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Background: Elabela, a novel cardiac developmental peptide, has been shown

to improve heart dysfunction. However, the roles and correlation of Elabela in

predicting adverse cardiac events in hypertensive patients with heart failure (HF) remain

largely unclear.

Objective: To measure plasma levels of Elabela in hypertensive patients with HF and

evaluate its prognostic value.

Methods: A single-site, cohort, prospective, observational study was investigated with

all subjects, including control subjects and hypertensive patients with or without HF,

whom were recruited in Beijing Chaoyang Hospital Affiliated to Capital Medical University

form October 2018 to July 2019. The subjects among different groups were matched

based on age and sex. The clinical characteristics were collected, and plasma Elabela

levels were detected in all subjects. The hypertensive patients with HF were followed

up for 180 days, and the major adverse cardiac events (MACE) were recorded. The

Cox regression was used to explore the correlation between Elabela level and MACE

in hypertensive patients with or without HF. The receiver operating characteristic curves

were used to access the predictive power of plasma Elabela level.

Results: A total of 308 subjects, including 40 control subjects, 134 hypertensive

patients without HF, and 134 hypertensive patients with HF were enrolled in this

study. Plasma levels of Elabela were lower in hypertensive patients compared with

control subjects [4.9 (2.8, 6.7) vs. 11.8 (9.8, 14.0) ng/ml, P < 0.001]. Furthermore,

HF patients with preserved ejection fraction had a higher plasma Elabela level than

those with impaired left ventricular systolic function (heart failure with mid-range ejection

fraction and heart failure with reduced ejection fraction). The hypertensive patients with

HF and higher plasma Elabela levels had a better readmission-free and MACE-free

survival than those with lower plasma Elabela levels in survival analysis. The Cox

regression analysis revealed that plasma Elabela levels were negatively associated with

MACE (HR 0.75, 95% CI 0.61–0.99, P = 0.048) in hypertensive patients with HF.
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Conclusion: Plasma Elabela levels were decreased in hypertensive patients with

left ventricular systolic dysfunction. Thus, Elabela may be potentially used as a novel

predictor for MACE in hypertensive patients with HF.

Keywords: heart failure, hypertension, Elabela, prognosis factor, major adverse cardiac events

GRAPHICAL ABSTRACT | Declined plasma Elabela levels are associated with impaired left ventricular systolic function of hypertensive patients. The declined

plasma Elabela levels predicated the unfavorable outcomes in hypertensive patients with heart failure during a 180-day follow-up.

INTRODUCTION

Congestive heart failure (HF), which is often accompanied by
multiple comorbidities, is a leading cause of mortality and
morbidity worldwide (1). Hypertension, as one of the possible
causes of heart failure, has a rapidly increasing incidence with the
aging population. The optimized comprehensive management
has greatly improved the outcomes of hypertensive patients,
except those with HF. Early identification and effective risk
stratification are crucial for the management of these patients
(2, 3). BNP has become a widely-used biomarker and valuable
adverse events predictor for patients with HF (4). However,
its low specificity limits its predictive power in a clinical
application (5).

Elabela (also called Toddler or Apela) was identified as a novel
endogenous ligand of the APJ receptor that had an important
role in cardiac development (6). Further study found that Elabela
also exerts the important biological effects (anti-hypertension,
positive inotropic action, diuresis, anti-remodeling, antifibrotic
action, as well as cardiorenal protection) in adult animals through
Elabela/APJ signaling (7, 8). Clinical studies suggested that
patients with hypertension had lower plasma Elabela levels than
a healthy control group (9), and plasma Elabela levels were
negatively associated with the extent of albuminuria in patients
with type 2 diabetes (10).

Recent preclinical studies further confirmed that Elabela/APJ
axis could prevent pressure overload HF and angiotensin
II-induced cardiac damage through depressing ACE and FoxM1

expression and activating ERK1/2 pathway (11). The Elabela
also improved hemodynamic parameters, including increased
E-wave velocity and left ventricular end-diastolic volume (12).
These results indicated that Elabela might take part in the
prevention of HF. The correlation between Elabela and patients
with hypertension or albuminuria (that are both independent
risk factors for HF) suggested that Elabela may be an important
biomarker for HF (13–15). So far, no studies have investigated
plasma Elabela level and its prognostic value in patients with HF.
Thus, in the present study, we measured the plasma Elabela levels
and investigated the association between plasma Elabela and the
outcomes in hypertensive patients with HF.

MATERIALS AND METHODS

Study Population
This was a single-site, cohort, prospective, and observational
study. All subjects were recruited in the Heart Centre of
Beijing Chaoyang Hospital, Capital Medical University, between
October 2018 and July 2019. Hypertensive patients with or
without HF were consecutively recruited into the HF group
and non-HF group, respectively. The control subjects without
cardiovascular diseases from our Health Examination Center
were consecutively enrolled in the healthy control group
during the same period. The subjects from different groups
were matched 1:1 based on the same-sex with a maximum
age difference of 5 years. The exclusion criteria were: (1)
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congenital heart disease; (2) cardiomyopathy; (3) severe renal
dysfunction with estimated glomerular filtration rate (eGFR)
≤30 ml/min/1.73 m2 at baseline; (4) tumor; (5) severe infection,
autoimmune disease, and mental disorder; (6) any other non-
cardiovascular diseases which lead the life expectancy of fewer
than 6 months; (7) acute exacerbation of chronic bronchitis
and exacerbated asthma. Written informed consent and clinical
characteristics were obtained from all subjects at the time of
enrollment. All the laboratory assessments, except plasma Elabela
levels, were conducted in the clinical laboratory center according
to the standard protocols. The eGFR were estimated by using
MDRD Study China equation [eGFR = 175×(serum creatinine
mg/dl)−1.234×age−0.179×0.79 (if female)] (16).

