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The Effect of Untraditional Lipid Parameters in the
Development of Coronary Artery Disease:
Atherogenic Index of Plasma, Atherogenic Coefficient
and Lipoprotein Combined Index

Ersin Celik **, Ahmet Rifki Cora ?, Kadir Burhan Karadem

@ Department of Cardiovascular Surgery, Isparta City Hospital, Isparta, Turkey
P Department of Cardiovascular Surgery, Medicine Faculty, Suleyman Demirel University, Isparta, Turkey

Abstract

Objective: In this study, we investigated the usability of atherogenic indices of patients who underwent coronary artery
bypass surgery (CABG) due to coronary artery disease and patients without CAD as risk factors and markers for car-
diovascular disease (CVD).

Methods: The data of 150 patients who underwent CABG, and 155 patients who underwent coronary angiography and
was not diagnosed with CAD were analysed retrospectively. Demographic data and plasma lipid values were collected.
The relationship between these ratios and CVD was investigated via univariate logistic regression analysis performed by
creating atherogenic indices.

Results: The data of 125 patients who underwent CABG between May 2018 and May 2020 (90 males, 35 females; mean
age 64,94 + 9,61), and 155 patients who had coronary angiography between the same dates and found to have no CAD (64
males, 91 females; mean age 60,12 + 11,6) were analysed retrospectively. The atherogenic index of plasma (AIP),
atherogenic coefficient (AC) and lipoprotein combined index (LCI) ratios were found to be significantly higher in the
CABG group compared to the control group (p < 0.001). CABG applied patients were divided into three groups ac-
cording to their SYNTAX Score-I values. There was no statistical difference in the AIP (p = 0.434), AC (p = 0.715) and
LCI (p = 0.891) ratios between the groups. In the ROC analysis of the CABG group, it was found that the AC value was
the highest in terms of sensitivity with a value of 74.4% (AUC = 0.669, p < 0.001), and the LCI was the highest in terms of
specificity with a value of 65.8% (AUC = 0.634, p < 0.001). In the univariate logistic regression analysis created, it was
seen that all three indices had a significant effect in the CABG group (AIP; OR 0.493 p = 0,002, AC; OR 0.298 p < 0,001,
LCI; OR 0.358 p = 0,001).

Conclusion: The use of atherogenic indices in daily practice can be recommended in the process of monitoring the risk
of CVD in CAD patients, along with determining those patients' lipid profiles.

Keywords: Atherogenic index of plasma, Atherogenic coefficient, Lipoprotein combined index, Dyslipidaemia,
Atherosclerosis

1. Introduction various risk factors such as dyslipidaemia, hyper-
tension (HT), diabetes mellitus (DM), obesity, and

ardiovascular diseases (CVDs) are considered ~ metabolic syndrome [3,4]. Atherosclerosis, which is

( to be one of the most important causes of the most common cause of cardiovascular diseases,

morbidity and mortality in Turkey as well as all over 18 @ complex, inflammatory, fibroproliferative
the world [1,2]. CVD is a complex disease with response developing due to accumulation of the
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atherogenic lipoproteins in the arterial intima.
Numerous studies have shown that low levels of
high-density lipoprotein cholesterol (HDLc), high
levels of total cholesterol (TC), low-density lipo-
protein cholesterol (LDLc) and triglyceride (TG)
contribute to the progression of atherosclerosis
[5—7]. Among all these lipid parameters, the first
target in treatment is LDLc.Even if LDLc levels are
reduced to the recommended level with medical
treatment and lifestyle changes, CVD risk in in-
dividuals continues, albeit at a diminishing pace [8].
Therefore, new CVD risk markers with atherogenic
components (e.g.LDLc) in the numerator and anti-
atherogenic components (e.g. HDLc) in the de-
nominator have been introduced to better reflect
lipoprotein metabolism.

Traditionally, the atherogenic lipid profile consists
of an increased level of TC, LDLc, TG, and
decreased HDLc. Currently, the atherogenic index
of plasma (AIP; Log TG/HDLc), the atherogenic
coefficient (AC; Non-HDLc/HDLc) and lipoprotein
combine index (LCL; TC*TG*LDL/HDL) parameters
are used for a better prognosis in cases of athero-
sclerosis and CVD [9—12]. The ratios can compre-
hensively reflect the balance between the
atherogenic and antiatherogenic potentials in an
individual.

