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Abstract

Background: This study explores the link between atherogenic indices and
cardiovascular outcomes in patients with chronic coronary syndrome (CCS)
undergoing percutaneous coronary intervention (PCI). It aims to determine
if these indices can provide valuable prognostic information for risk
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stratification and personalized treatment strategies.

Method: A retrospective study analyzed medical records of 120 CCS
patients, revealing 72 underwent PCI and 48 underwent Catheter
Angiography.AC, AIP, Castelli’s I, IT and C-index were determined as non-
HDL / HDL , log (TG/ HDL) , TC/ HDL , LDL / HDL and LDL- HDL
respectively.

Results: The study compared atherogenic indices between PCI patients and
CA patients, finding that CA patients had significantly higher values for
most atherogenic indices despite a seemingly better lipid profile. The CA
group has a significantly higher C-index (85.8 £+ 18.7) compared to the PCI
group (37.1 + 57.4), indicating a potentially greater risk of atherosclerotic
events in the CA group. The PCI group has a slightly higher average AIP
(0.7 £ 0.5) compared to the CA group (0.6 = 0.1). The CA group has higher
values for both Castelli's indices (I: 5.4 + 0.7, II: 3.6 + 0.6) compared to the
PCI group (I: 4.0 £ 1.9, 1I: 2.0 £ 1.8). The CA group has a higher average
AC index (4.4 + 0.7) compared to the PCI group (3.0 £ 1.9).

Conclusion: Daily practice should consider parameters like AC, AIP, CR
I1&I1, which can better reflect complex lipid metabolism and are more easily
calculated than traditional lipid parameters.
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1. Introduction
Coronary artery disease (CAD) was determined by angiography to be an atherosclerotic lesion of at least 50% in one
segment of a major coronary artery, which includes the right coronary artery, left circumflex, or left anterior
descending artery (RCA) (Deng et al., 2023) where fat and cholesterol build up on the inner wall of the coronary artery
due to obstruction of blood flow to the heart muscle. (Jasim and Lefta, 2022).1n more than 90% of cases, the cause of
myocardial ischemia is atherosclerotic plaque progression and rupture which leads to thrombus formation and
obstruction of blood flow in the coronary arteries.(AL-Husseini and EL-Mosawi, 2021). Percutaneous coronary
intervention (PCI) is the method most frequently used to treat coronary artery disease through improving myocardial
perfusion. It is highly effective in reducing symptoms for those with stable angina and enhances the prognosis for
individuals suffering from acute coronary syndromes.(Khan and Ludman, 2022). Lipids are the fundamental and
essential components for the body's requirements, as represented by triglycerides (TG), phospholipids, fatty acids, and
total cholesterol, Since lipids are the body's most potent energy source, they are all involved in the creation of cell
membranes and some of them are the source of steroid hormones (Bagi et al., 2020). However, Lipid profiles are the
primary causes of CVD risk; every lipid profile type is associated with an increased risk of CAD. Where decrease
high-density lipoprotein (HDL) levels, increase low-density lipoprotein (LDL), total cholesterol, TG levels in
serum.(Jasim and Lefta, 2022). Elevated lipids levels (cholesterol, fats, and triglyceride) predispose the patient to a
various serious and sometimes lethal complications such as cardiovascular disease.(Mosa et al., 2021). A higher
incidence of substantial troponin | elevation during PCI was linked to pre-procedural elevated LDL cholesterol in
individuals with chronic coronary syndrome. Patients having elective PCI may have a higher risk of cardiac injury if
their pre-procedural LDL cholesterol is elevated. (Hasan et al., 2023). One known risk factor for the development of
cardiovascular disease is hyperlipidemia, particularly LDL(Zhao et al., 2018). Additionally, prior research has
demonstrated that LDL level is associated with infarction size and is a spirited role in PCI prognosis(Qin et al., 2020,
Bodde et al., 2019). Furthermore, long-term cardiovascular risk prevention is possible with lipid-lowering
therapy.(Sakamoto and Ogawa, 2010). Most atherogenic cholesterol is LDL. The relationship between LDL
cholesterol and atherosclerosis has been established. Additionally, it was discovered that ischemic heart disease (IHD)
increases by 2% for every 1% increase in serum total cholesterol levels. (Hasan et al., 2023). Dyslipidemia plays vital
roles in the physiopathology of CAD and, consequently, in atherosclerosis. The risk of cardiovascular disease steadily
declines as the concentrations of HDL cholesterol and apolipoprotein-A (apo-A) increase, and rises as the
concentrations of LDL cholesterol and Apolipoprotein-B (apo-B) increase.(Kavurma and Bennett, 2008). One of the
main causes of atherosclerotic cardiovascular disease (ASCVD) is atherogenic lipoproteins, specifically LDL
cholesterol (Boren et al., 2020). Reduced levels of atherogenic lipids, specifically LDL, can stop the development of
coronary atherosclerosis and improve cardiovascular outcomes. The degree of improvement is directly correlated with
the reduction in LDL levels.(Koskinas et al., 2021). It is important to note the lipid profile values of STEMI patients,
since they were shown to have considerably higher LDL values upon admission compared to other patient groups.
This might point to the necessity of concentrating on more extensive screening in order to identify patients with

