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Abstract

for predicting the risk of having coronary event. The atherogenic index of plasma, is a
strongly emerging index that is now fulfilling the criteria to be used as a standalone
index for cardiac risk stratification.
Objectives: To find out whether the atherogenic index of plasma, was superior to the
conventional daily used atherogenic indices in predicting cardiac risk.
Subjects and methods: A case-control study in which 119 males with an age range of (43-
68) years and with acute myocardial infarction together with 97, apparently healthy males of
matched age were enrolled. For each participant, a fasting lipid profile done and the
following atherogenic indices were calculated: (total cholesterol / high-density lipoproteins),
(high-density lipoproteins / low-density lipoproteins), (low-density lipoproteins / high-density
lipoproteins), and the (atherogenic index of plasma). The indices were compared in both
groups and then in the patients group to figure out which index has yielded the highest
sensitivity in predicting the risk of having coronary artery disease.
Results
= All of the atherogenic indices were found to be significantly different upon comparing
these indices in both patients and control groups. Where the P value was (0.0001) for
(TC/HDL), (HDL/LDL), and (AIP); and it was (0.0026) for (LDL/HDL).
= AIP was found to have the highest sensitivity for predicting atherogenicity among the
other atherogenic indices with a value of 84% versus 68%, 73%, and 76% for
(TC/HDL), (HDL/LDL) and (LDL/HDL) ratios respectively.
Conclusions: The AIP was a superior index for predicting the coronary arterial disease when
compared to the most commonly used indices of atherogenicity in every day practice.
Keywords: Atherogenic index of plasma, Coronary heart disease, Atherogenic indices.

B ackground: Several indices had been derived from lipid profiles to establish an index
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Introduction

Despite  considerable advances that
happened during the past decades, there is
increasing awareness among scientists,
epidemiologists, and clinicians that current
approaches to evaluation of coronary heart
disease (CHD) risk in asymptomatic
individuals remain suboptimal ™. There is
also controversy around recommending
widespread use of additional metabolic
markers, such as apolipoprotein (APO)
levels, indices of fibrinolytic activity and
of susceptibility to thrombosis (e.g.,
plasminogen activator inhibitor-1 and
lipoprotein[a]  levels), markers  of
inflammation (e.g., C-reactive protein
levels), and markers of insulin resistance
(waist circumference and fasting insulin
levels). Although all of these markers have
been shown to predict CHD events,
whether these variables contribute to CHD
risk independently of the variation in
traditional risk factors and lipid variables
remains a matter of debate. Regarding the
traditional fasting plasma lipid profile
(triglycerides [TGs], total cholesterol [TC],
low-density lipoprotein cholesterol [LDL]
[which is most often calculated rather than
measured directly], and high-density
lipoprotein cholesterol [HDL]), there is no
universal acceptance of how this
information  should be used and
interpreted, although several consensus
documents have been produced ©©.
Because there is overwhelming evidence
that an elevated LDL concentration in
plasma is atherogenic @ ® \hereas a
high HDL level is cardioprotective ©*Y,
the measurement and interpretation of
LDL and HDL levels is emphasized in the
US National Cholesterol Education
Program (NCEP) guidelines . According
to these guidelines, LDL concentration
should be considered the primary
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therapeutic target, whereas HDL levels
may also be critical in the assessment of
CHD risk. Thus, because TG levels are
ignored in the National Cholesterol
Education Program algorithm (NCEP), the
clinician is left with LDL and HDL levels
to assess risk while considering the
presence or absence of other important risk
factors, such as family history of early
CHD, age, smoking, hypertension,
diabetes mellitus, low physical activity,
and obesity. On this basis, the LDL/HDL
ratio is often calculated to estimate CHD
risk. Results of prospective studies 22"
) have suggested that a high LDL/HDL
ratio combined with hypertriglyceridemia
is associated with highest CHD risk. Thus,
algorithms have been produced showing
that an elevated LDL/HDL ratio combined
with elevated TG is associated with high
CHD risk. This dyslipidemic state (lipid
triad) has been described as atherogenic
dyslipidemia. ¥ This approach was
further simplified by using the TC/HDL
ratio. Because there is more cholesterol in
the very LDL (VLDL) fraction in
individuals with elevated TG
concentrations, the LDL/HDL ratio may
underestimate the magnitude of the
dyslipidemic state in these patients. On
that basis, there was a proposal that the
high prevalence of moderate
hypertriglyceridemia among patients with
CHD explains why the TC/ HDL ratio was
the best till now established predictor of
ischemic heart disease (IHD) risk in
(sl%/eral observational prospective studies.

