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Abstract 

Background: Non‑diabetic coronary artery disease (CAD) patients are thought to encounter metabolic dysfunction 
and while these changes may be imperceptible to the patient they probably influence outcomes. At present, there is 
no system to support patients sensing these subtle changes, nor is there an established model for prognoses. The Ath‑
erogenic Index of Plasma (AIP) index has already proven useful for atherosclerosis although further research is needed, 
especially for those without hyperglycemia.

Methods: This is a prospective study of 5538 non‑diabetic CAD patients who had received percutaneous coronary 
intervention (PCI). Participants were assigned to one of three groups according to their AIP index. High AIP index 
cases were then compared to low index patients according to major adverse cardiac events (MACE). Restricted cubic 
spline (RCS) analysis was also conducted to investigate interrelations between AIP index levels and hazard ratios (HR) 
for MACEs.

Results: Patients with a high AIP index encountered metabolic dysfunction compared to those with a low AIP index 
i.e., higher Body Mass Index (BMI), Total Cholesterol (TC), Triglycerides (TG), and uric acid as well as lower HDL‑C. Each 
of the aforementioned interrelations were significant with p values of less than 0.001. There was also a significant 
increase in the number of MACEs in the high AIP index group compared to the low AIP index group (HR: 1.37, 95% CI 
1.04–1.81; p = 0.025). A J‑shaped RCS curve highlighted a change in the HR after the 0.18 juncture (HR per SD: 1.20, 
95% CI 0.96–1.50). Further subgroup analysis supported the main findings, all with HRs greater than one.

Conclusion: The AIP index could be used in prognostics for non‑diabetic CAD patients 2 years after PCI. The relation‑
ship between hazard ratio and the AIP index appears to be J‑shaped. Although, further multi‑center studies designed 
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Background
Coronary artery disease (CAD) is the world’s leading 
cause of death [1], with individual prognosis dependent 
upon multiple factors, such as diabetes or the existence of 
metabolic syndrome [2–4]. While medication and revas-
cularization therapeutics have greatly improved progno-
sis, there remains a number of limitations which must be 
addressed. So, while percutaneous coronary intervention 
(PCI) is the commonly used revascularization interven-
tion for CAD, little is known about how metabolic disor-
ders influence the efficacy of this intervention. We know, 
Diabetic Mellitus (DM) is one of the dominant conditions 
and affects metabolic functions in those with CAD [5]. 
And, multiple indexes have been used in prognostics for 
DM patients who comorbidly suffer CAD [6, 7]. However, 
for CAD patients who do not have comorbid DM, meta-
bolic disorders, such as insulin resistance and metabolic 
syndrome are largely ignored. This creates a gap in our 
understanding and one which ought to be investigated to 
gain a clearer picture of interactions.

There are several prospective interventions for CAD 
although a decision to utilize a specific approach tends 
to be used only in specific cases or when there appears 
to be multiple vessel disease. For example, evidence sug-
gests that Coronary Artery Bypass Grafting (CABG) may 
be superior in certain instances [8, 9]; however, CABG is 
also a more invasive procedure. Therefore, through the 
shared decision-making processes between patient and 
practitioner, patients tend to choose percutaneous coro-
nary intervention (PCI). These interventions comprise 
a number of technologies which are capable of reliev-
ing coronary narrowing. PCI (also known as coronary 
angioplasty) broadly consists of rotational, directional 
or extractional atherectomy or laser angioplasty. There-
fore, there are a number of technological differences 
which may also influence outcomes. While global health 
research suggests that over one million PCI administered 
each year [10] to CAD patients, there are differences 
between the sexes and ethnicities which ought to be 
explored. For example, researchers have found disparities 
between African Americans and Caucasian Americans 
and European Caucasians with CAD after PCI [11–13]. 
So clearly, we need to gain insight into PCI related tech-
nological differences and to understand differences 
between ethnicities in order to individualize revasculari-
zation strategies. However, there is also a need to utilize a 
standard assessment index for consistency.

The Atherogenic Index of Plasma (hereafter referred 
to as the AIP index) has been used to ascertain athero-
genic dyslipidemia, and is calculated as follows log10 
[TG/HDL-C] [14]. The AIP index has proven to be a reli-
able predictor for CAD patients with type 2 diabetes and 
is closely associated with lipoprotein particle size, which 
reflects atherogenic dyslipidemia characteristics [14, 15]. 
Previous studies have also reported a close relationship 
between the AIP index and insulin resistance, diabetes 
mellitus, and metabolic syndrome [15–17]. In two recent 
studies, researchers reported the predictive value of AIP 
index and Triglyceride-Glucose  index (TyG index) in 
those with acute coronary syndrome (ACS) and diabetes 
[6, 7]. These indices could also be used for non-diabetic 
CAD patient prognosis, although previous research sug-
gests that the TyG index does not accurately predict out-
comes for non-diabetic patients after PCI [18]. Therefore, 
research should prioritize an analysis of the AIP index in 
combination with Triglyceride analysis, and specifically 
HDL-C, which is thought to have a “U-shaped” relation-
ship with risk of cardiovascular disease [19]. Using these 
as the standard indices for non-diabetic CAD patients 
after PCI may provide useful insights for clinical practice.

Methods
Study design
Non-diabetic CAD patients who received PCI in Fuwai 
Hospital, Chinese National Center for Cardiovascular 
Diseases, Beijing, were prospectively enrolled from 1st 
January to 31st December, 2013. Please see Fig.  1 for 
details. Lab testing and data collection were conducted 
prior to administering PCI.

Participants were included according to the follow-
ing: (1) non-diabetic patients underwent PCI; and (2) 
aged between 18 and 80  years old. Participants were 
excluded if they did not fulfil the following criteria: (1) 
Patients with incomplete follow-up; (2) Patients with 
severe hepatic or renal dysfunction; (3) unmeasured TG 
or HDL-C; (4) patients with previous or new diagno-
sis of diabetes; (5) fasting blood glucose ≥ 7.0; and (6) 
HbA1C ≥ 6.5%.

Ethical approval was obtained through Fuwai Hospital 
Research Ethics Committee (No. 2013-449). Once the 
Institutional Review Board approved the protocol and 
all patients had been provided with information regard-
ing the study had provided informed consent, the study 
commenced.

for non‑diabetic patients with potential metabolic dysfunction should be conducted to determine the value of the 
AIP index.
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Participants
All non-diabetic CAD participants received PCI, 
although the procedural method was dependant on 
specific operators. Participants who had allergies to 

tracers and other conditions were excluded, given that 
they could not receive PCI. Participants were further 
excluded when considering the possibility of underlying 
diabetes. For those with severe hepatic/renal dysfunction 

Fig. 1 Study flowchart. PCI, percutaneous coronary intervention; DM, diabetes mellitus; FBG, fasting blood glucose; HbA1C, hemoglobin A2C; AIP, 
atherogenic index of plasma; TG, triglyceride; HDL‑C, high‑density lipoprotein cholesterol
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[20, 21] i.e., serum bilirubin ≥ 5 mg/dL (85 mmol/L) and 
coagulopathy (INR ≥ 1.5 or prothrombin activity < 40%) 
or a Glomerular Filtration Rate (GFR) of less than 30 mL/
min/1.73m2, were thought to have a severe lipid profile 
metabolism dysfunction condition. Therefore, the AIP 
index was not considered to be used to predict their 
prognosis in this study. See Fig. 1 for a schematic of the 
selection process.