Although the Syntax score gives a clue about the
complex coronary anatomy, parameters used in
scoring such as the number of lesion vessels, the re-
gion and length of the lesion, the degree of calcifica-
tion, and total occlusion also indicate the severity and
prevalence of coronary atherosclerosis. Syntax score
increases in the presence of these parameters [13,14].
In this study, we investigated the effects of AIP, AC
and LCI rates on coronary artery disease (CAD)
development in patients without CAD and patients
who underwent coronary artery bypass grafting
(CABG) due to CAD. We aimed to evaluate the
possible relationship of these values with the high
SYNTAX-I score in patients that underwent CABG.

2. Subject and methods

After obtaining permission from Siileyman Dem-
irel University ethics committee with the number
22.10.2020/337, the data of 150 patients who under-
went CABG in our hospital between May 2018 and
May 2020 were reviewed retrospectively. As the
control group, 155 patients randomly selected
among the patients who underwent coronary angi-
ography (CAG) between the same date as a result of
the CVD suspicion due to findings such as effort
dyspnoea, angina pectoris, ischemic changes in
electrocardiography, and positivity of effort test, and

Abbreviation list

CVDs Cardiovascular diseases

HT hypertension

DM diabetes mellitus

HDLc  high-density lipoprotein cholesterol
TC total cholesterol

LDLc low-density lipoprotein cholesterol
TG triglyceride

AIP atherogenic index of plasma

AC the atherogenic coefficient

LCI lipoprotein combine index

CAD coronary artery disease

CABG  coronary artery bypass grafting

CAG coronary angiography

CDhU carotid doppler ultrasonography

BMI body measurement index

EuroSCORE European System for Cardiac Operative
Risk Evaluation

COPD  Chronic Obstructive Pulmonary Disease

apoB100 Apolipoprotein B100

apoAl  apolipoprotein Al

sdLDLc small density lipoprotein

IDLc intermediary density lipoprotein

found to have no stenosis in any coronary artery,
were examined retrospectively and included in the
study. Patients who took statins before CABG or
CAG were excluded from the study. In total, 125
patients that underwent CABG were included in the
study.

The written consent form was obtained from all
the patients. Detailed medical history review,
physical examination and routine blood tests,
echocardiogram, electrocardiogram, carotid doppler
ultrasonography (CDU), chest radiograms and res-
piratory function tests, body measurement index
(BMI), and European System for Cardiac Operative
Risk Evaluation (EuroSCORE) were performed on
all the patients that were planned to have an open-
heart surgery. Patients that were smoking on the
day of coronary angiography were evaluated as
smokers. Internal medicine consultation was
requested for the patients who had a previous
diagnosis of DM, and the patients who did not have
a diagnosis of DM but had fasting blood glucose
of>126 mg/dl; and the diagnosis of DM was
confirmed. Patients who had previously received
antihypertensive treatment and those who had
>130/85 mm/Hg blood pressure during clinical
follow-up were considered as hypertensive patients.
All patients that had Chronic Obstructive Pulmo-
nary Disease (COPD) were evaluated by a chest
physician with a pulmonary function test or an
arterial blood gas test, and those who could not
perform a pulmonary function test were evaluated
through physical examination.
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2.1. SYNTAX score calculation

The SS for each patient was calculated retrospec-
tively by scoring all coronary lesions with a diam-
eter stenosis >50%, in vessels >1.5 mm, using the
SS algorithm, which is described in full elsewhere
and is available on the SS website [13,14]. The
subjects were categorized according to the level of
their SS: low (0—22), intermediate (23—32), or high
(=33) [15].

2.2. Biochemical parameters and calculation of
lipid indices

Blood samples were taken after a fast of 12 h.
Lipid parameters' levels were measured by using
Advia 2400 Chemistry System (Siemens Healthcare
Diagnostics, Tokyo, Japan), and AIP, LCI and AC
were calculated as log(TG/HDLc), TC*TG*LDLc/
HDLc, and non-HDLc/HDLc respectively.

2.3. Statistical analyses

The statistical analyses of the study were per-
formed via SPSS 20.0 (IBM Inc, Chicago, IL, USA).
The descriptive statistics were presented as fre-
quency (percentage) for categorical variables and
mean + SD (median, min, max where necessary) for
numerical variables. The continuous variables were
checked by Kolmogorov—Smirnov test. Indepen-
dent sample t-test and one-way ANOVA were used
for the comparison of study/control groups and
SYNTAX groups. Chi-square test and Monte Carlo
method were used to determine the relationship
between the categorical variables. In all analyses,
p < .05 value was considered as a statistically sig-
nificant result for 5% type-I error.