Therefore, the objective of this study
was to present evidence that supports the
notion that the Atherogenic Index of
Plasma (AIP) ratio may be a better and
simpler cumulative marker of the presence
of atherogenic dyslipidemia and of
increased IHD risk than the classical
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cholesterol ratios since it takes in count the
underestimated role of triglycerides in the
process of atherogenisity. It is now
generally accepted that both elevated
levels of non-high-density lipoprotein
cholesterol and low (HDL) concentrations
may promote the development of
atherosclerosis. This is supported by data
from the Framingham study, ™® which
showed that as the ratio of total
cholesterol/HDL (TC/HDL) increases, so
does the risk of coronary heart disease
(CHD). In populations with low CHD
incidences, average values of TC/HDL are
below 4.0. TC/HDL ratio is a superior
measure of CHD risk than non-HDL
cholesterol. It captures the protective effect
of HDL cholesterol as well as the harmful
effects of non-HDL cholesterol. ®” The
current NCEP guidelines recommend
levels of LDL and HDL that represent a
ratio of about 2.5 ®®. Current researches
suggest risk of death from cardiovascular
disease begins to increase significantly
around a ratio of 3.3-3.7 ™. The existing
focus on LDL as the primary culprit in
atherogenesis may divert attention from
the more efficient lipid profile of
LDL/HDL. The LDL/HDL ratio reflects
the two-way traffic of cholesterol entering
and leaving the arterial intima in a way
that the individual levels of LDL and HDL
do not ®. The HDL/LDL ratio looks at
the ratio of good cholesterol (HDL) to bad
cholesterol (LDL). The ratio is determined
by dividing the HDL cholesterol into the
LDL cholesterol. For example, if a person
has HDL cholesterol of 50 mg/dL and
LDL cholesterol of 150 mg/dL, the
HDL/LDL ratio would be 0.33. The goal is
to keep the HDL/LDL ratio above 0.3,
with the ideal HDL/LDL ratio being above
0.4. ®D The atherogenic index of plasma
was established in an attempt to predict
cardiovascular risk. AIP is based on the
ratio of the values of triglycerides to high-
density lipoprotein (HDL) levels, and is
calculated according to the following
formula (AIP=Log [TGs]/ [HDL]) where
both of them are measured in the plasma
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and are expressed in molar concentration.
When placed into the scope of AIP, both
the triglycerides and the HDL refer to the
true relationship of atherogenic lipids to
protective  lipids. The AIP  has
demonstrated cardiovascular risk in several
clinical trials the optimal value for AIP
should be less than 0.1. ¢?

Subjects and Methods

This was a case-control observational
study that involved the enrollment of 119
male patients with an established diagnosis
of acute myocardial infarction (AMI)
admitted to the CCU of Al-Hussein
general hospital/ Kerbala/ Iraq, during the
period from the 1st of October 2008 to the
30" of March 2009. Ninety-seven
apparently healthy subjects were also
included in this study as a control group.
Any patient with one or more of the below
criteria was excluded from the study:

1- Triglycerides level of greater than

399 mg/dl.

2- Failure to fast lipid free diet for

more than 8 hours.

3- Taking any kind of lipid lowering

therapy prior to admission.