Patient characteristics, as well as information around 
co-existing conditions and procedural details were 
collected independently by at least two physicians. 
Patient characteristics, such as hypertension, diabetes, 
smoker and renal dysfunction, were assessed accord-
ing to traditional definitions described in CAD patients 
guidelines. This meant that the traditional definition 
of controlled hypertension was established using an 
SBP ≥ 140  mmHg or a DBP ≥ 90  mm Hg, and/or the 
current use of antihypertensive medication. Type 2 dia-
betes mellitus was also defined as those with a a fasting 
plasma glucose ≥ 126  mg/dL; a 2-h oral glucose toler-
ance test value ≥ 200  mg/dL; hemoglobin A1C ≥ 6.5%; 
or random plasma glucose ≥ 200  mg/dL with classic 
symptoms of hyperglycemia. Smoking status was defined 
around those who continued to smoke and those who 
had smoked more than 100 cigarettes. Renal dysfunction 
was determined in those with a GFR less than 90  mL/
min per 1.73   m2. Dyslipidemia was diagnosed when 
patients had low-density lipoprotein cholesterol levels 
of ≥ 140  mg/dL, a high-density lipoprotein cholesterol 
level of < 40 mg/dL, or a triglyceride level of ≥ 150 mg/dL 
[22–24]. Participants were then assigned to one of three 
groups according to AIP index levels. Each AIP index 
score was calculated using a base 10 logarithm with a 
ratio of triglyceride concentrations to high-density lipo-
protein-cholesterol. Tertiles were defined as follow: First 
group involved participants with an AIP < 0.0615, the sec-
ond tertile with an AIP ≥ 0.0615 but less than 0.283. The 
third tertile had an AIP of ≥ 0.283. CAD diagnoses were 
also standardized and based on coronary angiography.

Treatments
Before receiving selective PCI, patients who had not 
taken long-term aspirin and P2Y12 inhibitor, received 
300 mg aspirin and a P2Y12 inhibitor with a loading dose. 
Patients who were scheduled for primary PCI received a 
same dose of aspirin and Clopidogrel with a loading dose 
300 mg or 600 mg, according to bleeding risk.

During PCI, 50–100  U/kg of heparin sodium was 
administered according bleeding risk. From the vision 
of CAG, more than 50% stenosis of the left main artery 
(LM), left anterior descending artery (LAD), left circum-
flex artery (LCX), right coronary artery (RCA), and the 
main branch of these vessels were defined as coronary 

artery stenosis. Patients with greater than 70% stenosis in 
vessels and ischemic symptoms were recommended for 
coronary stent implantation.

Follow‑up
Participants were visited at 30 days, 6 months, and each 
year thereafter PCI. Follow-up was considered complete 
at the 2 years juncture. Primary endpoints were MACEs, 
consisting of cardiac death, target vessel revasculariza-
tion (TVR), and non-fatal myocardial infarction (MI). 
The definition for non-fatal myocardial infarction in this 
study was defined as Type I myocardial infarction after 
PCI. Cardiac death was defined as any death which did 
not have a clear extracardiac origin, or myocardial infarc-
tion in accordance with guidelines [25]. Target vessel 
revascularization was defined as angina or ischemia ref-
erable to the target vessel requiring repeat PCI or Coro-
nay Artery Bypass Graft, otherwise known as CABG [26]. 
Secondary endpoints included components of MACEs, 
composite of cardiac death and MI, all-cause death, and 
stroke. Outpatient follow-up was completed by cardiolo-
gists in Fuwai Hospital. For those unable to return to the 
hospital, follow-up was completed over the telephone by 
clinical workers and clinical research coordinators.

Statistical analysis
This prospective observational study was designed to 
determine whether AIP index could predict the long-
term prognosis of non-diabetic patients after PCI. 
Continuous variables are presented as means with corre-
sponding standard deviations (SD), while categorical data 
are presented as counts with percentages.

Mann–Whitney’s U-test and Student’s T-tests were 
implemented to compare continuous variables. Stand-
ard Chi-square tests were used to compare categorical 
variables. Cumulative event rates were generated using 
Kaplan–Meier curves and two-sided Log-rank tests. In 
instances where the assumptions of proportional hazard 
for survival analysis were met, Cox’s survival analysis was 
considered to control confounding factors.

Univariate regression analysis and multivariate analy-
sis were carried out to identify possible predictors for 
non-diabetic patients after PCI. The sample size made it 
possible to investigate all predictors through univariate 
and multivariate models. Restricted cubic spline analysis 
was conducted to explore correlations between the AIP 
index and. hazard ratios (HR). HRs with corresponding 
95% confidence intervals (CI) were calculated using the 
Mantel-Cox method. A p value of less than 0.05 was con-
sidered statistically significant.

Further subgroup analysis was conducted to explore 
consistency among important subgroups in non-dia-
betic participants in terms of clinical significance. The 
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p for interactions was measured to explore interactions 
between AIP index levels and subgroups. p values lower 
than 0.05 were again considered statistically significant.

All statistical analyses were performed by two investi-
gators (YZ, JY at Fuwai, Hospital) with guidance from a 
clinical epidemiologist (SS). SPSS (version 26.0), Graph-
pad Prism (version 8.0), and Rstudio (Rversion 4.0) were 
used to perform all statistical analyses.

Results
Baseline characteristics
Between January and December, 2013, 5538 consecu-
tive CAD participants who had received PCI were 
enrolled. The mean duration of follow-up was 28 months 
(SD = 2.3) for patients after the first PCI. As has been 
described, participants were assigned to one of three 
AIP groups i.e. the first tertile (n = 1846); second tertile 
(n = 1846), and the third tertile (n = 1846). Please see 
Table 1 for further details.

Patients in the high AIP index group were younger 
than those in the low AIP index group (p < 0.001), with 
increased prevalence of men (84.8% vs 79.3% vs 74%, 
p < 0.001), a higher overall BMI (26.47 vs 25.67 vs 24.80, 
p < 0.001), and higher prevalence of hyperlipidemia 
(70.4% vs 61.8% vs 58.3%, p < 0.001). There were also 
more smokers (65.5% vs 57.5% vs 52.1%, p < 0.001), and 
more previous myocardial infarction (39.2% vs 35.8% 
vs 26.2%, p < 0.001) in the highest AIP index group. The 
high AIP index group also encountered significantly 
more metabolic dysfunctions, with increased TG, TC, 
Creatine, Urine acid, LDL-C, and decreased HDL-C (All 
p < 0.001). In terms of angiographic details, the high AIP 
index group had a higher incidence of CTO lesions (9.8% 
vs 7.8% vs 7.5%, p = 0.022).

