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Conclusion
Baseline plasma ET-1 levels were associated with prognosis in individuals with prediabetes or diabetes
and stable coronary artery disease. .

* This study explores ET-1’s prognostic value in stable CAD with varied glycemic status.
* Elevated ET-1 levels link to higher CVE risk in CAD with prediabetes or diabetes.
* Targeting ET-1 pathways may help manage CAD in individuals with dysglycemia.

How to cite this article:
Yang C, Zhu CG, Guo YL, Wu NQ, Dong Q, Xu RX; et al. Prognostic Value of Plasma Endothelin-1 in Predicting Worse Outcomes in Patients with Pre-
diabetes and Diabetes and Stable Coronary Artery Diseases. Diabetes Metab J 2024;48:993-1002. https:/doi.org/10.4093/dm;|.2023.0410



Original Article
Cardiovascular Risk/Epidemiology

Diabetes Metab ] 2024;48:993-1002
https://doi.org/10.4093/dm;j.2023.0410
PISSN 2233-6079 - eISSN 2233-6087

dm)

DIABETES & METABOLISM JOURNAL

'.) Check for updates

Prognostic Value of Plasma Endothelin-1 in Predicting
Worse Outcomes in Patients with Prediabetes and
Diabetes and Stable Coronary Artery Diseases

Cheng Yang'?, Cheng-Gang Zhu', Yuan-Lin Guo', Na-Qiong Wu', Qian Dong', Rui-Xia Xu', Yong-Jian Wu?, Jie Qian',
Jian-Jun Li*

'Cardiometabolic Center, “Department of Cardiology, Fuwai Hospital, National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing, China

Background: Endothelin-1 (ET-1) is an endogenous vasoconstrictor implicated in coronary artery disease (CAD) and diabetes.
This study aimed to determine the prognostic value of ET-1 in the patients with stable CAD under different glucose metabolism
states.

Methods: In this prospective, large-cohort study, we consecutively enrolled 7,947 participants with angiography-diagnosed stable
CAD from April 2011 to April 2017. Patients were categorized by baseline glycemic status into three groups (normoglycemia,
prediabetes, and diabetes) and further divided into nine groups by circulating ET-1 levels. Patients were followed for the occur-
rence of cardiovascular events (CVEs), including nonfatal myocardial infarction, stroke, and cardiovascular mortality.

Results: Of the 7,947 subjects, 3,352, 1,653, and 2,942 had normoglycemia, prediabetes, and diabetes, respectively. Over a median
follow-up of 37.5 months, 381 (5.1%) CVEs occurred. The risk for CVEs was significantly higher in patients with elevated ET-1
levels after adjustment for potential confounders. When patients were categorized by both status of glucose metabolism and plas-
ma ET-1 levels, the high ET-1 levels were associated with higher risk of CVEs in prediabetes (adjusted hazard ratio [HR], 2.089;
95% confidence interval [CI], 1.151 to 3.793) and diabetes (adjusted HR, 2.729; 95% CI, 1.623 to 4.588; both P<0.05).
Conclusion: The present study indicated that baseline plasma ET-1 levels were associated with the prognosis in prediabetic and

diabetic patients with stable CAD, suggesting that ET-1 may be a valuable predictor in CAD patients with impaired glucose me-
tabolism.
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INTRODUCTION

Coronary artery disease (CAD) is one of the major cardiovas-
cular diseases threatening adults worldwide [1,2]. Patients with
diabetes mellitus are at increased risk of cardiovascular events

(CVEs) [3]. Despite advancements in medical and interven-
tional therapies, cardiovascular morbidity and mortality rates
remain high, especially in patients with comorbid diabetes [4].
Diabetes is not only a major risk factor for the development of
CAD but is also associated with adverse clinical outcomes
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[5,6]. Prediabetes, an intermediate stage of glucose dysregula-
tion that may precede type 2 diabetes mellitus, affected ap-
proximately 720 million individuals worldwide in 2021 and is
projected to impact 1 billion individuals by 2045 [7-9]. Emerg-
ing evidence has demonstrated that prediabetes is associated
with a higher risk of mortality and cardiovascular disease in
both the general population and in patients with atherosclerot-
ic cardiovascular disease [10,11].

