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The apelinergic system plays an important role in the modulation of the cardiovascular system via the 
apelin peptide and the apelin receptor (APJ receptor).  Apelin and elabela, also known toddler, are peptide 
ligands for the apelin receptor.  These two peptides show similar biological actions, such as vasodilatation, 
increased myocardial contractility, angiogenesis, and energy metabolism.  However, the serum levels of 
elabela in patients with hyperthyroidism are not well known.  The aim of this study was to investigate the 
changes in serum elabela levels in patients with hyperthyroidism and its association with hypertension.  
This cross-sectional study included 74 patients with newly diagnosed hyperthyroidism due to Graves’ 
disease and 20 healthy individuals.  Serum elabela levels were measured by enzyme-linked 
immunosorbent assay.  The patients were divided into two groups: hyperthyroid patients without 
hypertension (n = 51) and those with hypertension (n = 23).  Basal heart rate, serum glucose and high-
sensitive C reactive protein were significantly higher in hyperthyroid patients with and those without 
hypertension than in healthy controls (p < 0.05 for each).  Serum elabela levels were significantly elevated 
in hyperthyroid patients compared with healthy controls, with higher serum elabela levels found in 
hyperthyroid patients with hypertension than those without hypertension.  Linear regression analysis 
showed that serum elabela levels were correlated with systolic blood pressure (p < 0.001).  In conclusion, 
serum elabela levels were significantly increased in patients with hyperthyroidism, especially in hyperthyroid 
patients with hypertension.  Elevation in serum elabela levels may contribute to alleviation of cardiovascular 
complications of hyperthyroidism and hypertension.
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Introduction
The apelinergic system has been reported to play an 

important role in the modulation of the cardiovascular sys-
tem via the apelin peptide and the apelin receptor (APJ 
receptor) (O’Dowd et al. 1993; Perjés et al. 2016).  APJ 
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receptor was discovered as a putative receptor protein 
related to angiotensin II type 1 receptor.  Apelin and the 
AJP receptor exert biological actions, such as vasodilata-
tion, increased myocardial contractility, angiogenesis, and 
energy metabolism.  The apelinergic system increases espe-
cially for protection in cases of remodeling after myocardial 
infarction, heart failure and arterial hypertension (Zhang et 
al. 2018).

Recently, a peptide called elabela, which binds to the 
same APJ receptor as apelin, has been discovered, and has 
similar biological actions to apelin (Chng et al. 2013).  The 
gene encoding elabela, or in other name toddler, was pre-
dicted to express a 54-amino-acid protein comprising a 
secretory signal and a 32-amino-acid mature peptide, that 
has little sequence similarity to apelin.  This peptide has 
been proposed as a second endogenous apelin receptor 
ligand and is encoded by a gene from a region of the 
genome previously classified as ‘non-coding’ (Yang et al. 
2015).  

Elabela has been reported to be expressed in the endo-
thelium and heart in adults (Chng et al. 2013; Pauli et al. 
2014).  Studies have reported a relationship between elabela 
and many cardiovascular conditions and diseases (Zhang et 
al. 2018).  It has been shown that elabela administration in 
human and animal models causes systemic vasodilatation 
resulting in a significant decrease in blood pressure (Murza 
et al. 2016; Yang et al. 2017).  Elabela is thought to have 
this effect by blocking the renin-angiotensin-aldosterone 
system via the APJ receptor, which is 31% structurally sim-
ilar to the angiotensin II type 1 receptor (Zhang et al. 2018).

In the literature the serum elabela level was evaluated 
in patients with preeclampsia and the elabela level increased 
in these patients (Liu et al. 2019; Panaitescu et al. 2020).  
However, only one study reported that the elabela level was 
decreased in patients with essential hypertension compared 
to healthy controls (Li et al. 2020).  This issue is still 
unclear.  

Serum apelin levels have been shown to increase in 
patients with thyroid hormone disorder (hyperthyroidism or 
hypothyroidism) compared to healthy controls (Gürel et al. 
2015).  However, there are no studies investigating the rela-
tionship between serum elabela level and hypertension in 
patients with hyperthyroidism.  

We hypothesized that an increase in the activity of the 
apelinergic system may occur as a result of increased blood 
pressure in patients with hyperthyroidism, resulting in an 
increase in serum elabela level.  We therefore aimed to 
investigate the difference in serum elabela levels in healthy 
controls and in patients with hyperthyroidism and the rela-
tionship between serum elabela levels and blood pressure in 
patients with hyperthyroidism.

