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INTRODUCTION

Stent thrombosis (ST) is a complication that can occur in patients undergoing percu-
taneous intervention and can seriously affect mortality and morbidity (1, 2). It occurs 
most often as ST-elevation myocardial infarction (STEMI), and the best treatment 
method is early reperfusion (3). As a result of the widespread use of drug-eluting 
stents (DESs), a decrease in the rates of acute and subacute thrombosis and in late 
and very late thrombosis with new-generation DESs have been noted (4-6). The un-
derlying mechanisms of ST are underexpansion, malaposition, positive remodeling, 
neoatherosclerosis, stent fracture, and corner dissections (7-10). Calcification of the 
lesion also increases the risk of complications (11). Insufficient duration of dual anti-
aggregant use or the emergence of clopidogrel resistance, long stent use, common 
atherosclerotic disease, and the high number of stents used are among the mech-
anisms responsible for ST (12). Increased inflammatory markers such as C-reactive 
protein and white blood cell count are laboratory parameters that can be detected 
in patients with ST (13, 14). Because triglyceride (TG)/high density lipoprotein (HDL) 
cholesterol (HDL-C) ratio (TG/HDL-C) was an independent predictor of cardiovas-
cular events and all-cause mortality in acute coronary syndrome (ACS) after cor-
onary revascularization and the atherogenic index of plasma (AIP), logarithmically 
transformed ratio of TGs to HDL-C, is superior to TG/HDL-C in studies, we aimed to 
examine the relationship between AIP and ST on the basis of this hypothesis (15-17). 
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Objective: Stent thrombosis (ST) is an uncommon but serious complication in patients un-
dergoing percutaneous coronary intervention (PCI). This study aimed to investigate the 
effect of atherogenic index of plasma (AIP) on ST. 

Methods: Among the 10,258 patients who underwent coronary angiography between 
January 2018 and December 2020, 239 patients who underwent PCI with the diagnosis 
of acute coronary syndrome (ACS) due to ST were included as the study group (ST group) 
and 459 patients who underwent percutaneous intervention for ACS and did not have 
any in-stent lesion as the control group (non-ST group). ST classification was done ac-
cording to the Academic Research Consortium definition.

Results: The mean age of the patients was 63.3±10.6 years (483 male, 69.2%). The groups 
were similar in terms of characteristic properties, comorbidities, and the drugs being used 
(p>0.05 for all). Drug eluting stents were used in 86.5% of the patients. In the ST group, the 
median time from stent implantation to thrombosis was 285 days. Mean AIP and the ratio 
of triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) were statistically sig-
nificantly higher in the ST group than in the controls (p<0.001 and p=0.018, respectively), 
and a positive correlation was observed between time from stent implantation to throm-
bosis and AIP and TG/HDL-C (rS=0.229, p=0.010 and rS=0.222, p=0.010, respectively). Mul-
tivariate logistic regression analysis revealed that stent length, prior ST elevation myo-
cardial infarction, TG/HDL-C, and AIP were independent predictors of ST. 

Conclusion: AIP is an easy calculable biomarker, and the performance of AIP to predict ST 
is better than TG/HDL-C.
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METHODS

This retrospective study included 3,450 patients with ACS 
who were intervened percutaneously between January 
2018 and December 2020. Of these, 2,056 patients with 
first percutaneous coronary intervention (PCI); 498 pa-
tients with prior coronary artery bypass graft; and 95 pa-
tients with chronic kidney-liver disease, malignancy, in-
flammatory disease, obstructive sleep apnea, and missing 
data in their files were excluded. The study flow diagram 
is presented in Figure 1. The demographics, medical char-
acteristics, and previous coronary angiography reports of 
the patients were obtained from their files and health in-
formatics portal, and routine laboratory parameters were 
examined from the blood samples taken at 6 a.m. (af-
ter at least 8 hours of fasting). Stent type (drug eluting or 
bare-metal), stent diameter and length, drugs used for all 
patients, time from stent implantation to the occurrence of 
thrombosis (ST time), and thrombosis type for the ST group 
were recorded. ST classification was done according to Ac-
ademic Research Consortium definition (15). The patients 
were grouped into 3 according to the dose of statins used 
by them: group 1 (low-dose statin; atorvastatin 10 mg or 20 
mg, rosuvastatin 5 mg or 10 mg, or pitavastatin 1 mg), group 
2 (atorvastatin 40 mg, rosuvastatin 20 mg, or pitavastatin 2 
mg), and group 3 (high-dose statin; atorvastatin 80 mg, ro-
suvastatin 40 mg, or pitavastatin 4 mg).

