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Background: Patients with diabetes are a high-risk group for coronary in-stent
restenosis (ISR), so it would be valuable to identify biomarkers to predict their prognosis.
The plasma big endothelin-1 (big ET-1) level is closely related to cardiovascular adverse
events; however, for patients with ISR and diabetes who undergo percutaneous
coronary intervention (PCI), whether big ET-1 is independently correlated with prognosis
is still uncertain.

Methods: Patients with drug-eluting stent (DES) restenosis who underwent successful
re-PCI from January 2017 to December 2018 at the Chinese Academy of
Medical Sciences Fuwai Hospital were enrolled and followed up for 3 years. The
patients were divided into the tertiles of baseline big ET-1. The primary end
points were major adverse cardiovascular events (MACEs): cardiac death, non-
fatal myocardial infarction (MI), target lesion revascularization (TLR), and stroke.
A Cox multivariate proportional hazard model and the C-statistic were used to
evaluate the potential predictive value of big ET-1 beyond traditional and angiographic
risk factors.

Results: A total of 1,574 patients with ISR were included in this study, of whom
795 were diabetic. In patients with ISR and diabetes, after an average follow-up of
2.96 ± 0.56 years, with the first tertile of big ET-1 as a reference, the hazard ratio
[HR] (95% CI) of MACEs after adjustment for traditional and angiographic risk factors
was 1.24 (0.51–3.05) for the second tertile and 2.60 (1.16–5.81) for the third. Big ET-1
improved the predictive value for MACEs over traditional risk factors (C-statistic: 0.64
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vs. 0.60, p = 0.03). Big ET-1 was not significantly associated with the risk of MACEs in
patients without diabetes.

Conclusion: Increased plasma big ET-1 was associated with a higher risk of adverse
cardiovascular prognosis independent of traditional and angiographic risk factors, and
therefore, it might be used as a predictive biomarker, in patients with ISR and diabetes.

Keywords: coronay artery disease, in-stent restenosis, big endothelin-1 (big ET-1), diabetes mellitus,
cardiovascular prognosis

INTRODUCTION

Diabetes mellitus is an important risk factor for the development
of cardiovascular diseases, such as coronary artery disease (CAD),
cerebrovascular disease, and peripheral artery disease (1, 2).
Cardiovascular disease is the main cause of death in diabetic
patients (3). The total number of diabetic patients in the world is
predicted to increase to 592 million by 2035 (4). Coronary artery
in-stent restenosis (ISR), a complication that is unpreventable in
patients with percutaneous coronary intervention (PCI), refers to
lesions with a vascular diameter stenosis rate ≥50% in the stent
and/or within 5 mm of both edges of the stent (5). Although
drug-eluting stent (DES) implantation improves the long-term
prognosis of patients, ISR is still a serious problem (6, 7). Patients
with diabetes are a high-risk group for ISR (8, 9). Therefore, it
will be valuable to identify biomarkers with predictive value for
the prognosis of patients with ISR and diabetes.

Endothelin-1 (ET-1) is a 21-amino-acid polypeptide that
is produced by vascular endothelial cells. It is the most
effective vasoconstrictor in the cardiovascular system and has the
characteristic of long-lasting action (10). ET-1 and its receptors
mediate pathophysiological processes, such as inflammation,
oxidative stress, endothelial dysfunction, and insulin resistance,
leading to the occurrence and progression of diabetes and
atherosclerotic diseases (11). Due to the instability of ET-1 in
plasma, its clinical application as a biomarker is limited (12).
Big ET-1, as the precursor of ET-1, has a longer half-life and
can be used as a surrogate indicator to reflect the ET-1 level
(12). Big ET-1 has a useful predictive value in patients with
three-vessel CAD, stable CAD, young myocardial infarction
(MI), acute myocardial infarction (AMI), and diabetes (13–16);
however, little is known about its clinical predictive value in
patients with ISR and diabetes, a more vulnerable population of
patient with CAD. Therefore, this study is aimed to identify the
potential association between big ET-1 and clinical prognosis and

Abbreviations: ISR, in-stent restenosis; Big ET-1, big endothelin-1; PCI,
percutaneous coronary intervention; DES, drug-eluting stent; MI, myocardial
infarction; AMI, acute myocardial infarction; MACEs, Major adverse
cardiovascular events; TLR, target lesion revascularization; HR, hazard ratio;
CI, confidence interval; CAD, coronary artery disease; OGTT, oral glucose
tolerance test; HbA1c, glycosylated hemoglobin A1c; BMI, body mass index;
TIA, transient ischemic attack; CABG, coronary artery bypass grafting; LVEF,
left ventricular ejection fraction; LVDD, left ventricular diastolic diameter; TnI,
troponin I; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein
cholesterol; HDL-c, high-density lipoprotein cholesterol; ELISA, enzyme-linked
immunosorbent assay; TVR, target vessel revascularization; ST, stent thrombosis;
LM, left main artery; LAD, left anterior descending; LCX, left circumflex; RCA,
right coronary artery; CEC, clinical events committee.

determine whether big ET-1 has an incremental effect on risk
prediction beyond traditional and angiographic risk factors in
patients with ISR and diabetes.