asymptomatic lipid problems early on.(Dyrbus et al., 2019). A 10% decrease in overall mortality, a 23% decrease in
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the risk of major cardiovascular incidents, a 20% reduction in the risk of mortality from cardiovascular causes, and a
17% decrease in the risk of stroke are all achieved by lowering LDL by every 38 mg/dL (1 mmol/L), according to a
meta-analysis of randomized controlled trials (RCTs) using statins. (Trialists, 2010). The Dyslipidemia International
Study (DYSIS) found that 21.7% of patients were able to achieve the therapeutic target of LDL <70 mg/dL (1.8
mmol/L), which was significantly higher than for lower-risk groups. The study involved a cohort of over 57,000
patients, of whom over 44,000 were classified as high CV risk.(Gitt et al., 2016)
The study comprised PCI patients at follow-up, and after a year of follow-up, the mean values of lipids and the
prevalence of dyslipidemia were much lower than those at baseline. Blood lipid levels were influenced by age, gender,
smoking status, and food management.(Qiu et al., 2020) patients with an LDL level above 70 mg/dL were at risk up
to five times higher than those with a level below 70 mg/dL. This finding made a compelling case for the necessity of
LDL treatment in patients prior to revascularization.(Chen et al., 2021)

1.1.Atherogenic Indices
Numerous lipid markers have already been used to predict the likelihood of developing CVD and coronary
atherosclerosis. Majority of these consist of plasma lipoprotein and lipid concentrations, whilst occasional
involvement of plasma apolipoproteins. It's intriguing that lipid ratios have recently been utilized as indicator of
lipoprotein and lipid risks(Kim et al., 2017). Several studies show that altering lipid ratios instead of using
conventional lipid markers is crucial. (Nwagha et al., 2010)

1.2.Atherogenic coefficient (AC)
The ratio of non-high-density lipoproteins cholesterol (hon-HDL) to HDL(Nwagha et al., 2010). It is an alternate
diagnostic method that has been applied to forecast the likelihood of experiencing cardiovascular events.
AC =non-HDL / HDL
Non- HDL = TC — HDL

1.3.Atherogenic Index of Plasma (AIP)

An unusual lipid ratio that shows the logarithm of the TG to HDL molar ratio.(Gémez-Alvarez et al., 2020) . Evidence
gathered over time demonstrated that AIP is a significant predictive index that positively correlates with CVD.
AIP =log (TG/ HDL)

1.4.Castelli’s Risk Indexes (I & I1)
(sometimes known as cardiac risk indexes) are two lipid ratios, the CRI-I is the ratio of TC to HDL, whilst the CRI-II
is the ratio of LDL to HDL, has notably favorable correlations to the risk of CVD (Igharo et al., 2020). Numerous
studies assessed and verified their favorable association with CVD. (Tecer et al., 2019)
CRI-1=TC/ HDL ratio
CRI-I1 =LDL / HDL ratio

1.5.Cholesterol Index (C-Index)
A straightforward measure that more accurately than the other indices forecasts the likelihood of getting CAD.
(Ulusoy, 2013)
C- index= LDL - HDL
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2. Patients and Methods
Following obtaining permission Kerbala University College of Medicine committee on ethics, the data of 72 patients
who underwent PCI in Karbala Center for Heart Diseases and Surgery (Karbala Heart Center) and Imam Al — Hassan
Al Mujtaba teaching hospital in Kerbala city. As the control group, 48 patients were randomly chosen from a group
of patients who had coronary angiography (CA) on the same date because there was a suspicion of CVD based on
symptoms including angina pectoris, effort dyspnea, ischemic alterations in electrocardiography, and positive effort
test results. Patients with ACS, Peripheral vascular disease (PVD) , Chronic kidney disease (CKD) , Stroke ,
Preeclampsia , cancer and underwent a PCI two weeks ago or less were excluded from the study. Prior to sampling,
all study participants gave their verbal consent. Every patient whose elective cardiac catheterization was scheduled
underwent a review of their medical history, a physical examination, standard blood tests, an echocardiography, and
an electrocardiogram. On the day of the intervention, patients who smoked were classified as smokers.
2.1. Angiographic Lesion Complexity Score Calculation
A lesion was considered complex if it had undergone treatment and had at least one of the following high-risk
angiographic lesion characteristics: Type C, bifurcation, unprotected left main trunk (UPLMT), chronic total occlusion
(CTO), and thrombus development. When performing the coronary angiography, the operator assessed whether these
features were present. Patients were categorized based on absolute complicated lesion status (yes/no), and by how
many of the five complex lesion criteria overall were met(score 0 (no complex lesion) , score 1(one complex lesion),
score 2( two complex lesions), score 3(three complex lesions) , score 4(four complex lesions), and score 5( all complex
lesions).(Endo et al., 2015)
2.2. Biochemical Parameters and Lipid Index Computation
The examination of lipid profile samples was conducted using Abbot-ARCHITECT ¢4000 clinical chemistry
(Corelaboratory, 2018), and AC, AIP, Castelli’s I, Castelli’s IT and C-index were calculated as non-HDL / HDL , log
(TG/HDL), TC/HDL , LDL/HDL and LDL — HDL respectively.
2.3. Statistical Analyses
The graphical Pad Prism was used to create the data analysis for this project. We ran descriptive statistics on every
group's data. For categorical data, values were shown as n (%), and for normal data, scale variables were shown as
mean * 2 standard deviation. The Shapiro-Wilk test was used to examine the data distribution and determine normality
numerically. In order to assess the link within the case study, biomarkers were compared. Analytical statistical studies
indicated significant variations in categorical variables among the parameters. All hypothesis test results with two-
sided p-values less than 0.05 were deemed statistically significant.
Through the use of receiver operating characteristic (ROC) analysis, the ideal threshold for critical instances was
found with good specificity and sensitivity. All P values were discovered to be two-sided, and a P < 0.05 was regarded
as statistically significant

