pronounced elevation of apoB rather than
LDL-C levels?®. In our study also statistically
significant increase in apoB was seen in CAD
subjects rather than increase in LDL-c,
indicating that there is only one apoB
molecule per LDL particle and which explains
the role of apolipoproteinB in pathogenesis
and was a better index of the high risk
phenotype for CAD. The measurement of
apolipoproteinB and A-l would provide an
early indication of the risk of CAD which
otherwise may be missed if the concentrations
of LDL-C and HDL-C only are measured.
Therefore, estimates of these apolipoproteins

may be superior in identifying the high risk for
CAD.

Our results also showed that apoB/A-I ratio
has shown more significant increase in CAD
than any other parameters tested. From the
literature available some authors have shown
significant increases of apoB/A-I ratio in CAD
patients and that it is the better marker of all

ggg g?arkers tested for association with CAD?*

CAD with DM (CAD-DM")

In our study, traditional lipid parameters (i.e.
TC, TG and LDL-C) and apoB were
significantly increased in CAD with patients as
compared to controls (p<0.001) [Table1],
which is in accordance with previous studies
byWagner AM et al (1999)*?, Walldius G et al.
(2001)* and John HC et al (2009)**. In our
study apoB was found to be significantly
higher in CAD with DM when compared to
those without DM and control subjects. These
observations coincide with the findings of
several studies related to coronary artery
disease®> * % 3 The elevated CAD risk
affecting patients with Type Il diabetes may be
attributed to a combined dyslipidemia
characterized by elevated triglycerides,
elevated triglyceride rich remnant
lipoproteins(TGRLP), elevated apolipoprotein
(ApoB) and low levels of HDL cholesterol, with
a predominance of small, dense low density
lipoprotein(sLDL) particles®®. The present
study has shown that LDL-C level was
significantly elevated in subjects with CAD &
diabetes when compared to the CAD & non-
diabetics and normal controls. Clinical studies
have shown an increased level of AGEs on
LDL obtained from diabetics compared with
normal individuals®® & “°. Glycosylation of
ApoB results in a significant impairment of
LDL-receptor-mediated uptake decreasingthe
in vivo clearance of LDL*'. In diabetes, in
addition to hypercholesterolemia, low HDL-C,
hypertriglyceridemia, hyper apoB appeared to
be better index for evaluating CAD risk>®. The
prospective Quebec study also showed a
strong association of apoB levels with CAD
risk than the levels of TG or cholesterol. It was
also seen that diabetes per se increased the
apoB concentrations*?. However it was also
observed that decrease in apoA-l levels was
more significant than the decrease in HDL
level. The decrease in HDL and apoA-l is due
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to impaired VLDL lipolysis, increased activity
of hepatic lipase which increases the rate of
HDL-C clearance and altered composition of
HDL-C  which includes non-enzymatic
glycosylation®>.  Glycation modification of
apoA-l contributes to the development and
progression of atherosclerotic lesions in
diabetic patients, besides low apoA-I levels**.

Risk predictors for CAD in subjects with
and without DM

ROC analysis between CAD-DM" and controls
(Figure 1) for the lipid fractions and
apolipoproteins, showed maximum AUC for
apoB/A-l1 (0.9975) and apoB (0.9925). The
AUC for LDL-C (0.8425), TC/HDL-C (0.7913)
are lesser than apo B/A-l. AUC (Figure 1V)
between CAD-DM" and controls for the
apoB/A-l (0.81) is maximum compared to apo
B (0.6575), LDL-C (0.6313) and TC/HDL-C
(0.5613). This suggests that apoB/A-l is a
better predictor of risk assessment in both the
groups of patients whereas TC/HDL-C is a
poor predictor. ROC analysis of these data
indicates that apoB/A-I ratio has high accuracy
in identifying clinically important degrees of
CAD in patients. Accuracy, as reflected in the
areasunder the ROC curves, was higher for
apolipoproteinsthan for lipids. When compared
with  conventional lipid measurements,
apolipoprotein determinations seem to yield
better ROC curves with larger areas under the
curves. The diagnostic accuracy is the highest
for apoB/A-I ratio. As apoB and apoA-| appear

REFERENCES

1. Rajeev Gupta, KD Gupta. Coronary
Heart Disease in Low Socioeconomic
Status Subjects in India:" An Evolving
Epidemic" Indian Heart J. 61:358-367,

(2009).
2. Meenakshi Sharma, Nirmal Kumar
Ganguly. Premature coronary artery

disease in Indians and its associated risk
factors. Vascular Health and Risk
Management, 1(3) 217-225, (2005).

