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Abstract

Salusins have emerged as a new biomarker that reflects an increased inflammatory state, which is
associated with cardiovascular risk.We investigated the predictive value and usefulness of salusins
as an inflammatory biomarker in obese children. This prospective cohort study included 75 obese
children and 101 healthy children (as a control group). Salusin-α, Salusin-β, and various cardio-
vascular parameters were assessed in both groups. Correlation analyses of Salusin-α and Salusin-β
with body mass index standard deviation scores and inflammatory and cardiovascular markers
were performed. The mean patient age was 11.9±2.4 years for the obese group and 12.5±2.1
years for the control group. The obese children had a significantly higher heart rate, systolic blood
pressure, diastolic blood pressure, epicardial adipose tissue thickness, and left ventricularmass than
did the children in the control group. There was no significant correlation between Salusin-α and
Salusin-β and body mass index; however, there was a negative correlation between Salusin- α and
diastolic blood pressure (r= 0.277, p= 0.004). Overall, there was no significant difference in the
Salusin-α and Salusin-β levels between obese and healthy children. However, a negative correlation
was found between Salusin-α and diastolic blood pressure. Although this result suggests that
Salusin-αmight be an earlymarker of cardiovascular involvement in obese children, further studies
are needed to demonstrate the predictive value of salusins.

Childhood obesity is an increasing health concern in developing countries. It causes serious
health problems such as hypertension, dyslipidemia, diabetes mellitus, and atherosclerosis.1

It is also a serious risk factor for the development of cardiovascular disease.2 Atherosclerosis
is a multi-factorial, chronic process that results from inflammation and endothelial damage
in the vascular wall.3 Obesity is a sub-clinical systemic inflammatory disease; the inflammatory
markers interleukin-6, tumour necrosis factor-α, and C-reactive protein are all elevated in obese
children.4,5 Thus, obesity is a risk factor for the development of cardiovascular disease.6,7 There is
also a direct relationship between increased total body fat mass, epicardial adipose tissue thick-
ness (EATT), and carotid intima media thickness (CIMT).8 In obese patients, EATT and CIMT
are risk factors for the development of cardiovascular disease because of the relationship
between EATT, CIMT, and coronary atherosclerosis.9,10

Salusins, which are newly defined biomarkers, are divided into two groups: Salusin-α (Sal-α)
and Salusin-β (Sal-β), consisting of 26 and 28 amino acids, respectively.11 These proteins, which
are endogenously secreted from the hypothalamopituitary axis, vascular endothelium, and
kidneys, play roles in atherogenesis and the regulation of haemostasis.12 However, they have
opposing effects on atherosclerosis. Sal-β is a precursor of atherosclerosis, while Sal-α has a
protective effect against atherosclerosis.13 They confer these effects through acyl-coenzyme
A: cholesterol acyltransferase 1 (ACAT-1).14 ACAT-1 promotes atherosclerosis by causing
cholesterol ester accumulation in macrophages and foam cell formation.15,16 These events cause
a decrease in cardiac contraction via a cholinergic mechanism and decrease heart rate (HR) and
blood pressure.11,17 Thus, salusins are effective peptides in the cardiovascular system.

This study investigated the predictive value and usefulness of serum salusin levels in the early
diagnosis of atherosclerosis in obese children.

Materials and method

Study design, patients, and blood sample

This was a prospective cohort study of children and adolescents with obesity. The study cohort
comprised 176 children aged 6–18 years who had been referred to the Department of Pediatric
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Cardiology and Pediatric Endocrinology of Sakarya University,
Research and Training Hospital between July 2017 and August
2018. The study protocol was approved by Sakarya University
Local Ethical Committee. Informed consent was obtained from
all patients. Patients were selected from the paediatric cardiology
and endocrinology outpatient clinic. The body mass index (BMI)
levels were calculated as weight (kg) divided by height (m) squared.
The BMI reference curves established by Bundak et al for Turkish
children were used for the determination of corpulence.18 Patients
who were above 95th percentile according to age and sex were
accepted as obese, as defined by Obesity Task Force (IOTF).
BMI standard deviation score (BMI SDS) was used in statistical cal-
culations, because there was a wide age distribution in both obese
and control groups. Patients with BMI SDS of 2 and above were
accepted as obese.19 Children aged<6 and 18> years, children with
syndrome of obesity, and obesity due to hormonal disorder were
excluded from the study. In addition, patients with impaired glu-
cose tolerance, diabetes, dyslipidemia, and hypertension were not
included in the study. Patients with a history of early cardio-
vascular disease, chronic illness, and long-term drug use for any
reason were excluded. The patients who were diagnosed with inno-
cent murmur admitted to the paediatric cardiology outpatient
clinic formed the control group. The blood pressure measurements
were performed on the right arm after resting for 10 minutes. The
measurements were repeated three times. All measurements were
performed with the same automated oscillometric device (53000,
Welch Allyn, New York, United States of America) sphygmoma-
nometer. Venous blood samples were centrifuged and stored at –
80°C in EDTA-containing tubes.