Endothelin-1 (ET-1), an endothelium-derived peptide, is the
most potent endogenous vasoconstrictor [12] and contributes
to basal vascular tone as well as a number of diseases, such as
atherosclerosis, ischemic heart disease, hypertension, pulmo-
nary arterial hypertension, chronic kidney disease, and con-
gestive heart failure [13-16]. Previous studies have shown that
plasma ET-1 level is a risk factor of CVEs in patients with sta-
ble CAD [17-19]. However, no studies have investigated the po-
tential role of the plasma ET-1 concentrations in predicting ad-
verse clinical outcomes in patients with stable CAD, based on

the glucose metabolism status.

On the basis of the above, we performed a prospective analy-
sis in a cohort of patients with stable CAD who underwent elec-
tive coronary angiography. Our aim was to investigate potential
correlations between plasma ET-1 level and prospective CVEs
in three groups with normoglycemia, prediabetes, and diabetes.

METHODS

Study design and participants
This study was in accordance with the principles set by the
Declaration of Helsinki and was approved by the Ethics Review
Board of Fuwai Hospital (IRB No. 2013-442). Informed written
consents were obtained from all participants enrolled in this
study.

The details were described in the flowchart (Fig. 1), from
April 2011 to April 2017, 8,986 consecutive participants from
20 provinces in China were admitted in Fuwai Hospital and

Consecutive patients with
angiographic proven CAD from

Y

April 2011 to April 2017
(n=8,986)
Excluded patients without IR R Excluded patients age <18 years, with
detailed data ACS, prior PCI, prior CABG, severe liver
(n=468) and/or renal dysfunction; ACS thyroid

dysfunction, systematic inflammatory
disease, or malignant disease
(n=316)

Eligible patients for the study
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Fig. 1. Study flow chart. CAD, coronary artery disease; ACS, acute coronary syndrome; PCI, percutaneous coronary artery inter-

vention; CABG, coronary artery bypass grafting.
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scheduled for coronary angiography due to angina-like chest
pain and/or positive treadmill exercise test or clinically sus-
pected CAD. The exclusion criteria included missing detailed
data, age <18 years, acute coronary syndrome, previous percu-
taneous coronary artery intervention, and coronary artery by-
pass grafting, severe liver and/or renal insufficiency, thyroid
dysfunction, systematic inflammatory disease, and malignant
disease. Finally, a total of 7,947 participants were included and
categorized by baseline glycemic status into three groups: nor-
moglycemia, prediabetes, and diabetes.

Definition of clinical status

CAD was defined as the presence of coronary stenosis > 50%
at least one major artery segment assessed by two experienced
physicians, according to coronary angiography. Baseline glyce-
mic status was defined according to World Health Organiza-
tion (WHO)/International Expert Committee (IEC) criteria
[20]. Diabetes was diagnosed as fasting plasma glucose (FPG)
>7.0 mmol/L, glycosylated hemoglobin (HbAIc) level >6.5%,
or current use of hypoglycemic drugs or insulin. Prediabetes
was diagnosed in participants who had no self-reported diabe-
tes or hypoglycemic therapies but had a FPG ranging from 6.1
to 6.9 mmol/L, or HbA1c level ranging from 6.0% to 6.4%. Pa-
tients who were without diabetes or prediabetes were defined
as normoglycemia. Hypertension was defined as self-reported
hypertension, currently taking antihypertensive drugs, or re-
corded systolic blood pressure >140 mm Hg or diastolic blood
pressure >90 mm Hg three or more consecutive times. Infor-
mation regarding other disease, family history, and prior ther-
apy of each participant was collected from self-reported or
hospital-recorded medical history.

