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Background: It is clinically important to identify high-risk patients with acute coronary syndrome 
(ACS) who may require repeat revascularization. This retrospective study identified risk factors for repeat 
revascularization among ACS patients after first-time successful percutaneous coronary interventions (PCIs). 
The predictive value of the triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) ratio for repeat 
revascularization was also evaluated.
Methods: We enrolled consecutive ACS patients who had coronary angiography performed during the 
period from 6 to 12 months after a first-time successful PCI. The primary outcome of the study was to 
identify the risk factors of repeat revascularization. The subjects were stratified based on repeat PCI events. 
After comparing various clinical characteristics, univariate and multivariate Cox proportional hazard model 
analyses were adopted to evaluate the effects of risk factors on repeat revascularization.
Results: The patients (n=271) were divided into the event (+) group (n=101) and the event (−) group 
(n=170). In the event (+) group, target lesion revascularization (TLR) accounted for 20.79% and target vessel 
revascularization (TVR) accounted for 50.49% of the patients. In contrast, 52.47% of the patients required 
de novo vessel revascularization (DVR). After adjustment for confounding factors, the TG/HDL-C ratio 
[hazard ratio (HR) =1.206, 95% confidence interval (CI): 1.016–1.431, P=0.032 for each higher TG/HDL-C 
ratio unit] and the Gensini score (HR =1.012, 95% CI: 1.005–1.018, P<0.001 for each higher Gensini score 
unit) were independent risk factors for a repeat PCI. Subgroup analyses showed that higher TG/HDL-C 
ratios were associated with a significantly higher risk of repeat PCIs in the male, hypertensive, and diabetes 
mellitus subgroups.
Conclusions: The TG/HDL-C ratio and Gensini score could serve as risk factors for repeat 
revascularization in ACS patients after a first-time successful PCI.
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Introduction

Acute coronary syndrome (ACS) is a common fatal 
disease responsible for millions of deaths worldwide (1).  
In recent years, the prognosis of ACS patients has been 
dramatically improved due to the broad and early application 
of percutaneous coronary intervention (PCI), as well 
as innovations in pharmacotherapeutic regimes (2-6).  
Nevertheless, repeat revascularization due to in-stent 
restenosis (ISR) and plaque progression remains a relevant 
problem, which deteriorates the long-term outcomes of 
ACS patients (7-9). To improve the interventional efficacy, 
numerous modifications of drug-eluting stents (DES) and 
PCI procedure strategies have been developed, such as the 
utilization of biodegradable polymers and ultra-thin struts  
(10-12) and the double kissing crush technique (13,14). 
Meanwhile, it is of great clinical significance to identify high-risk 
ACS patients who may require repeat revascularization because 
these patients demand more intensive secondary prevention.

Dyslipidemia, including elevated triglycerides (TG), 
total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C) or decreased high-density lipoprotein cholesterol 
(HDL-C), contributes to the increased risk of developing 
coronary artery disease (CAD) and has attracted tremendous 
attention from clinicians. Emerging evidence increasingly 
suggests that some indexes generated from lipid parameters 
(i.e., the TG/HDL-C ratio) possess advantages in stratifying 
the risk of cardiovascular disease compared to individual 
indexes, such as TG, TC, LDL-C, and HDL-C (15-17). 
The TG to HDL-C (TG/HDL-C) ratio, as an atherogenic 
index, has been highly correlated with myocardial infarction 
and coronary heart disease (18-20). Recently, accumulating 
studies support the use of the TG/HDL-C ratio as a 
prominent and accessible indicator of insulin resistance and 
metabolic syndrome (21,22). However, in the contemporary 
DES era, the predictive value of the TG/HDL-C ratio 
regarding repeat revascularization in ACS patients after a 
first-time successful PCI remains unclear.

The previous studies indicated that repeat revascularization 
events often occurred in the first year after DES (23). In this 
retrospective study, we analyzed the clinical characteristics 
of ACS patients who had coronary angiography performed 
during the period from 6 to 12 months after a first-time 
PCI, especially focused on the TG/HDL-C ratio, in order 
to identify the risk factors for a repeat PCI and enhance the 
long-term prognosis of ACS patients.