Patients and Methods
Study population

The cross-sectional study was conducted in a single 
center between October 2018 - November 2019 at 

Department of Internal Medicine, Endocrinology and 
Cardiology, University of Health Sciences - Adana Health 
Practice and Research Center.  98 patients with newly diag-
nosed with hyperthyroidism (Graves’ disease) were scree-
ned.  Twenty-four patients who met the exclusion criteria or 
did not accept to enroll into the study were excluded during 
the screening.  Therefore, the study included 74 patients [10 
males and 64 females with the age of 46.7 ± 10.8; mean ± 
standard deviation (SD)] who were newly diagnosed with 
hyperthyroidism and 20 healthy control subjects similar in 
age and gender (6 males and 14 females with the age of 
44.7 ± 9.1) were included in the study group (Fig. 1).  The 
duration of hyperthyroidism before the admission was unk-
nown.  Hyperthyroidism and hypertension were newly 
diagnosed according to the latest published guidelines (Ross 
et al. 2016; Williams et al. 2018).  As a result of repeated 
office blood pressure measurements (at least in 2 different 
visits and repeating 2 different measurements); hyperten-
sion is defined as office systolic blood pressure values   ≥ 
140 mmHg and/or diastolic blood pressure values   ≥ 90 
mmHg (Williams et al. 2018).  Patients who received medi-
cations that have an effect on the thyroid functional test 
(such as amiodarone) and glomerular filtration rate < 60 
mL/min/1.73m2 or > 30 mg/L proteinuria, patients with 
secondary hypertension, diabetes mellitus, renal artery ste-
nosis, moderate or severe valvular heart disease, known 
heart failure and nephrectomy were excluded from the 
study.  

History was taken and detailed physical examinations 
were performed.  The demographic data were recorded.  
Heart rate, and systolic and diastolic blood pressure were 
measured.  The weight and height of all cases were measu-
red and body mass index (BMI) was calculated.     

This study followed the recommendations of the ethics 
principles published in the Declaration of Helsinki, develo-
ped by the World Medical Association (WMA) and appro-
ved by the local ethics committee (Cukurova University 
Medical Faculty, Ethics Committee).  The clinical informa-
tion for the informed consent was explained to the patients 
in detail and patients were included in the study after con-
sent was obtained.  

Laboratory parameters
Routine laboratory parameters of all participants [glu-

cose, blood urea nitrogen, creatinine, aspartate aminotrans-
ferase, alanine aminotransferase, high-sensitive C reactive 
protein (hs-CRP), thyroid stimulating hormone (TSH), free 
triiodothyronine (T3), free thyroxine (T4) and complete 
blood count] were analyzed.  

Serum elabela levels were determined using commer-
cial kits (Sunred Biological Technology, Shanghai, China).  
The kit of a double-antibody sandwich enzyme-linked 
immunosorbent assay (ELISA) was used to measure the 
level of elabela in morning blood samples.

According to the manufacturer; this assay has inter-
assay coefficients of variation less than 12% and intra-assay 
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coefficients of variation of less than 10%.  All of the above 
tests were performed from blood samples that were taken at 
the 24th hour of hospital admission.

Statistical analysis
All statistical analyzes were performed using SPSS 

22.0 (Chicago, IL, USA) statistical software package.  The 
Kolmogorov-Smirnov test was used to determine whether 
the distribution of continuous variables was normal or not.  
Continuous variables in the group data were expressed as 
mean ± SD.  Continuous variables were compared by one-
way ANOVA or Kruskal-Wallis test.  For data with normal 
distribution, Scheffe test and Games-Howells test were used 
for multiple comparisons of groups with respect to homoge-
neity of variances.  For abnormal distributed data, 
Bonferroni-adjusted Mann Whitney U test was used for 
multiple comparisons of groups.  In comparison of catego-
rical variables, chi-square (χ2) test was used.  The existence 
of relationship between countable parameters was evaluated 
by Pearson’s and Spearman’s correlation analysis.  
Multivariate linear regression analysis was performed for 
the serum elabela levels, which were significant in the uni-
variate analysis.  Statistical significance was accepted if p < 
0.05.

Results
All patients included in the study were divided into 

three groups according to thyroid function test and presence 
of hypertension; healthy controls, hyperthyroid patients 
without hypertension, and hyperthyroid patients with hyper-
tension.