2.4. Power analysis

The power analysis was performed by GPower
9.1.2 (Universitaet Kiel, Germany). The analysis was
based on one-tailed t-test, and the effect size was
calculated as 0.48 and 0.41 using a priori atherogenic
index of plasma and lipoprotein combined index
values, obtained in the pilot study, respectively for
patient groups. The requirements of the analysis
were considered as 5% error rate, 0.95 (actual power
0.961) power and allocation ratio (N1:N2) = 1. The
minimum sample sizes were calculated as 95 and
117 for each group. Therefore, the sample size was
considered as the bigger ones, and the study was
conducted by 125 patients in CABG group consid-
ering the SYNTAX classes.

3. Results

A total of 280 patients, 125 of whom underwent
CABG (90 males, 35 females, age: 63.94[9.61]) and
155 of whom (64 males, 91 females, age: 60.12[11.6])
were the control group, were included in the study.
The majority of patients that underwent CABG had
3-vessel CAD (79.2%). The median value of the
number of bypasses applied to these patients was
found 3.0 (1.0—5.0).

The demographic and clinical characteristics of
the cases in the CABG and control groups were
compared (Table 1). Age (p = .003) and ratio of male
patients (p < .001) were found significantly higher in
the CABG group. DM (p < .001), COPD (p < .001)
and PAD (p = .001) were also found significantly
higher in the CABG group. In the CABG group, all
lipid parameters and AIP, AC and LCI ratios were
found to be significantly higher than the control
group, except for the HDLc value, which was
significantly lower than the control group.

The patients who underwent CABG were divided
into three classes according to their SYNTAX score-I
values as low, medium, and high. A comparison of
AIP, AC and LCI ratios was made between the classes
(Table 2). However, none of these index values
differed significantly between the classes (p > .005).

The effect of AIP, AC and LCI values on the CABG
group was examined. As a result of the ROC ana-
lyses, all three index values were found significant
(Table 3). Among these indices, the sensitivity was
found to be the highest with 74.4% in the 3.043 cut-
off value taken for AC (AUC = 0.669, p < .001). LCI
was found to have the highest specificity among
these indices with 65.8% (AUC = 0.634, p < .001).
The effects of index values on the prognosis of CAD
requiring CABG were investigated by taking the
control group as reference. In the univariant logistic
regression model, which was created by taking the
index values as an independent variable, it was
observed that all three indices had a significant ef-
fect on the progression to CAD that would require
CABG. Standardized average values of the indices
are shown in Fig. 1. AC was determined as the index
with the highest risk increase with OR = 1.607
(1.139—-2.267) (Table 3).

4. Discussion

In this study, the relationship between CVD and
AIP, and AC and LCI rates were investigated in the
CABG group of patients. Our results revealed that
AIP, AC and LCI were significant and independent
predictors for CVD risk and might be better than
traditional lipid parameters.
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Table 1. Characteristics of patients between CABG and Control groups.
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Variables CABG (n = 125) Control (n = 155) 4
Mean + SD
Age year 63.94 + 9.61 60.12 + 11.60 0.003*
EF 54.01 + 9.73 — N/A
EuroScore 1.62 + 1.19 — N/A
BMI kg/m® 29.06 + 4.33 - N/A
TC mg/dL 198.67 + 44.34 187.21 + 42.66 0.029*
Triglyceride mg/dL 194.32 + 119.94 154.66 + 77.12 0.002*
LDLc mg/dL 121.06 + 40.33 108.54 + 34.71 0.006*
HDLc mg/dL 41.26 + 10.56 47.25 + 13.85 <0.001*
Atherogenic Index of Plasma 0.62 + 0.30 0.48 + 0.28 <0.001*
Atherogenic Coefficient 4.04 + 1.50 3.20 +1.25 <0.001*
Lipoprotein Combined Index 125,665 + 119,927 83,315 + 77,951 <0.001*
SYNTAX score-I 24.10 + 9.30 — N/A
Gender n (%) Male 90 (72.0) 64 (41.3) <0.001%*
Female 35 (28.0) 91 (58.7)
DM n (%) None 60 (48.0) 127 (81.9) <0.001**
Yes 65 (52.0) 28 (18.1)
HT n (%) None 75 (60.0) 76 (49.0) 0.067
Yes 50 (40.0) 79 (51.0)
COPD n (%) None 71 (56.8) 141 (91.0) <0.001**
Yes 54 (43.2) 14 (9.0)
Smoking n (%) None 99 (79.2) 126 (81.3) 0.662
Yes 26 (20.8) 29 (18.7)
PAD n (%) None 111 (88.8) 151 (97.4) 0.001**
Lower extremity PAD 4 (3.2) 3 (1.9)
Carotid artery stenosis 10 (8.0) 1 (0.6)
SYNTAX score-I n (%) Low 58 (46.4) N/A
Intermediate 49 (39.2)
High 18 (14.4) :

CABG: Coronary artery bypass grafting, EF: Ejection fraction, BMI: Body mass index, TC: Total cholesterol, LDLc: Low density lipo-
protein ¢, HDLc: High density lipoprotein ¢, DM: Diabetes mellitus, HT: Hypertension, COPD: Chronic obstructive pulmonary disease,

PAD: Peripheral arterial disease.