METHODS

Study Population
There were 35,649 patients with CAD who underwent successful
PCI at the Chinese Academy of Medical Sciences Fuwai Hospital
from January 2017 to December 2018, of whom 6.42% of
patients (n = 2,289) who were diagnosed with DES restenosis
were consecutively enrolled in this study. The diagnosis of ISR
was based on the presence of lesions in the coronary stent
and/or within 5 mm of an edge of the stent, with a vascular
diameter stenosis rate ≥50%. According to the angiographic
characteristics, it can be divided into four types: type I occurs
when the stent or the stent edge is ≤ 10 mm, type II is a diffuse
ISR confined to stents >10 mm, type III is a diffuse ISR >10 mm
beyond the edge of the stent, and type IV is a completely occlusive
ISR (5). Diabetes was diagnosed in patients who met any of the
following criteria: fasting blood glucose ≥7.0 mmol/L without
any caloric intake for at least 8 h; oral glucose tolerance test
(OGTT) with a glucose load of 75 g anhydrous glucose for 2 h;
blood glucose ≥11.1 mmol/L; glycosylated hemoglobin ≥6.5%;
and random blood glucose ≥11.1 mmol/L in patients with typical
symptoms of hyperglycemia (17). The patients were divided into
diabetic and non-diabetic groups according to whether they had
a diagnosis of diabetes. The exclusion criteria were as follows: a
history of diabetes, lack of fasting blood glucose or glycosylated
hemoglobin information, lack of plasma big ET-1 test results, and
lack of complete follow-up information. The process of selection
and exclusion is shown in Figure 1. This study complied with the
Declaration of Helsinki and was approved by the ethics review
committee. All patients signed an informed consent form.

Data Collection
In addition to demographic data, patients’ traditional and
angiographic risk factors were both collected.

Traditional risk factors include body mass index (BMI),
hypertension, hyperlipidemia, diabetes, smoking history, thyroid
disease, stroke or transient ischemic attack (TIA), history of
peripheral artery disease, chronic kidney failure, and coronary
artery bypass grafting (CABG).

Angiographic risk factors include ISR lesion position, ISR
angiographic type, pre-Thrombolysis in Myocardial Infarction
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FIGURE 1 | Flow chart of the study population enrolment.

(TIMI) flow, reference vessel diameter, target lesion length,
diameter stenosis rate, and the presence of special types of
lesions, such as calcification, occlusion, ostial lesion, thrombus,
angulated lesion, and concentric lesion and the number of target
lesions. The coronary angiography results were interpreted by
two experienced cardiovascular intervention doctors.

The big ET-1 detection method involved drawing 5 ml of
fasting venous blood from a vacuum ethylenediaminetetraacetic
acid (EDTA) anticoagulant tube, centrifuging at 3,000 r/min
for 10 min within 1 h after blood collection, and analyzing
the sample by enzyme-linked immunosorbent assay (ELISA)
(BIOMEDICA, Austria). The reference value range of big ET-1
was <0.25 pmol/L, and the detection sensitivity was 0.02 pmol/L.

Follow-Up and End Point Event
The patients were followed up for 3 years by uniformly trained
staff through a telephone follow-up or outpatient follow-up.
The primary end point was major adverse cardiovascular
events (MACEs), which included cardiogenic death, non-
fatal MI, target lesion revascularization (TLR), and stroke.
Cardiac death was defined as death directly caused by

cardiovascular disease. Secondary end points included all-
cause death, target vessel revascularization (TVR), stent
thrombosis (ST), and hemorrhage. Hemorrhage was defined
as intracranial hemorrhage, hemoglobin drop ≥50 g/L, or
hematocrit drop ≥15% caused by hemorrhage.

Statistical Analysis
SPSS 23.0 and R language 3.5.1 statistical software were used
to analyze the data. The Kolmogorov-Smirnov normality test
was performed on continuous variables. Data with a normal
distribution are represented by x±s and were compared between
groups using the independent sample t-test; data with a non-
normal distribution are represented by M (Q1, Q3) and
were compared using the Wilcoxon rank-sum test. Categorical
variables are expressed as percentages, and the χ2 test was
used for comparisons between groups. Prior to association
analyses, variables with skewed distributions were natural log-
transformed. Univariate and multivariate Cox proportional
hazard models were used to determine the predictors of the
end point event, and the risk is expressed as the hazard ratio
(HR) with its 95% confidence interval (CI). All variables with
a value of p < 0.2 were included in a stepwise Cox regression
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(p < 0.2 as entry criterion and p > 0.1 as removal criterion) for
identifying potential outcome-specific independent predictors,
which were treated as covariates in the ensuing multivariate
analyses between big ET-1 and outcomes. The interaction
between diabetic status and big ET-1 was tested by adding a
product term in the multivariate Cox models. Kaplan-Meier
curves were drawn to analyze the survival rate, and the log-rank
test was used to compare the difference in survival rate between
big ET-1 tertiles. A multivariable-adjusted survival curve was also
plotted. A restricted cubic spline was used to analyze the dose-
effect relationship between big ET-1 and prognostic events. The
C-statistic was calculated to demonstrate the predictive value
of big ET-1 for prognostic events when compared with those
of traditional and angiographic risk factors. All tests were two-
tailed, and differences were considered statistically significant at
p < 0.05.