Univariate, multivariate, and colinearity analysis
Colinearity analysis was conducted to identify correla-
tions between the AIP index and clinical characteristics. 
As seen in Table 2, we found that TC and LDL-C had a 
high correlation with the AIP index, of which variance 
inflation factors (VIFs) were all greater than 10. In addi-
tion, there were correlations between TG, HDL-C and 
the AIP index, with VIFs of 4.494 and 3.452, respectively. 
These strong correlational values were excluded as fur-
ther confounding factors used for adjustments.

Univariate and multivariate analyses were performed 
to determine the predictive value of the AIP index for 
MACEs in non-diabetic patients underwent PCI at 
2 years. As can be seen in Table 3, the AIP index appears 
to be an independent factor for predicting MACEs in 
non-diabetic patients after PCI at 2 years (tertile 3 vs. ter-
tile 2: HR: 1.36, 95% CI 1.01–1.82; p = 0.042).

Primary and secondary endpoints
As shown in Fig.  2A, the Kaplan-Meiers curves for the 
third AIP index tertile highlights a clear increase in 
MACEs compared to both the first and second tertiles 
at 2 years after PCI (adjusted p = 0.042). Table 4 provides 
HRs for the first tertile compared with the second and 
third. The MACE HR at 2  years in the third tertile was 
higher than in the first (6.5% vs 4.8%; HR: 1.37, 95% CI 
1.04–1.81; p = 0.025). However, no statistically significant 
difference was observed between the first and second ter-
tiles. Please see Table 4. For further details.

Figures  2B–G show secondary endpoints of different 
AIP tertiles with Kaplan–Meier curves. As can be seen, 
TVR appears to be the main driver behind the increase 
of MACEs across different groups (adjusted p = 0.042). 
HRs for TVR at 2  years in the third tertile was higher 
than that in the first (5.7% vs 3.8%; HR: 1.51, 95% CI 
1.11–2.03; p = 0.008). The incidence rate of MI and com-
posite endpoint of MI and cardiac death also increased 
in tertile 3 although with low incidence rate (Cardiac 
death/MI: adjusted p = 0.013; MI: adjusted p = 0.004). 
HR for cardiac death/MI and MI at 2 years in the third 
tertile was higher than that in the first (cardiac death/MI: 
2.0% vs 1.1%; HR: 1.81, 95% CI 1.05–3.13, p = 0.033; MI: 
1.7% vs. 0.7%; HR: 2.69, 95% CI 1.38–5.22, p = 0.004). No 
other endpoints differed significantly among the groups 
at 2 years. Please see Table 4. For further details.

Restricted cubic spline and subgroup analysis
There does not appear to be a parallel relationship in 
Kaplan-Meiers curves between tertile one and two. Fur-
ther restricted cubic spline (RCS) analysis was conducted 
to identify correlations between the HR for MACEs and 
the AIP index. As shown in Fig. 3, the RCS curve appears 
to be a J-shaped with the HR for MACEs significantly 
increasing as the AIP index increased over and above 
0.18. For AIP index less than 0.18, the HR per SD was 
1.06, with the 95% CI ranging from 0.79 to 1.42. However, 
when AIP index was over 0.18, the HR per SD was 1.20, 
with 95% CI ranging from 0.96 to 1.50.

Further subgroup analysis was conducted to explore 
consistency among the significant subgroups. As can be 
seen in Fig.  4, all HRs in different subgroups were over 
1, including the gender, age, obesity, classification of 
CAD, hypertension, high or low LDL-C groups, and the 
renal dysfunction group. However, only p values in aged, 
in men, non-smokers, with normal BMI, in the CCS 
group, high or low LDL-C groups, with or without renal 
dysfunction groups, the non-hypertensive group, and 
hyperlipidemia group were less than 0.05. No interaction 
between subgroups and AIP index was observed (all p for 
interaction > 0.05).
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Table 1 Baseline characteristics according to different AIP index groups

AIP index, atherogenic index in plasma; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CABG, coronary artery 
bypass graft; PCI, percutaneous coronary intervention; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; HbA1C, hemoglobin A2C; 
LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular eject fraction; LAD, left anterior descending; RCA, right coronary artery; LCX, left circumflex; TVD, three 
vessel disease; CTO, chronic total occlusion; SYNTAX, synergy between PCI with TAXUS™ and cardiac surgery; ACEI, angiotensin converting enzyme inhibitors; DAPT, 
dual antiplatelet therapy; CCB, calcium channel blocker
* p < 0.05

Variables Tertile 1 (n = 1846) Tertile 2 (n = 1846) Tertile 3 (n = 1846) P value

Demographic characteristics

 AIP index − 0.10 ± 0.13 0.17 ± 0.06 0.46 ± 0.15  < 0.001*

  Age, years 60.55 ± 9.94 57.33 ± 10.10 54.35 ± 10.31  < 0.001*

  BMI, kg/m2 24.80 ± 3.36 25.67 ± 3.00 26.47 ± 2.97  < 0.001*

  Male, % 1366 (74) 1463 (79.3) 1565 (84.8)  < 0.001*

 CAD, %

  CCS 703 (38.1) 722 (39.1) 681 (36.9) 0.38

  ACS 1143 (61.9) 1124 (60.9) 1165 (63.1)