Methods

Study population

Consecutive ACS patients who had coronary angiography 
performed again during the period from 6 to 12 months 
after a first-time PCI from January 2014 and March 2019 
in Zhongda Hospital were enrolled in the study. The 
inclusion criteria were: (I) ACS was the indication for the 
PCI procedure; (II) it was a first-time PCI; (III) the PCI 
procedure and DES implantation were successful; and 
(IV) informed consent was obtained from the patient. The 
exclusion criteria were: (I) the PCI procedure failed; (II) a 
previous history of angioplasty; (III) coronary angiography 
was not performed during the period from 6 to 12 months 
after a first-time PCI; and (IV) the patient failed to take 
the prescribed medications according to the doctor’s 
instructions during the follow-up period. According to the 
repeat PCI events, the patients were stratified into the event 
(+) group (n=101) and the event (−) group (n=170).

Data collection

Demographic data, medical history, and vital signs were 
accurately collected by the clinicians. Blood samples 
were obtained for laboratory analyses at admission. The 
laboratory results for erythrocyte, leukocyte, platelet, 
neutrophils, and lymphocyte counts, as well as random 
glucose, serum creatinine, TG, TC, LDL-C, and HDL-C, 
were obtained from the electronic medical record system. 
Ultrasonic cardiograms were performed before discharge.

PCI procedure and definition

All ACS patients were administrated a loading dose of  
300 mg aspirin and a P2Y12 receptor inhibitor (300–600 mg 
clopidogrel or 180 mg ticagrelor) and were maintained with 
100 mg of aspirin and 75 mg of clopidogrel daily or 90 mg 
of ticagrelor twice per day. PCI procedures were performed 
for any lesions in the presence of ischemic symptoms or 
objective ischemic signs and angiographic luminal diameter 
stenosis ≥50%, and any lesions with luminal diameter 
stenosis ≥70% by quantitative coronary angiography. PCI 
procedural decisions were made according to the consensus 
of three experienced operators. Beta-blockers, angiotensin-
converting enzyme inhibitors (ACEIs) or angiotensin 
receptor blockers (ARBs) and statins were recommended 
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during hospitalization and the follow-up period. A dual 
antiplatelet regimen was suggested for twelve months and 
all ACS patients who underwent PCI procedures were 
recommended to have a coronary angiography during the 
period from 6 to 12 months after their PCIs.

The primary outcome of the study was to identify 
the risk factors of repeat revascularization in ACS 
patients after a first-time successful PCI. A successful 
PCI procedure was defined as the achievement of final 
thrombolysis in myocardial infarction (TIMI) blood flow 
grade 3 with a residual luminal stenosis of less than 30%. 
Repeat revascularization events included target vessel 
revascularization (TVR) and de novo vessel revascularization 
(DVR). TVR was defined as repeat revascularization with 
a PCI in the previously treated vessel (24-27). DVR was 
defined as revascularization of the non-targeted coronary 
artery. Target lesion revascularization (TLR) was defined 
as repeat revascularization of the target vessel within the 
stented segment or the adjacent 5-mm region (24-27).

Statistical analyses

The normally distributed continuous variables are presented 
as means ± standard deviation. Student’s t-tests were applied 
to analyze the continuous variables. The categorical variables 
were compared using chi-squared tests. Fisher’s exact test 
was preferred when more than 25% of the values showed 
expected frequencies <5. Variables with P values <0.2 were 
entered into univariate or multivariate Cox proportional 
hazard model analysis. Hazard ratio (HR), 95% confidence 
interval (CI), and P value were used to evaluate the effects 
of the variables on repeat revascularization. All statistical 
analyses were two-tailed and performed with SPSS 21.0 

(IBM Corporation, Armonk, NY, USA). Differences were 
statistically significant at P<0.05.

Results

Constitution of repeat revascularization events and 
baseline characteristics

According to the repeat PCI events, 271 patients were 
stratified into the event (+) group (n=101) and the event (−) 
group (n=170). In the event (+) group, TLR accounted for 
20.79%, and TVR accounted for 50.49% of the patients. In 
contrast, DVR occurred in 52.47% of the ACS patients who 
received a repeat PCI, representing a significant proportion. 
The details are shown in Figure 1.