All echocardiogram measurements were obtained by two
experienced attending doctors. All of the HF patients received the
optimized treatment as outlined in the 2016 ESC Guidelines (4).
The flow diagram of the study (from enrollment to follow-up)
was shown in Supplementary Figure 1.

Diagnostic Criteria
Criteria for hypertension diagnosis were: (1) systolic blood
pressure (SBP) ≥140 mmHg and/or diastolic blood pressure
(DBP) ≥90 mmHg in the office or clinic following repeated
examination, (2) SBP ≥135 mmHg and/or DBP ≥85 mmHg
at home, (3) 24-h average SBP ≥130 mmHg and/or DBP ≥80
mmHg, day time average SBP ≥135 mmHg and/or DBP ≥85
mmHg, or night time average SBP ≥120 mmHg and/or DBP
≥70 mmHg in ambulatory blood pressure monitoring (17).
Criteria for diagnosis and classification of HF were based on
the 2016 ESC Guidelines for the diagnosis and treatment of
HF (4). Briefly, the typical signs (dyspnea), symptoms (crackles
on lung auscultation), elevated brain natriuretic peptide (BNP)
levels, X-ray examination (signs of pulmonary congestion and
enlarged heart shadow), and ultrasound cardiogram report
(impaired left ventricular diastolic and or systolic function)
were all considered when the HF diagnosis was made. Heart
failure with reduced ejection fraction (HFrEF) was defined
as EF ≤40% (4); heart failure with preserved EF (HFpEF)
as EF ≥50% (4); heart failure with mid-range EF (HFmrEF)
as EF between 41 and 49% (4). The optimized treatment
of HF was received but was not limited to the usage of
diuretics, renin-angiotensin-aldosterone system antagonist, and
beta-blockers (4).

Elabela Enzyme Immunoassay
All the blood samples were collected from a peripheral vein.
Upon collection, venous blood samples were immediately
processed with a centrifuge at 4◦C and 3,000 rpm for 10min.
Plasma samples were then stored at −80◦C until use. The
commercialized human Elabela Elisa Kit (S-1508, Peninsula
Laboratories International, Inc. USA) was used to measure
plasma Elabela level with the test range: 0–100 ng/ml and
average IC50: 2 ng/ml. The operation procedures followed the
instructions of Elisa Kit. As the instructions suggested, the
samples were appropriately extracted.

Follow-Up and Endpoints
The primary follow-up endpoint was the occurrence of major
cardiac adverse events (MACE), including all-cause mortality
and HF readmission. The length of hospital stay was used
as the secondary endpoint. All 134 hypertensive patients with
HF were divided into two groups (high-level group and low-
level group) by the median of plasma Elabela level and
then were followed up for 180 days (from November 2018).
Telephone follow-up was conducted at a fixed time every month
(Supplementary Figure 2).

Statistical Analysis
Continuous data were presented as mean ± standard deviation
(SD) or median and interquartile range (IQR), and categorical
data as number and percentage. Student’s t-test was used
for normally distributed variables when comparing continuous
variables between two groups, and Mann–Whitney U-tests
for non-normally distributed variables. In a comparison of
the continuous variable among more than two groups, one-
way analysis of variance was used for normally distributed
variables, and the Kruskal-Wallis test was used for non-
normally distributed variables. The Student Newman Keuls test
was employed in pairwise comparison among three groups,
and the adjusted p-value was provided. Fisher’s exact test
was used for categorical variables. BNP value was seriously
skewed, and the logarithmic transformation was used for
data conversion. Spearman correlation analyses were used to
assess the relationship between plasma Elabela levels and study
variables, including age, sex, BMI, Log10 BNP, blood lipid,
renal function, and echocardiographic parameters. Kaplan–
Meier survival curves with a log-rank test analyzed MACE, HF
readmission, and survival. Cox regression was invited to explore
the predictors of MACE in hypertensive patients with HF. Only
variables with P < 0.10 in univariate analysis were included in
the multivariable model. All continuous variables which entered
the Cox regression met the linearity assumption. To analyze
the predictive power of selected predictors, receiver operating
characteristic curves (ROC) were calculated, and the area under
the curve (AUC) was determined. The hazard ratio (HR) and 95%
confidence intervals (CI) were reported. The MACE predictive
cut-off point was selected according to the Youden index. All
tests were 2-sided, and statistical significance was set at a value
of P < 0.05. The statistical analysis was performed using the SPSS
software version 23 (IBM Corporation, Armonk, NY).

RESULTS

The Baseline Characteristics of
Hypertensive Patients
The baseline characteristics of 268 hypertensive patients (134
patients with HF and 134 age sex-matched patients without) were
shown in Table 1. Data from laboratory examinations revealed
that plasma BNP levels, serum creatinine levels, hemoglobin
A1C levels, and high-sensitivity C-reactive protein (hs-CRP)
levels were all higher in the HF group compared to the non-
HF group (P < 0.05). In contrast, the high-density lipoprotein
cholesterol (HDL-c) levels were significantly lower in the HF
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TABLE 1 | Baseline characteristics and laboratory data of hypertensive patients.

Total Non-HF group HF group P

(n = 268) (n = 134) (n = 134)

Age, years 67.8 ± 10.8 67.8 ± 10.5 68.8 ± 11.1 0.426

Male sex 173 (64.6%) 87/134 (64.9%) 86/134 (64.2%) 0.898

BMI, kg/m2 25.5 ± 3.3 25.7 ± 3.2 25.3 ± 3.4 0.295

Comorbidities

Coronary heart disease 185/268 (69%) 89/134(66.4%) 96/134 (71.6%) 0.355

Atrial fibrillation 118/268 (44.0%) 57/134 (42.5%) 61/134 (45.5%) 0.377

Diabetes Mellitus 120/268 (44.8%) 56/134 (41.8%) 64/134 (47.8%) 0.326

Chronic renal failure 35/268 (13.1%) 7/134 (5.2%) 28/134 (20.9%) <0.001

Hyperlipidemia 173/268 (64.6%) 87/134 (64.9%) 86/134 (64.2%) 0.898

Laboratory data

BNP level, pg/ml 151.0 (55.3, 560.5) 59.5 (26.7, 132.5) 506.0 (194.7, 1438.7) <0.001