Laboratory methods

Blood samples were collected from each patient after fasting
for at least 12 hours before coronary angiography. The concen-
trations of plasma glucose were measured by enzymatic hexo-
kinase method. HbA1c was evaluated using Tosoh Automated
Glycohemoglobin Analyser (HLC-723G8, Tosoh, Tokyo, Ja-
pan). Circulating plasma ET-1 levels were measured using a
highly sensitive and specific commercial sandwich enzyme
immunoassay (BI-20082H, Biomedica, Wien, Austria). The
normal range was less than 0.25 pmol/L, and the detection
sensitivity was 0.02 pmol/L. Intra-assay coefficient of variation
(10 replicates) was 4%, and inter-assay precision (five assay
runs) was 5%. Concentrations of lipid parameters, including
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triglyceride (TG), total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and lipoprotein(a) (Lp(a)) were measured using au-
tomatic biochemistry analyzer (Hitachi 7150, Hitachi, Tokyo,
Japan) in an enzymatic assay. Concentrations of fibrinogen
were measured using a Stago auto analyzer by the Clauss
method with an STA Fibrinogen kit (Diagnostica Stago, Tav-
erny, France). Plasma N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) was determined using an electrochemilu-
minescence immunoassay (ECLIA) method (Roche Diagnos-
tics, Mannheim, Germany) with a Roche modular analytics
E170 immunoassay analyzer.

Clinical outcomes and follow-up

The primary outcome of this study was CVEs, which is the
composite of cardiovascular death, stroke, nonfatal myocardial
infarction. Nonfatal myocardial infraction was defined as the
presence of positive cardiac troponins accompanied by typical
chest pain, typical electrocardiogram serial changes, identifica-
tion of an intracoronary thrombus by angiography or autopsy,
or imaging evidence of new loss of viable myocardium or a new
regional wall-motion abnormality. Stroke was identified using
detailed medical records and cranial imaging. Patients were fol-
lowed up every 6 months. Trained doctors or nurses, blinded to
the clinical and laboratory data, collected the data from medical
records, clinical visit, and/or telephone interviews in accordance
with standard protocols. They completed detailed case report
forms for each event, providing sufficient information for inde-
pendent medical assessment. Three qualified physicians inde-
pendently adjudicated events based on predefined criteria and
centralized review. If disagreements arose, events were reas-
sessed, and final outcomes were determined by consensus.

Statistical analysis

Baseline characteristics were presented as mean + standard de-
viation (SD) or median (interquartile range) for continuous
variables and as a frequency (percentage) for categorical vari-
ables. Differences were assessed for statistical significance us-
ing a Wilcoxon rank sum test, a Kruskal-Wallis test or an anal-
ysis of variance (ANOVA) for continuous data and chi-square
test (or Fisher exact test where the expected cell value was <5)
for categorical variables. The event-free survival rates among
groups were the Kaplan-Meier method and compared by the
log-rank test. The associations among ET-1, glycemic status,
and clinical outcomes were analyzed by the unadjusted and
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adjusted Cox regression analyses (showed with hazard ratios
[HR] and 95% confidence intervals [CI]). Confounders in-
cluded age, sex, body mass index (BMI), current smoking, hy-
pertension, peripheral artery disease, family history of CAD,
left ventricular ejection fraction, NT-proBNP, TG, LDL-C,
HDL-C, Lp(a), fibrinogen, diseased vessels, and baseline
statins, aspirin, angiotensin II receptor blockers, B-blockers,
and calcium channel blockers treatments. Multivariable-ad-
justed HRs with corresponding 95% CI were calculated for the
overall cohort and for ET-1 levels and glycemic status.

Two-sided P values <0.05 were considered statistically sig-
nificant. All statistical analyses were performed using SPSS
software version 22.0 (IBM Co., Armonk, NY, USA) and R
language 4.3.1 (R Foundation for Statistical Computing, Vien-
na, Austria).