Hypertension (HT) was defined as systolic blood pressure 
(BP) ≥140 mm Hg, diastolic BP ≥90 mm Hg, or current use of 
antihypertensive medications. Diabetes mellitus (DM) was 
defined as fasting serum glucose ≥126 mg/dL, hemoglobin 
A1c ≥6.5%, or the use of blood glucose lowering agents. AIP is 
a logarithmically transformed ratio of molar concentrations 
of TGs to HDL-C and is calculated by the formula log TG/
HDL-C ratio.

The study was approved by the Local Ethics Committee of 
our hospital (13/1/2021, #1230), and the study was performed 
according to the Declaration of Helsinki. 

Statistical analysis
Kolmogorov–Smirnov test was used to determine wheth-
er variables were homogeneously distributed. Continu-
ous variables with normal distribution were expressed as 
mean ± standard deviation and compared using student’s 
t-test; continuous variables without normal distribution 
were compared using Mann–Whitney U test for variables 

without normal distribution. Categorical variables were 
presented as total number and percentages and com-
pared using the chi-square test, and correlations between 
variables were determined using Spearman correlation 
test. Binary logistic regression analysis tested variables 
with p≤0.05 in univariate analysis, and the odds ratio (OR) 
indicates the relative risk of ST. The value p<0.05 was con-
sidered significant, and 95% confidence interval (95% CI) 
was presented for all ORs. Pairwise comparison of receiv-
er operating characteristic (ROC) curve analysis was per-
formed to determine the ability of AIP and other variables 
predicting ST. All statistical analyses were performed us-
ing the SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) and 
MedCalc version 19.6.1 (MedCalc Software, Mariakerke, 
Belgium). 

RESULTS

The demographic characteristics, medical history, and 
laboratory results of the patients are summarized in Table 
1. Whereas 66.2% of the patients in the ST group presented 
with STEMI and the rest with non-STEMI, the frequency of 
STEMI in the control group was 57.1% (p=0.025). The mean 
age of the patients was 63.3±10.6 years (483 male, 69.2%). 
There was no statistically significant difference between 
the 2 groups in terms of age, DM, HT, sex, and heart failure. 
Of the patients, 68% were using dual-antiplatelet agents. 
Although the use of clopidogrel and ticagrelor was differ-
ent between the 2 groups, the rates of use of prasugrel 
were similar (p=0.040, p=0.041, and p=0.596, respective-
ly). Clopidogrel was the predominant antiplatelet agent in 
patients in the ST group, whereas ticagrelor was replaced 
by clopidogrel in the control group. In total, 80.2% of the 
patients had statins and 13.8% had fibrate in their thera-
py. DESs were implanted in 86.5% of the patients, and 43% 
of the patients in the ST group had a history of STEMI and 
34.5% had a history of non-STEMI–related PCI, where-
as these rates were 34.5% and 32.5% in the control group 
(p=0.013). When the laboratory results were compared, it 
was observed that the mean AIP and TG/HDL-C were sta-
tistically significantly higher in the group with ST (p<0.001 
and p=0.018). When the groups were compared in terms 
of statin dose they were using, 8% of patients in the non-
ST group were in group 3 and 30% of them were in group 1, 
whereas the frequency was 20% and 31% in the ST group, 
respectively, and the difference was not statistically sig-
nificant (p=0.227).