Coexisting conditions, %

 Hypertension 1156 (62.6) 1092 (59.2) 1110 (60.1) 0.084

 Hyperlipidemia 1077 (58.3) 1140 (61.8) 1299 (70.4)  < 0.001*

 Renal dysfunction 669 (36.2) 691 (37.4) 634 (34.3) 0.143

 Smoker 960 (52.1) 1059 (57.5) 1207 (65.5)  < 0.001*

 Cerebrovascular diseases 187 (10.1) 169 (9.2) 140 (7.6) 0.024*

 COPD 49 (2.7) 40 (2.2) 33 (1.8) 0.198

 Previous myocardial infarction 484 (26.2) 660 (35.8) 723 (39.2)  < 0.001*

 Previous CABG 63 (3.4) 65 (3.5) 64(3.5) 0.984

 Previous PCI 393 (21.3) 398 (21.6) 374(20.3) 0.593

 Peripheral vascular diseases 40 (2.2) 33 (1.8) 35(1.9) 0.692

Lab test

 TG, mmol/l 1.03 ± 0.26 1.51 ± 0.33 2.56 ± 1.13  < 0.001*

 TC, mmol/l 4.05 ± 0.99 4.14 ± 1.03 4.42 ± 1.12  < 0.001*

 Creatine, umol/l 73.14 ± 14.10 75.75 ± 14.55 76.79 ± 14.80  < 0.001*

 Urine acid, umol/l 321.46 ± 73.58 351.23 ± 79.93 377.06 ± 84.63  < 0.001*

 HbA1C, % 5.88 ± 0.33 5.88 ± 0.34 5.88 ± 0.33 0.216

 HDL‑C, mmol/l 1.28 ± 0.28 1.02 ± 0.20 0.86 ± 0.18  < 0.001*

 LDL‑C, mmol/l 2.37 ± 0.87 2.54 ± 0.89 2.63 ± 0.94  < 0.001*

 Albumin, g/l 43.04 ± 4.17 42.92 ± 4.00 43.06 ± 4.03 0.542

 LVEF, % 64.03 ± 6.62 63.19 ± 7.32 62.74 ± 7.22 0.003*

Angiographic and procedural details

 Left main involved, % 104 (5.6) 119 (6.4) 89 (4.8) 0.101

 CTO 138 (7.5) 144 (7.8) 181 (9.8) 0.022*

 Number of stents 1.72 ± 1.00 1.79 ± 1.05 1.86 ± 1.10 0.218

 Diameters of stents 3.03 ± 0.53 3.03 ± 0.51 3.05 ± 0.53 0.259

 SYNTAX score 11.12 ± 7.47 11.79 ± 7.66 11.91 ± 7.72 0.003*

 TVD, % 687 (37.2) 737 (39.9) 731 (39.6) 0.183

Medicine at discharge

 β‑blocker 1475 (82.4) 1563 (87.6) 1576 (88.0) 0.001*

 Statin 1732 (96.8) 1730 (97.0) 1717 (95.9) 0.19

 ACEI/ARB 902 (50.4) 958 (53.7) 988 (55.2) 0.012*

 DAPT 1833 (99.3) 1828 (99.0) 1831 (99.2) 0.782

 CCB 884 (49.4) 825 (46.3) 804 (44.9) 0.022*
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Table 2 Co‑linearity analysis of baseline variables and AIP index

AIP index, atherogenic index of plasma; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CABG, coronary artery 
bypass graft; PCI, percutaneous coronary intervention; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; HbA1C, hemoglobin A2C; 
LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular eject fraction; LAD, left anterior descending; RCA, right coronary artery; LCX, left circumflex; TVD, three 
vessel disease; CTO, chronic total occlusion; SYNTAX, synergy between PCI with TAXUSTM and cardiac surgery; ACEI, angiotensin converting enzyme inhibitors; ARB, 
angiotensin receptor blocker; DAPT, dual antiplatelet therapy; CCB, calcium channel blocker

Variables Unstandardized coefficients Standardized 
coefficients

t Sig. Collinearity statistics

B Std.error Beta Tolerance VIF

(Constant) 0.077 0.046 1.665 0.096

Demographic characteristics

 Age  < 0.001  < 0.001 − 0.009 − 1.769 0.077 0.648 1.542

 BMI 0.002  < 0.001 0.02 4.286  < 0.001 0.864 1.157

 Male 0.037 0.004 0.058 9.126  < 0.001 0.445 2.249

 CCS 0.002 0.002 0.003 0.76 0.447 0.935 1.069

Coexisting conditions, %

 Hypertension  < 0.001 0.003 − 0.001 − 0.146 0.884 0.746 1.341

 Dyslipidemia 0.01 0.002 0.019 4.261  < 0.001 0.947 1.056

 Renal dysfunction 0.008 0.004 0.014 2.176 0.03 0.414 2.417

 Smoker 0.003 0.003 0.005 0.996 0.319 0.716 1.398

 Cerebrovascular diseases − 0.004 0.004 − 0.004 − 0.891 0.373 0.953 1.049

 COPD − 0.003 0.007 − 0.002 − 0.402 0.688 0.973 1.027

 Previous myocardial infarction 0.011 0.003 0.02 3.91  < 0.001 0.687 1.456

 Previous CABG 0.004 0.009 0.002 0.48 0.631 0.921 1.086

 Previous PCI − 0.007 0.003 − 0.011 − 2.44 0.015 0.852 1.174

 Peripheral vascular diseases − 0.018 0.008 − 0.01 − 2.293 0.022 0.98 1.02

Lab test

 TG, mmol/l 0.197 0.002 0.732 81.299  < 0.001 0.223 4.494

 TC, mmol/l − 0.059 0.006 − 0.24 − 9.065  < 0.001 0.026 38.825

 Creatine, umol/l  < 0.001  < 0.001 0.022 2.987 0.003 0.334 2.995

 Urine acid, umol/l  < 0.001  < 0.001 0.023 4.523  < 0.001 0.706 1.417

 HbA1C, % 0.008 0.003 0.011 2.421 0.015 0.921 1.086

 HDL‑C, mmol/l − 0.417 0.007 − 0.459 − 58.223  < 0.001 0.29 3.452

 LDL‑C, mmol/l 0.077 0.007 0.269 11.467  < 0.001 0.033 30.482

 Albumin, g/l 0.002  < 0.001 0.029 6.001  < 0.001 0.757 1.321

 LVEF, %  < 0.001  < 0.001  < 0.001 0.018 0.986 0.81 1.235

Angiographic and procedural details

 Left main involved, % 0.006 0.005 0.005 1.128 0.259 0.854 1.171

 CTO 0.011 0.005 0.011 2.364 0.018 0.908 1.101

 Number of stents − 0.001 0.001 − 0.004 − 0.887 0.375 0.769 1.3

 Diameters of stents 0.002 0.002 0.003 0.727 0.467 0.877 1.14

 SYNTAX score  < 0.001  < 0.001 0.006 1.087 0.277 0.666 1.502

 TVD, % − 0.001 0.002 − 0.003 − 0.551 0.582 0.827 1.209

Medicine at discharge

 β‑blocker 0.003 0.003 0.003 0.798 0.425 0.975 1.026

 Statin − 0.013 0.006 − 0.009 − 2.196 0.028 0.988 1.012

 ACEI/ARB 0.003 0.002 0.005 1.119 0.263 0.796 1.256

 DAPT − 0.006 0.009 − 0.003 − 0.648 0.517 0.99 1.011

 CCB − 0.002 0.002 − 0.004 − 0.828 0.408 0.83 1.205
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Discussion
This study focused on using the standard AIP index for 
non-diabetic CAD patients after PCI. The aim was to 
develop evidence-based insights for clinical practice. 
We found that high AIP index levels are closely related 
to a higher incidence rate of MACEs after PCI in non-
diabetic patients. We also found a relationship between 
the AIP index and MACE hazard ratios in the form a 
J-shaped curve. The significant increase appears to 
occur when the AIP index increases beyond 0.18. This 
evidences the potential impact of metabolic dysfunc-
tion on prognosis for non-diabetic patients after PCI 
therefore, the AIP index could be used to predict out-
comes. There is also the possibility to combine the AIP 
with other factors which would provide an even more 
accurate, reliable prognostic tool.