3. Results

Table 1 summarizes the demographic characteristics of participants in two groups: Percutaneous Coronary

Interventions (PCI) and Catheter Angiography (CA). Results were shown that males made up the bulk of participants
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in both groups: 83.3% in PCl and 79.2% in CA, and Females represented a smaller portion of participants: 16.7% in
PCI and 20.8% in CA. Kerbala was the primary residence for a larger proportion of participants in the group CA
(83.3%) compared to PCI (56.9%). Conversely, participants from outside Kerbala were more prevalent in the PCI
(43.1%). compared to CA group (16.7%). The mean age was similar for both groups: 57.7 years old (+ 8.5 SD) for
PCI and 57.1 years old (+ 11.1 SD) for CA, and the mean BMI was higher in the CA group (31.3 kg/m? = 5.7 SD)
compared to the PCI group (29.5 kg/m2 + 5.5 SD).

Table 1: Demographics Characteristic of The Study

Demographics Percutaneous Coronary .
Interventions (PCI) Catheter Angiography (CA)
Male 60(83.3%) 38 (79.2%)
Sex No. (%0)
Female 12(16.7%) 10 (20.8%)
0, 0,
Residence Kerbala | 41(56.9%) 40(83.3%)
No. (%) Other Iraqi 31(43.1%) 8 (16.7%)
people
Age, mean £2SD (year) 57.7£8.5 57.1+11.1
BMI, mean +2SD
(kg/m2) 29.545.5 31.3+5.7

Table 2 compared the medical history of participants in two groups: Percutaneous Coronary Interventions (PCI) and
Catheter Angiography (CA). Results were indicated a higher percentage of participants in the CA group reported never
smoking (72.9%) compared to the PCI group (61.1%). Current smoking was more prevalent in the PCI group (33.3%)
compared to CA (25.0%). Passive smoking was minimal in both groups. The CA group had a higher proportion of
participants with no history of DM (60.4%) compared to PCI (44.4%). Conversely, the PCI group had a higher
percentage of participants with Type 2 DM (55.6%) compared to CA (39.6%).

Anticoagulant use was similar between the two groups, with a vast majority (over 88%) in both groups reporting
current use. Family history of CVD was uncommon in both groups, with the vast majority (over 93%) reporting no
family history. Results were also included the distribution of obesity stages which differed between the groups-obesity
was the most common stage in both groups, but slightly more prevalent in CA (54.2%) compared to PCI (45.8%).
Higher obesity classes were more frequent in the CA group, with a notably higher percentage in Class 2 (20.8%
vs. 1.4% in PCI).

Table 2: Medical History of The Study Groups

Group Group2
1 Percutaneous Coronary Catheter Angiography
Interventions (PCI) (CA)

Medical History

Smoking, No. (%)

No 44(61.1%) 35 (72.9%)
Active 24(33.3%) 12 (25.0%)
Passive 4(5.6%) 1(2.1%)

DM, No. (%0)
No 32(44.4%) 29 (60.4%)
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Type 2 40(55.6%) | 19 (39.6%)
Anticoagulant, No. (%)
No 8(11.1%) 5 (10.4%)
Yes 64(88.9%) 43 (89.6%)
Family History of CVD, No. (%)
No 67(93.1%) 47 (97.9%)
Yes 5(6.9%) 1(2.1%)
Obesity. Stage, No. (%0)
Normal Weight 9(12.5%) 1(2.1%)
Pre-Obesity 33(45.8%) 26 (54.2%)
Obesity Class-1 26(36.1%) 7 (14.6%)
Obesity Class-2 1(1.4%) 10 (20.8%)
Obesity Class-3 3(4.2%) 4 (8.3%)

Table 3 compared the Lesion characteristics of participants in two groups: Percutaneous Coronary Interventions (PCI)
and Catheter Angiography (CA). results were indicated a higher percentage of participants in the CA group reported
never Calcification lesion (70.8 %) compared to the PCI group (43.1%) , PCI group advertised Calcification lesion
(56.9%) compared to the CA group (29.2%) . The CA group had a higher proportion of participants with no bifurcation
(75.0%) compared to PCI (66.7%). Conversely, the PCI group had a higher percentage of participants with bifurcation
(33.3%) compared to CA (25.0 %). Similarly, PCI group has a higher percentage of Chronic Total Occlusion (CTO)
(26.4%) in comparison to the CA group (18.8%). On the contrary, those who do not have CTO, their percentage in
the CA group (81.3%) greater than PCI group (73.6%). On the other hand, Type C lesion reported with higher
percentage in the PCI group (62.5%) than the CA group (33.3%), the remaining percentage of PCI group (37.5%) with
no Type C is less than CA group (66.7%). No Unprotected Left Main Trunk (UPLMT) in all PCI group and very low
percentage in CA group (10.4%). In our study when comparing Angiographic Lesion Complexity Score in two groups
(PCl and CA) reported that CA group have a higher percentage (64.6%) of O score (least complexity ) than PCI group
(29.2%) but, PCI group has greater percentage of score 1 (one complex lesion) and score 2 ( two complex lesion)
(31.9%) and (27.8%) respectively compared with CA group (6.3%) and (8.3%) respectively . PCI group has a lower
percentage of score 3 (three complex lesion) (11.1%) than CA group (20.8%). No high score (4 and 5) in both groups.
Table 3: Lesion Characteristics of The Study Groups