When the demographic findings of the study groups 
were compared; systolic and diastolic blood pressure values 
were highest in hyperthyroid patients with hypertension, 
and systolic and diastolic blood pressure values of hyper-
thyroid patients with hypertension were significantly higher 
than healthy controls, and hyperthyroid patients without 
hypertension.  Basal heart rate was statistically higher in 
hyperthyroid patients with or without hypertension than 
healthy controls.  Basal heart rate was similar between 
hyperthyroid patients with and without hypertension (Table 
1).  Age, gender and BMI were not significantly different 
among the 3 groups (Table 1).

Laboratory data revealed that serum glucose, hs-CRP, 
free T3, free T4 levels were significantly higher and TSH 
levels were significantly lower in hyperthyroid patients 
with and without hypertension than healthy controls.  The 
same laboratory parameters were similar between hyperthy-
roid patients with and without hypertension.  Serum elabela 
levels were significantly elevated in hyperthyroid patients 
with or without hypertension than healthy controls, indica-
ting that patients with hyperthyroidism showed higher 
serum elabela levels.  In addition, serum elabela levels were 
significantly elevated in hyperthyroid patients with hyper-

Fig. 1.  The flow diagram figure for the study participants.
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tension compared to hyperthyroid patients without hyper-
tension, indicating that the presence of hypertension eleva-
tes further serum elabela levels in patients with 
hyperthyroidism (Table 1, Fig. 2).  All other laboratory 
parameters were similar among the 3 groups (Table 1).

Correlation analysis was performed between serum 
elabela and other demographic, clinical and laboratory 
parameters (Table 2).  Linear regression analysis was per-
formed by including the parameters that were significant in 
the correlation analysis to determine the parameter most 
closely related to the serum elabela level.  As a result of this 
analysis, it was found that systolic blood pressure was clo-
sely and positively correlated with serum elabela level 
(Table 2, Fig. 3).

Discussion
The most important finding of our study was that 

serum elabela levels were significantly increased in patients 
with hyperthyroidism compared to healthy controls.  To our 
knowledge, this is the first study to show that the serum 
elabela value is increased in patients with hyperthyroidism.  
Another important finding of our study was that serum ela-
bela levels were higher in hyperthyroid patients with hyper-

tension compared to normotensive hyperthyroid patients.  
In addition, serum elabela levels were positively correlated 
with systolic blood pressure.

Several parameters have been evaluated in the studies 
about the effects of the apelinergic system and related pep-
tides on the cardiovascular system.  It has been reported 
that the apelinergic system causes improvement especially 
in diseases causing cardiac hypertrophy and fibrosis proces-
ses such as hypertension, heart failure and myocardial 
infarction (Zhang et al. 2018).  All of these positive and 
cardiovascular protective effects are thought to be a method 
for treatment (Yang et al. 2015).  Although there are many 
studies on cardiovascular diseases such as serum elabela or 
apelin level related to hypertension, heart failure and myo-
cardial infarction (Dai et al. 2006; Simpkin et al. 2007), 
there are no studies on serum elabela level in patients with 
hyperthyroidism.  As it is known, hypertension is very com-
mon in patients with hyperthyroidism and is associated with 
left ventricular hypertrophy (Tamer et al. 2005; Prisant et 
al. 2006).

For the first time in our study, serum elabela levels 
were found to be significantly increased in patients with 
hyperthyroidism with and without hypertension, and be 

Table 1.  Demographic and laboratory findings according to study groups. 