RESULTS

Baseline Characteristics of the Study
Population
The current study finally enrolled 1,793 participants, with a mean
age of 60.79 ± 9.77 years and a male proportion of 80.76%
(n = 1,448). Patients were stratified into two groups according
to the diagnosis of diabetes. Patients with diabetes exhibited
significantly higher big ET-1 levels than non-diabetic patients
(0.23 vs. 0.26, p < 0.001). There was no difference between
the diabetes group and the non-diabetic group in terms of sex,
hyperlipidemia, smoking, thyroid disease, peripheral vascular
disease, or other traditional risk factors (p > 0.05). The incidence
of hypertension, previous stroke, and the levels of N-terminal
(NT)-pro-B-type natriuretic peptide (BNP) were higher, and
levels of uric acid and high-density lipoprotein cholesterol
(HDL-c) were lower in diabetic patients (p < 0.05). Both
diabetic patients and non-diabetic patients had the left anterior
descending (LAD) as the main vessel of the ISR lesion. These
groups showed no significant difference in the distribution of
angiographic risk factors, such as reference vessel diameter, target
lesion length, diameter stenosis rate, special lesion, angiographic
type, and pre-TIMI flow (all p> 0.05). There was no difference in
the medications that were used for the treatment of CAD between
the groups (all p > 0.05; Table 1). There was no difference in
the characteristics between the enrolled and excluded patients
(Supplementary Table 1).

Clinical Outcomes
During the average follow-up time of 2.96 ± 0.56 years, 54
patients in the diabetes group (6.79%) experienced MACEs, and
141 patients in the total sample (7.86%) had a secondary end
point event. There were 83 patients in the non-diabetic group
(8.32%) with MACEs, and 88 patients (8.82%) had secondary end
point events. There was no statistically significant difference in
the incidence of composite end point events between the two
groups (p > 0.05), although the incidence of stroke was higher
while the incidence of cardiac death was lower in the diabetes
group (p < 0.05; Table 2).

Kaplan-Meier Analysis
Among the diabetic patients, the incidence of MACEs in the big
ET-1 tertile 3 was higher than that in the other two tertiles (log-
rank p = 0.043), and the incidence of secondary end point events
was slightly but not significantly higher than that in the other two
groups (log-rank p = 0.083). Among the non-diabetic patients,
the incidence of MACEs (log-rank p = 0.140) and the incidence
of secondary end point events were not significantly different
between the big ET-1 tertiles (log-rank p = 0.074; Figure 2).

Stepwise Cox Regression of Traditional
and Angiographic Predictors
Univariate Cox regression analysis for traditional and
angiographic variables was performed separately for MACEs
and secondary end points. Then, all variables with p < 0.2 were
entered into the multivariable Cox regression analysis for MACEs
and secondary end points following the stepwise method for
identifying independent predictors. We found that big ET-1 had
an independent predictive value in diabetic patients. In addition,
angulated lesions, history of CABG, low-density lipoprotein
cholesterol (LDL-c), reference vessel diameter, thyroid disease,
early ISR, and non-ISR lesion intervention were also associated
with the prognosis of ISR patients with diabetes mellitus. All
detailed results from the univariate and multivariable analyses
are shown in Supplementary Tables 2–5.

Interaction Between Big ET-1 and
Diabetes
When adding big ET-1 (as a continuous variable), a diagnosis
of diabetes, and the interaction term of big ET-1 × diagnosis
of diabetes (big ET-1 × diabetes) into a Cox regression,
after adjusting for traditional and angiographic risk factors,
we found that the interaction term was statistically significant
for predicting both MACEs and the secondary end points (p
for interaction < 0.0001). The significant interaction between
big ET-1 and the diagnosis of diabetes indicates that diabetes
diagnosis could modify the relationship between big ET-1 and
the adverse cardiovascular prognosis. When adding big ET-1 as a
categorical variable into a Cox regression analysis, after adjusting
for traditional and angiographic risk factors, the interaction term
was again statistically significant for predicting both MACEs (p
for interaction = 0.008) and the secondary end points (p for
interaction = 0.012; Table 3).

Relationship Between Big ET-1 and
Cardiovascular Prognosis
In the diabetic patients, a one-unit increase in log-transformed
big ET-1 was associated with a 105% increase in the risk of MACE
(HR = 2.05, 95% CI: 1.36–3.09, p = 0.001) and a 98% increase
in the risk of secondary end point events (HR = 1.98, 95% CI:
1.29–3.03, p = 0.002) after adjusting for age, sex, angulated lesion,
history of CABG, LDL-c, reference vessel diameter, thyroid
disease, early ISR, and non-ISR lesion intervention as potential
traditional and angiographic factors input from the stepwise Cox
regression analysis. When we grouped patients into the tertiles
of big ET-1 level, compared with the first tertile, the second and
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TABLE 1 | Baseline, lesion, and intervention characteristics of patients with coronary artery restenosis.