After participants had fasted for 8-12
hours, blood samples were collected from
the median cubital vein while participants
were sitting or reclining. A tourniquet was
used, but it was released just before the
withdrawal of blood into a sterile light
green top PST "Plasma Separator Tube"
where the interior of the tube is coated
with sodium heparin as anticoagulant.
Plasma was separated from blood by
centrifugation at 3000 RPM for 5 minutes
and stored frozen at —20° C and the
analysis was carried out within one week
of sample collection. Plasma TC, HDL,
and TG concentrations were determined
using Aquarius CE 7500 analyzer by Cecil
Instruments Ltd. Milton Technical Centre,
Cambridge, England. Total cholesterol was
measured using established enzymatic
methods of Allain et al ©®® with the
Randox cholesterol kit (Randox England).
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HDL was estimated by HDL precipitant
method ©¥. Triglyceride was assessed
enzymatically . LDL was calculated
using the Friedewald formula ©®. VLDL
was calculated based on the formula
VLDL=TG/2.2 @), Lipid profiling was
conducted on samples that were obtained
during the first 24 hours of admission to
avoid the erroneous results that come from
the fact that 24 hours after AMI, serum or
plasma levels of cholesterols and
triglycerides alter significantly and they
may take several weeks to revert to normal
levels ®®. The principle of the method for
measuring total cholesterol involves the
use of three enzymes: Cholesterol Esterase
(CE), Cholesterol Oxidase (CO) and
Peroxidase (POD). In the presence of the
former the mixture of phenol and 4-
aminoantipyrine (4-AA) are condensed by
hydrogen peroxide to form a quinoneimine
dye the intensity of which is proportional
to the concentration of cholesterol in the
sample @The HDL measuring technique
uses a separation method based on the
selective precipitation of apoliprotein B-
containing lipoproteins, namely, (VLDL,
LDL and (a) Lpa) by the use of
phosphotungstic acid/MgCl,, then the
sedimentation of the precipitant by
centrifugation and subsequent enzymatic
analysis of HDL, as it will be the only
residual cholesterol remaining in the clear
supernatant. ®¥  The principle of the
method for measurement of triglyceride is
that sample triglycerides incubated with
lipoprotein lipase (LPL), liberate glycerol
and free fatty acids. Glycerol is converted
to glycerol-3-phosphate  (G3P) and
adenosine-5-diphosphate (ADP) by
glycerol kinase and ATP Glycerol-3-
phosphate is then converted by glycerol
phosphate  dehydrogenase (GPO) to
dihydroxyacetone phosphate (DAP) and
hydrogen peroxide (H20,). In the last
reaction, hydrogen peroxide reacts with 4-
aminophenazone (4-AP) and p-
Chlorophenol in  the presence of
peroxidase (POD) to give red colored dye
the intensity of which is proportional to the
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triglycerides concentration in the sample.
@5 The LDL concentration was estimated
using the equation of Friedewald et al ®®
because men with TG concentrations
greater than 399 mg/dL (4.5 mmol/L) were
excluded from the analyses since this
equation is not applicable in those with TG
levels greater than 400 mg/dl.

Statistical analysis

Statistical analysis was performed by using
the least significant differences (LSD) post
Hoc test to identify the group (S)
responsible for statistical differences
following student paired t-test, utilizing
(SPSS version-16) and (Excel-2010)
softwares. All values were expressed as
Mean + SD. Results with P value of less
than 0.05 considered to be statistically
significant.

Results

Table-1 gives the baseline characteristics
of the 115 male patients with AMI
compared with those of the 97 healthy
subjects control group. Overall, the
patients group was characterized by an
unfavorable metabolic profile compared
with men of the control group.

After comparing patients with the
controls and establishing the abnormality
in lipid profiles and atherogenic indices
between both groups, the indices of the
patients themselves were compared with
each other and accordingly, the results are
shown in table-2.

Discussion and conclusions

The results of this study showed that the
patients had abnormal lipid profiles when
compared to the controls as shown in
table-1 where the TC, LDL-C and TGs
were all significantly higher in patients
than controls group with a (p value <
0.0001, and the HDL-C was significantly
lower (p value < 0.0001). Likewise, the
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atherogenic indices were found to be for (LDL/HDL). These abnormalities in
significantly different in the patients group the patient’s lipid profiles probably,
with (P value < 0.0001) for (TC/HDL), contributed to the development of CHD.