Percutaneous
. . Coronary Cgtheter
Lesion characteristics | . Angiography
nterventions (CA)
(PCI)

Calcification
no 31 (43.1%) 34 (70.8%)
yes 41 (56.9%) 14 (29.2%)

Bifurcation
no 48 (66.7%) 36 (75.0%)
yes 24 (33.3%) 12 (25.0%)

Chronic Total Occlusion (CTO)
no 53 (73.6%) 39 (81.3%)
yes 19 (26.4%) 9 (18.8%)
Type C

no 27 (37.5%) 32 (66.7%)
yes 45 (62.5%) 16 (33.3%)
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Unprotected Left Main Trunk (UPLMT)
no 72 (100.0%) 43 (89.6%)
yes 0 (0.0%) 5 (10.4%)
Angiographic Lesion Complexity Score
0 (no complex lesion) 21 (29.2%) 31(64.6%)
1(one complex lesion) 23 (31.9%) 3(6.3%)
2(two complex lesions) 20 (27.8%) 4(8.3%)
3(three complex lesions) 8 (11.1%) 10(20.8%)
4(four complex lesions) 0 (0.0%) 0 (0.0%)
5(all complex lesions) 0 (0.0%) 0 (0.0%)

Comparison in Lipid Profile Levels Between PCI And CA Groups

Table 4 and Fig.1 demonstrated the mean and standard deviation (SD) of lipid profile levels in the two groups. Results
were shown that the CA group had a slightly higher average total cholesterol level (162.1 mg/dL + 39.9 SD) compared
to the PCI group (146.5 mg/dL + 63.2 SD). Also, the CA group had a considerably higher average LDL level (120.5
mg/dL + 25.5 SD) compared to the PCI group (74.2 mg/dL £ 32.8 SD). While PCI group had a higher average TG
level (194.6 mg/dL £ 117.8 SD) compared to the CA group (134.7 mg/dL + 34.4 SD). Both groups had relatively low
HDL levels, with similar averages: 35.7 mg/dL + 11.5 SD in the PCI group and 34.7 mg/dL + 9.7 SD in the CA group.

Table 4. Mean Differences of Lipid Profile Levels Among the Studies Groups

Lipid profile | PCI | CA
Total cholesterol (mg/dL)
Meanz=SD 146.5+63.2 | 162.1+39.9
TG (mg/dL)
Mean+SD 194.6+117.8 | 134.7+34.4
HDL (mg/dL)
MeanSD | 35.7+115 | 34.7+9.7
LDL (mg/dL)
Mean+SD | 74.2+32.8 | 120.5+25.5
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Figure 1: Mean Differences of Lipid Profile Levels Among Study Groups. A)
refers to cholesterol levels. B) refers to high density lipoprotein. C) refers to
triglycerides. D) refers to low density lipoprotein.
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Comparison of Atherogenic Indices in PClI And CA Groups

Regarding the lipid profile comparisons between patients undergoing PCI and CA. The findings reveal interesting
differences in cholesterol profiles between the two groups. The CA group had slightly higher average total cholesterol
and significantly higher LDL cholesterol compared to the PCI group. Results were shown a potentially higher burden
of atherogenic lipoproteins (LDL) in the CA group, this was agreed with the previous research who shown the role of
LDL in the contribution of coronary artery plaque formation (Mortensen et al., 2022).Conversely, the PCI group had
a significantly higher average TG level compared to the CA group. Elevated TG, often associated with metabolic
syndrome, can also be a risk factor for cardiovascular disease. Both groups had relatively low HDL levels, with no
significant difference between them. In spite of the differences in the mean levels of lipid, however both study groups
were having coronary artery disease. Dyslipidemia is an independent major risk factor for CAD. This variation might
be due to lifestyle interventions and a wide range of risk factor results in CAD progression.(Shahid et al., 2020). Table
5 & Fig.2 presented the mean and standard deviation (SD) of atherogenic indices in patients undergoing elective PCI
and those undergoing CA. There was a mean difference in most atherogenic indices between the PCI and CA
groups. The CA group has a significantly higher C-index (85.8 + 18.7) compared to the PCI group (37.1 £ 57.4). A
higher C-index generally indicates a greater likelihood of atherosclerotic events. While the PCI group has a slightly
higher average AIP (0.7 £ 0.5) compared to the CA group (0.6 £ 0.1). The CA group has higher mean values for both
Castelli’s Indices (I and 11) (5.4 £ 0.7) and (3.6 £ 0.6) compared to the PCI group (4.0 + 1.9, 2.0 + 1.8). Similar to
other indices, the CA group has a higher average AC index (4.4 + 0.7) compared to the PCI group (3.0 £ 1.9).