Creatine level, umol/l 72.4 (62.8, 82.1) 70.7 (61.0, 80.5) 76.4 (64.9, 114.5) <0.001

eGFR, ml/(min·1.73 m2) 84.4 ± 30.6 91.7 ± 32.3 77.2 ± 26.8 0.027

Hemoglobin A1C, % 6.4 ± 1.0 6.3 ± 1.0 6.6 ± 1.1 0.040

Triglyceride, mmol/l 1.4 ± 0.8 1.5 ± 0.9 1.3 ± 0.7 0.140

LDL-c, mmol/l 2.3 ± 0.9 2.3 ± 0.8 2.3 ± 0.9 0.606

HDL-c, mmol/l 1.0 ± 0.3 1.1 ± 0.3 0.9 ± 0.3 0.002

Total cholesterol, mmol/l 4.1 ± 1.1 4.2 ± 1.0 4.0 ± 1.2 0.107

Hs-CRP, mg/l 2.7 (1.1, 9.0) 1.6 (0.8, 3.2) 6.3 (2.4, 14.0) <0.001

Troponin I, ng/ml 0.02 (0.00, 0.10) 0.01 (0.00, 0.02) 0.05 (0.02, 0.18) <0.001

Elabela, ng/ml 4.4 (2.3, 6.2) 4.7 (3.0, 7.4) 3.9 (1.9, 5.4) <0.001

Echcardiography

LAD, mm 42.3 ± 7.1 39.9 ± 6.7 44.6 ± 7.4 <0.001

LVEDd, mm 51.4 ± 4.5 47.0 ± 4.2 55.1 ± 4.8 <0.001

LVEDs, mm 35.9 ± 5.6 29.7 ± 5.0 41.3 ± 6.2 <0.001

PASP, mmHg 27.1 (24.5, 29.4) 25.9 (24.2, 27.5) 28.9 (25.4, 48.3) <0.001

LVEF, % 60.0 (42.0, 66.0) 65.0 (61.0,69.0) 44.0 (37.8, 58.0) <0.001

Nyha function class

Class II 44/268 (16.4%) NA 44/134 (32.8%) NA

Class III 44/268 (16.4%) NA 44/134 (32.8%) NA

Class IV 46/268 (17.2%) NA 46/134 (34.3%) NA

eGFR, estimated glomerular filtration rate; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LAD, left

atrial diameter; LVEDd, left ventricular end-diastolic dimension; LVEDs, left ventricular end-systolic diameter; PASP, pulmonary arterial pressure; LVEF, left ventricular ejection fraction;

NA, not available.

group compared to the non-HF group. Significant differences
were also observed between the HF and non-HF group in
echocardiographic parameters, including left atrial diameter,
left ventricular end-diastolic diameter, left ventricular end-
systolic diameter, pulmonary arterial pressure (PASP), and left
ventricular ejection fraction (LVEF).

Plasma Elabela Levels in Hypertensive
Patients With HF and Without HF
Due to the differences in age among control subjects and
hypertensive patients, the Elabela plasma levels in 40 control
subjects (45.0% female, mean age 56.6 ± 6.0 years) and 40 age
and sex-matched hypertensive patients with or without HF from
the 268 hypertensive patients (45.0% female, mean age 57.5 ±

5.6 years) were compared. Plasma Elabela levels were significantly
lower in hypertensive patients with or without HF compared to

control subjects [4.9 (2.8, 6.7) vs. 11.8 (9.8, 14.0) ng/ml, P <

0.001]. Moreover, plasma Elabela levels were significantly lower
in hypertensive patients with HF when compared with control
subjects [3.0 (1.9, 4.9) vs. 11.8 (9.8, 14.0) ng/ml, P < 0.001]
(Supplementary Figure 3).

In 268 hypertensive patients, plasma Elabela levels were
significantly lower in the HF group compared to the non-HF
group [3.9 (1.9, 5.4) vs. 4.7 (3.0, 7.4) ng/ml, P < 0.001]. We
further divided the 134 patients with HF into HFrEF (50/134),
HFmrEF (42/134), and HFpEF (42/134) groups according to
LVEF. The mean plasma Elabela level of the Non-HF group and
HFpEF group were similar [4.7 (3.0, 7.4) vs. 4.8 (2.4, 6.8) ng/ml,
P= 0.999]. HFpEF group, like non-HF group, had higher plasma
levels of Elabela than HFrEF and HFmrEF group [4.8 (2.4, 6.8)
vs. 2.6 (1.9, 4.9) ng/ml, P = 0.010 and 4.8 (2.4, 6.8) vs. 2.7 (1.8,
5.4) ng/ml, P= 0.037 separately], while no significant differences

Frontiers in Cardiovascular Medicine | www.frontiersin.org 4 March 2021 | Volume 8 | Article 638468

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


Ma et al. Prospect of Elabela in Heart Failure

were observed between HFrEF and HFmrEF groups. HF patients
were further divided into another three subgroups (class II,
III, and IV groups) according to the classification of NYHA.
Intriguingly, plasma Elabela levels were significantly higher in
the class II group of HF patients than in class III and class
IV groups [4.9 (2.1, 6.8) vs. 2.2 (1.8, 4.8), P = 0.007 and 4.9
(2.1, 6.8) vs. 3.0 (1.8, 4.9) ng/ml, P = 0.011 separately] with no
significant differences observed between class III and class IV
groups (Figure 1).