Variable
Healthy 
controls
n = 20

Hyperthyroid patients 
without hypertension

n = 51

Hyperthyroid patients 
with hypertension 

n = 23
p*

Age (year) 44.7 ± 9.1 45.4 ± 10.1 47.8 ± 11.3 0.286
Gender (female) 14 43 21 0.069
Systolic blood pressure (mmHg) 110 ± 16α 115 ± 17¥ 152 ± 15 < 0.001
Diastolic blood pressure (mmHg) 72 ± 5.9α 74 ± 8.6¥ 94 ± 11 < 0.001
Basal heart rate (pulse/minute)  68 ± 8.2α, β 85 ± 12 93 ± 16 < 0.001
Body mass index (kg/m2) 27.5 ± 1.6 28.1 ± 1.8 27.9 ± 2.2 0.414
White blood cell (µL) 6.45 ± 1.54 6.63 ± 1.65 7.31 ± 2.13 0.082
Hemoglobin (g/dL) 12.9 ± 1.6 12.6 ± 1.27 13.2 ± 1.84 0.229
Glucose (mg/dL)   92.2 ± 7.4α,β 101 ± 13 104 ± 17 < 0.001
Blood urea nitrogen (mg/dL) 29.5 ± 3.96 32.7 ± 18.5 35.3 ± 19.1 0.253
Creatinine (mg/dL) 0.65 ± 0.07 0.74 ± 0.54 0.79 ± 0.65 0.377
Aspartate aminotransferase (u/L) 18.9 ± 3.17 18.2 ± 4.05 20.6 ± 8.1 0.143
Alanine aminotransferase (u/L) 14.0 ± 2.88 13.4 ± 4.9 16.1 ± 10 0.098
hs-CRP (mg/L) 0.42 ± 0.32α, β 1.54 ± 2.53 1.69 ± 2.22 0.013
Free T3 (ng/L) 3.45 ± 0.58α, β 5.97 ± 1.58 6.78 ± 4.52 < 0.001
Free T4 (ng/dL) 0.82 ± 0.08α, β 2.11 ± 0.87 2.34 ± 1.08 < 0.001
Thyroid stimulating hormone (mUI/L)** 1.89 ± 0.64 < 0.01 < 0.01 -
Elabela level (ng/mL) 1.86 ± 0.60α, β 9.73 ± 1.52¥ 14.2 ± 2.05 < 0.001

The values were shown as mean ± standard deviation.
α = the significant difference between healthy controls and hyperthyroid patients with hypertension (p < 0.05).
β = the significant difference between healthy controls and hyperthyroid patients without hypertension (p < 0.05).
¥ = the significant difference between hyperthyroid patients without hypertension and hyperthyroid patients with hypertension 
(p < 0.05).
hs-CRP, high-sensitive C reactive protein.
*The p values less than 0.05 in the ANOVA test are shown in bold. 
**The ANOVA test was not performed concerning thyroid stimulating hormone, because the levels were < 0.01 mUI / L in 
hyperthyroid patients with and without hypertension. 
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very closely and positively related to systolic blood pres-
sure.  This important finding obtained in our study indicates 
that the serum elabela level was increased by direct activa-
tion of the apelinergic system, which was caused by the 
vascular and cardiac response to the increased thyroid hor-
mones in patients with hyperthyroidism.  Since there is no 
study evaluating the serum elabela levels in patients with 
hyperthyroidism, the data in our study could not be compa-
red with other studies.  However, in the literature, serum 
apelin levels have been reported to be increased in patients 
with thyroid dysfunction such as hyperthyroidism or hypot-
hyroidism compared to healthy controls (Gürel et al. 2015).  
Cardiovascular adverse events such as increased arterial 
stiffness (Resnick and Laragh 1982), systolic hypertension 
(Prisant et al. 2006), left ventricular hypertrophy (Tamer et 
al. 2005), and heart failure (Woeber 1992; Klein and 
Ojamaa 2001) occur in patients with hyperthyroidism.  
Previous studies have shown that elabela and apelin were 
synthesized to slow down these cardiovascular adverse 
events.  Serum elabela levels may be increased as a result 
of increased activity of the apelinergic system in order to 
slow down or regress the increased negative vascular and 
cardiac effects in patients with hyperthyroidism.  

Hypertension secondary to hyperthyroidism is one of 
the important and curable causes, and the frequency of 
hypertension in patients with hyperthyroidism is approxi-
mately 20-30% (Prisant et al. 2006).  In our study, hyper-
tension was detected in 31% patients with hyperthyroidism 
and this finding was consistent with the literature.  When 
patients with hyperthyroidism are grouped as with and wit-
hout hypertension, serum elabela levels were significantly 

higher in hyperthyroid patients with hypertension.  This 
supported our hypothesis that serum elabela levels were 
increased further in response to hypertensive status.  As it is 
known, systolic blood pressure increases in patients with 
hyperthyroidism and systolic hypertension occurs (Prisant 
et al. 2006).  In our study, the positive and close relations-
hip between serum elabela level and systolic blood pressure 
strengthened this relationship.  However, there is no clear 
information in the literature regarding the change of apelin 
and elabela levels in patients with hypertension.  In a study 
about the patients with preeclampsia, it was found that 
serum elabela level was increased (Liu et al. 2019; 
Panaitescu et al. 2020).  