(HDL/LDL), and (AIP); and of (0.0026)

Table 1. the results of comparison of different parameters between both patients and
control groups

Variable Patients (n=119) Controls (n=97) P value §
Age 57+ 6 56 + 2 0.0771
Total cholesterol 214.4 + 43.83 192.32 + 45.18 < 0.0001
HDL 42.33 £ 16.93 5392+ 11.2 <0.0001
LDL 130.22 + 42.35 87.95 + 32.33 <0.0001
Triglycerides (TG) 211.18 + 93.63 123.46 + 54.4 <0.0001
Total cholesterol/HDL 5.73 +2.34 3.81 + 1.68 < 0.0001
ratio

HDL/LDL ratio 0.21+0.11 0.41 + 0.09 <0.0001
LDL/HDL ratio 459 +1.89 2.96 + 1.35 0.0026
AlP 0.33+0.25 09 + 0.18 <0.0001

- All values are expressed as mean + standard deviation unless mentioned elsewise.
- 7 P value of 0.05 or less considered to be statistically significant.

Table 2. the comparisons of both sensitivity and specificity among
different atherogenic indices

Index Sensitivity Specificity C.I. of sensitivity

Lower limit Upper limit
TC/HDL 0.68 0.98 0.61 0.75
HDL/LDL 0.73 0.99 0.65 0.80
LDL/HDL 0.76 0.99 0.68 0.82
AlP 0.84 0.99 0.76 0.89

100%
90%
80%

70%
60% -
50% -
4 0,
IR o, 7 - -
o ]
20% -
10%
0% -

TC/HDL HDL/LDL LDL/HDL

Figure 1. the respective sensitivity of each index for correlating with AMI.

These observations are compatible with the other three atherogenic indices where
those of other studies where abnormal lipid its value of sensitivity was 84% versus
profile were observed in CHD cases and is 68%, 73%, and 76% for total
regarded as independent risk factors in the cholesterol/HDL, HDL/LDL and
patho-mechanism of atherogenesis . The LDL/HDL ratios respectively as illustrated
study also showed that AIP resulted in the in figure-1. These results are consistent
highest sensitivity when compared with with those of Gaziano et al reported that
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"the ratio of triglycerides to HDL was a
strong predictor of myocardial infarction”
B0 Isolated elevation in triglycerides
increases CHD risk, but its effect can be
counteracted by the levels of HDL-C @Y,
The atherogenic index of plasma been
successfully used as an additional index
when assessing cardiovascular (CV) risk
factors 233 Indeed, it has been suggested
that AIP wvalues of —0.3 to 0.1 are
associated with low, 0.1 to 0.24 with
medium and above 0.24 with high CV risk
3% and thus according to the findings of
this study, male patients were are at a high
risk of developing CHD. It has been
demonstrated that the development of
CHD is a function of the particle size of
LDL-C and HDL-C, with the small
particle size exhibiting great atherogenic

potential . Indeed,  cholesterol
etherification rate in HDL-C plasma
(FERupL) has a strong relationship

between lipoprotein particle sizes and thus
can be considered as a functional risk
marker for CHD ©* *3_ More recently,
researchers have shown that the
logarithmically transformed TG/HDL-C
ratio is the best determinant for (FERup.)
and thus a better predictor of
cardiovascular risk than other previously
used lipid parameters ©®. Furthermore, in
situations where other atherogenic risk
parameters appear normal, AIP may be the
diagnostic  alternative  ©”.This  study
concludes that atherogenic index of plasma
was an index of highest sensitivity for
predicting the acute coronary events and
combined with the fact that it is available
and easy to calculate candidates it as a
better screening tool for evaluating the
cardiac risk and therefore it is
recommended that

1- AIP is recommended to be used as a
predictor of CHD.

It should be used as a monitoring index
for any lipid lowering intervention.
Further studies required to improve
these results in a larger sample size and
correlating AIP with angiographically
proven CHD.

2-

3-

1511

References

1-

12-

Superko HR. The new thinking on lipids and
coronary artery disease. Curr Opin Cardiol.
1997;12:180-187.