* Significant at 0.05 level according to Independent sample t-test.

™ Significant at 0.05 level according to Chi-square test.

The complex mechanism of atherosclerosis has
been studied in many experimental and epidemio-
logical studies [3—7]. Many risk factors such as
gender, dyslipidaemia, HT, DM, and smoking have
been defined for CVD that develops due to athero-
sclerosis [5,7,16,17]. In particular, the incidence be-
tween traditional lipid measurements such as TC,
LDLc, HDLc and TG and CVD has been shown in
some studies [6,7,18]. In our study, similar to the
literature, traditional lipid parameters were found to
be significantly higher and HDLc level was found to
be lower in the CABG group compared to the

Table 2. Index values according to SYNTAX score-I classes.

control group. Also, the presence of male gender
(p < .001), age (p = .003), DM (p < .001), COPD
(p < .001), and PAD (p < .001) were found to be
significantly higher in the CABG group.

Mortality in the diabetic CVD group is higher
than it is in the non-diabetic CVD group [19,20]. In
addition, in the studies conducted in the diabetic
CVD group, it was found that there was a signifi-
cantly higher rate of major adverse cardiac and ce-
rebrovascular events such as myocardial infarction
and cardiac death [20,21]. Although serum LDLc
levels are the first target of treatment in CVD

Variables Low (n = 58) Intermediate (n = 49) High (n = 18) p*
Mean + SD

Atherogenic Index of Plasma 0.644 + 0.303 0.606 + 0.295 0.542 + 0.289 0.434

Atherogenic Coefficient 413 + 1.70 3.90 + 1.21 4.07 + 1.55 0.715

Lipoprotein Combined Index 130,929 + 118,240 122,919 + 134,517 116,614 + 83,139 0.891

* Comparisons according to One-way ANOVA.
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Table 3. Univariate logistic regression analyses for untraditional lipid
parameters with coronary artery disease.

Variables AUC p Cut Off Sensitivity Specificity
Atherogenic 0.617 0.001*  0.541 56.80% 61.90%
Index of

Plasma

Atherogenic 0.669 <0.001* 3.043 74.40% 53.50%
Coefficient

Lipoprotein 0.634 <0.001* 78,830.70 58.20% 65.80%
Combined
Index

Beta p OR*** 95% CI

Atherogenic —0.707 0.002** 0.493 (2.026) 0.283 0.670
Index of
Plasma

Atherogenic —1.210 <0.001** 0.298 (3.350) 0.089 0.476
Coefficient

Lipoprotein —1.027 0.001** 0.358 (2.792) 0.167 0.513
Combined
Index

* Significant at 0.05 level according to ROC analysis.

** Significant at 0.05 level according to Univariate Logistic
Regression (-2LL = 370.31, Rz(Nagelkerke) = 0.268, Hosmer-
Lemeshow X % = 11.90 (p = 0.255)).
"™ OR's should be taken as reciprocal (1/OR) since ‘Beta's are
negative.

patients, it has been shown in some studies that
there is no significant difference in LDLc levels be-
tween diabetic and non-diabetic patients who have
undergone percutaneous coronary intervention
[8,9,18,21].

Apolipoprotein B100 (apoB100) is the major apoli-
poprotein found in all atherogenic lipoproteins.
Therefore, plasma apoB100 concentrations reflect the

050

i 02614
0.25 | 01868 é 02353

— —

0,00

95% CI

025

0,50 |

CABG

total atherogenic potential. In contrast, apolipopro-
tein Al (apoAl) is a major component of anti-
atherogenic HDLc, and the plasma content of apoAl
represents the total of antiatherogenic potential.
High apoB100/apoAl ratios have been identified as a
risk factor for CVD in many studies [22—25]. In
practice, however, it is not cheap or easy to measure
apolipoprotein levels. Non-HDLc is a indicator of all
the cholesterol contained in atherogenic lipoproteins,
such as small density lipoprotein (sdLDLc), inter-
mediary density lipoprotein (IDLc), LDLc and Lp(a).
Therefore, in clinical practice, non-HDLc value re-
flects plasma apoB100 and HDLc value reflects
plasma apoAl levels. Therefore, instead of laboratory
measurements that require complex examinations,
researchers have begun to introduce new CVD risk
markers that have ratios having atherogenic com-
ponents (e.g.LDLc), which can better reflect lipid
profile, atherogenic balance and lipoprotein meta-
bolism, in the numerator and antiatherogenic com-
ponents (e.g. HDLc) in the denominator.