The AIP index has already been established as having 
value for assessing metabolic dysfunction in non-diabetic 
patients. As reported by Nordestgaard et al. [27] in 2016, 
high TG positively correlates with a higher incidence rate 
of atherosclerosis plaque, and therefore is associated with 
poorer prognosis. As traditional lipid particle analysis 
indicates, higher HDL-C within the normal range sug-
gests there is an opposing effect of triglyceride on athero-
sclerosis, higher HDL-C has a protective effect and higher 
triglyceride has a detrimental role on atherosclerosis [3, 
28]. Whereas, a lower HDL-C level appears to inhibit 
anti-atherogenic properties and the anti-oxidation effect. 
These particularly interesting effects appear to be due to 
diminishing HDL-C levels which are usually observed 
prior to the appearance of glycemic dysregulation [29]. 
Through a previous study, we found that a higher trigyl-
ceride glucose index score does not accurately represent 

Table 3 Univariate and multivariate analysis for AIP index predicting the occurrence of MACEs within 2 years after PCI

AIP index, atherogenic index in plasma; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CCS, chronic coronary syndrome; CABG, coronary artery 
bypass graft; PCI, percutaneous coronary intervention; ACEI, angiotensin converting enzyme inhibitors; DAPT, dual antiplatelet therapy; CCB, calcium channel blocker
* p < 0.05

Variables Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

AIP index

 Tertile 1 Ref Ref Ref Ref Ref Ref

 Tertile 2 0.96 0.71–1.30 0.801 0.93 0.69–1.27 0.656

 Tertile 3 1.37 1.04–1.81 0.025* 1.36 1.01–1.82 0.042*

Age 1 0.99–1.01 0.95 1.00 0.99–1.01 0.849

BMI 1.02 0.98–1.05 0.41 1.05 0.97–1.05 0.687

Male 0.94 0.70–1.25 0.66 0.89 0.59–1.34 0.567

CCS 1.08 0.85–1.36 0.551 1.05 0.82–1.34 0.722

Hypertension 1.02 0.80–1.29 0.894 0.97 0.74–1.28 0.852

Hyperlipidemia 1.2 0.94–1.53 0.152 1.10 0.86–1.42 0.448

Renal dysfunction 1 0.79–1.27 0.993 0.91 0.63–1.32 0.632

Smoker 1 0.79–1.26 0.986 0.92 0.70–1.21 0.551

Cerebrovascular diseases 1.31 0.91–1.88 0.145 1.24 0.86–1.80 0.255

COPD 0.76 0.31–1.84 0.542 0.75 0.31–1.83 0.522

Previous myocardial infarction 1.24 0.98–1.57 0.075 1.06 0.81–1.38 0.676

Previous CABG 1.76 1.08–2.87 0.024* 1.35 0.81–2.26 0.253

Previous PCI 1.63 1.27–2.10 < 0.001* 1.50 1.15–1.95 0.003*

Peripheral vascular diseases 2.69 1.52–4.45 < 0.001* 2.60 1.50–4.49 0.001*

Creatine, umol/l 1 0.99–1.01 0.869 0.99 0.98–1.01 0.321

Albumin, g/l 0.99 0.96–1.01 0.305 0.99 0.96–1.02 0.47

Left main involved, % 1.03 0.63–1.69 0.897 0.88 0.53–1.45 0.611

CTO 2.37 1.75–3.21 < 0.001* 2.14 1.56–2.93 < 0.001*

TVD 1.75 1.39–2.20 < 0.001* 1.68 1.38–2.04 < 0.001*

β‑blocker at discharge 1.11 0.78–1.56 0.569 1.04 0.74–1.48 0.81

Statin at discharge 0.59 0.36–0.98 0.042* 0.57 0.35–0.95 0.031*

ACEI/ARB at discharge 1.06 0.84–1.33 0.649 1.00 0.77–1.29 1

CCB at discharge 0.82 0.65–1.04 0.094 0.84 0.65–1.08 0.163



Page 9 of 14Zheng et al. Cardiovascular Diabetology           (2022) 21:29  

Fig. 2 Kaplan–Meier curves according to endpoints in various group
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a decrease in HDL-C [18]. The explains why the TyG 
index does not appear suitable for non-diabetic patients 
and why the AIP index may prove useful.

This study does suggest that the AIP index can be 
used to accurately predict outcomes for non-diabetic 
patients after PCI. We found that those with a high AIP 
index contributed almost 30 percent of the increase in 
MACEs when compared to those with a low AIP index. 
MACEs appear to be mainly driven by target vessel 
revascularization at 2  years, which appears consistent 
with the characteristics of the AIP index. As Yang et al. 
[18] reported, the TyG index does not accurately predict 

prognosis for non-diabetic CAD patients. Although, 
HbA1C has been used for non-diabetic patient prog-
nosis with varying degrees of accuracy [30–32]. Which 
suggests there is a need to intercalate one (or more) 
inflammation markers into a cohesive nomogram or 
with larger datasets into an artificial intelligence model. 
This is a growing body of evidence however, currently 
ADMA, ANGPTL2, MMP-9, and hs-CRP [33, 34] have 
been investigated as show a degree of promise. Despite 
these strides forward, there remains a number of prob-
lems with the established indices. Therefore, we can-
not say with certainty that these indices are useful for 

Table 4 Long‑term Outcomes According to AIP index before and after Multivariate COX Regression Adjustment

Confounding factors for adjustment: common and possible confounding factors described in Table 3 were enrolled, including age, male, BMI, classification of CAD, 
hypertension, hyperlipidemia, renal dysfunction, smoker, cerebrovascular diseases, pre-PCI, pre-CABG, pre-myocardial infarction, COPD, peripheral vascular disease, 
CTO, TVD, creatine, albumin, left main involved, β-blocker at discharge, statin at discharge, ACEI/ARB at discharge, CCB at discharge

MACE, major adverse cardiovascular events; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention
* p < 0.05

Endpoints No. of events (%) Hazard ratio (95% 
confidence interval)

P value Adjusted hazard ratio (95% 
confidence interval)

Adjusted P value

Primary endpoint

 MACE

  Tertile 1 88 (4.8) Ref Ref Ref Ref

  Tertile 2 85 (4.6) 0.96 (0.71–1.30) 0.801 0.93 (0.69–1.27) 0.656

  Tertile 3 120 (6.5) 1.37 (1.04–1.81) 0.025* 1.36 (1.01–1.82) 0.042*

Secondary endpoint

 Cardiac death/MI

  Tertile 1 20 (1.1) Ref Ref Ref Ref

  Tertile 2 21 (1.1) 1.03 (0.56–1.91) 0.919 1.10 (0.59–2.06) 0.766

  Tertile 3 36 (2.0) 1.81 (1.05–3.13) 0.033* 2.10 (1.17–3.78) 0.013*

 All‑cause death

  Tertile 1 27 (1.5) Ref Ref Ref Ref

  Tertile 2 23 (1.2) 0.83 (0.48–1.46) 0.521 1.00 (0.55–1.80) 0.993

  Tertile 3 13 (0.7) 0.48 (0.25–0.93) 0.029* 0.60 (0.29–1.24) 0.169

 Cardiac death

  Tertile 1 14 (0.7) Ref Ref Ref Ref

  Tertile 2 9 (0.5) 0.61 (0.27–1.42) 0.256 0.88 (0.37–2.13) 0.777

  Tertile 3 9 (0.5) 0.64 (0.28–1.47) 0.289 1.10 (0.45–2.71) 0.828

 TVR

  Tertile 1 70 (3.8) Ref Ref Ref Ref

  Tertile 2 72 (3.9) 1.03 (0.74–1.43) 0.866 0.98 (0.70–1.37) 0.903

  Tertile 3 105 (5.7) 1.51 (1.11–2.03) 0.008* 1.40 (1.01–1.93) 0.042*

 Stroke

  Tertile 1 32 (1.7) Ref Ref Ref Ref

  Tertile 2 23 (1.2) 0.69 (0.40–1.18) 0.176 0.75 (0.42–1.33) 0.319

  Tertile 3 27 (1.5) 0.83 (0.50–1.39) 0.478 1.01 (0.58–1.75) 0.973

 Myocardial infarction

  Tertile 1 12 (0.7) Ref Ref Ref Ref

  Tertile 2 15 (0.8) 1.26 (0.59–2.67) 0.564 1.23 (0.57–2.66) 0.605

  Tertile 3 32 (1.7) 2.69 (1.38–5.22) 0.004* 2.82 (1.39–5.72) 0.004*
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non-diabetic patients with signs of metabolic dysfunc-
tion. This knowledge base is especially vague for those 
at high risk of metabolic syndrome before the develop-
ing hyperglycemia. Therefore, the AIP index provides a 
number of advantages over previous indices. The AIP 
could be used for predicting the occurrence of ischemic 
heart diseases, and also for predicting the dynamic pro-
gression of atherogenic disease, especially for those 
without obvious changes in blood glucose.