Assmann G, Cullen P, Jossa F, Lewis B,
Mancini M, for the International Task Force
for the Prevention of Coronary Heart Disease.
Coronary heart disease: reducing the risk: the
scientific  background to primary and
secondary prevention of coronary heart
disease: a worldwide view. Arterioscler
Thromb Vasc Biol. 1999;19:1819-1824.

Final report: Canadian Consensus Conference
on the prevention of heart and vascular disease
by altering serum cholesterol and lipoprotein
risk factors. CMAJ. 1988;139:1-8.

National Cholesterol Education Program.
Second report of the Expert Panel on
Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults (Adult Treatment
Panel 11). Circulation. 1994;89:1329-1445.
Wood D, Durrington P, Poulter N, Mclnnes G,
Rees A, Wray R. Joint British
recommendations on prevention of coronary
heart disease in clinical practice. Heart.
1998;80:S1-S29.

Fodor JG, Frohlich JJ, Genest JJ Jr, McPherson
PR. Recommendations for the management
and treatment of dyslipidemia: report of the
Working Group on Hyper- cholesterolemia and
Other Dyslipidemias. CMAJ. 2000;162:1441-
1447,

Kannel WB, Neaton JD, Wenworth D, et al.
Overall and coronary heart disease mortality
rates in relation to major risk factors in
325,348 men screened for the MRFIT. Am
Heart J. 1986;112:825-836.

Castelli WP, Garrison RJ, Wilson PWEF,
Abbott RD, Kalousdian S, Kannel WB.
Incidence of coronary heart disease and
lipoprotein cholesterol levels: the Framing-
ham Study. JAMA. 2006;256:2835-2838.
Gordon T, Castelli WP, Hjortland MC, Kannel
WB, Dawber TR. High density lipoprotein as
a protective factor against coronary heart
disease: the Framing- ham study. Am J Med.
1977;62:707-714.

Miller GJ, Miller NE. Plasma high density
lipoprotein concentration and development of
ischaemic heart disease. Lancet. 1977;1:16-18.
Assmann G, Schulte H, Funke H, von
Eckardstein A. The emergence of triglycerides
as a significant independent risk factor in
coronary artery disease. Eur Heart J. 2008;19
(suppl M):M8-M14.

Assmann G, Schulte H, Funke H, von
Eckardstein A. The emergence of triglycerides
as a significant independent risk factor in

Karbala J. Med. VVol.6, No.1, June, 2013



Atherogenic Index of Plasma (AIP).....

Mudhaffar Sami Khazadl

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

24-

coronary artery disease. Eur Heart J.
1998;19(suppl M):M8-M14.

Manninen V, Tenkanen L, Koshinen P, et al.
Joint effects of serum triglyceride and LDL
cholesterol and HDL cholesterol
concentrations on coronary heart disease risk
in the Helsinki Heart Study: implications for
treatment. Circulation. 2002;85:37-45.

Grundy SM. Small LDL, atherogenic
dyslipidemia, and the metabolic syndrome.
Circulation. 1997;95:1-4.

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.
2010;94:273-278.

Kannel WB. Status of risk factors and their
consideration in antihypertensive therapy. Am
J Cardiol. 2007;59:80A-90A.

R. J. Stevens, R. L. Coleman, B. L. Shine, R.
R. Holman. Could non-HDL cholesterol
replace total/HDL cholesterol ratio to estimate
coronary heart disease risk in the UKPDS risk
engine? Diabetologia (2004); 47: Suppl 1:
A61.

Lemieux S, Prud’homme D, Bouchard C,
Tremblay A, Despre’s JP. A single threshold
value of waist girth identifies normal-weight
and overweight subjects with excess visceral
adipose tissue. Am J Clin Nutr. 2008;64:685-
693.

Gillum RF, Fortmann SP, Prineas RJ, Kottke
TE. International diagnostic criteria for acute
myocardial infarction and acute stroke. Am
Heart J. 1984;108:150-158.

Dagenais GR, Robitaille NM, Lupien PJ, et al.
First coronary heart disease event rates in

relation to major risk factors: Québec
Cardiovascular  Study. Can J Cardiol.
2009;6:274-280.

