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Abstract
Background  Atherogenic index of plasma (AIP), a novel logarithmic index that combines fasting triglyceride and 
high-density lipoprotein cholesterol concentrations, is associated with the burden of atherosclerosis. This study 
aimed to evaluate the relationship between AIP and coronary artery disease (CAD) risk, severity, and prognosis in 
populations with and without established CAD.

Methods  PubMed, Embase, and Web of Science were systematically searched from the inception of each database 
to August 13, 2024. Cross-sectional studies, case-control studies, and prospective or retrospective cohort studies using 
multivariate analysis were included. Given that the true effect size may differ across studies, a random-effects model 
for all analyses was applied.

Results  Fifty-one observational studies were included in this study. Patients with higher AIP were more likely to 
have CAD (odds ratio (OR): 2.79, 95% CI 1.75–4.45, P < 0.00001). Furthermore, these patients were more likely to have 
coronary artery calcification (OR: 2.28, 95% CI 1.74–3.00, P < 0.00001), multivessel CAD (OR: 2.04, 95% CI 1.50–2.77, 
P < 0.00001), and an increased risk of plaque progression (OR: 1.49, 95% CI 1.17–1.91, P = 0.001). In populations without 
established CAD, higher AIP levels were associated with an increased risk of Major adverse cardiovascular events 
(MACE) (hazard ratio (HR): 1.28, 95% CI 1.22–1.35, P < 0.00001). Interestingly, this finding was consistent in patients 
presenting with acute coronary syndrome (HR: 1.59, 95% CI 1.33–1.89, P < 0.00001) and patients with chronic coronary 
syndrome or stable CAD (HR: 1.65, 95% CI 1.15–2.37, P = 0.007).

Conclusions  This meta-analysis demonstrates that elevated AIP is strongly associated with increased CAD risk, 
greater severity, and poorer prognosis in populations with and without established CAD. However, more studies are 
needed to evaluate the predictive performance and determine the optimal cut-off for AIP in different populations.
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Background
Cardiovascular diseases (CVDs) are among the leading 
causes of mortality and morbidity worldwide, with coro-
nary artery disease (CAD) comprising a large proportion 
of these cases [1]. The risk, severity, and prognosis of 
CAD depend upon multiple factors. In 2001, the athero-
genic index of plasma (AIP) was proposed as a potential 
independent risk factor for CAD due to its correlation 
with lipoprotein particle size [2]. AIP is calculated as 
logarithm of [triglyceride (TG) / high-density lipopro-
tein cholesterol (HDL-C)] and is particularly useful for 
developing communities where laboratory testing may be 
inconvenient. AIP has a strong and positive relationship 
with cholesterol esterification rates, remnant lipoprotein-
emia, and insulin resistance, all of which contribute to 
the development of atherosclerosis [3–5]. 

Recent studies have demonstrated that higher AIP lev-
els significantly increase the risk of CAD after adjusting 
for other risk factors [6]. Moreover, several studies have 
revealed a significant link between higher AIP levels 
and worse prognosis in patients with established CAD 
[7, 8]. Interestingly, similar trends have been observed 
in patients without CAD and in the general population 
[9]. To provide more reliable evidence for clinical prac-
tice, we conducted a systematic review and meta-analysis 
to summarize the relationship between AIP, CAD risk, 
severity, and prognosis in populations with and without 
established CAD.

Methods
The authors declare that all essential data are available 
within the article and the supplementary materials. This 
systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) reporting guidelines [10]. 
The study protocol was submitted to the International 

Prospective Register of Systematic Reviews ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​
.​c​r​d​.​y​o​r​k​.​a​c​.​u​k​/​p​r​o​s​p​e​r​o​/​​​​​) with the registration number 
CRD42024610676. This study did not require approval 
from an institutional review board because we used data 
from previously published articles only.