In the ST group, 19% had early (acute or subacute), 40% had 
late, and 41% had very late ST. The median ST time was 285 
days, and we determined a significant positive correlation 
between ST time and TG/HDL-C and AIP (ST time–AIP: 
rS=0.229, p=0.01; ST time–TG/HDL-C: rS=0.222, p=0.01). 
There was no relationship between HDL-C and ST time and 
between low-density lipoprotein cholesterol (LDL-C) and 
ST time (ST time–LDL-C: rS=0.125, p=0.149; ST time–HDL-C: 
rS=0.044, p=0.609). 

The mean stent diameter was similar (p=0.112), but the 
mean stent length was different between the groups, 
and the difference was statistically significant (p=0.019). 
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 HIGHLIGHTS
• Stent thrombosis (ST) is a serious complication of percu-

taneous coronary intervention and generally occurs as 
ST-elevation myocardial infarction (STEMI).

• Atherogenic index of plasma is a biomarker for athero-
sclerosis and can be useful for identifying patients at 
risk for ST.

• The results of this study reveal that stent length, prior 
STEMI, triglyceride/high-density lipoprotein cholesterol 
ratio, and atherogenic index of plasma are independent 
predictors of ST.



Univariate and multivariate logistic regression analyses 
showed that AIP, TG/HDL-C, prior STEMI, and stent length 
were the independent predictors of ST (OR=13.403, 95% 
CI=1.396–128.699, p=0.025; OR=1.305, 95% CI=1.005–1.693, 
p=0.045; OR=0.392, 95% CI=0.206–0.743, p=0.004; and 
OR=1.100, 95% CI=1.016–1.191, p=0.019; respectively) (Table 
2). The cut-off value of AIP was >0.32 (sensitivity=43.3%, 
specificity=77.1%, p=0.016), cut-off value of TG/HDL-C was 
2.81 (sensitivity=45.1%, specificity=73%, p=0.028), and cut-
off value of stent length was 22 mm (sensitivity=75%, spec-
ificity=53.7%, p=0.006) for predicting ST. Pairwise compari-
son of ROC curve analysis revealed that AIP was noninferior 

to stent length and prior STEMI, and the ability of AIP to 
predict ST was better than the ability of TG/HDL-C (Fig. 2, 
Table 3). 
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Table 1. Demographic properties, laboratory results, and 
angiographic features of the groups

ST group 
(n=239)

Non-ST 
group 

(n=459) P-value
Age, years 62.82±10.64 63.6±10.6 0.365
Sex, male, n (%) 313 (68.3) 170 (71) 0.243
Triglycerides, median 
(IQR)

162.5 (153) 162 (54) 0.094

LDL, mg/dL 118.21±41.02 118.26±39.12 0.987
HDL, mg/dL 40.61±9.20 41.72±10.26 0.162
AIP 0.31±0.30 0.21±0.17 <0.001
TG/HDL-C 5.66±5.12 4.15±1.93 0.018
CRP, median (IQR) 7.85 (23.95) 4.45 (8.99) 0.853
BNP, median (IQR) 1420 (3557) 1045 (3285) 0.475
Hgb, g/dL 13.58±1.84 13.48±1.85 0.632
WBC, 103/mL 10.27±3.58 9.67±3.33 0.120
PLT, 103/mL 252.72±70.88 259.60±88.95 0.477
Creatinine, mg/dL 0.90±0.38 0.83±0.28 0.193
Troponin, median 
(IQR)

4928.5 
(28700)