Table 5. Mean differences of atherogenic indices Levels among the studied groups

Atherogenic Indices ‘ CA ‘ PCI
C-index
Mean 2SD | 85.8+18.7 | 37.1457.4
AIP
Mean 25D | 0.620.1 | 0.7+0.5
Castelli’s I
Mean 25D | 5.40.7 | 4+1.9
Castelli’s I1
Meanz 25D | 3.6:0.6 | 2+1.8
AC index
Mean 2SD | 44207 | 3+1.9
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Figure 2: Mean Differences of Atherogenic Indices Levels Among Study Groups. A) C-
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4. Discussion

Recently, it has been confirmed that atherogenic Index of Plasma (AIP) is a novel marker for cardiovascular illnesses
in the modern era(Wang et al., 2023, Zheng et al., 2022, Qin et al., 2020). examined AIP as a continuous variable and
discovered a strong positive association between the probability of dying from all causes and AIP level (Kasapkara
and Erdogan, 2023) . Dyslipidemia is caused by an imbalance of these plasma lipids and is typified by low levels of
HDL and high levels of LDL, TG, and total cholesterol (Hoogeveen and Ballantyne, 2021) . While lowering LDL
levels is one of the treatment goals for CAD, even after achieving this goal, there is still a significant cardiovascular
risk, which motivates researchers to look into more precise risk factors in these patients (Ikezaki et al., 2021) . As a
useful predictor, the AIP represents the atherogenic lipid profile and offers important information about the remaining
cardiovascular risk, making it a powerful predictor of cardiovascular events. Additional ongoing research (Wang et
al., 2023) revealed evidence that patients with higher AIP levels were more likely to experience MACCE than patients
with lower AIP levels. This increased risk was attributed to the increased possibility of unplanned repeat
revascularization. Prior studies have indicated a strong correlation between AIP levels and both the stability of plaque
and the severity of coronary artery lesions.(Hu et al., 2023)
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This suggests that patients with high AIP levels are more vulnerable to the rapid development and rupture of coronary
plaques, which increases the risk of unanticipated recurrent revascularization. Secondly, a number of studies have
shown a strong correlation between high levels of AIP and insulin resistance, which is linked to an increased risk of
cardiovascular events (Salazar et al., 2013). Thirdly, obese patients had a higher likelihood of having a high AIP level
(Zhu et al., 2018), and show a higher incidence of diabetes mellitus, hypertension, and metabolic syndrome (Wen,
2023) , they collectively have a major role in the worse clinical results after PCI.

The ratio of T.G./HDL represents a valuable indicator for valuing IHD risk and personalized therapeutic
approaches (Shwaikh, 2023).On the other hand, results were shown that patients undergoing coronary angiography
tend to have higher Castelli's I (CRI) and (CRII) values compared to those undergoing elective PCI, this finding was
consistence with other research in different context who investigate the relationship between Castelli's I and II and
ischemia severity (Doganay, 2023). It was found that Patients with ischemia had higher CRI levels; CRI-II levels,
but not CRI-I, were linked with the degree of ischemia. The existence and severity of ischemia were both co-
independently predicted by CRI-II, and the prediction of ischemia severity by CRI-II threshold values increased
gradually.(Doganay, 2023). Atherosclerosis is the main cause of AD, and disorders associated with atherosclerosis
frequently have a poor prognosis (Chunli Shao, 2020). The pathophysiology of atherosclerosis is known to involve
mechanisms including lipid accumulation in the artery intima, activation of inflammatory cells like T lymphocytes
and monocytes, and matrix protein synthesis (Graeme J. Koelwyn, 2018) . This is in line with the observation that
patients with ischemia, regardless of severity, have impaired lipid metabolism, increased monocytes, and elevated
CRP levels. Prior research has indicated the function of CRI derived from lipid profiles in the prognostication of
cardiovascular illness. Zhang et al (Yurong Zhang, 2012) revealed that the risk of ischemic stroke is correlated with
CRI-I, a measure of coronary plaque production, in both men and women. Dai et al (Michelle Dai 1 et al., 2022)
found that there is a positive connection between CRI-I and CRI-1I and aortic calcification. Afsin et al. (Afsinl et al.,
2021) demonstrated that sluggish coronary flow can be independently predicted by CRI-II. While these results confirm
that CRI is a useful screening method for CAD prediction. The stimulation of inflammation can hasten atherosclerosis
(Meng-YuWu 1,2017) . After tissue damage, macrophages gather in the damaged tissue as a result of an inflammatory
response. Additionally, it has been proposed that HDL might prevent leukocyte migration and activation (Rolf Spirig,
2013). When activated monocytes take up oxidized LDL cholesterol molecules, they develop into macrophages.
Reversing the effects of oxidized LDL and decreasing monocyte activation are two functions of HDL cholesterol
(Sumra Nazir 2020). Pro- and anti-inflammatory cytokines are secreted as a result, and CRP production rises. Thus,
atherosclerosis is accelerated by an inflammatory response (Lina Badimon, 2018). This mechanism aligned with the
favorable connection observed between CRIs and inflammatory markers. Prior research revealed a positive
relationship between CAD patients' CRP levels and the degree of ischemia (Yue Liu MD, 2020) . The diagnostic
efficacy of CRI-II generated from LDL and HDL cholesterol levels may be explained by these mechanisms.
Additionally, CRI-II provided progressive threshold values for differentiating the severity of ischemia. Beyond just
determining whether ischemia is present, CRI-II can be a cheap and simple screening tool for predicting the severity
of ischemia. This study compared atherogenic indices between patients undergoing PCI and CA . The findings show

that the CA group, despite having a seemingly "better" lipid profile in some aspects, had significantly higher values
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for most atherogenic indices. This finding was highlighted the potential value of atherogenic indices in cardiovascular
risk assessment. By incorporating these indices alongside traditional lipid profiles. The specific components
contributing to a high atherogenic index can inform targeted managements. The CA group exhibited higher mean
values for C-index, Castelli's I & II indices, and the AC index compared to the PCI group. These indices generally
reflect a higher risk of atherosclerotic events. These findings were consistence with other who suggests that
atherogenic indices might provide a more comprehensive picture of cardiovascular risk compared to traditional lipid

profiles alone.(Jihong Deng a 1, 2023).
5. Conclusion

Parameters like AC, AIP, CR I&II which may be calculated more readily and that can better reflect the complicated
lipid metabolism, should be taken into consideration in daily practice as well to follow-up of traditional lipid
parameters.