RESULTS

Baseline characteristics

The baseline characteristics of 7,947 participants (mean age,
57.48+10.49 years; men, 72.6%) are shown in Table 1. Among
them, 3,352 (42.2%), 1,653 (20.8%), and 2,942 (37.0%) were di-
agnosed as normoglycemia, prediabetes, and diabetes, respec-
tively. There was no significant difference regarding family his-
tory of CAD, TC, serum creatinine, and proportion of angio-
tensin-converting enzyme inhibitors treatments among the
three groups (P>0.05). The BMI, FPG, HbAlc, TG, and ET-1
were positively associated with baseline glycemic states from
normoglycemia to diabetes (all P<0.05). Supplymentary Fig. 1
displays the distribution of plasma ET-1 levels among overall
participants and different glycemic status groups.

Association between ET-1 levels and adverse clinical
outcomes

Over a median follow-up time of 37.5 months (23.2 to 55.3),
381 CVEs occurred (121 died, 92 suffered nonfatal MI, and
168 had nonfatal strokes). According to tertiles of plasma ET-1
levels, ET-1 was divided into three groups: low ET-1 (ET-1
<0.20 pmol/L), medium ET-1 (0.20< ET-1 <0.29 pmol/L),
and high ET-1 (ET-1 >0.29 pmol/L). Univariate Cox propor-
tional hazard regression analysis demonstrated that patients
with high ET-1 levels had a 2.509-fold increased risk of CVEs
(HR, 2.509; 95% CI, 1.870 to 3.366; P<0.001) (Table 2). In mul-
tivariate Cox proportional hazard regression analysis, plasma
ET-1 levels were also associated with CVEs (medium ET-1: ad-
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justed HR, 1.465; 95% CI, 1.051 to 2.043; P=0.024; high ET-1:
adjusted HR, 1.750; 95% CI, 1.272 to 2.406; P=0.001) (Table 2).
The Cox prediction models of plasma ET-1 levels for CVEs
yielded C-statistic values of 0.694 (95% CI, 0.664 to 0.722;
P<0.001).

Glucose metabolism, ET-1 levels, and cardiovascular
outcomes

The prevalence of CVEs in normoglycemia, prediabetes, and
diabetes groups with stable CAD was 3.3%, 5.0%, and 6.5%, re-
spectively (Fig. 2). Kaplan-Meier analysis showed that diabetes
subjects had the lowest event-free survival rate among the
three groups (log-rank P<0.001) (Fig. 3A). Multivariate Cox
regression models showed that patients with diabetes had
1.511-fold higher risk of CVEs than normoglycemia subjects
(HR, 1.511; 95% CI, 1.177 to 1.939; P=0.001), while the pa-
tients with prediabetes had no significant higher risk of CVEs
than normoglycemia subjects (adjusted HR, 1.209; 95% CI,
0.899 to 1.624; P=0.209).

Kaplan-Meier analysis showed that patients with high ET-1
levels had the lowest event-free survival rate among the three
groups (Fig. 3B). However, when the patients were evaluated
according to both glucose metabolism status and circulating
ET-1 concentrations, those patients with diabetes plus high
ET-1 levels had a significantly higher risk of CVEs than the ref-
erence group (normoglycemia plus low ET-1 levels, P<0.001)
(Fig. 3C). Multivariate Cox regression analyses according to
both glucose metabolism status and ET-1 status indicated that
patients in diabetes plus high ET-1, diabetes plus medium ET-
1, prediabetes plus high ET-1 groups had 2.661-fold (95% CI,
1.582 to 4.476), 1.932-fold (95% CI, 1.113 to 3.352), and 1.910-
fold (95% CI, 1.069 to 3.413) higher risk of CVEs (all P<0.05,
respectively) (Table 3).