Total
(n = 1,793)

Diabetic patients
(n = 795)

Non-diabetic patients
(n = 998)

P-value

Demographic data

Age, years 60.79 ± 9.77 61.39 ± 9.03 60.32 ± 10.31 0.0213

Sex, male, n (%) 1,448 (80.76) 631 (79.37) 817 (81.86) 0.1835

BMI, kg/m2 26.07 ± 3.14 26.43 ± 3.03 25.79 ± 3.20 <0.0001

Cardiovascular risk factors, n (%)

Hypertension 1,218 (67.97) 594 (74.81) 624 (62.53) <0.0001

Hyperlipidemia 1,678 (98.36) 750 (98.17) 928 (98.51) 0.5757

Smoking 1,139 (65.54) 493 (63.78) 646 (66.94) 0.1676

Other disease, n (%)

Pre-myocardial infarction 629 (35.08) 287 (36.10) 342 (34.27) 0.4193

Thyroid disease 64 (3.57) 24 (3.02) 40 (4.01) 0.2621

Stroke or TIA 220 (12.27) 116 (14.59) 104 (10.42) 0.0075

Peripheral vascular disease 196 (10.93) 88 (11.07) 108 (10.82) 0.8675

Chronic kidney failure 20 (1.12) 13 (1.64) 7 (0.70) 0.0614

History of CABG 75 (4.18) 39 (4.91) 36 (3.61) 0.1725

Clinical presenting, n (%) 0.9738

ACS 833 (46.46) 369 (46.42) 464 (46.49)

CCS 960 (53.54) 426 (53.58) 534 (53.51)

Examination

LVEF, % 60.62 ± 7.58 60.21 ± 7.58 60.95 ± 7.58 0.0809

LVDD, mm 49.05 ± 5.42 49.12 ± 5.19 48.98 ± 5.61 0.6448

TnI, ng/L 0.02 (0.00, 0.07) 0.03 (0.00, 0.07) 0.02 (0.00, 0.07) 0.1005

Creatinine, µmol/L 82.52 (72.20, 93.71) 82.65 (72.00, 93.42) 82.27 (73.00, 94.00) 0.6320

Uric acid, µmol/L 350.35 (291.20, 407.85) 335.29 (278.20, 392.00) 359.00 (306.00, 416.35) <0.0001

TG, mmol/L 1.48 (1.00, 2.05) 1.50 (1.20, 2.10) 1.47 (1.00, 2.04) 0.1566

TC, mmol/L 3.71 (3.20, 4.41) 3.68 (3.20, 4.39) 3.71 (3.20, 4.44) 0.2470

HDL-C, mmol/L 1.06 (1.00, 1.24) 1.03 (0.80, 1.23) 1.08 (1.00, 1.25) 0.0004

LDL-C, mmol/L 2.14 (1.80, 2.71) 2.12 (1.60, 2.71) 2.15 (1.80, 2.71) 0.4423

NT-proBNP, pg/mL 113.20 (51.80, 294.40) 125.10 (54.20, 338.60) 106.80 (49.80, 260.50) 0.0049

Big ET-1, pmol/L 0.24 (0.20, 0.35) 0.26 (0.20, 0.37) 0.23 (0.20, 0.33) <0.0001

Big ET-1 in tertiles, n (%)

Tertile 1 540 (30.12) 194 (24.40) 346 (34.67) <0.0001

Tertile 2 615 (34.30) 269 (33.84) 346 (34.67) <0.0001

Tertile 3 638 (35.58) 332 (41.76) 306 (30.66) <0.0001

ISR duration, years 6.50 (5.40, 7.57) 6.56 (5.60, 7.61) 6.46 (5.20, 7.57) 0.2086

ISR duration type*, n (%) 0.1147

Early ISR 67 (3.74) 36 (4.53) 31 (3.11)

Later ISR 1,726 (96.26) 759 (95.47) 967 (96.89)

ISR lesion position, n (%)

LM 44 (2.45) 20 (2.52) 24 (2.40) 0.8801

LAD 733 (40.88) 320 (40.25) 413 (41.38) 0.6284

LCX 247 (13.78) 104 (13.08) 143 (14.33) 0.4466

RCA 571 (31.85) 273 (34.34) 298 (29.86) 0.0431

Graft bypass 8 (0.45) 5 (0.63) 3 (0.30) 0.4785

ISR lesion features

Reference vessel diameter, mm 3.04 ± 0.47 3.02 ± 0.46 3.06 ± 0.47 0.1423

Target lesion length, mm 26.71 ± 19.38 26.55 ± 18.84 26.84 ± 19.82 0.7688

Diameter stenosis rate, % 88.78 ± 9.77 89.02 ± 9.84 88.59 ± 9.71 0.3939

Special lesion, n (%)

Calcification 777 (51.08) 358 (52.34) 419 (50.06) 0.3763

Occlusion 325 (21.05) 141 (20.35) 184 (21.62) 0.5409

Ostial lesion 205 (13.39) 95 (13.85) 110 (13.02) 0.6351

Thrombus 20 (1.34) 10 (1.49) 10 (1.22) 0.6560

(Continued)

Frontiers in Cardiovascular Medicine | www.frontiersin.org 5 May 2022 | Volume 9 | Article 854107