Correlation Between Elabela and Study
Variables
We further analyzed the correlation between Elabela and study
variables in all subjects (Supplementary Table 1). Edema(r =

−0.23, P < 0.001), Third heart sound (r = −0.22, P < 0.001),
Rales (r = −0.21, P < 0.001), Jugular venous distention(r =

−0.20, P= 0.001), Log10 BNP (r =−0.20, P= 0.001), creatinine
levels (r =-0.13, P = 0.029), troponin I levels (r = −0.19, P =

0.002), left atrial diameter (r =−0.14, P= 0.027), left ventricular
end diastolic diameter (r=−0.34, P< 0.001), left ventricular end
systolic diameter (r =-0.29, P < 0.001) and PASP (r = −0.27, P
< 0.001) were negatively related to plasma Elabela levels, whereas
eGFR (r = 0.13, P = 0.034) and LVEF (r = 0.23, P < 0.001) were
positively correlated to plasma Elabela levels.

Baseline Clinical Characteristics and
Outcome of Patients With Different Levels
of Elabela
According to the median of plasma Elabela level, all the
hypertensive patients with HF were divided into two
groups, the high-level group and the low-level group
(Supplementary Table 2). Low-level group had more male
patients (77.6 vs. 50.7%, P = 0.001), higher BNP levels [594.0
(342.0, 1917.0) vs. 367.0 (133.0, 1044.0) pg/ml, P = 0.032],
lower total cholesterol levels (3.7 ± 1.2 vs. 4.2 ± 1.2 mmol/l,
P = 0.049) and lower plasma Elabela levels [1.9 (1.6, 2.3) vs.
5.4 (4.8, 6.7) ng/ml, P <0.001] than those in high-level group.
Echocardiographic data indicated that the low-level group had
larger atrial and ventricular chambers and worse left ventricular
systolic function than the high-level group (P < 0.05). After
the 180-day follow-up, 15 out of 67 patients (22.4%) from the
low-level group were admitted for HF recurrence, while only
5 out of 67 patients (7.5%) from the high-level group were
readmitted (P = 0.015). Although the all-cause mortality had no
statistical difference between the two groups (6.0 vs. 4.5%, P =

0.698), the MACE rate in the low-level group was higher than
those in the high-level group (28.4 vs. 11.9%, P = 0.018). The
high-level group had better readmission-free and MACE-free
survival (Figure 2). No significant difference was found in the
median lengths of hospital stay between the two groups.

Predictors of Baseline Characteristics for
the Unfavorable Outcome of HF
To analyze the prognostic value of Elabela, we divided
hypertensive patients with HF into a favorable outcome group
(107 patients without MACE) and an unfavorable outcome

group (27 patients with MACE). The baseline characteristics
were shown in Supplementary Table 3. In univariate Cox
proportional hazards analysis, log10 BNP levels [HR 5.05, 95%
CI (2.28–11.17), P < 0.001], eGFR [HR 0.98, 95% CI (0.97–0.99),
P = 0.006], plasma Elabela levels [HR 0.73, 95% CI (0.58–0.91),
P = 0.006], classification of NYHA [HR 3.16, 95% CI (1.74–
5.74), P < 0.001] and PASP [HR 1.03, 95% CI (1.00–1.05), P
= 0.025] were closely associated with the occurrence of MACE.
These factors were then incorporated into the multivariate
analysis. Finally, plasma Elabela levels [HR 0.75, 95% CI (0.61–
0.99), P = 0.048] and log10 BNP [HR 4.04, 95% CI (1.82–
9.00), P = 0.001] were associated with the occurrence of MACE
(Supplementary Table 4). ROC curve was used to assess the
predictive value of plasma Elabela levels and BNP levels for the
occurrence of MACE (Supplementary Figure 4). The AUC area
of Elabela was 0.70 (95% CI 0.59–0.82), and the predictive cut-
off point was 2.60 ng/ml (sensitivity 0.74, specificity 0.79). In
contrast, the AUC area of log10 BNPwas 0.76 (95%CI 0.67–0.85),
and the predictive cut-off point was 2.58 ng/ml (sensitivity 0.93,
specificity 0.50). Furthermore, the AUC area of the combination
of Elabela and log10 BNP was 0.78 (95% CI 0.70–0.88). The
predictive cut-off point of Elebala was 2.86 ng/ml, and log10 BNP
was 2.58 (sensitivity 0.89, specificity 0.58).

DISCUSSION

To the best of our knowledge, this is the first study that
investigated the predictive value of plasma Elabela levels in
hypertensive patients with HF. Our study revealed that the
declined plasma Elabela level was a promising predictor of HF
readmission for HF patients. Moreover, we found that plasma
Elabela levels were positively correlated with LVEF and negatively
associated with the size of the left ventricle. These findings
highlighted the need for conducting research on the biological
action and mechanism of Elabela in the context of HF.

This study showed that plasma Elabela levels were significantly
lower in hypertensive patients, especially in those with HF
when compared with those in control subjects. A previous
study reported lower plasma Elabela levels in patients with
essential hypertension (9). The primary causes were recognized
as the loss of hypotensive effect and endothelial protection from
Elabela. So far, no study investigated plasma Elabela levels in
other cardiovascular diseases such as coronary heart disease
and atrial fibrillation. The differences in plasma Elabela levels
among control subjects and hypertensive patients in this study
revealed an underlying relationship between Elabela deficiency
and cardiovascular diseases. In addition, due to the similar
bioeffects with Apelin, it was indirectly implied that Elabela
might be a protective factor preventing cardiovascular disease
(18, 19). Apelin shared the same APJ receptor as Elabela and
had been found to be significantly decreased in the plasma
of HF patients (20–23). However, until now, plasma Elabela
levels in HF patients had rarely been investigated. Our data
showed that plasma Elabela levels in patients with HF were
significantly depressed compared with those without HF. Elabela
was essential for diverse biological processes and has important
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roles in regulating fluid homeostasis, myocardial contractility,
vasodilation, angiogenesis, myocardial fibrosis, apoptosis and
proliferation, thus, contributing to the prevention of HF (11, 12,
24, 25). Our findings also indirectly supported previous studies
that showed lower concentrations of plasma Elabela in patients