Data sources and searches
We systematically searched the literature by using 
PubMed, Embase, and Web of Science from their incep-
tion up until August 13, 2024. The search strategy was 
formulated using relevant search terms for: (1) AIP 
(“Atherogenic index of plasma”) and (2) CVD (“cardio-
vascular disease,” “coronary artery disease,” “myocardial 
infarction,” “all-cause mortality,” “cardiovascular death”). 
A detailed list of the search strategies for all databases 
is available in supplementary eTable 1. Following the 
removal of duplicate entries, four investigators (R.A., 
A.S., A.T., S.D.) screened the remaining articles at the 
title and abstract level, and then at the full-text and 
supplementary levels based on the predefined selection 
criteria. The selected studies were reviewed again for 
accuracy by the corresponding author (K.H.).

Study selection
Studies fulfilling all of the predefined inclusion criteria 
were included: (1) published as full-length articles and 
written in English; (2) reported the odds ratios (ORs) or 
hazard ratios (HRs) with 95% confidence interval (CI) 
for the association between categorized or continuous 
AIP measurements and the outcomes, after adjusting for 
potential confounders; (3) specified the increment unit 
for continuous AIP measurements; (4) reported out-
comes related to CAD risk, severity, or prognosis. We 
excluded abstracts, reviews, nonhuman studies, letters to 
editors, case reports, and case series. Risk of CAD was 
determined by the presence of coronary artery stenosis 
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on coronary angiography (CAG). The severity of CAD 
was assessed by examining coronary artery plaque pro-
gression, the presence of multivessel lesions, coronary 
artery calcification, the no-reflow phenomenon, coronary 
total occlusion, poor coronary collateral circulation, stent 
thrombosis, and in-stent restenosis. CAD prognosis was 
assessed by measuring the incidence of major adverse 
cardiovascular events (MACE) and their components, 
including MI, stroke, CVD-specific mortality, and all-
cause mortality.

Data extraction and quality assessment
Four investigators (R.A., A.S., A.T, and S.D.) extracted 
data under the supervision of the corresponding author 
(K.H.). We collected the following information on 
patients’ baseline characteristics and key study details: 
(1) name of the first author, publication year, country, and 
study design; (2) participant characteristics, including 
health status, sample size, mean age, number of male par-
ticipants, and number of participants with diabetes; (3) 
methods used for AIP analysis; (4) follow-up duration; (5) 
reported outcomes; and (6) confounding factors adjusted 
in the multivariate analyses. We assessed the risk of bias 
using the Newcastle–Ottawa Scale (NOS), which ranges 
from 0 (the lowest) to 9 (the highest). Studies with scores 
of ≥ 6 were considered high-quality studies [11]. 

Statistical analyses
The Review Manager version 5.4.1 (The Cochrane Col-
laboration, 2020), and R Project for Statistical Computing 
were used in all statistical analyses. HRs or ORs, along 
with their corresponding 95% CIs from the fully adjusted 
models, were pooled to evaluate the association between 
AIP and the outcomes. The model with the highest num-
ber of variables used for adjustment was chosen for anal-
ysis. For studies where AIP was analyzed as a categorical 
variable, HRs or ORs for the highest versus lowest AIP 
groups were extracted. In studies where AIP was exam-
ined as a continuous variable, HRs or ORs representing 
the change in outcome per 1-unit increment in AIP were 
extracted. A P < 0.05 was considered as statistical signifi-
cance for the pooled OR and HR.

Statistical heterogeneity across studies was assessed 
using the I2 statistic, where values of < 25%, 25–50%, 
and > 50% reflect low, moderate, and high heterogene-
ity, respectively. Given that the true effect size may dif-
fer across studies, we employed a random-effects model 
for all analyses a priori [12]. For outcomes with I2 statis-
tic greater than 50%, we performed subgroup analyses 
to evaluate the influences of the study characteristics, 
including gender and diabetes status on the association 
between AIP and the outcomes. Publication bias was 
assessed using Egger’s regression asymmetry test, appli-
cable to outcomes with more than nine datasets. Finally, 

to evaluate the stability of the results, we conducted sen-
sitivity analyses by excluding one individual study at a 
time.