3. Prof. K.M. Prasanna Kumar,
pathogenesis of dyslipidaemia in
diabetes.http://www.diabetesindia.com/di
abetes/pathogenesis.html.

4. Shashank R Joshi, Rakesh M Parikh
India - Diabetes Capital of the World:

to have opposing effects on atherogenic risk,
the ratio between the two, indicating the
balance between potentially atherogenic
versus  athero-protective  cholesterol-rich
particles, may be a more useful measure of
risk than either parameter alone.

CONCLUSION

In this study we report the association of
plasma apoA-l, apo-B and ratio of apoB /A-I
with CAD. Ratio of apoB/A-l and apoB are
superior to the "traditional lipids" like TC, LDL-
C, HDL-C, and TGs in predicting the presence
or absence of CAD. Apolipoproteins ratio gave
additional information for normolipidemic
patients. It has been suggested that
measurement of Apo B and Apo A-l could
significantly improve the assessment of
cardiovascular risk, especially in patients
without elevated LDL-C, and these markers
should be included in revisions to the
international guidelines for lipid-modifying
treatment. Thus, instead of having to measure
TC, TG, LDL-C, HDL-C and lipid ratios as
recommended by ATP Il guidelines, it may
suffice to measure apoB/A-l, to effectively
evaluate cardiac risk. In addition, apoB/A-I
was found to be superior to traditional lipid
markers in CAD not associated with DM.

Conflict of Interest
Conflict of interest declared none.

Now Heading Towards Hypertension
JAPI « VOL. 55 « MAY, (2007).

5. Fox, C. S, Coady, S, Sorlie, P. D, Levy,
D, Meigs, J. B, Agostino, D & Sr, R. B.
Wilson PWF, Savage PJ. Trends in
cardiovascular complications of diabetes.
JAMA, 292, 2495-2499, (2004).

6. Kannel WB, Castelli WP, Gordon T.
Review Cholesterol in the prediction of
atherosclerotic disease. New
perspectives based on the Framingham
study. Ann Intern Med.; 90(1):85-91. Jan,
(1979).

7. Walldius G, Jungner |, Holme |, Aastveit
A, Kolar W, Steiner E. High
apolipoprotein B, low apolipoprotein A-l,
and improvement in the prediction of fatal

This article can be downloaded from www.ijpbs.net
B -1068



10.

11.

12.

13.

14.

15.

16.

Int J Pharm Bio Sci 2014 Oct; 5(4): (B) 1062 - 1071

myocardial infarction (AMORIS study): a
prospective study. Lancet; 358:2026-33,
(2001).

Walldius G, Jungner. Apolipoprotein B
and apolipoprotein A-l: risk indicators of
coronary heart disease and targets for
lipid-modifying therapy. |.J Intern Med.,
Feb; 255(2):188-205, (2004).

Kim A. Eagle, Robert A. Guyton, Ravin
Davidoff, Gordon A. Ewy, James Fonger,
Timothy J. ACC/AHA Guidelines for
Coronary Artery Bypass Graft Surgery:
Association Task Force on Practice
Guidelines. Circulation, 100: 1464-1480,
(1999).

American Diabetes Association.
Screening For Diabetes, Diabetes Care:
Volume 25, Supplement 1, January
(2002).

Rifai Nader, Ph. D., Paul S. Bachorik,
Ph.D., and John.J. Albers, Ph.D., Lipids,
Lipoproteins and Apolipoproteins. In: Carl
A, Burtis Edward R.Ashwood, (3 ed),
Tietz Text book of clinical chemistry,
W.B.Saunders, Philadelphia, 1998, pp
.809 — 861.

Brown MS, Goldstein JL. A receptor-

mediated pathway for cholesterol
homeostasis. Science; 232:34-47,
(1986).

Executive Summary of the Third Report
of the National Cholesterol Education
Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult
Treatment Panel Ill). JAMA; 285(19):
2486-97, May 16 (2001).

Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult
Treatment Panel [ll) final report.
Circulation; 106(25):3143-421,
December 17, (2002).

Smith SC, Jr.,Allen J, Blair SN et al.
AHA/ACC guidelines for secondary
prevention for patients with coronary and
other atherosclerotic vascular disease:
2006 update: endorsed by the National

Heart, Lung, and Blood Institute.
Circulation; 113(19):2363-72, May 16,
(2006).