Table 1 shows the baseline characteristics of the ACS 
patients in the event (+) and event (−) groups. In the event (+) 
group, the patients were older [64.58±11.20 vs. 58.73±12.30 
in the event (+) vs. event (−) group, respectively; P<0.001], 
more likely to have a history of diabetes mellitus [36.63% 
vs. 22.35%, in the event (+) vs. event (−) group, respectively; 
P=0.011]. Additionally, the random glucose concentrations 
and TG/HDL-C ratios in the event (+) group were higher 
than those in the event (−) group (7.59±3.47 vs. 6.52±2.29, 
P=0.006; and 2.01±1.18 vs. 1.71±0.98, P=0.027, respectively).

Characteristics of the interventional procedure and drug 
therapy

The reexamination intervals were similar between the 
two groups [252.80±65.87 vs. 262.37±67.67 in the event 
(+) vs. event (−) group, respectively; P=0.257]. In contrast 
to single-vessel disease, the percentage of patients with 
triple-vessel disease in the event (+) group was significantly 
higher than that in the event (−) group (59.41% vs. 40.59%, 
respectively; P=0.003). Accordingly, the Gensini scores were 
higher in the event (+) group [63.11±31.81 vs. 48.31±29.48, 
in the event (+) vs. event (−) group, respectively; P<0.001], 
indicating that patients in the event (+) group had more 
severe lesions. However, there was no significant difference 
in the use of medications, including aspirin, clopidogrel, 
ticagrelor, beta-blockers, ACEIs, ARBs, or statins, between 
the two groups of patients. The details are shown in Table 2.

Univariate and multivariate Cox proportional hazard 
model analysis

The univariate and multivariate Cox proportional hazard 

TVR+DVR: 2.97%

TVR: 47.52%

DVR: 49.50%

Figure 1 Composition of the repeat PCI events. TVR, target 
vessel revascularization; DVR, de novo vessel revascularization; 
PCI, percutaneous coronary intervention.
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Table 1 Comparison of baseline data between the event (+) and event (−) group

Variable Event (+) (n=101) Event (−) (n=170) P

Age (years) 64.58±11.20 58.73±12.30 <0.001

Male, n (%) 77 (76.24) 141 (82.94) 0.179

Smoking history, n (%) 37 (36.63) 62 (36.47) 0.978

Hypertension, n (%) 74 (73.27) 116 (68.24) 0.382

Diabetes mellitus, n (%) 37 (36.63) 38 (22.35) 0.011

Hyperlipidemia, n (%) 14 (13.86) 23 (13.53) 0.939

Previous stroke, n (%) 18 (17.82) 18 (10.59) 0.090

Leukocyte count (109/L) 8.97±3.38 8.93±3.51 0.940

Erythrocyte count (1012/L) 4.63±0.63 4.66±0.54 0.619

Platelet count (109/L) 202.82±57.71 209.48±53.72 0.338

Neutrophil count (109/L) 6.85±3.30 6.67±3.28 0.658

Lymphocyte count (109/L) 1.54±0.75 1.71±0.73 0.058

Creatinine (μmol/L) 89.22±21.89 85.84±18.45 0.175

Random glucose (mmol/L) 7.59±3.47 6.52±2.29 0.006

TG (mmol/L) 2.10±1.14 1.85±1.06 0.064

TC (mmol/L) 4.51±1.19 4.73±1.51 0.214

LDL-C (mmol/L) 2.74±0.79 2.90±0.87 0.138

HDL-C (mmol/L) 1.09±0.22 1.14±0.32 0.184

TG/HDL-C (mmolL−1/mmolL−1) 2.01±1.18 1.71±0.98 0.027

LVEF 0.62±0.10 0.63±0.09 0.480

TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG/HDL-C, 
triglyceride to high-density lipoprotein cholesterol ratio; LVEF, left ventricular ejection fraction.