Results
Literature search
Supplementary eFigure 1 shows the process of the data-
base search. Following the aforementioned system-
atic search, we identified a total of 2247 papers after 
removing the duplications. Of these, 1977 articles were 
excluded during the title and abstract screening due to 
irrelevance. In the next step, 270 papers underwent full-
text screening. Of these, 219 articles were excluded for 
not reporting outcomes of interest and failing to define 
the increment unit for continuous AIP analyses. Finally, 
51 articles were deemed eligible for this meta-analysis. 
The key findings of the meta-analyses are presented in 
the Graphical Abstract [13]. We have included the Con-
firmation of Publication and Licensing Rights for the 
Graphical Abstract in the Supplementary material.

Quality assessment
The authors evaluated the quality of the included studies 
using the NOS, which assigns points to nonrandomized 
studies based on three criteria: selection, comparabil-
ity, and outcome. Supplementary eTable 3 provides the 
details of the NOS scores for each study. In summary, 
most of the included studies had NOS scores higher than 
6, indicating good quality.

The AIP and CAD risk
Twelve studies assessed the relationship between AIP 
and CAD risk in asymptomatic patients or those with 
suspected CAD [6, 14–24]. Details of these studies are 
presented in Table 1. The pooled results from two stud-
ies [14, 15] revealed that asymptomatic patients with 
higher AIP levels were significantly more likely to have 
sub-clinical CAD compared to those with lower AIP lev-
els (OR: 3.04, 95% CI 2.33–3.98, I2 = 0%, P < 0.00001). This 
finding was consistent when AIP was analyzed as a con-
tinuous variable in one study [15] (OR per 1-unit incre-
ment of AIP: 2.14, 95% CI 1.38–3.31, P = 0.0006). The 
other ten studies included postmenopausal women [24], 
patients with type 2 diabetes mellitus [6, 18], and adult 
patients, with or without symptoms, undergoing CAG 
for suspected CAD [16, 17, 19–23]. The meta-analysis 
of six studies [6, 16–20] demonstrated that individuals 
with higher AIP had a significantly increased risk of CAD 
(OR: 2.79, 95% CI 1.75–4.45, I2 = 86%, P < 0.00001, Fig. 1). 
This association was consistent when AIP was analyzed 
as a continuous variable in six studies (OR per 1-unit 
increment of AIP: 7.94, 95% CI 3.46–18.24, I2 = 83%, 
P < 0.00001).
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The AIP and CAD severity in populations without 
established CAD
In populations without established CAD, four studies 
evaluated the relationship between AIP levels and coro-
nary artery plaque progression [25–28]. Additionally, two 
studies evaluated the relationship between AIP levels and 
the presence of multivessel lesions [17, 18], while one 
study investigated the association between AIP levels and 
coronary artery calcification [15]. Details of these studies 
are available in Table 1.

One study [15] revealed that in asymptomatic patients, 
higher AIP levels were associated with an increased like-
lihood of coronary artery calcification (OR: 2.28, 95% CI 
1.74–3.00, P < 0.00001).The pooled results of two studies 
[17, 18] demonstrated that individuals with higher AIP 
levels were significantly more likely to have multives-
sel CAD compared to those with lower AIP levels (OR: 
2.04, 95% CI 1.50–2.77, I2 = 0%, P < 0.00001). The meta-
analysis of three studies [25–27] showed that individuals 

with higher AIP had a significantly increased risk of 
plaque progression (OR: 1.49, 95% CI 1.17–1.91, I2 = 0%, 
P = 0.001). This association remained consistent when 
AIP was analyzed as a continuous variable in another 
study (OR per 1-unit increment of AIP: 1.63, 95% CI 
1.22–2.17, P = 0.02). Figure  2 provides the details of the 
analyses.

The AIP and cardiovascular events in populations without 
established CAD
In this meta-analysis, seven studies evaluated the risks 
of MACE [9, 29–34], six studies assessed CVD-specific 
mortality [9, 29, 32, 35–37], six studies examined all-
cause mortality [29, 35–39], six studies investigated the 
risks of stroke [29, 32, 40–43], and four studies evaluated 
the risks of MI [29, 32, 44, 45] in populations without 
established CAD. The details of these studies are pro-
vided in Table 1.