FIGURE 1 | Plasma Elabela levels in hypertensive patients with different types

of HF. (A) The mean plasma Elabela level of the non-HF group were similar

with that of HFpEF group. Plasma Elabela levels of patients with HFrEF were

similar with that of HFmrEF. Furthmore, patients without HF had a higher mean

plasma level of Elabela compared with patients with HFrEF and HFmrEF

separately [4.7 (3.0, 7.4) vs. 2.6 (1.9, 4.9) ng/ml, P = 0.01 and 4.7 (3.0, 7.4)

vs. 2.7 (1.8, 5.4) ng/ml, P < 0.001 separately]. Importanly, patients with

HFpEF had higher plasma levels of Elabela than patients with HFrEF and

HFmrEF separately [4.8 (2.4, 6.8) vs. 2.6 (1.9, 4.9) ng/ml, P = 0.010 and 4.8

(2.4, 6.8) vs. 2.7 (1.8, 5.4) ng/ml, P = 0.037 separately]. (B) There were no

difference of plasma Elabela levels between HF patients with NYHA class III

and IV; Plasma Elabela levels were significantly higher in HF patients with

NYHA class II than those with NYHA class III and class IV separately [4.9 (2.1,

6.8) vs. 2.2 (1.8, 4.8), P = 0.007 and 4.9 (2.1, 6.8) vs. 3.0 (1.8, 4.9) ng/ml, P =

0.011 separately]. ELA, Elabela; HFrEF, heart failure with reduced ejection

fraction; HFmrEF, heart failure with middle-range fraction; HFpEF, heart failure

with preserved ejection fraction; NYHA, New York Heart Association.

with hypertension and renal impairment (9, 10), which were
independent risk factors for HF development.

We further analyzed plasma Elabela levels in different types
of HF. The HF patients with HFrEF or HFmrEF had lower
plasma Elabela levels than HF patients with HFpEF and patients
without HF. Interestingly, neither plasma Elabela levels between
the non-HF and HFpEF group, nor plasma Elabela levels
between HFrEF and HFmrEF group showed notable differences.
These results showed a close relationship between Elabela
and impaired left ventricular systolic function. This may be
attributed to the positive inotropic effect of Elabela that was
previously demonstrated in animal research (12, 26). It has
also been reported that Elabela limited the area of cardiac
fibrosis and downregulated the expression of profibrotic genes
(11). Therefore, HF development might be ascribed to the
adverse left ventricular remodeling and the systolic dysfunction
due to lower plasma Elabela levels. Consistent with the above
results, plasma Elabela levels were lower in patients with worse
NYHA classification. Pulmonary hypertension is an independent
predictive factor for adverse events in patients with HF (27).
Previous studies showed that Elabela expression in human
pulmonary hypertension (PHT) lung was significantly reduced
comparing with healthy lung (7). Consistent with the previous
results, plasma Elabela levels was inversely associated with PASP
in our study. The similar trends in both tissues and circulation
indicated a strong relationship between Elabela and pulmonary
arterial pressure. Based on this, the correlation between Elabela
and PASP might become stronger in patients with HF and PHT
who often has a worse prognosis.

The multiple bioeffects of Elabela have a vital role in the
progression of HF. The signs of HF are important clues for HF
diagnosis. The characteristic signs of HF include the Edema, third
heart sound, rales, and jugular venous distention. Recently, it
was reported that these signs had independent prognostic value
even beyond symptoms and natriuretic peptides (28). We found
that plasma Elabela levels were negatively correlated with these
signs. These results indirectly indicated that plasma Elabela levels
were associated with prognosis of HF. Chronic kidney disease
and HF are closely related. They interact with each other and

FIGURE 2 | Kaplan–Meier curves for hypertensive patients with heart failure above and below the median values for plasma Elabela level. (A) Kaplan–Meier curves

(heart failure readmission) for patients above and below the median values for plasma Elabela levels; (B) Kaplan–Meier curves (composite outcomes, MACE) for

patients above and below the median values for plasma Elabela levels; (C) Kaplan–Meier curves (all-cause mortality) for patients above and below the median values

for plasma Elabela levels.
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deteriorate patient’s condition. Accordingly, kidney function is
a well-established risk predictor in HF patients (29). In our
study, the correlations between Elabela and eGFR and creatinine
levels suggested that declined plasma Elabela levels might be
associated with renal impairment. Evidence from the previous
basic research and clinical study was in line with our findings. It
was also reported that Elabela protected against podocyte injury
in diabetic mice (30). In addition, declined plasma Elabela levels
were associated with albuminuria in patients with type 2 diabetes
(10). Given this evidence, declined plasma Elabela levels might
increase the incidence of HF development via renal impairment
and its dysfunction. Plasma Elabela levels had a positive
correlation with HDL-c levels, which is a protective factor in
cardiovascular diseases. This result revealed that Elabela might
work as adipocytokines like Apelin taking part in metabolic
regulation (31). Plasma levels of Elabela were much higher in
patients with good cardiac function (NYHA class II) than those
with poor cardiac function (NYHA class III and IV). These
results showed a trend that patients with lower plasma Elabela
level had an exacerbated cardiac dysfunction than those with
higher Elabela plasma level. It is well-established that the worsen
heart function is an independent risk factor for adverse events in
patients with HF (32). The relationship between plasma Elabela
level and heart function might be connected the declined plasma
Elabela level to the adverse events in patients with HF. Notably,
Elabela was also negatively related to both BNP and troponin I
in our study. The relation between Elabela and BNP revealed that
the anti-HF effects of Elabela might include the positive inotropic
effect and the inhibition of cardiac remodeling. The negative
relationship between Elabela and troponin I demonstrated the
effect of Elabela on combating myocardial injury. The anti-
inflammatory and antioxidant effects of Elabela might effectively
prevent and limit myocardial injury. Hence, plasma levels of
Elabela might be used as a new tool for the severity stratification
of patients with HF in the future. Notably, further studies should
also be conducted to investigate the interactions among Elabela,
BNP, and troponin I.