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-854107 May 21, 2022 Time: 15:27 # 6

Ma et al. Big ET-1 in ISR and Diabetes

TABLE 1 | (Continued)

Total
(n = 1,793)

Diabetic patients
(n = 795)

Non-diabetic patients
(n = 998)

P-value

Angulated lesion 466 (25.99) 212 (26.67) 254 (25.45) 0.5598

Concentric lesion 271 (15.11) 108 (13.58) 163 (16.33) 0.1066

Diffuse lesion 1,078 (60.12) 461 (57.99) 617 (61.82) 0.1497

Angiographic type, n (%) 0.9099

Type I 85 (4.74) 40 (5.03) 45 (4.51)

Type II 670 (37.37) 300 (37.74) 370 (37.07)

Type III 708 (39.49) 313 (39.37) 395 (39.58)

Type IV 330 (18.40) 142 (17.86) 188 (18.84)

Pre TIMI flow, n (%) 0.8481

Class 0 326 (18.18) 140 (17.61) 186 (18.64)

Class 1 62 (3.46) 26 (3.27) 36 (3.61)

Class 2 134 (7.47) 57 (7.17) 77 (7.72)

Class 3 1,271 (70.89) 572 (71.95) 699 (70.04)

ISR intervention strategy, n (%)

DCB 782 (43.61) 341 (42.89) 441 (44.19) 0.5827

DES 1,011 (56.39) 454 (57.11) 557 (55.81) 0.5827

Non-ISR lesion intervention, n (%) 469 (26.16) 222 (27.92) 247 (24.75) 0.1286

Number of target lesion, n (%) 0.0509

1 1,324 (73.84) 573 (72.08) 751 (75.25)

2 396 (22.09) 180 (22.64) 216 (21.64)

3 73 (4.07) 42 (5.28) 31 (3.11)

Medicine treatment, n (%)

Aspirin 1,735 (96.77) 764 (96.10) 971 (97.29) 0.1557

P2Y12 receptor inhibitor 1,749 (97.55) 774 (97.36) 975 (97.70) 0.6469

Statin 1,737 (96.88) 771 (96.98) 966 (96.79) 0.8206

*Early ISR refers to a duration less than 1 year, and late ISR refers to a duration greater than 1 year; angulated lesion is defined as a lesion with an angle greater than or
equal to 45◦ between the proximal and distal segments; patients were grouped in tertiles according to big ET-1: first (big ET-1 < 0.20 pmol/L), second (0.20 pmol/L ≤ big
ET-1 < 0.31 pmol/L), and third (big ET-1 ≥ 0.31 pmol/L).
LVEF, left ventricular ejection fraction; LVDD, left ventricular diastolic diameter; TnI, troponin I; TG, triglycerides; TC, total cholesterol; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol.

TABLE 2 | Follow-up of patients with coronary artery restenosis.

Total
(n = 1,793)

Diabetic patients
(n = 795)

Non-diabetic
patients (n = 998)

P-value

Time of follow-up (years,x ± s) 2.96 ± 0.56 2.96 ± 0.56 2.95 ± 0.55 0.7608

MACE, n (%) 137 (7.64) 54 (6.79) 83 (8.32) 0.2275

Cardiac death, n (%) 26 (1.45) 6 (0.75) 20 (2.00) 0.0279

Non-fatal MI, n (%) 12 (0.67) 4 (0.50) 8 (0.80) 0.4413

TLR, n (%) 85 (4.74) 33 (4.15) 52 (5.21) 0.2943

Stroke, n (%) 18 (1.00) 13 (1.64) 5 (0.50) 0.0167

Secondary endpoints, n (%) 141 (7.86) 53 (6.67) 88 (8.82) 0.0928

All-cause death, n (%) 42 (2.34) 15 (1.89) 27 (2.71) 0.2549

TVR, n (%) 82 (4.57) 32 (4.03) 50 (5.01) 0.3213

ST*, n (%) 7 (0.39) 1 (0.13) 6 (0.60) 0.1411

Hemorrhage, n (%) 21 (1.17) 8 (1.01) 13 (1.30) 0.5623

*All presented with probable stent thrombosis.

third tertiles had HRs of 1.24 (0.51–3.05) and 2.60 (1.16–5.81) for
MACE and 0.97 (0.40–2.37) and 2.00 (0.91–4.41) for secondary
end point outcomes, respectively, after multivariable adjustment
(see Table 4 and Figure 3). The HRs (with their 95% CIs) of all
covariates in the model are shown in Supplementary Table 6.

The results of the subgroup analysis are shown in Supplementary
Figures 1, 2.

Big ET-1 was not significantly associated with the risk
of MACEs or secondary end point events in patients
without diabetes, whether in univariate or multivariate
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FIGURE 2 | Kaplan-Meier survival analysis. (A) Major adverse cardiovascular events (MACE) in diabetic patients; (B) secondary end points in diabetic patients;
(C) MACE in non-diabetic patients; and (D) secondary end points in non-diabetic patients.

analysis (all p > 0.05; see Table 5 and Figure 3). All
results of the multivariate Cox analysis are shown in
Supplementary Table 7.