Fig. 1  Forest plots showing the pooled result of meta-analysis of CAD risk
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The meta-analysis of six studies revealed that individu-
als with higher AIP levels had a significantly increased 
risk of MACE compared to those with lower AIP levels 
(HR: 1.28, 95% CI 1.22–1.35, I2 = 24%, P < 0.00001). This 
association was consistent when AIP was analyzed as a 
continuous variable in three studies (HR per 1-unit incre-
ment of AIP: 1.92, 95% CI 1.16–3.20, I2 = 78%, P = 0.01). 
Figure  3 and Supplementary eFigure 2 show the results 
for other outcomes.

The AIP and CAD severity in populations with established 
CAD
In patients with CAD undergoing CAG, higher AIP levels 
were associated with an increased risk of coronary total 
occlusion [46] (OR: 5.23, 95% CI 4.36–6.26, P < 0.00001) 
and poor coronary collateral circulation [47] (OR: 4.47, 
95% CI 2.77–7.22, P < 0.00001). In patients with acute 
coronary syndrome (ACS) undergoing percutaneous cor-
onary intervention (PCI), higher AIP levels significantly 
increased the risk of in-stent restenosis [48] (OR: 5.23, 
95% CI 4.36–6.26, P < 0.00001) and stent-thrombosis [49] 

(OR: 4.47, 95% CI 2.77–7.22, P < 0.00001). In patients 
with ST-elevation MI undergoing PCI, higher AIP levels 
were associated with the no-reflow phenomenon [50] 
(OR: 16.79, 95% CI 1.02–277.03, P = 0.04). The details of 
the studies are presented in Table 1 and Supplementary 
eFigure 3.

The AIP and cardiovascular events in populations with 
established CAD
In this meta-analysis, a total of nine studies evaluated the 
prognosis of patients with ACS [5, 7, 51–57], and four 
studies assessed the prognosis of patients with chronic 
coronary syndrome (CCS) or stable CAD [5, 8, 58, 59]. 
The details of the studies are presented in Table  1. In 
patients with ACS, higher AIP levels were associated with 
an increased risk of MACE compared with lower AIP 
levels [7, 51–55] (HR: 1.59, 95% CI 1.33–1.89, I2 = 86%, 
P < 0.00001). This association was also observed when 
AIP was analyzed as a continuous variable [5, 7, 51, 56] 
(HR per 1-unit increment of AIP: 1.60, 95% CI 1.11–2.29, 
I2 = 67%, P = 0.01). In patients with CCS, higher AIP levels 

Fig. 2  Forest plots showing the pooled result of meta-analysis of CAD severity in populations without established CAD
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significantly increased the risk of MACE [8, 58, 59] (HR: 
1.65, 95% CI 1.15–2.37, I2 = 65%, P = 0.007), but this asso-
ciation was non-significant when AIP was analyzed as a 
continuous variable [5] (HR per 1-unit increment of AIP: 
0.66, 95% CI 0.43–1.02, P = 0.06). Figure  4 and Supple-
mentary eFigure 5 show the results for other outcomes.

Sensitivity analysis, subgroup analysis and publication bias
For categorized outcomes that showed statistically sig-
nificant results in the meta-analyses, sensitivity analysis, 
in which one study was omitted at a time, consistently 
demonstrated significant results. However, this pattern 
was not observed for MACE in patients with CCS or 
stable CAD, and for coronary artery plaque progression. 
On the other hand, for statistically significant continuous 
outcomes, less consistency was observed across the sen-
sitivity analyses. The results remained consistent only for 
stroke in populations without established CAD and the 
risk of CAD. Supplementary eTable 5 shows the results of 
these analyses.

The subgroup analyses generally showed no signifi-
cant differences based on gender or diabetes status for 
the majority of outcomes (P-value for subgroup differ-
ences > 0.05). However, subgroup analyses indicated that 
the relationship between AIP and MACE was stronger 
among diabetic patients with ACS. A similar stronger 
association between AIP and all-cause mortality was 
observed among diabetic patients with stable CAD or 
CCS. The details of these analyses can be found in Sup-
plementary eTable 4.