Table 2 Characteristics of the interventional procedure and drug therapy

Variable Event (+) (n=101) Event (−) (n=170) P

Reexamination interval (days) 252.80±65.87 262.37±67.67 0.257

Number of narrowed vessels, n (%) 0.004

1 11 (10.89) 40 (23.53) 0.010

2 30 (29.70) 61 (35.88) 0.298

3 60 (59.41) 69 (40.59) 0.003

Gensini score 63.11±31.81 48.31±29.48 <0.001

Average stent diameter (mm) 2.91±0.42 3.03±0.38 0.025

Total stent length (mm) 38.89±19.29 36.51±17.81 0.302

Drug therapy, n (%)

Aspirin 94 (93.07) 164 (96.47) 0.206

Clopidogrel 46 (45.54) 75 (44.12) 0.819

Ticagrelor 55 (54.46) 95 (55.88) 0.819

Beta-blocker 65 (64.36) 122 (71.76) 0.202

ACEI or ARB 61 (60.40) 109 (64.12) 0.540

Statin 98 (97.03) 166 (97.65) 0.714

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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model analyses results are shown in Table 3. As a more 
meaningful scoring system for evaluating the severity of 
coronary lesions (28), Gensini scores were entered into the 
univariate Cox proportional hazard model analysis, instead 
of the number of narrowed vessels. Data from the univariate 
Cox proportional hazard model analysis suggested that 
age (HR =1.021, 95% CI: 1.004–1.037, P=0.013 for each 
age year higher), TG/HDL-C ratio (HR =1.237, 95% CI: 
1.040–1.470, P=0.016 for each higher TG/HDL-C ratio 
unit), Gensini score (HR =1.014, 95% CI: 1.008–1.019, 
P<0.001 for each higher Gensini score unit), and average 
stent diameter (HR =0.561, 95% CI: 0.347–0.909, P=0.019 
for each average stent diameter millimeter increased) were 
risk factors. After adjustment for the confounding factors 
(including age, male, diabetes mellitus, random glucose, 
TG/HDL-C ratio, Gensini score, and average stent 
diameter), the TG/HDL-C ratio (HR =1.206, 95% CI: 
1.016–1.431, P=0.032 for each higher TG/HDL-C ratio 
unit) and Gensini score (HR =1.012, 95% CI: 1.005–1.018, 
P<0.001 for each higher Gensini score unit) remained 
independent risk factors for repeat revascularization in ACS 
patients after a first-time successful PCI.

Subgroup analysis

As illustrated in Figure 2, the subgroup analysis showed 

that higher TG/HDL-C ratios were associated with 
a significantly higher risk of repeat PCIs in the male, 
hypertensive, and diabetes mellitus subgroups.

Discussion

In the present retrospective study, we evaluated the 
risk factors in the ACS population that required repeat 
revascularization. We validated for the first time that the 
TG/HDL-C ratio was independently associated with repeat 
PCIs in Chinese ACS patients, especially in the male, 
hypertensive, and diabetes mellitus subgroups.

As an epochal invention in the field of coronary 
interventional therapy, DES significantly decreases ISR 
by locally suppressing the inflammatory response and 
inhibiting the proliferation and migration of smooth 
muscles (29). However, repeat revascularizations are still 
required in certain PCI patients, not only due to ISR, 
but also the exacerbation of non-target lesions. Our data 
demonstrated that TLR accounts for 20.79% and DVR 
occurs in 52.47% of the ACS patients who received repeat 
PCIs. The results indicate that, with the upgrading of 
interventional instruments and continuous enhancement of 
cardiologists’ technology, the influence of PCI procedures 
on repeat revascularization is decreasing. The proportion of 
DVRs, which was more than 50%, suggests that intensive 

Table 3 Results of Cox proportional hazard model analyses

Variable
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (years) 1.021 1.004–1.037 0.013 1.014 0.997–1.031 0.106