In case control study of Zhu et al. including 738
CAD and 157 control patients, they found the rate of
AC to be higher in the CAD group (p = .001). In the
univariate logistic regression analysis performed,
they found that the elevation of AC increased the
risk of CAD with OR and 95% CI 1.135 (1.019—1.265)
[23]. Cai et al. conducted a study with 5387 patients,
2935 of whom had CAD and 2452 of whom were in
the control groups, and found that the rates of AIP,
AC and LCI in the CAD group were significantly
higher than they were in the control group

02021 4 & -01852
02621 1

‘%" a

Control

Groups

Fig. 1. Index values between CABG and control groups
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(p < .001). In univariate logistic regression analysis,
they found OR 1.782 (95% CI:1.490—2.131) for AIP,
OR 1.235 (95% CI:1.181—-1.292) for AC and OR 1.007
(95% CI:1.005—1.009) for LCI [12]. Onat et al. stated
in another study involving 2676 patients that high
AIP values are a predictor risk factor for CAD. In the
same study, AIP was detected as a significant pre-
dictor for DM and HT in both genders [26]. Similar
to the literature, in our study, we also identified all
three indices as predictor risk factors for CAD.
Among these, it was determined that OR 1.607 (95%
CI:1.139—2.267) is the strongest marker for AC. In
the ROC analysis, AC had the highest sensitivity
(AUC = 0.669, p < .001) with 74.4%, and LCI had the
highest specificity (AUC = 0.634, p < .001) with a
value of 65.8%.

Having lower particle sizes compared to LDLc,
sdLDLc invades and accumulates more easily in the
artery wall. In addition, sdLDLc is oxidized more
easily than LDLc. As a result, it is phagocytosed by
macrophages and transformation into foam cells
occurs. This situation causes the development of
atherosclerosis and CVD. sdLDLc is an important
marker for the prediction of atherosclerosis, and its
clinical use has been recommended in some studies
[27]. However, because of the complicated detection
method and expensive cost, the detection of sdLDLc
is limited in clinical application. Dobiasova and
Frohlich defined AIP in 2001. They suggested
indeed that AIP values of —0.3 to 0.1 may be asso-
ciated with low, 0.1 to 0.24 with medium and above
0.24 with high risk of CVD [9]. Another previous
study showed that the value of AIP was inversely
associated with the diameter of LDLc particles and
indicated the sdLDL particle size [28]. After that, it
has been shown with many studies that AIP is
effective in atherosclerosis and CVD development,
along with being effective as a prognostic indicator
compared to traditional lipid parameters
[10,12,18,29]. In our study, we found that the value of
AIP in the CABG group was higher than it was in
the control group (0.62[0.30] vs 0.48[0.28]). The uni-
variate logistic regression analysis revealed that AIP
was a lipid parameter strongly associated with
CABG, with an unadjusted OR of 1.155 (95%
CI:1.069—1.304, p = .038) for an increase of 1-SD.

Although untraditional lipid parameters such as
AC, AIP and LCI have been reported to be risk
factors for CVD in many studies so far, not enough
studies have been conducted to examine the
possible effects of these parameters on SYNTAX
score. In the statistical analysis we made by
grouping CABG patients according to low, medium,
and high SYNTAX scores, we did not find any sig-
nificant difference between the index values and the

groups. We think that this might be due to the
relatively low number of our patients.

Our study has several limitations. First, this study
is a retrospective study. Second, the present study
was not designed to examine all the risk factors
associated with CVD. Rather, the specific goal was
to examine whether the lipoprotein ratios were su-
perior to conventional lipid parameters as pre-
dictors for CVD. Thirdly, the patients were not
chosen from general population. The patients reflect
a single centre experience.

4.1. Conclusion

We believe that in the follow-up of the patients
that have undergone CABG surgery or have been
diagnosed with CAD or already have risk factors,
parameters such as AIP, AC and LCI, which can be
calculated more easily and that can better reflect the
complex lipid metabolism, should be taken into
account in daily practice in addition to follow-up of
traditional lipid parameters and target therapy.

In-depth studies are needed to determine and
standardize cut-off and risk values for each
parameter.
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