DISCUSSION

In this prospective study, we, for the first time, investigated the
association of circulating ET-1 on CVEs in stable, angiogra-
phy-proven CAD patients with different glucose metabolism
status. There are several major findings in our study. First, we
confirmed that baseline plasma ET-1 level is an independent
predictor of CVEs in patients with stable CAD. Secondly, ET-1
remains independently associated with worse cardiovascular
outcomes in prediabetic and diabetic patients but not in pa-
tients with normoglycemia when multivariate Cox propor-
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Table 1. Baseline characteristics of the study population

Baseline glycemic status

Variable Overall : : : Pvalue
Normoglycemia Prediabetes Diabetes
Number 7,947 3,352 1,653 2,942
Age, yr 57.48+10.49 55.39+10.80 59.21+9.54 58.88+10.23 <0.001
Male sex 5,771 (72.6) 2,549 (76.0) 1,146 (69.3) 2,076 (70.6) <0.001
BMI, kg/m’ 2592+3.18 25.49+3.13 25.98+3.24 26.37+3.14 <0.001
Medical history
Hypertension 4,971 (62.6) 1,878 (56.0) 1,017 (61.5) 2,076 (70.6) <0.001
Dyslipidemia 6,035 (75.9) 2,404 (71.7) 1,256 (76.0) 2,375 (80.7) <0.001
Type 2 diabetes mellitus 2,234 (28.1) 0 0 2,234 (75.9) <0.001
Stroke 245 (3.08) 89 (2.66) 55(3.33) 101 (3.43) 0.166
Peripheral artery disease 99 (1.25) 24(0.72) 26 (1.57) 49 (1.67) 0.001
Current smoking 4,388 (55.2) 1,920 (57.3) 872 (52.8) 1,596 (54.2) 0.004
Family history of coronary artery disease 1,106 (13.9) 497 (14.8) 215(13.0) 394 (13.4) 0.126
Laboratory data
Endothelin-1, pmol/L 0.23(0.18-0.33)  0.22(0.17-0.32) 023(0.17-033)  0.25(0.19-0.35)  <0.001
FPG, mmol/L 5.87+£1.78 4.95+0.52 5.37+0.68 7.19+£2.28 <0.001
HbAlc, % 6.33£1.11 5.56+0.29 6.11+£0.22 7.34+£1.23 <0.001
Triglyceride, mmol/L 1.50 (1.10-2.09)  1.44(1.05-2.00) 1.52(1.12-2.07)  1.57(1.17-2.20)  0.006
Total cholesterol, mmol/L 4.12+1.16 4.12+1.15 416+1.18 4.09+1.18 0.175
LDL-C, mmol/L 2.49+0.98 2.51+1.01 2.52+0.92 2.45+0.96 0.011
HDL-C, mmol/L 1.05+£0.29 1.06+0.30 1.07+£0.28 1.03+0.28 <0.001
Lipoprotein (a), mg/dL 15.09 (6.70-36.57) 15.52 (6.91-37.84)  15.88 (7.08-38.55) 14.23(6.37-34.16)  0.002
Apolipoprotein Al, g/L 1.33+£0.29 1.32+0.28 1.36+£0.27 1.33+0.31 0.001
Apolipoprotein B, g/L 0.91+£0.29 0.91+0.29 0.90+0.28 0.92+0.30 0.479
Fibrinogen, g/L 3.21+0.82 3.09£0.73 3.28+0.96 3.32+0.80 <0.001
Serum creatinine, mmol/L 77.42+15.75 77.63+£14.93 76.80+14.62 77.52+£17.22 0.195
Left main ejection fraction, % 63.77+7.43 64.06+7.32 63.88+7.44 63.36+7.54 0.001
NT-proBNP, fmol/mL 334.4 (60.5-571.4) 224.0(51.2-527.1) 393.1(83.9-612.1) 373.6 (69.0-598.7) <0.001
Baseline medications
Statins 7,200 (90.6) 2,972 (88.7) 1,538 (93.0) 2,690 (91.4) <0.001
Aspirin 7,515 (94.6) 3,112 (92.8) 1,595 (96.5) 2,808 (95.4) 0.003
Angiotensin-converting enzyme inhibitors 1,904 (24.0) 769 (22.9) 411 (24.9) 724 (24.6) 0.189
Angiotensin II receptor blockers 1,924 (24.2) 698 (20.8) 389 (23.5) 837 (28.5) <0.001
B-Blockers 6,104 (76.8) 2,466 (73.6) 1,277 (77.3) 2,361 (80.3) <0.001
Calcium channel blockers 2,999 (37.7) 1,132 (42.2) 669 (40.5) 1,198 (40.7) <0.001
Diseased vessels <0.001
One vessel 3,513 (44.21) 1,652 (49.30) 729 (44.10) 1,132 (38.48)
Two vessels 2,082 (26.20) 860 (25.66) 432 (26.13) 790 (26.85)
Three vessels 2,352 (29.60) 840 (25.06) 492 (29.76) 1,020 (34.67)
Revascularization strategies
PCI 3,195 (40.20) 1,321 (39.41) 662 (40.05) 1,212 (41.20) 0.350
CABG 80 (1.01) 33(0.98) 17 (1.03) 30(1.02) 0.985