It has been proved that BNP levels are associated with HF
severity and mortality (33). Unfortunately, BNP has a poor
predictive power on specificity (34). Our results suggest that
Elabela might be a novel promising biomarker for HF severity.
In our study, multivariate analysis revealed lower plasma Elabela
levels as a useful predictor of a worse prognosis. Plasma Elabela
levels were predictive for HF readmission and MACE. The
predictive ability of Elabela might be attributed to its multiple
protective effects, including antihypertensive effect, protection
of renal function, inhibition of cardiac remodeling, suppression
of inflammatory response, and impairment of myocardial injury
(11, 12, 35). These results were in line with the previous
conclusions advocating that BNP was an important predictor
for adverse events in HF patients (36). Although the BNP had
a significantly greater predictive sensitivity compared to Elabela,
Elabela was superior to BNP in predictive specificity. Taking
Elabela and BNP into consideration greatly improved physician’s
predictive ability for adverse events in HF patients. Importantly,
our study revealed that the MACE was clearly driven by HF
hospitalization, not by mortality. These results were due to the

positive inotropic action of Elabela. Cardiac remodeling, an
important impact factor on mortality, is a slow process (37).
Thus, the short follow-up period might explain the lack of
difference in mortality and a longer follow-up period is necessary
for the certification of the long-term protective effect of Elabela
for HF patients.

This study still had a few limitations. Firstly, the sample
size was small and follow-up time was short. Secondly, control
subjects in this study were younger than overall hypertensive
patients with or without HF. So, we had to compare age and
gender-matched patients. It still remained unknown whether
there are differences between healthy volunteers and patients of
advantage age. Thirdly, although the patients with and without
HF had similar incidences of cardiovascular diseases in this study,
confounders and interactions were inevitable.

CONCLUSIONS

The present study demonstrated for the first time that plasma
Elabela levels were declined in hypertensive patients with HF,
especially in those with left ventricular systolic dysfunction.
Plasma Elabela levels were associated with multiple risk factors
for HF. Lower plasma Elabela level might be used as a promising
predictor for MACE in hypertensive patients with HF.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Chaoyang Hospital. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

X-CY and J-CZ contributed to conception and design. ZM
and LZ conducted the study and drafted the manuscript. YZ
contributed to acquisition, analysis, and interpretation. YD
contributed to analysis. SM critically revised the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the National Natural Science
Foundation of China (81970271 and 81770253) and the National
Major Research Plan Training Program of China (91849111).

ACKNOWLEDGMENTS

We would like to acknowledge the help and support of the
Heart Centre of Chaoyang Hospital staff. We would also like

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7 March 2021 | Volume 8 | Article 638468

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


Ma et al. Prospect of Elabela in Heart Failure

to thank Dr. Xue-gong Yu and Mei-ping Wang for reviewing
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.638468/full#supplementary-material

Supplementary Figure 1 | Flow diagram for study from enrollment to follow-up.

Supplementary Figure 2 | Flow diagram for follow-up. Firstly, whether the

subject is alive or not were confirmed. If the subject has died, the death details will

be further investigated and death certificate will provide important information.

Secondly, whether the subject is readmission or not were confirmed. If yes, we will

further get the details information including the symptom, the diagnosis and

medication records. Our team will clarify the reason of readmission. If no, we will

ask the subject whether he/she had any symptoms associated with the

deterioration of heart failure. If yes, we will assess the necessity of further

outpatient visits and readmission.

Supplementary Figure 3 | Plasma Elabela levels in control subjects and

age-sex-matched hypertensive patients. (A) The comparison between control

subjects and hypertensive patients; (B) The comparison among control subjects,

hypertensive patients with and without HF.

Supplementary Figure 4 | ROC curve of the prognostic value of plasma Elabela

levels in predicting major adverse cardiac events in patients with HF.

REFERENCES

1. Dharmarajan K, Rich MW. Epidemiology, pathophysiology, and prognosis
of heart failure in older adults. Heart Failure Clinics. (2017) 13:417–26.
doi: 10.1016/j.hfc.2017.02.001

2. Neubauer BE, Gray JT, Hemann BA. Heart failure: optimizing recognition
and management in outpatient settings. Primary Care. (2018) 45:63–79.
doi: 10.1016/j.pop.2017.11.004

3. Collins SP, Pang PS. ACUTE heart failure risk stratification: a
step closer to the holy grail? Circulation. (2019) 139:1157–61.
doi: 10.1161/CIRCULATIONAHA.118.038472

4. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS,
Falk V, et al. 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure: The Task Force for the diagnosis and treatment
of acute and chronic heart failure of the European Society of Cardiology.
(ESC). Developed with the spec. Eur J Heart Fail. (2016) 18:891–975.
doi: 10.1002/ejhf.592

5. Antushevich H, Wójcik M. Review: Apelin in disease. Clin Chim Acta. (2018)
483:241–8. doi: 10.1016/j.cca.2018.05.012

6. Chng SC, Ho L, Tian J, Reversade B. ELABELA: a hormone essential for
heart development signals via the apelin receptor. Dev Cell. (2013) 27:672–80.
doi: 10.1016/j.devcel.2013.11.002

7. Liu Y, Wang L, Shi H. The biological function of ELABELA and APJ signaling
in the cardiovascular system and pre-eclampsia.Hypertens Res. (2019) 42:928–
34. doi: 10.1038/s41440-018-0193-3

8. Kuba K, Sato T, Imai Y, Yamaguchi T. Apelin and Elabela/Toddler; double
ligands for APJ/Apelin receptor in heart development, physiology, and
pathology. Peptides. (2019) 111:62–70. doi: 10.1016/j.peptides.2018.04.011