Supplementary eFigure 6 shows the funnel plot for 
the association between AIP levels and CAD risk. 
Upon visual examination, the plot appears symmetrical, 

indicating low publication bias. This finding was con-
firmed by Egger’s regression test (p = 0.69). Egger’s 
regression tests could not be performed for other out-
comes due to fewer than ten studies being available for 
each outcome.

Discussion
AIP is a novel logarithmic index that combines fasting 
triglyceride levels and HDL-C levels. The results of this 
meta-analysis reveal that individuals with higher AIP lev-
els are more likely to have CAD, more severe coronary 
lesions, and a worse prognosis compared to those with 
lower AIP levels after adjusting for conventional cardio-
vascular risk factors. These findings remained consistent 
when AIP was analyzed as a continuous variable for most 
of the outcomes.

Higher AIP levels are associated with higher CAD risk
For the first time, Dobiášová et al. [2] proposed AIP as a 
marker of plasma atherogenicity, noting that it inversely 
correlates with low-density lipoprotein cholesterol (LDL-
C) particle size. Specifically, small dense low-density 
lipoprotein (sdLDL), a subtype of LDL-C, has a smaller 
particle size and is more prone to invading and depos-
iting on arterial walls compared to regular LDL [60]. 
Moreover, sdLDL particles are more easily oxidized, and 
oxidized LDL-C is phagocytized by macrophages, which 
differentiate into foam cells, contributing to atherogen-
esis. The mechanisms proposed to justify the greater 
atherogenic potential of sdLDL particles include lipid 
peroxidation, the expression of adhesion molecules on 
endothelial cells, and activation of oxygen radicals. All 
these processes work together to further promote CAD 

Fig. 3  The pooled result of the incidence rate of the adverse outcomes in populations without established CAD
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pathogenesis [61, 62]. In support of this, numerous stud-
ies have demonstrated a strong association between 
higher sdLDL levels and the development of CAD [63]. 
However, because of the high costs and complex tech-
niques involved in its detection, measuring sdLDL is 
rarely used in clinical practice. It is noteworthy that AIP 
has been shown to serve as a surrogate for sdLDL. An 
increase in AIP is a good indicator of reduced particle 
size of LDL-C and thus increased proportion of sdLDL 
particles [2]. Apart from sdLDL, remnant lipoprotein 
cholesterol (RLP-C) is another important component 
associated with higher AIP [26]. Genetic studies utiliz-
ing Mendelian randomization and single-nucleotide 
polymorphisms have clearly established that RLP-C is an 

independent causal factor for ischemic heart disease [64]. 
All these findings further emphasize the importance of 
AIP as a marker of atherogenic risk. Our study provides 
additional evidence to sustain the association between 
AIP and CAD, thereby reinforcing the notion of AIP as a 
reliable marker for atherosclerotic risk.

Higher AIP levels are associated with more severe coronary 
lesions
In addition to sdLDL and RLP-C, elevated AIP levels are 
also closely associated with higher uric acid levels [65]. 
All three of these parameters [66–68] contribute to the 
development of CAD and the exacerbation of atheroscle-
rosis. The severity of CAD is closely related to several 