Values are presented as mean +standard deviation, number (%), or median (interquartile range).

BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCI, percutaneous coronary artery intervention;
CABG, coronary artery bypass grafting.
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Table 2. Association of ET-1 with composite and separate cardiovascular events
_ , HR (95% CI)
Variable Events/Subject -
Crude model Adjusted model
Composite cardiovascular events
Low ET-1 58/2,628 Reference Reference
Medium ET-1 115/2,565 1.743 (1.270-2.391)* 1.465 (1.051-2.043)*
High ET-1 208/2,754 2.509 (1.870-3.366)" 1.750 (1.272-2.406)*
Nonfatal myocardial infarction
Low ET-1 9/2,628 Reference Reference
Medium ET-1 30/2,565 3.038 (1.441-6.403) 3.167 (1.432-7.002)
High ET-1 58/2,754 4.848 (2.393-9.820)* 4.501 (2.090-9.692)
Stroke
Low ET-1 39/2,628 Reference Reference
Medium ET-1 49/2,565 1.062 (0.696-1.619) 0.977 (0.625-1.528)
High ET-1 75/2,754 1.242 (0.838-1.840) 0.997 (0.646-1.539)
Cardiovascular death
Low ET-1 10/2,628 Reference Reference
Medium ET-1 36/2,565 3.222 (1.598-6.497) 2.077 (1.016-4.244)
High ET-1 75/2,754 5.463 (2.815-10.600)* 2.493 (1.255-4.953)°

Univariate and multivariate Cox proportional hazards regression analysis was performed in crude and adjusted models respectively. Model ad-
justed for age, sex, body mass index, current smoking, hypertension, peripheral artery disease, family history of coronary artery disease, left
ventricular ejection fraction, glycosylated hemoglobin, N-terminal pro-B-type natriuretic peptide, triglyceride, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, lipoprotein(a), fibrinogen, diseased vessels, and baseline statins, aspirin, angiotensin II receptor

blockers, B-blockers, and calcium channel blockers treatments.
ET-1, endothelin-1; HR, hazard ratio; CI, confidence interval.
“P<0.05.
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Fig. 2. The incident rates of cardiovascular events in different glucose metabolism status, endothelin-1 (ET-1) levels and status of
both ET-1 levels and glycemic status. G1, normoglycemia; G2, prediabetes; G3, diabetes; E1, low ET-1 levels; E2, medium ET-1
levels; E3, high ET-1 levels; C1, normoglycemia+low ET-1 levels; C2, normoglycemia+medium ET-1 levels; C3, normoglycemia+
high ET-1 levels; C4, prediabetes+low ET-1 levels; C5, prediabetes+medium ET-1 levels; C6, prediabetes+high ET-1 levels; C7,
diabetes+low ET-1 levels; C8, diabetes+medium ET-1 levels; C9, diabetes+high ET-1 levels.
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Table 3. Association of ET-1 levels with cardiovascular events in patients with different glucose metabolism status