Interestingly, the correlation between the AIP index, 
taken as a continuous measure, in relation to the haz-
ard ratio for MACEs for non-diabetic patients after PCI 
appeared J-shaped. While this is a relatively common 
occurrence [35], it is important because this can high-
light a threshold of sorts. In this instance, we can say 
that there does not appear to be a protective effect when 
patients have an AIP index of lower than 0.18. An expla-
nation for this may be the effect of HDL-C, as has been 
described. Previous studies have also found a U-shaped 
association which has further fueled the discussion 
on the pathophysiological role of HDL in cardiovas-
cular diseases [36]. This may mean that a single assess-
ment method for CVD risk using HDL-C is unsuitable. 
However, it may also explain why we found that a very 
low AIP score does not highlight a preventive effect for 
MACEs. These findings are consistent with our clinical 
work, which suggest that a normal AIP index range (less 
than 0.18) correlates with TG and HDL-C, and does not 
influence CAD patient prognoses. A J shaped association 
indicated that when the very low AIP score existed, pos-
sible equilibrium may occur between the possible pre-
ventive effect of lower TG and the detrimental effect of 
extremely higher HDL-C. Another explanation is about 
the various HDL-C functionalities, different subclasses 
of HDL-C should be concentrated, which may explain 

the U-shaped curve of HDL-C and J-shaped curve of AIP 
index to some extent [37–39]. On the other hand, when 
an AIP index score rises beyond the normal upper range, 
outcomes are impacted. We found, the higher the AIP 
index, the more severe the prognosis becomes, which 
suggests that combining triglycerides with high-density 
lipoprotein cholesterol measures increase prognostic 
accuracy for these patients although, there are likely to be 
differences within any sample of patients.

Participants across different ethnicities also pre-
sent with heterogeneous symptoms and severities. As 
reported by Leigh et  al. [40], minorities in USA have 
different outcomes when diagnosed with coronary 
heart disease. Those of African origin also appear to 
have a higher incidence of first MI or fatal CHD inci-
dence compared to Caucasian populations [41]. Skow-
ronski et al. [42] also reported that Asians have smaller 
dimensions of all proximal coronary arteries, most 
prominently displayed in left main coronary artery 
(LMCA) when compared with Caucasians. Researchers 
focusing on Chinese populations tend to use ticagrelor 
in patients with stable coronary artery disease, and have 
found that ticagrelor exposure is higher than in Cauca-
sians [43]. Our study focused on a Chinese population, 
and found that AIP index is a novel index for predict-
ing prognosis in non-diabetic patients after PCI. More 
research across ethnicities is required because there 
may be subtle differences which can be used for nomo-
gram development or in artificial intelligence studies.

Subgroup analysis was conducted to further under-
stand some of factors involved and perhaps to identify 
those most at risk. It is important to note that even 
though the p-values for interactions did not highlight 
significant interactions, this may be because of the 
size of each subgroups sample was relatively small. 
Additional visual analysis does however suggest that 
there may be some significant factors. That is to say, 
being male, a non-smoker, 65  years of age and older, 
with CCS and having a BMI of less than 28, but with-
out hypertension, may mean a substantially high risk 
although further research would be needed to ver-
ify this claim. What can be said is that this early evi-
dence further recommends nomogram development to 
explore these interactions further. Subgroup analysis is 
a necessary step in this type of research however again 
any recommendations made here are tentative given 
the limitations.

In combination with related studies predicting prog-
nosis for non-diabetic patients, AIP index is thought 
to have priority [18, 44]. For non-diabetic patients who 
had previous received PCI therapy upon admission, an 
assessment of metabolism dysfunction could be use-
ful. At this time, an AIP index calculation could well 

Fig. 3 Restricted cubic spline of MACEs and AIP index. HR, hazard 
ratio; SD, standard derivation; AIP, atherogenic index of plasma
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document the possible risk of MACEs for out-patients. 
A higher AIP index value suggests to clinicians that 
patients are likely to be at high-risk of metabolism dys-
function, which is a serious serum lipid control issue 
requiring urgent lifestyle adjustments. Pharmacological 
treatments could be considered to control lipid profiles 
when necessary. Clear definitions for detecting HDL-C 

subclasses may help us to develop more effective lower-
lipid strategies.

Strength and limitation
We conducted this study of the AIP index for non-dia-
betic patients who received PCI, which provides an 
option for physicians to identify high-risk patients before 
the appearance of glycemia. However, this was a relatively 

Fig. 4 Subgroup analysis according to High AIP index refer to low AIP index. MACEs, major adverse cardiovascular events; CCS, chronic coronary 
syndrome; ACS, acute coronary syndrome; BMI, body mass index; LDL‑C, low‑density lipoprotein cholesterol; CI, confidence interval
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small study of non-diabetic patients. There maybe differ-
ences in this population in terms of the development of 
type 2 diabetes and in terms of lifestyles which could not 
be analyzed here. The J-shaped curve perhaps reflects 
the physiology equilibrium and dynamic pathological 
changes in non-diabetic patients with potential meta-
bolic dysfunction, but perhaps not. We only enrolled 
patients from one center in this study and a multicenter 
study in China may provide insights which this study 
could not. Second, we could not report the diagnose of 
metabolic syndrome due to the lack of post-2  h blood 
glucose, which may have helped us explore correlations 
between AIP index and the MeTs before the appearance 
of hyperglycemia.

Conclusion
AIP index could be seen as the useful predictor of poor 
prognosis for those non-diabetic patients after PCI, due 
to ability to highlight metabolic dysfunction. The rela-
tionship between HR and AIP index appears J-shaped. 
0.18 could be used as the cutoff for the AIP index, spe-
cifically when assessing hazard ratios for non-diabetic 
patients after PCI. More multi-center studies, designed 
for non-diabetic patients with potential metabolic dys-
function should be conducted to verify the value of AIP 
index in this context.