Fig. 4  The pooled result of the incidence rate of the adverse outcomes in populations with established CAD
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factors, including the extent of coronary artery calcifica-
tion, plaque progression, and the presence of multivessel 
coronary lesions. Furthermore, it correlates with occur-
rences such as the no-reflow phenomenon, coronary total 
occlusion, the presence of poor coronary collateral circu-
lation, and the development of in-stent restenosis and 
stent thrombosis following the placement of stent. Our 
study suggests that higher AIP levels are associated with 
more severe CAD in individuals both with and without 
an existing CAD diagnosis. In support of this, the study 
done by Won et al. [15], found that AIP level higher than 
0.28 is a significant predictor of the presence of coronary 
artery calcium score (CACS) above 100 in the general 
population, with a sensitivity of 70.5% and a specificity 
of 42.6%. Additionally, several studies [26–28] have con-
cluded that higher AIP levels are associated with coro-
nary artery plaque progression. However, it is worthy of 
note that this association was not observed in individuals 
with baseline CACS above 100 [28], that this association 
may differ based on the severity of existing calcification. 
Moreover, multivessel coronary lesions negatively impact 
the prognosis of CAD and increase the complexity of 
PCI. Two studies [17, 18] reported that the presence of 
multivessel coronary lesions is correlated with elevated 
AIP levels. However, it should be emphasized that, in 
the study conducted by Won et al. [18], no correlations 
were present in either females or elderly subpopulations, 
indicating a divergence in the relationship across demo-
graphics. In settings of PCI, in-stent restenosis and stent 
thrombosis pose significant challenges, and higher AIP 
levels are positively correlated with these adverse events 
following stent placement [48, 49]. In addition, elevated 
AIP is associated with the no-reflow phenomenon after 
PCI [50, 69, 70]. It is also noteworthy that there is a dose-
response relationship between AIP and poor coronary 
collateral circulation [47], thereby further illustrating that 
AIP plays multiple roles in CAD progression and severity.

Higher AIP levels are associated with poor prognosis
Elevated AIP levels predict a worse cardiovascular prog-
nosis in individuals both with and without established 
CAD. This relationship can be explained in two ways. 
Firstly, our study and several others have shown that 
higher AIP levels are associated with structural and 
functional abnormalities of the coronary artery, lead-
ing to poor outcomes. The no-reflow phenomenon, for 
instance, is associated with reduced myocardial salvage 
and is a strong predictor of 5-year mortality following 
PCI [71]. In contrast, well-developed coronary collateral 
circulation reduces myocardial infarct size and decreases 
ventricular aneurysm formation, whereas poor coronary 
collateral circulation undermines this protective effect 
[72]. Secondly, elevated AIP is often accompanied by 
multiple risk factors for CVD. A cross-sectional study in 

Mexico found that higher AIP values are associated with 
hyperlipidemia, hypertension, and metabolic syndrome 
[73]. Similarly, Yin et al. [4] identified an inverse L-shaped 
relationship between AIP and insulin resistance, which 
has a known causal connection to CVD. Insulin resis-
tance contributes to CVD generation via two mecha-
nisms [74]: (1) Atherosclerotic plaque formation and (2) 
ventricular hypertrophy and diastolic dysfunction.

This meta-analysis further highlights that in popula-
tions without established CAD, elevated AIP increases 
the risk of MACE, CVD-specific mortality, and stroke in 
both categorized and continuous AIP analyses. In specific 
conditions, such as patients undergoing peritoneal dialy-
sis, elevated AIP predicts an increased risk of mortality 
[36]. For those with antibody-associated vasculitis [40] 
and obstructive sleep apnea [44], elevated AIP is linked 
to a higher incidence of stroke and MI, respectively. In 
contrast, given the limited number of studies conducted 
in populations with established CAD, the findings were 
less consistent. Only patients with ACS exhibited a sig-
nificantly elevated risk of MACE in both continuous and 
categorized analyses. For other endpoints, the results 
were either not statistically significant, showed inconsis-
tencies between analyses, or lacked a second study with 
an opposing analysis for consistency verification. This 
discrepancy is probably due to the lower number of stud-
ies and participants, which reduces statistical power nec-
essary to detect significant differences.

An interesting finding from a retrospective cohort 
study by Wang et al. [6], indicated that AIP was a sig-
nificant predictor of adverse events in patients with 
ACS who underwent PCI with LDL-C levels below 
1.8mmol/L. This suggests that AIP holds additional prog-
nostic information that is beyond what the traditional 
CVD risk factors provide. This was further supported by 
two other studies [52, 54] showing that AIP is positively 
associated with adverse events in ACS patients undergo-
ing PCI, even after adjusting for SYNTAX and GRACE 
risk scores. These findings imply that the incorpora-
tion of AIP into existing scoring systems would prob-
ably improve the predictive accuracy for cases of CAD 
management.