HR (95% CI)
ET-1 Events/Subject
Crude model Adjusted model
Normoglycemia
Low ET-1 19/1,232 Reference Reference
Medium ET-1 33/1,073 1.724 (0.980-3.033) 1.415 (0.790-2.534)
High ET-1 57/1,047 2.450 (1.455-4.126)" 1.695 (0.983-2.922)
Prediabetes
Low ET-1 13/576 1.379 (0.681-2.792) 1.099 (0.536-2.250)
Medium ET-1 30/537 2.920 (1.642-5.192)* 2.091 (1.152-3.796)*
High ET-1 39/540 3.318 (1.913-5.753)* 1.910 (1.069-3.413)*
Diabetes
Low ET-1 26/820 2.007 (1.111-3.626) 1.497 (0.803-2.791)
Medium ET-1 52/955 2.941 (1.738-4.977) 1.932(1.113-3.352)*
High ET-1 112/1,157 4.640 (2.848-7.559)" 2.661 (1.582-4.476)"

Univariate and multivariate Cox proportional hazards regression analysis was performed in crude and adjusted models respectively. Model ad-
justed for age, sex, body mass index, current smoking, hypertension, peripheral artery disease, family history of coronary artery disease, left
ventricular ejection fraction, N-terminal pro-B-type natriuretic peptide, triglyceride, low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, lipoprotein(a), fibrinogen, diseased vessels, and baseline statins, aspirin, angiotensin II receptor blockers, p-blockers, and calci-
um channel blockers treatments.

ET-1, endothelin-1; HR, hazard ratio; CI, confidence interval.

*P<0.05.

levels on CVEs in patients with stable CAD.
ET-1 is a 21 amino acid neurohormone that acts as a highly

tional hazards analysis is performed. Finally, patients with dia-
betes and high ET-1 levels were associated with the highest risk
of CVEs in patients with stable CAD. Thus, our study firstly
suggested the joint predictive value of glycemic status and ET-1