Dose-Response Relationship Between
big ET-1 and Cardiovascular Prognosis
The restricted cubic spline analysis after adjustment for
traditional and angiographic risk factors showed that the
relationships between big ET-1 and MACE and secondary end
point events were both linear in the diabetic group. The risk
of MACEs and secondary end point events was increased with
increasing big ET-1, and the trend was statistically significant
(p = 0.005 and 0.011, respectively), while the test for a non-linear
relationship was not statistically significant (p = 0.106 and 0.517,
respectively; Figure 4).

Incremental Predictive Value of Big ET-1
for an Adverse Prognosis
Big ET-1 alone showed a similar predictive value for MACEs as
a model incorporating traditional risk factors, with respective
C-statistics of 0.60 (0.52–0.68) and 0.60 (0.53–0.68) (p for
difference = 0.54). Adding big ET-1 to the model with traditional
risk factors, a moderate but statistically significant increase in the
C-statistic was observed (0.64 (0.56–0.72) vs. 0.60 (0.53–0.68),
MC-statistic = 0.03, p for difference = 0.03). Similarly, big ET-1
showed additional predictive value for the secondary end point
events when added to traditional risk factors [0.67 (0.59–0.75)
vs. 0.63 (0.56–0.71), MC-statistic = 0.03, p for difference = 0.02].
However, adding big ET-1 to the model with traditional and
angiographic risk factors yielded no significant increase in the
C-statistic (Table 6).

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7 May 2022 | Volume 9 | Article 854107

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-854107 May 21, 2022 Time: 15:27 # 8

Ma et al. Big ET-1 in ISR and Diabetes

TABLE 3 | Interaction between big endothelin-1 and diabetes in the prognosis of
MACEs and secondary end points.

Wald
chi-square

value*

P-value* Wald
chi-square

value**

P-value**

MACE

Big ET-1 3.58 0.058 4.56 0.103

Diabetes 8.46 0.004 1.95 0.163

Big ET-1 × Diabetes 13.07 <0.0001 9.61 0.008

Age 3.53 0.06 3.61 0.057

Sex 5.35 0.021 4.87 0.027

BNP 5.28 0.022 6.76 0.009

Diameter stenosis rate 1.83 0.177 1.63 0.201

Thyroid disease 4.53 0.033 4.36 0.037

Secondary endpoints

Big ET-1 2.93 0.087 4.86 0.088

Diabetes 6.23 0.013 1.4 0.236

Big ET-1 × Diabetes 12.55 <0.0001 8.82 0.012

Age 1.07 0.302 1.16 0.282

Sex 3.1 0.078 2.85 0.092

BNP 5.71 0.017 7.48 0.006

Diameter stenosis rate 6.12 0.013 5.78 0.016

*Big endothelin-1 (ET-1) as a continuous variable. **Big ET-1 as a categorical
variable, age, sex, and variables found as independent predictors in the overall
population were adjusted. Big ET-1 and B-type natriuretic peptide (BNP) were
natural log-transformed.

TABLE 4 | Cox proportional hazards models for prognosis in diabetic patients.

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

MACE

Big ET-1* 1.85 (1.26–2.72) 0.002 2.05 (1.36–3.09) 0.001

Big ET-1 tertile 1 Reference – Reference –

Big ET-1 tertile 2 1.35 (0.59–3.09) 0.477 1.24 (0.51–3.05) 0.634

Big ET-1 tertile 3 2.32 (1.09–4.92) 0.029 2.60 (1.16–5.81) 0.02

Secondary endpoints

Big ET-1* 1.77 (1.19–2.63) 0.005 1.98 (1.29–3.03) 0.002

Big ET-1 tertile 1 Reference – Reference –

Big ET-1 tertile 2 1.06 (0.46–2.43) 0.893 0.97 (0.40–2.37) 0.948

Big ET-1 tertile 3 1.93 (0.93–4.04) 0.079 2.00 (0.91–4.41) 0.084

*Big endothelin-1 (ET-1) was natural log-transformed. Major adverse cardiovascular
events (MACE) model adjusted for age, sex, angulated lesion, history of
coronary artery bypass grafting [CABG], low-density lipoprotein cholesterol [LDL-
c], reference vessel diameter, thyroid disease. Secondary end points model
adjusted for age, sex, angulated lesion, history of CABG, early ISR, and non-ISR
lesion intervention.

DISCUSSION

This study analyzed the predictive value of big ET-1 for the
occurrence of adverse cardiovascular events in a cohort of
patients with ISR and diabetes mellitus after PCI. The main
findings are as follows: (1) patients with ISR and diabetes have
higher levels of big ET-1 than non-diabetic patients. (2) Patients
with ISR and diabetes who have higher big ET-1 levels have a

higher incidence of MACEs than patients with ISR and diabetes
with lower levels of big ET-1. (3) Increased plasma big ET-1
level is correlated with a worse prognosis of patients with ISR
and diabetes, it has good predictive value even after adjusting
for traditional and angiographic risk factors. (4) The level of
big ET-1 is linearly correlated with the occurrence of MACEs in
patients with ISR and diabetes. (5) The addition of big ET-1 to
the traditional cardiovascular risk prediction model significantly
improves the ability to stratify prognostic risk for patients with
ISR and diabetes.