Current stage and clinical implications
To our knowledge, our study is the first systematic review 
and meta-analysis to thoroughly summarize the studies 
on AIP and CAD, offering an evidence-based foundation 
for clinical practice. While AIP is not explicitly involved 
in clinical guidelines, the role of managing triglyceride 
and HDL-C levels in the prevention of CVD is reflected 
in some guidelines. Recently, the American Diabetes 
Association (ADA) published its 2024 “Standards of Care 
in Diabetes” [75], suggesting that patients with elevated 
triglyceride levels (≥ 150  mg/dL [≥ 1.7 mmol/L]) and/
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or low HDL-C (< 40 mg/dL [< 1.0 mmol/L] for men and 
< 50  mg/dL [< 1.3 mmol/L] for women) should enhance 
lifestyle interventions and optimize glycemic control. 
Since AIP is calculated using these parameters, manag-
ing triglyceride and HDL-C naturally reduces AIP lev-
els. This meta-analysis demonstrates that elevated AIP is 
associated with a higher risk, greater severity, and poorer 
prognosis of CAD in both individuals with and without 
established CAD. Thus, controlling factors associated 
with AIP, including triglycerides and HDL-C, can help 
substantially reduce the occurrence of CVD and improve 
prognosis. The simplicity of AIP measurement makes it 
particularly valuable for low-resource settings, where 
comprehensive laboratory tests may not be available. 
From a public health perspective, risk stratification based 
on AIP would lead to more efficient treatment strategies 
that could help mitigate the burden of cardiovascular dis-
eases in societies.

AIP has emerged as a promising new biomarker for 
evaluating CAD risk, severity, and prognosis. Based on 
the results of this systematic review, some knowledge 
gaps still exist that further research in these areas could 
lead to a better understanding of the role of AIP in CAD. 
Firstly, 42 out of 52 studies included in this review were 
conducted on populations with Asian ethnicity. There-
fore, additional studies are needed to clarify the pre-
dictive value of AIP in other ethnicities. Secondly, we 
identified only two studies [52, 54] that evaluated the pre-
dictive value of AIP after adjusting for commonly used 
risk scores. Further research evaluating the incorporation 
of AIP into existing scoring systems could provide valu-
able insights into its future applications as a biomarker. 
Thirdly, due to the lack of access to patient-level data, 
there were only a few studies included in the subgroup 
analyses, which reduced the statistical power needed 
to detect meaningful differences. Despite these limita-
tions, subgroup analyses revealed a stronger association 
between AIP and some outcomes in diabetic patients. 
Further studies are needed to clarify and provide mech-
anistic explanations for this discrepancy. Finally, the 
results in patients with stable CAD or CCS were less 
robust and sensitivity analyses demonstrated inconsis-
tencies. We need more studies to evaluate the predictive 
value of AIP in patients with CCS or stable CAD in order 
to draw definitive conclusions.

Limitations
The present study has several limitations. First, as a 
meta-analysis of observational studies, causation can-
not be proven, limiting the strength of evidence. Second, 
this meta-analysis generated evidence from study-level 
data only, which precludes the possibility of more sub-
group analyses that would be possible with patient-level 
data. Third, despite controlling for confounders, different 

studies adjusted for different sets of confounders, mak-
ing the presence of residual confounding inevitable and 
leading to some degree of bias. Fourth, outcomes were 
inconsistent across the 51 studies we included, leading 
to a small number of studies for each outcome. This may 
reduce the statistical power necessary to detect signifi-
cant differences. Fifth, differences in the definition of the 
endpoints, such as MACE, may affect the interpretation 
of the results. Finally, most of the data were obtained 
from individuals of Asian ethnicity, and further studies 
are needed to evaluate the predictive performance of AIP 
in other races.

Conclusion
AIP is a straightforward yet effective mathematical for-
mula that has proven to be a valuable indicator for 
determining the risk of CAD, evaluating its severity, and 
predicting prognosis. Individuals with higher AIP are 
more likely to develop CAD, have more severe CAD, and 
show a poorer prognosis compared to individuals with 
lower AIP. These findings have significant implications 
for risk stratification and management of both individu-
als with CAD and those without previously known CAD. 
Further research is essential to validate and expand upon 
these findings.
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