potent endogenous vasoconstrictor that was first discovered
from aortic endothelial cell culture media in 1988 [12]. Locat-
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ed on chromosome 6, ET-1 production and secretion are pri-
marily controlled at the gene transcriptional level and are pro-
duced by vascular endothelial and smooth muscle cells, pan-
creatic islets, airway epithelial cells, macrophages, fibroblasts,
cardiac myocytes, and brain neurons. The production of ET-1
is upregulated by thrombin, insulin, cyclosporine, epinephrine,
angiotensin II, cortisol, inflammatory mediators, hypoxia, and
vascular shear stress [21]. Secreted ET-1 activates endothelin
receptors type-A and type-B (both G-protein-coupled recep-
tors) on vascular smooth muscle resulting in increased intra-
cellular calcium and vasoconstriction [22,23]. Serum levels of
ET-1 are pathologically elevated in a host of different diseases,
including cardiovascular diseases [24]. Not surprisingly, the
endothelin system has become a target for therapeutic inter-
ventions, with a few already established agents. For instance,
endothelin receptor antagonists have been developed an im-
portant treatment for primary pulmonary hypertension [25].
Cardiovascular diseases such as CAD are major contributors
to the global burden of disease and the socioeconomic health
costs [26,27]. ET-1 has been implicated in the pathogenesis of
atherosclerosis, contributing to myocardial ischemia and hy-
poxia through microvascular dysfunction induced by excessive
vasoconstriction [28]. Several studies have also demonstrated
the predictive value of ET-1 in patients with established CAD.
In a prospective study, 3,154 patients with stable CAD were en-
rolled and followed up for 2 years. The results showed that high
ET-1 levels were positively correlated with a combined endpoint
of death or CVEs including stroke, nonfatal myocardial infarc-
tion, and revascularization (HR, 1.656; 95% CI, 1.099 to 2.496;
P=0.016) [18]. In consistent with this finding, a sub-analysis of
the Prevention of Events with Angiotensin Converting Enzyme
(PEACE) trial, which investigated 3,717 patients with stable
CAD, indicated that higher C-terminal proET-1 level (per SD
increase or 4th quartile level) was significantly associated with
the combined endpoint of cardiovascular death or heart failure
hospitalization [17]. Concordant with those observations, in
our dataset aimed at providing further evidence of the thera-
peutic and predictive value of this crucial marker in stable CAD
patients, we investigated the association of plasma ET-1 to
CVEs in a larger population with longer follow-up periods, par-
ticularly in patients with abnormal glucose metabolism.
Abnormal glucose regulation, including prediabetes and di-
abetes, is a well-established risk factor for CAD [29,30]. Predi-
abetes, an intermediate stage between normoglycemia and dia-
betes, is prone to poor management. Individuals with predia-
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betes, identified by impaired fasting glucose, impaired glucose
tolerance, or both, exhibit varying degrees of insulin resistance
and beta cell dysfunction, with near-maximal insulin resis-
tance [31,32]. Compared with individuals with normal glucose
regulation, those with prediabetes who have more cardiovas-
cular disease risk factors and an increased incidence of CVEs.
A meta-analysis, involving 10,069,955 individuals from 129
prospective studies with a median follow-up of 9.8 years re-
vealed that prediabetes at baseline was associated with in-
creased rates of cardiovascular disease (incidence rate per
10,000 person-years, 58.3 in those with normal glucose regula-
tion vs. 67.0 among those with prediabetes) and all-cause mor-
tality (incidence rate per 10,000 person-years, 73.6 in those
with normal glucose regulation vs. 81 among those with predi-
abetes) [11]. Furthermore, diabetes is a unique clinical setting
characterized by exceedingly high rates of morbidity and mor-
tality. Indeed, cardiovascular disease accounts for approxi-
mately half of all deaths among patients with diabetes [33]. In
view of the above, CAD patients with abnormal glucose regu-
lation should be examined more closely valuable prognostic
biomarker. Early studies have revealed that ET-1 contributed
to endothelial dysfunction and the dysregulation of glucose
metabolism observed both in subjects with insulin resistance
and patients with diabetes [34]. Moreover, elevated ET-1 may
have an effect on diabetic cardiovascular complications due to
its proliferative, profibrotic, and proinflammatory properties
[14,35]. However, no study on the combined effect of high
ET-1 levels and glucose metabolic states on risk of CVEs in pa-
tients with stable CAD is currently available. In the present
study, we not only focused on the prognosis of ET-1 levels in
patients with stable CAD, but also paid attention to the joint
effect of elevated plasma ET-1 levels and prediabetes or diabe-
tes on cardiovascular outcomes. As the main novel findings of
our study, patients with prediabetes and high ET-1 levels or di-
abetes and high ET-1 levels had 1.910- and 2.661-fold higher
risk of CVEs, respectively.

Taken together, our findings demonstrate that plasma ET-1
is a prognosticator for worse cardiovascular outcomes in CAD
patients under different glycemic states, particularly, predia-
betic and diabetic patients with high ET-1 levels had a worse
prognosis.

Our analysis has several limitations that should be consid-
ered. First, this is an observational study, susceptible to un-
identified biases inherent in such analysis, despite multivari-
able adjustment to control for common potential confounding
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variables. Secondly, the patients who consented and enrolled
in the present study are from a single, large cardiovascular dis-
ease center in China; as a result, the findings may not be gener-
alizable to the other ethnicities. Thirdly, only baseline plasma
ET-1 levels are available in this dataset, and therefore may not
provide insights into dynamic changes in circulating ET-1 con-
centrations with treatment. Finally, the underlying mechanism
of this association warrants further investigation.

In conclusion, the current study indicated an independent
association between elevated ET-1 levels and cardiovascular
outcomes in patients with stable CAD. Moreover, ET-1 provides
significant prognostic information in stable CAD patients that
enhances information provided by glycemic status. Patients
with diabetes and high ET-1 levels were found to have the high-
est risk of CVEs, suggesting that the measurement of ET-1 con-
centrations and potential treating strategies toward ET-1 might
be beneficial in CAD patients with prediabetes and diabetes.
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Supplementary Fig. 1. The distribution of plasma entholin-1
levels in patients with stable coronary artery disease.
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