Abbreviations
AIP index: Atherogenic index of plasma; MACE: Major adverse cardiac events; 
BMI: Body mass index; GFR: Glomerular filtration rate; COPD: Chronic obstruc‑
tive pulmonary disease; CAD: Coronary artery disease; CABG: Coronary artery 
bypass graft; PCI: Percutaneous coronary intervention; TG: Triglycerides; TC: 
Total cholesterol; HDL‑C: High‑density lipoprotein cholesterol; HbA1C: Hemo‑
globin A2C; LDL‑C: Low‑density lipoprotein cholesterol; LVEF: Left ventricular 
eject fraction; LAD: Left anterior descending; RCA : Right coronary artery; 
LCX: Left circumflex; TVD: Three vessel disease; CTO: Chronic total occlusion; 
SYNTAX: Synergy between PCI with TAXUSTM and cardiac surgery; ACEI: 
Angiotensin converting enzyme inhibitors; ARB: Angiotensin receptor blocker; 
DAPT: Dual antiplatelet therapy; CCB: Calcium channel blocker.

Acknowledgements
None.

Guarantor statement
Yi‑Da Tang takes responsibility for the study, including (if applicable) the study 
design, access to data, and the decision to submit and publish the manuscript.

Authors’ contributions
YTZ, JY, CL, CLS and YDT participated in the study design. YTZ, JY, CL, YQ 
participated in data collection. YTZ, KZ and WYW performed the statistical 
analysis. YTZ and SS interpreted data, and drafted, then edited the report. All 
authors read and approved the final manuscript.

Funding
This article was supported by National Key R&D Program of China 
(2020YFC2004700), National Natural Science Foundation of China (81825003, 
91957123, 81800327, 81900272), Beijing Nova Program (Z201100006820002) 
from Beijing Municipal Science & Technology Commission, and the Research 
Unit of Medical Science Research Management/Basic and Clinical Research 

of Metabolic Cardiovascular Diseases, Chinese Academy of Medical Sciences 
(2021RU003).

Availability of data and materials
The datasets used and/or analyzed in the study are available from the cor‑
responding author upon reasonable requests.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained through Fuwai Hospital Research Ethics Com‑
mittee. The respective Institutional Review Boards approved the protocol 
and all patients were provided with information regarding the study and our 
objectives, before providing informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiology, State Key Laboratory of Cardiovascular Disease, 
Fuwai Hospital, National Center for Cardiovascular Diseases, Chinese 
Academy of Medical Sciences and Peking Union Medical College, Beijing, 
China. 2 Graduate School of Peking Union Medical College, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing, China. 3 School 
of Humanities and Social Sciences, Chinese Academy of Medical Science & 
Peking Union Medical College, Beijing, China. 4 Faculty of Health and Medicine, 
Division of Health Research, Lancaster University, Lancaster, UK. 5 Department 
of Cardiology and Institute of Vascular Medicine, Peking University Third 
Hospital; NHC Key Laboratory of Cardiovascular Molecular Biology and Regula‑
tory Peptides; Key Laboratory of Molecular Cardiovascular Science, Ministry 
of Education; Beijing Key Laboratory of Cardiovascular Receptors Research, 
Beijing 100191, China. 

Received: 17 December 2021   Accepted: 3 February 2022

References
 1. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke 

statistics‑2016 update: a report from the American Heart Association. 
Circulation. 2016;133:e38‑360.

 2. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and stroke 
statistics‑2018 update: a report from the American Heart Association. 
Circulation. 2018;137:e67–492.

 3. Weber C, Noels H. Atherosclerosis: current pathogenesis and therapeutic 
options. Nat Med. 2011;17:1410–22.

 4. Reiner Ž. Hypertriglyceridaemia and risk of coronary artery disease. Nat 
Rev Cardiol. 2017;14:401–11.

 5. Kuhl J, Jorneskog G, Wemminger M, Bengtsson M, Lundman P, Kalani M. 
Long‑term clinical outcome in patients with acute coronary syndrome 
and dysglycaemia. Cardiovasc Diabetol. 2015;14:120.

 6. Ma X, Dong L, Shao Q, et al. Triglyceride glucose index for predicting 
cardiovascular outcomes after percutaneous coronary intervention in 
patients with type 2 diabetes mellitus and acute coronary syndrome. 
Cardiovasc Diabetol. 2020;19:31.

 7. Qin Z, Zhou K, Li Y, et al. The atherogenic index of plasma plays an impor‑
tant role in predicting the prognosis of type 2 diabetic subjects undergo‑
ing percutaneous coronary intervention: results from an observational 
cohort study in China. Cardiovasc Diabetol. 2020;19:23.

 8. Garcia S, Sandoval Y, Roukoz H, et al. Outcomes after complete versus 
incomplete revascularization of patients with multivessel coronary artery 
disease: a meta‑analysis of 89,883 patients enrolled in randomized clinical 
trials and observational studies. J Am Coll Cardiol. 2013;62:1421–31.

 9. Strauss BH, Shuvy M, Wijeysundera HC. Revascularization of chronic total 
occlusions: time to reconsider? J Am Coll Cardiol. 2014;64:1281–9.



Page 14 of 14Zheng et al. Cardiovascular Diabetology           (2022) 21:29 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 10. Farshidi H, Abdi A, Madani A, Moshiri S, Ghasemi A, Hakimian R. Major 
adverse cardiovascular event (MACE) after percutaneous coronary inter‑
vention in one‑year follow‑up study. Electron Physician. 2018;10:6383–9.

 11. Kamble S, Boyd AS. Health disparities and social determinants of health 
among African–American women undergoing percutaneous coronary 
interventions (PCI). J Cult Divers. 2008;15:132–42.

 12. Demola P, Ristalli F, Hamiti B, Meucci F, Di Mario C, Mattesini A. New 
advances in the treatment of severe coronary artery calcifications. Cardiol 
Clin. 2020;38:619–27.

 13. Bae JS, Ahn JH, Tantry US, Gurbel PA, Jeong YH. Should antithrombotic 
treatment strategies in East Asians differ from Caucasians? Curr Vasc 
Pharmacol. 2018;16:459–76.

 14. Dobiásová M, Frohlich J. The plasma parameter log (TG/HDL‑C) as an ath‑
erogenic index: correlation with lipoprotein particle size and esterifica‑
tion rate in apoB‑lipoprotein‑depleted plasma (FER(HDL)). Clin Biochem. 
2001;34:583–8.

 15. Zhu XW, Deng FY, Lei SF. Meta‑analysis of atherogenic index of plasma 
and other lipid parameters in relation to risk of type 2 diabetes mellitus. 
Prim Care Diabetes. 2015;9:60–7.

 16. Zhou K, Qin Z, Tian J, Cui K, Yan Y, Lyu S. The atherogenic index of plasma: 
a powerful and reliable predictor for coronary artery disease in patients 
with type 2 diabetes. Angiology. 2021;72:934–41.

 17. Zhang X, Zhang X, Li X, Feng J, Chen X. Association of metabolic syn‑
drome with atherogenic index of plasma in an urban Chinese population: 
a 15‑year prospective study. Nutr Metab Cardiovasc Dis. 2019;29:1214–9.

 18. Yang J, Tang YD, Zheng Y, et al. The impact of the triglyceride‑glucose 
index on poor prognosis in nondiabetic patients undergoing percutane‑
ous coronary intervention. Front Endocrinol. 2021;12:710240.