Echocardiographic measurements

All ultrasound studies were performed using a Philips iE33 ultra-
soundmachine with 3MHz phase transducer (Philips, Ultrasound,
Bothell, United States of America). All measurements were made
by the same physician. Apical four-chamber and parasternal
long-axis imaging were performed in the left lateral position.
Left ventricular mass (LVM) was automatically calculated by the
device using the current standardised formula, and height was used
for indexing, and indexation of LVM to height raised to an allomet-
ric exponent of 2.7 (LVMI= LVM/height 2.7).20,21 EATT was
determined as an echo-free space on the pericardium and its thick-
ness was measured on the free wall of the right ventricle.22 The
CIMT was measured from the posterior wall of the left common
carotid artery and ≈10 mm proximal from the bifurcation.10

Detection of salusin-α and β

Salusin-α and β Commercial ELISA kit was used for the measure-
ment of salusins (Uscn Life Science, Houston, TX, United States of
America). This ELISA kit uses the Competitive-ELISA principle.
The micro-ELISA plate provided in this kit has been pre-coated
with Human Salusins. During the reaction, Human Salusins in
the sample or standard competes with a fixed amount of
Human Salusins on the solid phase supporter for sites on the
Biotinylated Detection Ab specific to Human Salusins. Excess con-
jugate and unbound sample or standard are washed from the plate,
and Avidin conjugated to Horseradish Peroxidase (HRP) are
added to each microplate well and incubated. Then a substrate
solution is added to each well. The enzyme–substrate reaction is
terminated by the addition of stop solution and the colour change
is measured spectrophotometrically at a wave length of 450±2 nm.

The concentration of Human Salusins in the samples is then deter-
mined by comparing the optical density value of the samples to the
standard curve.

Statistical analysis

All statistical analyses were conducted out using the Statistical
Package for Social Sciences (SPSS) package program (version
21.0, SPSS® Inc., Chicago, Illinois, United States of America).
Descriptive statistics were conducted out to inform the general
features of patients. The Kolmogorov–Smirnov test was used to
determine the distribution of numerical variables. Numerical
variables with normal distribution were calculated as mean ±
standard deviation, those with abnormal distribution median
(range). Categorical variables were denoted as number (n) and
percentage (%). Student’s t test was used to compare two groups
containing numerical variables with normal distribution.
Mann–Whitney U test was used to compare two groups containing
numerical variables with abnormal distribution. Groups consisted
of categorical variables were compared using x2 test. For establish-
ing a relationship between numerical variables with normal distri-
bution Pearson correlation coefficient was calculated, those with
abnormal distribution Spearman correlation coefficient. A p value
<0.05 was considered as statistically significant for all analyses.

Results

Of the total 176 patients included in the study, 75 were in obese
group and 101 were in control group. The mean age was
11.94 ± 2.42 years old for obese group, and 12.57 ± 2.13 years old
for control group. There was no difference in age and gender
between the two groups (p> 0.05). The mean BMI SDS was
statistically significantly higher in obese group (2.01 ± 0.27) than
in control group (0.10 ± 0.62) (p< 0.001). Obese children had sta-
tistically significantly higher HR, systolic blood pressure (SBP) and
diastolic blood pressure (DBP), EATT, CIMT, and LVMI than

Table 1. Demographic data, vital signs, BMI SDS, echocardiographic data,
Salusin β and α values of study groups.

Control group
(n= 101)

Obese group
(n= 75) p

Age (years) 12.57–2.13 11.94–2.42 0.069

Gender (F/M) 46/55 36/39 0.747

SBP (mmHg) 117.24–9.17 128.80–6.99 <0.001

DBP (mmHg) 75.06–7.25 80.11–7.66 <0.001

HR (beat/minute) 79.47–9.23 85.13–8.58 <0.001

BMI SDS 0.10–0.62 2.01–0.27 <0.001

EATT (mm) 4.48–0.12 5.39–0.19 <0.001

CIMT (mm) 0.43–0.01 0.69–0.05 <0.001

LVMI (g/m2.7) 27.80–6.09 41.04–10.97 <0.001

Salusin β (ng/mL) 0.27–80.99 0.28–116.64 0.302

Salusin α (ng/mL) 4.40 (0.01–9.78) 2.89 (0.05–9.63) 0.310

BMI SDS= body mass index standard deviation score; CIMT= carotid intima media thickness;
DBP= diastolic blood pressure; EATT= epicardial adipose tissue thickness; HR= heart rate;
LVMI= left ventricular mass index; SBP= systolic blood pressure.
Parameters were expressed as n, mean ± SD and median (range).
Student’s t test, Mann–Whitney U test and x2 were performed and p value <0.05 was
considered significant.
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control group (Table 1). The median Salusin-α level was 2.89
(0.05–9.63) ng/ml in obese group and 4.40 (0.01–9.78) ng/ml in
control group (p= 0.310). Salusin-β level in obese group was
0.28 ± 116.64 ng/ml and 0.27 ± 80.99 ng/ml for control group.
There was no significant difference between the groups
(p= 0.302). There was no significant correlation between Sal-α,
β, and BMI (respectively, r= –0.045, p= 0.645 and r= 0.098,
p= 0.197) (Table 2). There was a negative correlation between
Sal-α and DBP (r = 0.277, p= 0.004) (Fig 1).