5462 (15400) 0.713

CK-MB, median (IQR) 14.25 (92.30) 28.60 (89.62) 0.211
Hypertension, % 48 41 0.248
Diabetes mellitus, % 32 27 0.286
Heart failure, % 13.6 14.5 0.836
Beta blockers, % 80 79.4 0.906
ACEI/ARB, % 65 65 0.972
DAPT, % 63.6 70.2 0.228
Clopidogrel, % 77 44.6 0.040
Ticagrelor, % 15.3 46.8 0.041
Prasugrel, % 0 2.1 0.596
Diuretics, % 14.5 14.9 0.922
Statins,  Group 1, % 31 30
Group 2, % 49 62 0.227
Group 3, % 20 8
Fibrate, % 15 13.3 0.585
Stent diameter, mm 3.09±0.40 2.96±0.37 0.112
Stent length, mm 26.13±6.00 22.97±7.20 0.019
ACEI/ARB - angiotensin converting enzyme inhibitors/angiotensin 
receptor blockers; AIP - atherogenic index of plasma; BNP - brain 
natriuretic peptide; CK-MB - creatine kinase-MB; CRP - C-reactive 
protein; DAPT -  dual antiplatelet therapy; HDL-C - high density 
lipoprotein cholesterol; Hgb - hemoglobin; IQR - interquartile range; 
LDL, low-density lipoprotein; LDL-C - low-density lipoprotein 
cholesterol; PLT - platelets count; TG/HDL-C - the ratio of triglyceride 
to high-density lipoprotein cholesterol; WBC - white blood-cell count 

Table 2. Binary logistic regression analysis
Univariate 

analysis
Multiple 
analysis

OR  
(95% CIs) P-value

OR  
(95% CIs) P-value

Stent 
length

1.079 
(1.011–1.152)

0.022 1.100 
(1.016–1.191)

0.019

AIP 5.382 
(2.600–

11.138)

<0.001 13.403 
(1.396–

128.669)

0.025

Clopidogrel 4.127 
(1.005–
16.947)

0.051 -

Ticagrelor 0.207 
(0.041–1.036)

0.055 -

Prior STEMI 0.566 
(0.458–

0.698)

<0.001 0.392 
(0.206–0.743)

0.004

TG/HDL-C 1.159 
(1.092–1.230)

<0.001 1.305 
(1.005–1.693)

0.045

LDL-C 1.000 
(0.996–
1.004)

0.987 -

AIP - atherogenic index of plasma; CI - confidence interval; LDL-C - 
low density lipoprotein cholesterol; OR - odds ratio; TG/HDL-C - the 
ratio of triglyceride to high density lipoprotein cholesterol; STEMI - ST-
elevation myocardial infarction

Table 3. Pairwise comparison of AIP, TG/HDL-C, prior STEMI, 
and stent length in ST

Difference 
between 

AUC SE
Z 

statistic 95% CI P-value
AIP and 
prior 
STEMI

0.029 0.0813 0.0361 −0.156–
0.162

0.971

AIP and 
stent 
length

0.028 0.0772 0.364 −0.123–
0.179

0.715

AIP and 
TG/
HDL-C

0.170 0.0762 2.236 0.0211–
0.320

0.025

Prior 
STEMI 
and stent 
length

0.025 0.0796 0.316 −0.131–
0.181

0.751

Prior 
STEMI 
and TG/
HDL-C

0.173 0.0874 1.983 0.002–
0.345

0.047

Stent 
length 
and TG/
HDL-C

0.198 0.0775 2.561 0.046–
0.350

0.010

AIP - atherogenic index of plasma; AUC - area under curve; CI - 
confidence interval; SE - standard error; ST - stent thrombosis; 
STEMI - ST-elevation myocardial infarction; TG/HDL-C - the ratio of 
triglyceride to high density lipoprotein cholesterol



DISCUSSION

The most important results of this study included the follow-
ing:

• ST can be detected in approximately 2% of patients who 
have undergone coronary angiography, and this rate can 
rise up to 6% in patients with ACS.

• As the use of DESs has increased recently, the frequency 
of ST is lower.

• LDL-C level and statin use rates are similar in the control 
and the ST groups. When the patients were grouped ac-
cording to the statin dose used by them, it was revealed 

that a large percentage of the patients received low and 
medium dose statin treatment.

• Lesion length, AIP, and TG/HDL-C were higher in the ST 
group than in the control group.

• Logistic regression analyses showed that AIP, prior 
STEMI, TG/HDL-C, and stent length were independent 
predictors of ST, and ROC curve analysis revealed that 
AIP was noninferior to the stent length and prior STEMI 
and better than TG/HDL-C in predicting ST.