Although diabetic patients often have other risk factors at
the same time, diabetes itself is a powerful independent risk
factor for cardiovascular events. Increased blood glucose levels,
insulin resistance, hyperlipidemia, inflammation, and thrombosis
accelerate the formation of atherosclerosis, leading diabetic
patients to become a high-risk group for ISR (1–3, 8, 18).

The level of big ET-1 is closely related to cardiovascular events
and is used as a risk predictor of cardiovascular disease (19).
The role of big ET-1 in hypertension, diabetes, and myocardial
hypertrophy is manifested in poor cardiovascular remodeling,
which is caused by an increase in left ventricular mass (20–
22). Big ET-1 also helps to predict the risk of congestive heart
failure and death in the general population (23, 24). It has
predictive value in patients with chronic heart failure (25), and
its predictive value is not inferior to those of hemodynamic
monitoring indicators (26). In patients with arrhythmia and
cardiomyopathy, high big ET-1 level has a certain predictive value
for death, malignant arrhythmia, heart transplantation, and other
adverse events (27–30).

Big ET-1 has good predictive value for the prognosis of
patients with CAD. Zhang et al. observed 6,150 patients with
three-vessel CAD and found that a high big ET-1 level is an
independent risk factor for long-term mortality, indicating that
it has good predictive value in patients with severe CAD (14).
Zhou et al. followed up 3,154 patients with stable CAD and 565
patients with AMI who were younger than 35 years old and found
that the occurrence of vascular events was closely correlated with
the big ET-1 level (13, 15). Yip et al. established a prospective
cohort of 186 cases of ST-segment elevation myocardial infarction
(STEMI). Big ET-1 was a strong predictor of the independent
composite end point of severe deterioration of cardiac function
and death within 30 days after emergency PCI (31). Gao et al.
in 822 patients with STEMI combined with diabetes, found
that the level of big ET-1 had a strong correlation with no
reflow after emergency PCI and with the long-term prognosis,
indicating that it has a strong predictive value in patients with
CAD and diabetes (16). However, there has been no previous
research on the relationship between big ET-1 and the prognosis
of patients with ISR.

Our study is the first to discover the important predictive
value of big ET-1 level for the cardiovascular prognosis, beyond
traditional and angiographic risk factors, in patients with ISR
and diabetes, though this is in line with the results of previous
studies; i.e., high big ET-1 levels predict a poor outcome. The
mechanism of action of big ET-1 in the prognosis of patients with
ISR and diabetes is still inconclusive, but it may be related to
the following factors: (1) overexpression of big ET-1 aggravates
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FIGURE 3 | Cox multivariate survival analysis. (A) Major adverse cardiovascular events (MACE) in diabetic patients; (B) secondary end points in diabetic patients;
(C) MACE in non-diabetic patients; (D) secondary end points in non-diabetic patients.

diabetes-induced vascular endothelial dysfunction by inducing
oxidative stress (32), which clinically can manifest as hyperplasia
of the neointima or neovascular atherosclerosis in the stent (33).

TABLE 5 | Cox proportional hazards models for prognosis in non-diabetic
patients.

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

MACE

Big ET-1* 0.84 (0.55–1.28) 0.415 0.82 (0.50–1.33) 0.418

Big ET-1 tertile 1 Reference – Reference –

Big ET-1 tertile 2 1.42 (0.87–2.32) 0.16 1.62 (0.90–2.90) 0.107

Big ET-1 tertile 3 0.85 (0.47–1.53) 0.581 0.85 (0.40–1.81) 0.668

Secondary endpoints

Big ET-1* 0.74 (0.49–1.13) 0.162 0.82 (0.50–1.33) 0.417

Big ET-1 tertile 1 Reference – Reference –

Big ET-1 tertile 2 1.31 (0.81–2.11) 0.266 1.45 (0.83–2.53) 0.191

Big ET-1 tertile 3 0.67 (0.37–1.23) 0.195 0.76 (0.36–1.61) 0.474

*Big endothelin-1 (ET-1) was natural log-transformed. Major adverse cardiovascular
events (MACE) model adjusted for age, sex, left ventricular ejection fraction
(LVEF), in-stent restenosis (ISR) duration, hypertension, drug-eluting stent (DES)
intervention, total cholesterol (TC), and diameter stenosis rate. Secondary end
points model adjusted for age, sex, high-density lipoprotein cholesterol (HDL-c),
TC, reference vessel diameter, target lesion length, and diameter stenosis rate.

(2) Big ET-1 can promote the synthesis of inflammatory microglia
in diabetic patients (34) and downregulate inflammatory activity
to accelerate the progression of atherosclerosis (35). (3) Big
ET-1 mediates the increase in nitric oxide production and the
uncoupling of calcium signaling to aggravate the contraction of
small blood vessels in diabetic patients (36–38), thereby causing
angina pectoris due to coronary microcirculation disorder. (4)
Big ET-1 alone or together with other agonists can cause
platelet activation, and activated platelets can also stimulate
endothelial cells to release big ET-1 (39), which leads to the
formation of ST. (5) A long-term increase in big ET-1 can cause
cerebrovascular accidents in patients with pre-arteriosclerosis
(40), and serious cerebrovascular accidents can cause death.
These proposed mechanisms are based on reasoning from
population characteristics, so the specific pathophysiological
mechanisms need to be empirically clarified.