Male 0.737 0.466–1.165 0.191 0.789 0.495–1.257 0.318

Diabetes mellitus 1.430 0.953–2.147 0.084 1.142 0.678–1.922 0.618

Previous stroke 1.219 0.731–2.032 0.448 – – –

Lymphocyte count (109/L) 0.949 0.712–1.265 0.719 – – –

Creatinine (μmol/L) 1.004 0.994–1.014 0.416 – – –

Random glucose (mmol/L) 1.044 0.990–1.101 0.109 1.027 0.958–1.102 0.446

LDL-C (mmol/L) 0.971 0.770–1.224 0.800 – – –

TG/HDL-C (mmolL-1/mmolL-1) 1.237 1.040–1.470 0.016 1.206 1.016–1.431 0.032

Gensini score 1.014 1.008–1.019 <0.001 1.012 1.005–1.018 <0.001

Average stent diameter (mm) 0.561 0.347–0.909 0.019 0.683 0.417–1.120 0.131

Variables with a P value <0.20 on univariate analysis were analyzed by the multivariate Cox proportional hazard model. HR, hazard ratio; 
CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; TG/HDL-C, triglyceride to high-density lipoprotein cholesterol ratio.
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Figure 2 HRs of the TG/HDL-C ratio for repeat PCIs in the subgroup analyses. Each subgroup was adjusted for the confounding factors 
(age, gender, diabetes mellitus, random glucose, TG/HDL-C, Gensini score, and average stent diameter) except for the stratification factor 
itself. TG/HDL-C, triglyceride to high-density lipoprotein cholesterol ratio; HR, hazard ratio; CI, confidence interval; PCI, percutaneous 
coronary intervention.

attention to modifying the risk factors for atherosclerosis 
exacerbation is warranted.

Individual factors in the PCI patients, such as age, 
gender, smoking, dyslipidemia, and diabetes mellitus, may 
significantly impact the need for repeat revascularization. In 
terms of the characteristics of the target lesions, the length 
and diameter of the diseased vessels, calcified lesions, and 
chronic totally occluded lesions are all related to target 
lesion failure (30). Our data showed that the Gensini score 
was positively correlated with repeat PCIs (HR =1.012, 
95% CI: 1.005–1.018, P<0.001 for each higher Gensini 
score unit), which is consistent with previous conclusions (8). 
Undoubtedly, ACS patients with complex lesions require 
more intensive secondary prevention after a first-time PCI.

As an easily accessible parameter in routine clinical 
practice, the TG/HDL ratio may act as a powerful predictor 
for worse clinical outcomes and cardiovascular events. Turak 
et al. reported that high TG/HDL-C ratios were correlated 
with more fatal events and major adverse cardiovascular 
events (MACEs) in patients with essential hypertension (31). 
Several studies have suggested that an elevated TG/HDL-C 
is a useful predictor for future cardiovascular events in 
patients with diabetes mellitus or chronic kidney disease 
(32-34). Despite these findings, studies focusing on the 
relationship between TG/HDL-C ratios and repeat PCIs in 

the Chinese population are scarce. In this study, we showed 
that the TG/HDL-C ratio was an independent predictor 
of repeat revascularization in Chinese ACS patients after 
first-time PCIs (HR =1.206, 95% CI: 1.016–1.431, P=0.032 
for each higher TG/HDL-C ratio unit). Although the 
underlying mechanisms have not been clearly elucidated, 
certain speculations for how the TG/HDL-C ratio 
predicts a repeat PCI can be made. First, the simultaneous 
application of TG and HDL-C in the ratio reflects the 
balance between atherogenic and protective lipoproteins 
and could be effective for evaluating plasma atherogenicity 
(35,36). Second, certain research has validated that the TG/
HDL-C ratio could serve as a surrogate marker of insulin 
resistance, which contributes to the progression of coronary 
atherosclerosis (21,37,38). In addition, in spite of no direct 
evidence, a correlation between inflammation and the 
TG/HDL-C ratio has been reasonably suggested (31,34). 
Therefore, in theory, combining TG and HDL-C to create 
a ratio may be a better way to estimate the risk of repeat 
revascularization.

Certain limitations should be claimed here. First, this 
retrospective cohort study could not avoid case selection 
bias. Second, our study sample was from a single center 
and relatively small. The findings should be confirmed with 
further multicenter studies. Third, some factors which may 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Turak O%5BAuthor%5D&cauthor=true&cauthor_uid=26694089
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influence the requirement for repeat revascularization were 
not included, since they were not measured in every patient.

Conclusions

In conclusion, DVR accounts for a significant proportion 
of ACS patients who received repeat PCIs. Therefore, 
intensive attention to modifying the risk factors for 
atherosclerosis exacerbation is warranted. After adjustment 
for confounding factors, the TG/HDL-C ratio and 
Gensini score remain independent risk factors of repeat 
revascularization in ACS patients after first-time successful 
PCIs.
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