LDL-C, which is known to have an important role in the patho-
genesis of coronary artery disease (CAD) and is called bad 
cholesterol, has also been one of the main drivers of treat-
ment (18-21). The theory that a decrease in serum LDL-C lev-
el can reverse this phenomenon is still accepted. Therefore, 
lowering LDL-C maintains its place as the primary choice in 
the treatment of CAD. When the pathogenesis is examined 
in detail, it is seen that LDL-C phenotype B, small dense par-
ticles, are more atherogenic. Atherogenic particles begin to 
appear at the TG level of 90–100 mg/dL and become appar-
ent when TG level reaches 180 mg/dL. AIP is a biomarker that 
can indirectly provide information about small dense LDL-C 
and can be calculated using serum TG and HDL levels. It has 
been found in many studies to indicate the presence and se-
verity of CAD (22). In our study, although the routine LDL-C, 
TG, and HDL-C values in patients with ST were not different 
than the controls, AIP and TG/HDL-C levels were higher in 
the ST group. This result supports that AIP and TG/HDL-C 
should be among the routine laboratory parameters. Statin 
doses of the patients included in the study were similar; the 
fact that most of them use moderate doses may explain the 
similar LDL-C levels between the groups. It should be kept in 
mind that this situation may mask the effect of serum LDL-C 
levels in ST. However, it is known that some of the patients 
who were given statin treatment in clinical observation 
did not use the drug and some were treated with low-dose 
statins because their LDL-C levels were at the limit or that 
the rate of using statins in high doses owing to side effects is 
already low. Even that the rate of patients using statins in our 
study was close to 80% should be considered as a good result. 

Apart from the use of statins and the basal lipid levels of 
the patients, dual antiplatelet treatment (DAPT) and dura-
tion are the most important factors to be considered for ST. 
Early termination of DAPT or development of resistance to 
any agent, most commonly clopidogrel, leads to a serious in-
crease in the risk of ST (23-25). Contrary to this view, many 
studies emphasize that long-term use of DAPT does not 
lead to an increase in the risk of ST (26-28). Of the patients 
in our study, 68% were taking DAPT, and no difference was 
observed between the groups in terms of DAPT frequency. 
In total, 50% of the patients in the ST group had completed 
the recommended 12-month DAPT period. The rates of using 
DAPT in early and late ST development groups were 43% and 
90%, respectively. Despite the use of DAPT, a significant in-
crease in the incidence of late ST was observed. In our study, 
the majority of patients in the ST group were using clopi-
dogrel, which may suggest that clopidogrel resistance may 
have developed. 
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Figure 1. Study flow diagram

Figure 2. ROC curve analysis of AIP, TG/HDL-C, prior STEMI, 
and stent length 
AIP - atherogenic index of plasma; ROC - receiver operating characteris-
tic; STEMI - ST-elevation myocardial infarction; TG/HDL-C - ratio of tri-
glyceride to high-density lipoprotein cholesterol



In addition to factors such as hyperlipidemia, atherogenic 
dyslipidemia, and DAPT duration, stent type, length, and di-
ameter are among the parameters that can predict ST de-
velopment (29, 30). In this study, frequencies of late and very 
late ST were high. AIP is also correlated with the ST time.  
Supporting the literature, it has been shown in our study that 
the ST risk increases with the increase in stent length. The 
small stent diameter, which is reported to be an independent 
predictor for ST, could not be detected in this study because 
the diameter of the stents used in the patients included in 
the study was similar (31, 32).

Study limitations 
This study had a few limitations. First, it was a retrospective, 
single-center study, and the study population was small. Fur-
thermore, details such as the content of the DES were not in-
cluded. 

CONCLUSION

In conclusion, this study is important in terms of showing that 
AIP is equivalent to stent length and prior STEMI and superior 
to TG/HDL-C in predicting ST in addition to classical ST pre-
dictors. At the same time, it suggests that not only lowering 
LDL-C but also serum TG and HDL levels should be taken into 
account to prevent ST. If AIP is studied among the routine lip-
id parameters, it may be necessary to change or expand the 
treatment options; therefore, this study is valuable in terms 
of shedding light on multi-center, prospective studies with a 
high number of participants.
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