Baigent C, Keech A, Kearney PM et al.
Efficacy and safety of cholesterol-

18.

19.

20.

21.

22.

23.

24.

lowering treatment: prospective meta-
analysis of data from 90,056 participants
in 14 randomised trials of statins. Lancet;
366(9493):1267-78, October 8, (2005).

Cannon CP, Steinberg BA, Murphy SA,
Mega JL, Braunwald E. Meta-analysis of

cardiovascular outcomes trials
comparing intensive versus moderate
statin therapy. J Am Coll Cardiol;

48(3):438-45, August 1, (2006).

Fletcher GF, Bufalino V, Costa F et al.
Efficacy of drug therapy in the secondary
prevention of cardiovascular disease and
stroke. Am J Cardiol; 99(6C): 1E-35E,
March 27, (2007).

Sathanur R. Srinivasan and Gerald S.
Berenson’ Serum Apolipoproteins A-l
and B as Markers of Coronary Artery
Disease Risk in Early Life: The Bogalusa
Heart Study. CLIN.CHEM. 41/1, 159-164
# {149} NACB Symposium, (1995).

Allan D. Sniderman, Jean Bergeron, Jiri
Frohlich  Apolipoprotein B  versus
lipoprotein lipids: vital lessons from the
AFCAPS/TexCAPS trial, CMAJ; 164(1):
44-47, Jan 9, (2001).

Paul S. Jellinger, MD, MACE; Donald A.
Smith, MD, FACE; Adi E. Mehta, MD,
FRCP(C), FACE; Om Ganda, MD,
FACE; AACE Guide lines, Endocrine
Practice vol 18(Suppl 1) March/April
(2012).

Scharnagl H1, Nauck M, Wieland H,
Marz W. The Friedwald’s formula
underestimates LDL cholesterol at low
concentrations. ClinChem Lab Med;
39(5):426-431, May, 2001.

Walldius G1, Jungner |, Aastveit AH,
Holme |, Furberg CD, Sniderman AD.
The apoB/apoA-I ratio is better than the
cholesterol ratios to estimate the balance
between plasma proatherogenic and
antiatherogenic lipoproteins and to
predict coronary risk. ClinChem Lab
Med; 42(12):1355-63, (2004).

H. TinekeWesterveld, Jeanine E. Roeters
van Lennep, Henk W.O. Roeters van
Lennep, An-Ho Liem,Job A.J. de Boo,
Yvonne T. van der Schouw, D. Willem
Erkelens. Apolipoprotein B and Coronary
Artery Disease in Women A Cross-
sectional Study in Women Undergoing
Their First Coronary Angiography.

This article can be downloaded from www.ijpbs.net
B -1069



25.

26.

27.

28.

29.

30.

31.

32.

Int J Pharm Bio Sci 2014 Oct; 5(4): (B) 1062 - 1071

Arterioscler Thromb Vasc Biol; 18:1101-
1107 (1998).

John HC, McConnell PP, Sethi AA,
Csako G et al: Apolipoprotein B and
Cardiovascular Disease Risk: Position
Statement from the AACC Lipoproteins
and Vascular Diseases Division Working
Group on Best Practices. Clinical
Chemistry; 55:407-419, (2009).

Gloria Lena Vega and Scott M. Grundy
Comparison of apolipoprotein B to
cholesterol in low density lipoproteins of
patients with coronary heart disease.
Journal of Lipid Research Volume 25,
(1984).

Rafael Carmena, MD; Patrick Duriez,
PhD; Jean-Charles Fruchart, PhD.
Atherogenic Lipoprotein Particles in
Atherosclerosis. Circulation; 109[suppl
[1]: -2—I11-7, (2004).

Hem Kumar Tamang, UddhavTimilsina
and Chandika Dahal Apo B/Apo A-l Ratio
is Statistically A Better Predictor of
Cardiovascular Disease (CVD) than
Conventional Lipid Profile: A Study from
Kathmandu Valley, Nepal, J ClinDiagn
Res; 8(2): 34-36, Feb (2014).

Thompson A, Danesh J.
Review Associations between
apolipoprotein B, apolipoprotein Al, the
apolipoprotein B/Al ratio and coronary
heart disease: a literature-based meta-
analysis of prospective studies. J Intern
Med; 259(5):481-92, May, (2006).
Meisinger C, Loewel H, Mraz W, Koenig
W. Prognostic value of apolipoprotein B
and A-l in the prediction of myocardial
infarction in middle-aged men and
women: results from the MONICA/KORA
Augsburg cohort study. Eur Heart J;
26(3):271-8 Feb, (2005).