9. Li Y, Yang X, Ouyang S, He J, Yu B, Lin X, et al. Declined circulating Elabela
levels in patients with essential hypertension and its association with impaired
vascular function: a preliminary study. Clin Exp Hypertens. (2019) 42:239–43.
doi: 10.1080/10641963.2019.1619756

10. Zhang H, Gong D, Ni L, Shi L, XuW, ShiM, et al. Serum Elabela/toddler levels
are associated with albuminuria in patients with type 2 diabetes. Cell Physiol
Biochem. (2018) 48:1347–54. doi: 10.1159/000492093

11. Sato T, Sato C, Kadowaki A, Watanabe H, Ho L, Ishida J, et al. ELABELA-APJ
axis protects from pressure overload heart failure and angiotensin II-induced
cardiac damage. Cardiovasc Res. (2017) 113:760–9. doi: 10.1093/cvr/cvx061

12. Coquerel D, Chagnon F, Sainsily X, Dumont L, Murza A, Côté J, et al. Elabela
improves cardio-renal outcome in fatal experimental septic shock. Crit Care
Med. (2017) 45:e1139–48. doi: 10.1097/CCM.0000000000002639

13. Bozkurt B, Aguilar D, Deswal A, Dunbar SB, Francis GS, Horwich T, et
al. Contributory risk and management of comorbidities of hypertension,
obesity, diabetes mellitus, hyperlipidemia, andmetabolic syndrome in chronic
heart failure: a scientific statement from the American Heart Association.
Circulation. (2016) 134:1305–15. doi: 10.1161/CIR.0000000000000450

14. Selvaraj S, Claggett B, Shah SJ, Anand I, Rouleau JL, O’Meara E, et al.
Prognostic value of albuminuria and influence of spironolactone in heart
failure with preserved ejection fraction: the TOPCATTrial.Circ Heart Failure.
(2018) 11:e005288. doi: 10.1161/CIRCHEARTFAILURE.118.005288

15. Ma Z, Song J-J, Martin S, Yang X-C, Zhong J-C. The Elabela-APJ axis:
a promising therapeutic target for heart failure. Heart Fail Rev. (2020).
doi: 10.1007/s10741-020-09957-5. [Epub ahead of print].

16. Ma Y-C, Zuo L, Chen J-H, Luo Q, Yu X-Q, Li Y, et al. Modified glomerular
filtration rate estimating equation for Chinese patients with chronic kidney
disease. J Am Soc Nephrol. (2006) 17:2937–44. doi: 10.1681/ASN.2006040368

17. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al.
2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur
Heart J. (2018) 39:3021–104. doi: 10.1097/HJH.0000000000001940

18. Kadoglou NPE, Lampropoulos S, Kapelouzou A, Gkontopoulos A,
Theofilogiannakos EK, Fotiadis G, et al. Serum levels of apelin and
ghrelin in patients with acute coronary syndromes and established
coronary artery disease–KOZANI STUDY. Transl Res. (2010) 155:238–46.
doi: 10.1016/j.trsl.2010.01.004

19. Ellinor PT, Low AF, Macrae CA. Reduced apelin levels in lone atrial
fibrillation. Eur Heart J. (2006) 27:222–6. doi: 10.1093/eurheartj/ehi648

20. Földes G, Horkay F, Szokodi I, Vuolteenaho O, Ilves M, Lindstedt KA, et
al. Circulating and cardiac levels of apelin, the novel ligand of the orphan
receptor APJ, in patients with heart failure. Biochem Biophys Res Commun.

(2003) 308:480–5. doi: 10.1016/S0006-291X(03)01424-4
21. Chong KS, Gardner RS, Morton JJ, Ashley EA, McDonagh TA. Plasma

concentrations of the novel peptide apelin are decreased in patients
with chronic heart failure. Eur J Heart Failure. (2006) 8:355–60.
doi: 10.1016/j.ejheart.2005.10.007

22. Francia P, Salvati A, Balla C, De Paolis P, Pagannone E, Borro M, et al. Cardiac
resynchronization therapy increases plasma levels of the endogenous inotrope
apelin. Eur J Heart Failure. (2007) 9:306–9. doi: 10.1016/j.ejheart.2006.06.005

23. Chandrasekaran B, Kalra PR, Donovan J, Hooper J, Clague JR, McDonagh
TA. Myocardial apelin production is reduced in humans with left
ventricular systolic dysfunction. J Cardiac Failure. (2010) 16:556–61.
doi: 10.1016/j.cardfail.2010.02.004

24. Zhang Y, Wang Y, Lou Y, Luo M, Lu Y, Li Z, et al. Elabela, a newly discovered
APJ ligand: Similarities and differences with Apelin. Peptides. (2018) 109:23–
32. doi: 10.1016/j.peptides.2018.09.006

25. Yang P, Read C, Kuc RE, Buonincontri G, Southwood M, Torella R,
et al. Elabela/toddler is an endogenous agonist of the Apelin APJ
receptor in the adult cardiovascular system, and exogenous administration
of the peptide compensates for the downregulation of its expression
in pulmonary arterial hypertension. Circulation. (2017) 135:1160–73.
doi: 10.1161/CIRCULATIONAHA.116.023218

26. Murza A, Sainsily X, Coquerel D, Côté J, Marx P, Besserer-Offroy É, et
al. Discovery and structure–activity relationship of a bioactive fragment of
ELABELA that modulates vascular and cardiac functions. J Med Chem. (2016)
59:2962–72. doi: 10.1021/acs.jmedchem.5b01549

27. Rosenkranz S, Gibbs JSR, Wachter R, De Marco T, Vonk-Noordegraaf A,
Vachiéry J-L. Left ventricular heart failure and pulmonary hypertension. Eur
Heart J. (2016) 37:942–54. doi: 10.1093/eurheartj/ehv512

28. Selvaraj S, Claggett B, Pozzi A, McMurray JJV, Jhund PS, Packer M,
et al. Prognostic implications of congestion on physical examination
among contemporary patients with heart failure and reduced