6. Declarations
Authors’ contributions: RM, RMH and SY were designed the experiments, wrote the manuscript; RM, RMH ,SY
performed experiments and collected data, editing and prepare the manuscript for journal submission. RM, RMH ,SY
and AH were checking the final approved of the version to be published. All authors read and approved the final

manuscript.
7. Conflict of interest

The authors declare no conflict of interest.
8. Funding resources

No external fund was received.

References

AFSIN1, A, , H. K., ARIF SUNER2, , K. E. U.,,N.B.,, Y. H., & ASOGLU, F. Y. A. R. 2021. Plasma atherogenic
indices are independent predictors of slow coronary flow. BMC Cardiovascular Disorders, 21, 608.
AL-HUSSEINI, H. M. & EL-MOSAWI, H. Q. 2021. Association of abdominal aortic calcium with coronary artery

calcium and obstructive coronary artery disease. Karbala Journal of Pharmaceutical Sciences, 1.

BAQI, H. R.,, ABDULLAH, T. H., KARIM, S. H. & GHAFOR, D. A. 2020. Association of lipid profile with body
mass index in Public Employees in Halabja City, Kurdistan Region of Irag. Polytechnic Journal, 10, 12.

BODDE, M. C., HERMANS, M. P., WOLTERBEEK, R., COBBAERT, C. M., VAN DER LAARSE, A., SCHALL,
M. J. & JUKEMA, J. W. 2019. Plasma LDL-cholesterol level at admission is independently associated with
infarct size in patients with ST-segment elevation myocardial infarction treated with primary percutaneous
coronary intervention. Cardiology and Therapy, 8, 55-67.

BOREN, J., CHAPMAN, M. J., KRAUSS, R. M., PACKARD, C. J., BENTZON, J. F., BINDER, C. J.,, DAEMEN,
M. J., DEMER, L. L., HEGELE, R. A. & NICHOLLS, S. J. 2020. Low-density lipoproteins cause
atherosclerotic cardiovascular disease: pathophysiological, genetic, and therapeutic insights: a consensus
statement from the European Atherosclerosis Society Consensus Panel. European heart journal, 41, 2313-
2330.

CHEN, X., RONG, C,, Ql, P., BAI, W., YAO, W., ZHANG, Y. & DANG, Y. 2021. LDL-C and total stent length are
independent predictors of periprocedural myocardial injury and infarction for unstable angina patients
undergoing elective percutaneous coronary intervention. International Journal of General Medicine, 1357-
1365.

54



CHUNLI SHAO, J. W., JIAN TIAN AND YI-DA TANG 2020. Coronary Artery Disease: From Mechanism to
Clinical Practice. Coronary Artery Disease: Therapeutics and Drug Discovery, 1-36.

DENG, Q., HOU, J., DENG, X. & ZHONG, Z. 2023. Association of serum laboratory parameters with periprocedural
myocardial infarction after a primary percutaneous coronary intervention. Perfusion, 38, 393-400.
DOGANAY, B. 2023. Relationship between the Castelli risk indeces and the presence and severity of ischemia in
non-geriatric patients with suspected coronary artery disease. Turkish Journal of Clinics and Laboratory, 14,

128-136.

DYRBUS, K., GASIOR, M., DESPERAK, P., NOWAK, J., OSADNIK, T. & BANACH, M. 2019. Characteristics of
lipid profile and effectiveness of management of dyslipidaemia in patients with acute coronary syndromes—
data from the TERCET registry with 19,287 patients. Pharmacological research, 139, 460-466.

ENDO, A, KAWAMURA, A., MIYATA, H., NOMA, S., SUZUKI, M., KOYAMA, T., ISHIKAWA, S,
NAKAGAWA, S., TAKAGI, S. & NUMASAWA, Y. 2015. Angiographic lesion complexity score and in-
hospital outcomes after percutaneous coronary intervention. PloS one, 10, e0127217.

GITT, A. K., LAUTSCH, D., FERRIERES, J., KASTELEIN, J.,, DREXEL, H., HORACK, M., BRUDI, P.,
VANNESTE, B., BRAMLAGE, P. & CHAZELLE, F. 2016. Low-density lipoprotein cholesterol in a global
cohort of 57,885 statin-treated patients. Atherosclerosis, 255, 200-209.

GOMEZ-ALVAREZ, E., VERDEJO, J.,, OCAMPO, S., PONTE-NEGRETTI, C. |., RUIZ, E. & RIOS, M. M. 2020.
The CNIC-polypill improves atherogenic dyslipidemia markers in patients at high risk or with cardiovascular
disease: results from a real-world setting in Mexico. 1JC Heart & Vasculature, 29, 100545.

GRAEME J. KOELWYN, E. M. C., EBRU ERBAY & KATHRYN J. MOORE 2018. Regulation of macrophage
immunometabolism in atherosclerosis. Nature immunology, 19, 526-537.

HASAN, M. Z., HASHEM, S., AHMED, M., HAQUE, M. M., JAHAN, J., KABIR, M. K., HOSEN, M. I. &
SHADLY, T. A. 2023. Any Target Value of LDL-cholesterol before Elective PCI? A study at NICVD on
Association of LDL-Cholesterol levels with Myocardial Injury during Elective PCI. Bangladesh Heart
Journal, 38, 70-80.