It has been reported that serum apelin levels are incre-
ased in patients with hyperthyroidism or hypothyroidism 
compared to healthy controls (Gürel et al. 2015).  In our 
study, it was found that serum elabela level was 7 times 
higher in hyperthyroid patients with hypertension than in 
healthy controls.  However, in our study, it was not clear 
whether the elevated serum elabela level was secondary to 
hypertension development, or was related to hyperthyroi-
dism.  However, it should be taken into consideration that 
serum elabela level was elevated in hyperthyroid patients 
without hypertension.

Only one study has shown that serum elabela levels 
were lower in patients with essential hypertension than the 
control group (Li et al. 2020).  However, 2 other studies, in 
which patients with preeclampsia were included, reported 
that the serum elabela levels were higher in patients with 
preeclampsia than in the control group.  Hypertension 
pathophysiology is different between essential hypertension 

Fig. 2.  The Box plot graphic showed that serum elabela levels in study groups.  
 Serum elabela levels were significantly elevated in hyperthyroid patient groups compared with healthy controls.  In ad-

dition, serum elabela levels were significantly elevated in hyperthyroid patients with hypertension compared to those 
without hypertension.
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and preeclampsia (Liu et al. 2019; Panaitescu et al. 2020).  
Hypertension pathophysiology in patients with hyperthy-
roidism may be different from that of both diseases.  In our 
study serum elabela levels were higher in hyperthyroid 
patients with and without hypertension.  In another study, 
the increase in serum apelin level in patients with thyroid 
diseases also supported our findings (Gürel et al. 2015).  In 
addition, the serum elabela level was higher in patients with 
hyperthyroidism and hypertension.  It is not correct to com-
pare the results of our study with the study about essential 

hypertension.  However, in our study, we hypothesize that 
the reason for the increase in serum elabela level in patients 
with hyperthyroidism and hypertension should be that the 
apelinergic system gained preventive activity in order to 
decrease the increased systolic and diastolic blood pressure, 
and therefore the serum elabela level was increased in order 
to protect or lower the blood pressure.

Although biochemical measurements were made in 
our study, there was no study on the level of APJ receptor 
from the tissue samples.  A similar finding could be more 

Table 2.  The parameters associated with serum Elabela level and linear regression analysis for parameters 
significantly correlated with serum Elabela.

Univariate analyze Multivariate analyze

p r p β

Age (year) 0.033 ̶ 0.195 0.453 0.031
Systolic blood pressure (mmHg) < 0.001 0.625 < 0.001 0.375
Diastolic blood pressure (mmHg) < 0.001 0.493 0.174 0.054
Basal heart rate (pulse/minute) < 0.001 0.522 0.111 0.061
Body mass index (kg/m2) 0.012 0.211 0.267 0.032
Fasting plasma glucose (mg/dL) < 0.001 0.461 0.456 0.030
Blood urea nitrogen (mg/dL) 0.020 0.261 0.152 0.062
Creatinine (mg/dL) 0.010 0.205 0.052 0.095
hs-CRP (mg/l) < 0.001 0.367 0.324 0.045
Free T3 (ng/L) < 0.001 0.568 0.423 0.207
Free T4 (ng/dL) < 0.001 0.680 0.232  0.185

R2
Adjusted = 0.806 in multivariate analyses.

hs-CRP, high-sensitive C reactive protein. 

Fig. 3.  Scatter plot diagram of the relationship between serum elabela levels and systolic blood pressure.  
 Systolic blood pressure was closely and positively correlated with serum elabela levels (r = 0.625, p < 0.001).
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significant at the vascular endothelial level.  In our study, 
although there was a relationship between serum elabela 
levels, and TSH and systolic blood pressure levels, ventric-
ular wall thickness and vascular tonus were not measured.  
More meaningful results could also be obtained if left ven-
tricular hypertrophy evaluation was done.  

In our study, elabela level was evaluated before the 
treatment only in patients with hyperthyroidism; therefore, 
a more significant result could be obtained if the serum 
level was examined after the treatment of hyperthyroidism.  
New studies with the same characteristics of our study will 
be planned in which echocardiography and vascular tonus 
were evaluated, tissue samples were examined and elabela 
levels were evaluated after the treatment of hyperthyroid-
ism.

In conclusion, serum elabela levels were increased in 
patients with hyperthyroidism compared with healthy cont-
rols.  This may be a sign of upregulation in the apelinergic 
system to produce increased cardiovascular effects in 
response to cardiac and vascular involvement in patients 
with hyperthyroidism.  Elevation in serum elabela levels 
may be an early sign of hypertension development due to 
vascular adverse effects of hyperthyroidism.
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