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 March 2021 | Volume 8 | Article 638468

https://www.frontiersin.org/articles/10.3389/fcvm.2021.638468/full#supplementary-material
https://doi.org/10.1016/j.hfc.2017.02.001
https://doi.org/10.1016/j.pop.2017.11.004
https://doi.org/10.1161/CIRCULATIONAHA.118.038472
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1016/j.cca.2018.05.012
https://doi.org/10.1016/j.devcel.2013.11.002
https://doi.org/10.1038/s41440-018-0193-3
https://doi.org/10.1016/j.peptides.2018.04.011
https://doi.org/10.1080/10641963.2019.1619756
https://doi.org/10.1159/000492093
https://doi.org/10.1093/cvr/cvx061
https://doi.org/10.1097/CCM.0000000000002639
https://doi.org/10.1161/CIR.0000000000000450
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005288
https://doi.org/10.1007/s10741-020-09957-5
https://doi.org/10.1681/ASN.2006040368
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1016/j.trsl.2010.01.004
https://doi.org/10.1093/eurheartj/ehi648
https://doi.org/10.1016/S0006-291X(03)01424-4
https://doi.org/10.1016/j.ejheart.2005.10.007
https://doi.org/10.1016/j.ejheart.2006.06.005
https://doi.org/10.1016/j.cardfail.2010.02.004
https://doi.org/10.1016/j.peptides.2018.09.006
https://doi.org/10.1161/CIRCULATIONAHA.116.023218
https://doi.org/10.1021/acs.jmedchem.5b01549
https://doi.org/10.1093/eurheartj/ehv512
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Ma et al. Prospect of Elabela in Heart Failure

ejection fraction: PARADIGM-HF. Circulation. (2019) 140:1369–79.
doi: 10.1161/CIRCULATIONAHA.119.039920

29. Coiro S, Girerd N, Sharma A, Rossignol P, Tritto I, Pitt B, et al. Association
of diabetes and kidney function according to age and systolic function with
the incidence of sudden cardiac death and non-sudden cardiac death in
myocardial infarction survivors with heart failure. Eur J Heart Failure. (2019)
21:1248–58. doi: 10.1002/ejhf.1541

30. Zhang Y, Wang Y, Luo M, Xu F, Lu Y, Zhou X, et al. Elabela protects
against podocyte injury in mice with streptozocin-induced diabetes by
associating with the PI3K/Akt/mTOR pathway. Peptides. (2019) 114:29–37.
doi: 10.1016/j.peptides.2019.04.005

31. Wysocka MB, Pietraszek-Gremplewicz K, Nowak D. The role of apelin
in cardiovascular diseases, obesity and cancer. Front Physiol. (2018) 9:557.
doi: 10.3389/fphys.2018.00557

32. Bonsu KO, Owusu IK, Buabeng KO, Reidpath DD, Kadirvelu A. Clinical
characteristics and prognosis of patients admitted for heart failure: a 5-year
retrospective study of African patients. Int J Cardiol. (2017) 238:128–35.
doi: 10.1016/j.ijcard.2017.03.014

33. Rahimi K, Bennett D, Conrad N, Williams TM, Basu J, Dwight J, et
al. Risk prediction in patients with heart failure. JACC. (2014) 2:440–6.
doi: 10.1016/j.jchf.2014.04.008

34. Oremus M, McKelvie R, Don-Wauchope A, Santaguida PL, Ali U, Balion
C, et al. A systematic review of BNP and NT-proBNP in the management
of heart failure: overview and methods. Heart Fail Rev. (2014) 19:413–9.
doi: 10.1007/s10741-014-9440-0

35. Chen H, Wang L, Wang W, Cheng C, Zhang Y, Zhou Y, et al. ELABELA
and an ELABELA Fragment Protect against AKI. J Am Soc Nephrol. (2017)
28:2694–707. doi: 10.1681/ASN.2016111210

36. Omar HR, Guglin M. Discharge BNP is a stronger predictor of
6-month mortality in acute heart failure compared with baseline
BNP and admission-to-discharge percentage BNP reduction.
Int J Cardiol. (2016) 221:1116–1122. doi: 10.1016/j.ijcard.2016.
07.117

37. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling–concepts and clinical
implications: a consensus paper from an international forum on cardiac
remodeling. Behalf of an International Forum on Cardiac Remodeling.
J Am Coll Cardiol. (2000) 35:569–82. doi: 10.1016/S0735-1097(99)
00630-0

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ma, Zhao, Martin, Zhang, Dong, Zhong and Yang. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 9 March 2021 | Volume 8 | Article 638468

https://doi.org/10.1161/CIRCULATIONAHA.119.039920
https://doi.org/10.1002/ejhf.1541
https://doi.org/10.1016/j.peptides.2019.04.005
https://doi.org/10.3389/fphys.2018.00557
https://doi.org/10.1016/j.ijcard.2017.03.014
https://doi.org/10.1016/j.jchf.2014.04.008
https://doi.org/10.1007/s10741-014-9440-0
https://doi.org/10.1681/ASN.2016111210
https://doi.org/10.1016/j.ijcard.2016.07.117
https://doi.org/10.1016/S0735-1097(99)00630-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Lower Plasma Elabela Levels in Hypertensive Patients With Heart Failure Predict the Occurrence of Major Adverse Cardiac Events: A Preliminary Study
	Introduction
	Materials and Methods
	Study Population
	Diagnostic Criteria
	Elabela Enzyme Immunoassay
	Follow-Up and Endpoints
	Statistical Analysis

	Results
	The Baseline Characteristics of Hypertensive Patients
	Plasma Elabela Levels in Hypertensive Patients With HF and Without HF
	Correlation Between Elabela and Study Variables
	Baseline Clinical Characteristics and Outcome of Patients With Different Levels of Elabela
	Predictors of Baseline Characteristics for the Unfavorable Outcome of HF

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