HOOGEVEEN, R. C. & BALLANTYNE, C. M. 2021. Residual cardiovascular risk at low LDL: remnants, lipoprotein
(@), and inflammation. Clinical chemistry, 67, 143-153.

HU, Y., WANG, X,, LUO, C., ZHENG, T. & TIAN, G. 2023. Sex difference in the relationship of the Atherogenic
index of plasma with coronary artery lesions in diabetes: a cross-sectional study. Lipids in Health and
Disease, 22, 10.

IGHARO, O. G., AKINFENWA, Y., ALPHONSUS, R., IDOMEH, F. A., NWOBI, N. L., ANETOR, J. I. &
OSIBANJO, 0. 2020. Lipid profile and atherogenic indices in nigerians occupationally exposed to e-waste:
a cardiovascular risk assessment study. Maedica, 15, 196.

IKEZAKI, H., LIM, E., CUPPLES, L. A, LIU, C. T., ASZTALOS, B. F. & SCHAEFER, E. J. 2021. Small dense
low-density lipoprotein cholesterol is the most atherogenic lipoprotein parameter in the prospective
Framingham offspring study. Journal of the American Heart Association, 10, e019140.

JASIM, R. H. & LEFTA, A. A. 2022. Study of Lipid Profiles Levels and Some Parameters of Glucose Monitoring As
Predictive Indicators of Recurrent Ml in Patients Undergoing Elective Percutaneous Coronary Intervention
(PCI). Journal of Kufa for Chemical Sciences, 2, 56-72.

JIHONG DENG A 1, X. T. B., RUIYING TANG A, JIEXIN CHEN A, HUANKAI GUO A, QIAN ZHOU C,
XIAOJIANG ZHAN D, HAIBO LONG E, FENFEN PENG E, XIAOYANG WANG F, YUEQIANG WEN
G, XIAORAN FENG H, NING SU I, NATIAN J, XIANFENG WU K, QINGDONG XU 2023. Atherogenic
index predicts all-cause and cardiovascular mortality in incident peritoneal dialysis patients. Atherosclerosis,
387, 117389.

KASAPKARA, H. A. & ERDOGAN, M. 2023. Association between atherogenic index of plasma and in-hospital
mortality in patients with STEMI undergoing primary percutaneous coronary intervention. Journal of Health
Sciences and Medicine, 6, 158-164.

KAVURMA, M. M. & BENNETT, M. R. 2008. Expression, regulation and function of trail in atherosclerosis.
Biochemical pharmacology, 75, 1441-1450.

KHAN, S. Q. & LUDMAN, P. F. 2022. Percutaneous coronary intervention. Medicine, 50, 437-444.

KIM, T., PARK, A. Y., BAEK, Y. & CHA, S. 2017. Genome-wide association study reveals four loci for lipid ratios
in the Korean population and the constitutional subgroup. PloS one, 12, e0168137.

KOSKINAS, K., MACH, F. & RABER, L. 2021. Lipid-lowering therapy and percutaneous coronary interventions:
Lipid-lowering therapy and PCI. Eurolntervention, 16, 1389.

55



LINA BADIMON, E. P., GEMMA ARDERIU, TERESA PADRO, MARK SLEVIN ,GEMMA VILAHUR AND
GEMMA CHIVA-BLANCH 2018. C-reactive protein in atherothrombosis and angiogenesis. Frontiers in
immunology, 9, 430.

MENG-YU WU 1, O., CHIA-JUNG LI 30RCID,MING-FENG HOU 4,5,6,* ANDPEI-YI CHU 2017. New insights
into the role of inflammation in the pathogenesis of atherosclerosis. International journal of molecular
sciences, 18, 2034.

MICHELLE DAI 1, WINNIE XU 1, ,H. C,,, N. A, , J. P,,, S. C. & RAJAPAKSE, A. C. S. 2022. Atherogenic
Indices as a Predictor of Aortic Calcification in Prostate Cancer Patients Assessed Using 18F-Sodium
Fluoride PET/CT. International Journal of Molecular Sciences, 23, 13056.

MORTENSEN, M. B., CAINZOS-ACHIRICA, M., STEFFENSEN, F. H., BGTKER, H. E., JENSEN, J. M., SAND,
N. P. R.,, MAENG, M., BRUUN, J. M., BLAHA, M. J. & SORENSEN, H. T. 2022. Association of coronary
plaque with low-density lipoprotein cholesterol levels and rates of cardiovascular disease events among
symptomatic adults. JAMA network open, 5, e2148139-e2148139.

MOSA, A. U., ABD ALKAREEM, Z. & NASER, I. H. 2021. Hyperlipidemia: pathophysiology, causes,
complications, and treatment. A review. Kerbala journal of pharmacy and pharmaceutical science
NWAGHA, U., IKEKPEAZU, E., EJEZIE, F., NEBOH, E. & MADUKA, I. 2010. Atherogenic index of plasma as
useful predictor of cardiovascular risk among postmenopausal women in Enugu, Nigeria. African health

sciences, 10.

QIN, Z., ZHOU, K., L1, Y., CHENG, W., WANG, Z., WANG, J., GAO, F., YANG, L., XU, Y. & WU, Y. 2020. The
atherogenic index of plasma plays an important role in predicting the prognosis of type 2 diabetic subjects
undergoing percutaneous coronary intervention: results from an observational cohort study in China.
Cardiovascular diabetology, 19, 1-11.