In terms of clinical application value, our findings come
from real-world patients with ISR and diabetes. Our study
found that traditional and angiographic risk factors, such
as an angulated lesion, history of CABG, LDL-C, reference
vessel diameter, thyroid disease, early ISR, and non-ISR lesion
intervention, had predictive value for adverse cardiovascular
events in patients with ISR and diabetes. Moreover, after
adjusting for the traditional and angiographic risk factors, big
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FIGURE 4 | Restricted cubic spline curve for the risk in diabetic patients according to big ET-1; (A) major adverse cardiovascular events [MACE; adjusted for age,
sex, left ventricular ejection fraction (LVEF), in-stent restenosis (ISR) duration, hypertension, drug-eluting stent (DES) intervention, total cholesterol (TC), and diameter
stenosis rate]; (B) secondary end points [adjusted for age, sex, high-density lipoprotein cholesterol (HDL-c), TC, reference vessel diameter, target lesion length, and
diameter stenosis rate].

TABLE 6 | C-statistics of traditional risk factors and big ET-1 in patients with diabetes.

MACE Secondary end points

C-statistic (95% CI) 1C-statistic P-value C-statistic (95% CI) 1C-statistic P-value

Model 1* 0.60 (0.53–0.68) Reference – 0.63 (0.56–0.71) Reference –

Model 2* 0.64 (0.56–0.72) 0.033 0.03 0.67 (0.59–0.75) 0.035 0.02

Model 3* 0.68 (0.60–0.75) Reference – 0.66 (0.57–0.74) Reference –

Model 4* 0.68 (0.60–0.76) 0.005 0.32 0.66 (0.57–0.74) 0.002 0.46

*Model 1: traditional risk factors [age, sex, BMI, smoking, hypertension, hyperlipidemia, stroke or transient ischemic attack (TIA), and left ventricular ejection fraction (LVEF)];
Model 2: traditional risk factors + big endothelin-1 (ET-1); Model 3: traditional and angiographic risk factors [major adverse cardiovascular events (MACE) model adjusted
for age, sex, LVEF, in-stent restenosis (ISR) duration, hypertension, DES intervention, total cholesterol (TC), and diameter stenosis rate]. Secondary end points [model
adjusted for age, sex, high-density lipoprotein cholesterol (HDL-c), TC, reference vessel diameter, target lesion length, and diameter stenosis rate]; Model 4: traditional
and angiographic risk factors + big ET-1.

ET-1 still showed independent predictive value, and the increase
in big ET-1 was linearly correlated with the increase in the
incidence of adverse cardiovascular events. After adding the
biomarker big ET-1 to the traditional cardiovascular risk factor
model, the C-statistic increased significantly, indicating that
big ET-1 can significantly improve the predictive ability of
adverse cardiovascular events in diabetic patients. Although the
C-statistic was not significantly improved by adding angiographic
risk factors, possibly because the sample size was not large enough
and the positive rate of angiographic risk factors was low, this
does not negate the predictive value of big ET-1, as traditional
risk factors are more accessible to clinicians than angiographic
risk factors, especially in patients who cannot undergo coronary
angiography. The results of our study are of great value in
the risk stratification of patients and the detection of high-
risk patients (those with big ET-1 > 0.31 pmol/L), so they
can guide the formulation of individualized medication choices
and revascularization treatment plans for patients, which may
improve their life expectancy.

Specific types of DES might yield a more favorable prognosis
in terms of target-lesion failure in diabetic patients. The SUGER
study showed that Cre8 EVO stents might be superior to Resolute

Onyx stents in reducing target lesion failure (41). Drug-coated
balloon (DCB) implantation for de novo lesions in diabetic
patients has demonstrated a lower incidence of TVR than DES
implantation (42, 43), which means DCBs are more advantageous
in diabetic patients.

This study has some limitations: (1) this was a single-center,
observational clinical study, so the external validity of the results
is limited. Since the study primarily included Chinese patients,
the results and conclusions only apply to Asians and need to
be confirmed in other populations in prospective multicenter
studies. (2) There was little information on the specific causes of
death for the end point events, and the deaths whose causes could
not be determined were not all cardiovascular deaths. Prognostic
events were adjudicated by physicians but not the clinical events
committee (CEC). As the CEC provides a more standardized and
independent outcome assessment (44), prognostic events should
be adjudicated by the CEC in future study designs. (3) Most
studies on big ET-1 and cardiovascular prognosis, such as this
study, have been in Chinese patients. Due to the differences in
metabolic levels between different races, future studies should
be done in multiple centers treating different races. (4) The
prognostic analysis of this study was based on the detection of big
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ET-1 in a single plasma sample. It might be better to take multiple
samples and use their average.

CONCLUSION

Increased plasma big ET-1 was associated with a higher risk
of adverse cardiovascular prognosis independent of traditional
and angiographic risk factors, and therefore it might be
used as a prognostic/predictive biomarker in patients with
ISR and diabetes.
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