American Heart Association. Cholesterol

Statistics from National Health and Nutrition
Examination Survey (NHANES), 1999-2009.
Dobiasova M, Frohlich J. The plasma
parameter log (TG/HDL) as an atherogenic
index: correlation with lipoprotein particle size
and esterification rate in apoB-lipoprotein-
depleted plasma (FER HDL). Clinical
Biochemistry 34: 583-588 2001. Frohlich J.,
DobiaSova M. Fractional esterification rate of
cholesterol and ratio of triglycerides to HDL
cholesterol are powerful predictors of positive
findings on coronary angiography. Clin Chem
2008; 49: (11) 1873-1880.

Allain CC, Poon LS, Chan CSG et al. (1974)
Clin Chem 20 : 470.

Bachorik PS, Albers JJ: Precipitation methods
for quantification of lipoproteins. In: Methods
in Enzymology, Albers JJ and Segrest JP (eds),

1512

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

35-

36-

Academic Press, Orlando, 1996; Vol 129 (Part
B), pp 78100.

Cole TG, Klotzsch SG, McNamara JR.
Measurement of Triglyceride Concentration,
ibid 2009 pp 115-126.

Friedewald WT, Levy RI, Fredrickson DS:
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use
of the preparative ultracentrifuge.

Crook MA. Clinical Chemistry and Metabolic
Medicine. 7th edition. Edwarld Arnold
publishers Ltd; 2006. Plasma lipids and
Lipoproteins; pp. 198-213.

M. Sewdarsen, S. Vythilingum, I. Jialal, and R.
Nadar: Plasma lipids can be reliably assessed
within 24 hours after acute myocardial
infarction. Postgrad Med J. 2001 May;
64(751): 352-356.

Venkata Rao and Ravi Kiran: Evaluation of
correlation between oxidative stress and
abnormal lipid profile in coronary artery
disease. J Cardiovasc Dis Res. 2011 Jan-Mar;
2(1): 57-60.

Gaziano JM, Hennekens CH, O'Donnell CJ,
Breslow JL, Buring JE. Fasting triglycerides,
high-density  lipoprotein, and risk of
myocardial infarction. Circulation
1997;96:2520-5.

Stensvold I, Tverdal A, Urdal P, Graff-lIversen
S. Non-fasting serum triglyceride
concentration and mortality from coronary
heart disease and any cause in middle aged
Norwegian women. Br Med J. 1993;307:1318—
1322,

Dobiasova M, Frohlich J. The plasma
parameter log (TG/HDL-C) as an atherogenic
index: correlation with lipoprotein particle size
and esterification rate in apo B- lipoprotein-
depleted plasma. (FERuyp.) Clin Biochem.
2001;34:583-588.

Tan MH, Johns D, Glazer NB. Pioglitazone
reduces atherogenic index of plasma in patients
with  type 2 diabetes. Clin  Chem.
2004;50:1184-1188.

Dobiasova M. AlP—atherogenic index of
plasma as a significant predictor of
cardiovascular risk: from research to practice.
Vnitr Lek. 2006; 52(1):64-71.

Drexel H, Aman FW, Rentschk , et al. Relation
of the level of high density Lipoprotein
subfraction to the presence and extent of
coronary artery disease. Am J Cardiol.
1992;70:436-440.

Dobiavosa M, Urbanova Z, Samanek M.
Relation between particle size of HDL and
LDL Lipoproteins and cholesterol
Esterification rate. Physiol Res. 2005;54:159-
165.

Nwagha Ul, Igweh JC. Atherogenic Index of
Plasma: A significant indicator for the onset of

Karbala J. Med. VVol.6, No.1, June, 2013


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Rao%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kiran%20R%5Bauth%5D

Atherogenic Index of Plasma (AIP)..... Mudhaffar Sami Khazaal

Atherosclerosis  during  menopause  in Journal of College of Medicine. 2005; 10
hypertensive females of South East Nigeria. (2):67-71.

1513

Karbala J. Med. VVol.6, No.1, June, 2013