QIU, W., CHEN, J., HUANG, X. & GUQ, J. 2020. The analysis of the lipid levels in patients with coronary artery
disease after percutaneous coronary intervention: a one-year follow-up observational study. Lipids in health
and disease, 19, 1-10.

ROLF SPIRIG, A. S., ALAIN KROPF, SYLVIA MIESCHER, MARTIN O. SPYCHER, ROBERT RIEBEN 2013.
Reconstituted High-Density Lipoprotein Modulates Activation of Human Leukocytes. PLoS One, 8.
SAKAMOTO, T. & OGAWA, H. 2010. " Just Make It Lower" Is an Alternative Strategy of Lipid-Lowering Therapy
With Statins in Japanese Patients—LDL-Cholesterol: The Lower, the Better; Is It True for Asians?(Con)-.

Circulation journal, 74, 1731-1741.

SALAZAR, M. R., CARBAJAL, H. A, ESPECHE, W. G., LEIVA SISNIEGUEZ, C. E., MARCH, C. E., BALBIN,
E., DULBECCO, C. A., AIZPURUA, M., MARILLET, A. G. & REAVEN, G. M. 2013. Comparison of the
abilities of the plasma triglyceride/high-density lipoprotein cholesterol ratio and the metabolic syndrome to
identify insulin resistance. Diabetes and Vascular Disease Research, 10, 346-352.

SHAHID, S. U., SHABANA & REHMAN, A. 2020. Predictive value of plasma lipid levels for coronary artery disease
(CAD). Biologia, 75, 1455-1463.

SHWAIKH, Z. M. N. A. A. K. 2023. Evaluation of Lipid Profile in Patients with Ischemic Heart Disease. Kerbala
Journal of Pharmaceutical Sciences, 14, 92-105.

SUMRA NAZIR , V. J.,, GUZIDE BENDER ,STEPHEN ZEWINGER ,KERRY-ANNE RYE ,EMIEL P.C. VAN
DER VORST 2020. Interaction between high-density lipoproteins and inflammation: Function matters more
than concentration! Advanced Drug Delivery Reviews, 159, 94-1109.

TECER, D., SUNAR, |, OZDEMIREL, A. E., TURAL, R., KUCUKSAHIN, O., DINCEL, A. S. & ATAMAN, S.
2019. Usefullnes of atherogenic indices and Ca-LDL level to predict subclinical atherosclerosis in patients
with psoriatic arthritis? Advances in Rheumatology, 59, 49.

TRIALISTS, C. T. 2010. Efficacy and safety of more intensive lowering of LDL cholesterol: a meta-analysis of data
from 170 000 participants in 26 randomised trials. The Lancet, 376, 1670-1681.

ULUSOY, R. E. 2013. LDL cholesterol measurement in terms of CHOLINDEX. ANADOLU KARDIYOLOJI
DERGISI-THE ANATOLIAN JOURNAL OF CARDIOLOGY, 13, 612-612.

WANG, Y., WANG, S., SUN, S,, LI, F., ZHAO, W., YANG, H. & WU, X. 2023. The predictive value of atherogenic
index of plasma for cardiovascular outcomes in patients with acute coronary syndrome undergoing
percutaneous coronary intervention with LDL-C below 1.8 mmol/L. Cardiovascular Diabetology, 22, 150.

WEN, Y. S. A. M. 2023. Sex-specifc diferences in the efect of the atherogenic index of plasma on prediabetes and
diabetes in the NHANES 2011-2018 population. Cardiovascular Diabetology, 22, 19.

YUE LIU MD, S.-D. J. M., YI YAO MD ,XIAO-FANG TANG MD, NA XU MD, LIN JIANG MD, ZHAN GAO
MD, JUE CHEN MD, YUE-JIN YANG MD, RUN-LIN GAO MD, BO XU MBBS, JIN-QING YUAN MD

56



2020. Impact of high-sensitivity C-reactive protein on coronary artery disease severity and outcomes in
patients undergoing percutaneous coronary intervention. Journal of Cardiology, 75, 60-65.

YURONG ZHANG, M., PHD, JAAKKO TUOMILEHTO, MD, PHD, PEKKA JOUSILAHTI, MD, PHD, YUJIE
WANG, MSC, RIITTA ANTIKAINEN, MD, PHD, AND GANG HU, MD, PHD 2012. Total and High-
Density Lipoprotein Cholesterol and Stroke Risk. Stroke, 43, 1768-1774.

ZHAO, X., ZHANG, H.-W., XU, R.-X., GUO, Y.-L., ZHU, C.-G., WU, N.-Q., GAO, Y. & L1, J.-J. 2018. Oxidized-
LDL is a useful marker for predicting the very early coronary artery disease and cardiovascular outcomes.
Personalized Medicine, 15, 521-529.

ZHENG, Y., LI, C,, YANG, J, SEERY, S, Ql, Y., WANG, W., ZHANG, K., SHAO, C. & TANG, Y.-D. 2022.
Atherogenic index of plasma for non-diabetic, coronary artery disease patients after percutaneous coronary
intervention: a prospective study of the long-term outcomes in China. Cardiovascular diabetology, 21, 29.

ZHU, X, YU, L., ZHOU, H., MA, Q., ZHOU, X, LEI, T., HU, J., XU, W., YI, N. & LEI, S. 2018. Atherogenic index
of plasma is a novel and better biomarker associated with obesity: a population-based cross-sectional study
in China. Lipids in Health and Disease, 17, 1-6.

57