Dawar R, Gurtoo A, Singh R. Apo B/

Apo A1 ratio is statistically the best
predictor of Myocardial Infarction
compared to other lipid

ratios. IJPBS,1(2), (2010).

Wagner AM, Perez A, Calvo F, Banet R,
Castellvi A et al: Apolipoprotein B
identifies dyslipidemic phenotypes
associated with cardiovascular risk in
normocholesterolemic Type 2 Diabetic
patients. Diabetes Care, 22(5): 812-7,
May, (1999).

33.

34.

35.

36.

37.

38.

39.

40.

41.

Walldius G, Jungner |, Holme |, et al:
High Apolipoprotein B, low apolipoprotein
A-l, and improvement in the prediction of
fatal myocardial infarction (AMORIS
study): a prospective study. Lancet; 358:
2026-33, (2001).

John HC, McConnell PP, Sethi AA,
Csako G et al: Apolipoprotein B and
Cardiovascular Disease Risk: Position
Statement from the AACC Lipoproteins
and Vascular Diseases Division Working
Group on Best Practices. Clinical
Chemistry; 55:407-419, (2009).
Dhastagir Sultan Sheriff, Sachu P. and
Elshaari F.A. HDL, apo B/apo A1 ratio,
Diabetes Mellitus and Cardiovascular
Disease. http://dx.doi.org/10.5772/56476.
Snehalatha C, Ramachandran A,
Sivasankari S, Satyavani K, Viswanathan
V, Misra J, Girinath MR, Sathyamurthy I.
Is increased apolipoprotein B-A major
factor enhancing the risk of coronary
artery disease in type 2 diabetes? J
Assoc Physicians India. 50:1036-8, Aug
(2002).

N.S. Dange, Abhay Nagdeote, kedar
Deshpande. Serum apolipoprotein Al &
B, lipoproteins, lipids levels in Indian
patients with angiographically defined
coronary artery disease. IJPBS |Volume
1| Issue 3, 255-264 |JULY-SEPT (2011).
Chih-yuanwang and Tien-Chun Chang
Non-HDL cholesterol level is reliable to
be an early predictor for vascular
inflammation in type 2 diabetes mellitus.
J of Clin. En-docrinol. Met.,89(9), 4762-
4767, (2004).

Bucala R, Makita Z, Koschinsky T,
Cerami A, Vlassara H: Lipid advanced
glycosylation: pathway for lipid oxidation
in vivo. ProcNatlAcadSci USA, 90:6434-
6438, (1993).

Bucala R, Makita Z, Vega G, Grundy S,
Koschinsky T, Cerami A, Vlassara H:
Modification of low density lipoprotein by
advanced glycation end products
contributes to the dyslipidemia of

diabetes and renal insufficiency.
ProcNatlAcadSci USA, 91:9441-9445
(1994).

Steinbrecher UP, Witztum JL:
Glucosylation of low-density lipoproteins
to an extent comparable to that seen in

This article can be downloaded from www.ijpbs.net
B-1070



42.

43.

Int J Pharm Bio Sci 2014 Oct; 5(4): (B) 1062 - 1071

diabetes  slows their  catabolism.
Diabetes, 33:130-134, (1984).

Lamarche B, Moorjani S, Lupien PJ et
al. Apolipoprotein A-l and B levels and
the risk of ischemic heart disease during
a five-year follow-up of men in the
Quebec cardiovascular study. Circulation
1; 94(3):273-8, August, (1996).

Sacks FM, Pfeffer MA, Moye LA et al.
The effect of pravastin on coronary

events after myocardial infarction in

44.

patients with average cholesterol levels.
Cholesterol and recurrent Events Trial
Investigators. N Engl J Med; 335: 1001-
9, (1996).

Li Jin Pu, Lin Lu, Rui Yan Zhang, Run
Du,YingShen,Qi Zhang, Zheng Kun
Yang, Qiu Jing Chen, Wei FengShen,
Glycation of Apoprotein A-l Is Associated
With Coronary Artery Plaque,
Progression in Type 2 Diabetic Patients,
Diabetes Care 36:1312—-1320, (2013).

This article can be downloaded from www.ijpbs.net
B-1071