 19. Adorni MP, Ronda N, Bernini F, Zimetti F. High density lipoprotein 
cholesterol efflux capacity and atherosclerosis in cardiovascular disease: 
pathophysiological aspects and pharmacological perspectives. Cells. 
2021. https:// doi. org/ 10. 3390/ cells 10030 574.

 20. Mahmood M, Lip GYH. Nonvitamin K oral anticoagulants in patients 
with atrial fibrillation and severe renal dysfunction. Revista espanola de 
cardiologia. 2018;71:847–55.

 21. Sarin SK, Choudhury A, Sharma MK, et al. Acute‑on‑chronic liver failure: 
consensus recommendations of the Asian Pacific association for the 
study of the liver (APASL): an update. Hepatol Int. 2019;13:353–90.

 22. Rosendorff C, Lackland DT, Allison M, et al. Treatment of hypertension 
in patients with coronary artery disease: a scientific statement from the 
American Heart Association, American College of Cardiology, and Ameri‑
can Society of Hypertension. J Am Soc Hypertens. 2015;9:453–98.

 23. Goldenberg I, Jonas M, Tenenbaum A, et al. Current smoking, smoking 
cessation, and the risk of sudden cardiac death in patients with coronary 
artery disease. Arch Intern Med. 2003;163:2301–5.

 24. Teramoto T, Sasaki J, Ishibashi S, et al. Executive summary of the Japan 
Atherosclerosis Society (JAS) guidelines for the diagnosis and preven‑
tion of atherosclerotic cardiovascular diseases in Japan ‑2012 version. J 
Atheroscler Thromb. 2013;20:517–23.

 25. Tehrani DM, Seto AH. Third universal definition of myocardial infarction: 
update, caveats, differential diagnoses. Clevel Clin J Med. 2013;80:777–86.

 26. Brener SJ, Ertelt K, Mehran R, et al. Predictors and impact of target vessel 
revascularization after stent implantation for acute ST‑segment eleva‑
tion myocardial infarction: lessons from HORIZONS‑AMI. Am Heart J. 
2015;169:242–8.

 27. Nordestgaard BG. Triglyceride‑rich lipoproteins and atherosclerotic 
cardiovascular disease: new insights from epidemiology, genetics, and 
biology. Circ Res. 2016;118:547–63.

 28. Zhang T, Chen J, Tang X, Luo Q, Xu D, Yu B. Interaction between adipo‑
cytes and high‑density lipoprotein: new insights into the mechanism 
of obesity‑induced dyslipidemia and atherosclerosis. Lipids Health Dis. 
2019;18:223.

 29. Denimal D, Nguyen A, de Barros JPP, et al. Major changes in the sphin‑
gophospholipidome of HDL in non‑diabetic patients with metabolic 
syndrome. Atherosclerosis. 2016;246:106–14.

 30. Sia CH, Chan MH, Zheng H, et al. Optimal glucose, HbA1c, glucose‑
HbA1c ratio and stress‑hyperglycaemia ratio cut‑off values for predicting 
1‑year mortality in diabetic and non‑diabetic acute myocardial infarction 
patients. Cardiovasc Diabetol. 2021;20:211.

 31. Ajudani R, Rezaee‑Zavareh MS, Karimi‑Sari H, et al. Glycosylated hae‑
moglobin and coronary atherosclerosis in non‑diabetic patients: is it a 
prognostic factor? Acta Cardiol. 2017;72:522–8.

 32. Gueniat‑Ratheau E, Yao H, Debeaumarche H, et al. Prognostic value 
of HbA1c and plasma glucose on one‑year mortality in non‑diabetic 
patients after myocardial infarction. Ann Cardiol Angeiol. 2020;69:180–91.

 33. Ashokachakkaravarthy K, Rajappa M, Parameswaran S, et al. Asymmetric 
dimethylarginine and angiopoietin‑like protein‑2 are independent pre‑
dictors of cardiovascular risk in pre‑dialysis non‑diabetic chronic kidney 
disease patients. Int Urol Nephrol. 2020;52:1321–8.

 34. Alcivar‑Franco D, Purvis S, Penn MS, Klemes A. Knowledge of an inflam‑
matory biomarker of cardiovascular risk leads to biomarker‑based 
decreased risk in pre‑diabetic and diabetic patients. J Int Med Res. 
2020;48:300060517749111.

 35. Lee DH, Keum N, Hu FB, et al. Predicted lean body mass, fat mass, and all 
cause and cause specific mortality in men: prospective US cohort study. 
BMJ. 2018;362:k2575.

 36. Casula M, Colpani O, Xie S, Catapano AL, Baragetti A. HDL in atheroscle‑
rotic cardiovascular disease in search of a role. Cells. 2021. https:// doi. org/ 
10. 3390/ cells 10081 869.

 37. Khera AV, Cuchel M, de la Llera‑Moya M, et al. Cholesterol efflux capacity, 
high‑density lipoprotein function, and atherosclerosis. N Engl J Med. 
2011;364:127–35.

 38. Baragetti A, Bonacina F, Catapano AL, Norata GD. Effect of lipids and 
lipoproteins on hematopoietic cell metabolism and commitment in 
atherosclerosis. Immunometabolism. 2021;3:e210014.

 39. Ray KK, Nicholls SJ, Buhr KA, et al. Effect of apabetalone added to 
standard therapy on major adverse cardiovascular events in patients with 
recent acute coronary syndrome and type 2 diabetes: a randomized clini‑
cal trial. JAMA. 2020;323:1565–73.

 40. Leigh JA, Alvarez M, Rodriguez CJ. Ethnic minorities and coronary heart 
disease: an update and future directions. Curr Atheroscler Rep. 2016;18:9.

 41. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke 
statistics–2015 update: a report from the American Heart Association. 
Circulation. 2015;131:e29‑322.

 42. Skowronski J, Cho I, Mintz GS, et al. Inter‑ethnic differences in normal 
coronary anatomy between Caucasian (Polish) and Asian (Korean) popu‑
lations. Eur J Radiol. 2020;130:109185.

 43. Li H, Guo J, Carlson GF, Teng R. Pharmacodynamics, pharmacokinetics, 
and safety of ticagrelor in Chinese patients with stable coronary artery 
disease. Br J Clin Pharmacol. 2016;82:352–61.

 44. Kim JJ, Yoon J, Lee YJ, Park B, Jung DH. Predictive value of the atherogenic 
index of plasma (AIP) for the risk of incident ischemic heart disease 
among non‑diabetic Koreans. Nutrients. 2021. https:// doi. org/ 10. 3390/ 
nu130 93231.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3390/cells10030574
https://doi.org/10.3390/cells10081869
https://doi.org/10.3390/cells10081869
https://doi.org/10.3390/nu13093231
https://doi.org/10.3390/nu13093231

	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
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Participants
	Treatments
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Univariate, multivariate, and colinearity analysis
	Primary and secondary endpoints
	Restricted cubic spline and subgroup analysis


	Discussion
	Strength and limitation

	Conclusion
	Acknowledgements
	References