Discussion

Obesity is associated with chronic inflammation, and increasing
inflammatory mediators can produce atherosclerotic cardio-
vascular diseases in obese patients of advanced age.23–25

However, the pathophysiology of sub-clinical inflammation in
obese children is unclear. There are a few studies of childhood
obesity, but these studies have not been able to explain fully
the features and clinical significance of sub-clinical inflammation.
Excess accumulation of visceral adipose tissue plays an important
role in inflammation.26,27 Salusins, which are newly defined
biomarkers, play roles in atherogenesis and the regulation of
haemostasis and thus may help in the early detection of athero-
sclerosis and inflammation. These mediators are released from
vascular tissue, the central nervous system, the kidneys, and
endothelial cells.11

Sal-β is an endogenous atherogenic factor, while Sal-α is an
anti-atherogenic peptide.14,28 Nagashima et al showed the oppos-
ing effects of Sal-α and Sal-β on atherosclerosis in mice. They dem-
onstrated that Sal-β accelerated the development of atherosclerosis
by increasing cholesterol ester accumulation in macrophages. In
contrast, Sal-α exerted an anti-atherosclerotic effect by suppressing
cholesterol ester accumulation in macrophage.28,29 The relation-
ship between childhood obesity and salusins is unclear in the
literature. Our study is the first to investigate the relationship
between salusins and childhood obesity. We did not find a differ-
ence in Sal-β levels between obese and healthy children. We did
find that the Sal-α level was lower in obese children compared with
the control group, but the difference was not statistically signifi-
cant. Fujimato et al showed higher Sal-β levels in patients with
definite evidence of coronary artery disease (CAD). Their study
suggests that an increased Sal-β level is an indicator of the develop-
ment of systemic atherosclerosi.30 Similarly, Liu et al showed that
patients with CAD had serum Sal-β levels that were significantly
higher than in patients without CAD, and that serum Sal-β was
independently associated with CAD.31 Another study demon-
strated low Sal-α levels in patients with CAD, and a negative

correlation was reported between Sal-α and CAD severity.32

Several studies have reported a positive correlation between
CIMT and visceral fat accumulation.33,34 Our study revealed a
higher CIMT in obese children than in the control group.
However, there was no correlation between the levels of Sal-α
and Sal-β and CIMT. Watanabe et al showed that the serum
Sal-α levels were decreased and correlated negatively with CIMT
in patients with acute coronary syndrome.14 EATT is strongly cor-
related with visceral obesity.35,36 Visceral adiposity is an indepen-
dent risk factor for CAD that primarily influences the correlation
between EATT and CAD.37 In our study, the EATT was higher in
obese children than in the control group, but there was no corre-
lation between the levels of Sal-α and Sal-β and EATT.

Obesity and hypertension are not necessarily associated, but
there is a clear correlation between the two.38,39 Some studies have
shown that DBP is superior to SBP in predicting coronary heart dis-
ease risk in young adults.40,41 For example, the Framingham study
reported that DBP was the best predictor of cardiovascular disease
risk in patients under 50 years of age.42 However, some prospective
studies have shown that isolated diastolic hypertension has a benign
prognosis.43 Differences in these studies can be attributed to the
diversity of the population. In children, there are no enough data
to investigate the relationship between Sal-α, hypertension, and
cardiovascular disease risk. In our study, we found a negative cor-
relation between Sal-α and DBP in obese children. In a study of 60
hypertensive adults, Ti et al found that Sal-αwas decreased in essen-
tial hypertension.44 Similarly, Kolakowska et al reported that Sal-α
was decreased in hypertensive patients and that this peptide was
associated with pre-clinical atherosclerotic markers in essential
hypertension.29 In contrast, Watanabe et al showed that the serum
Sal-α level was low in essential hypertensives, but therewas no direct
correlation between serum Sal-α and blood pressure.14

In conclusion, no statistically significant differences in Sal-α
and Sal-β levels were detected between obese and healthy
children, though there was a negative correlation between Sal-α
and DBP. This result suggests that Sal-α is an indicator of cardio-
vascular involvement in obesity. Long-term prospective studies
are needed to demonstrate the predictive value of salusins in obese
children.

Figure 1. Scatter plot figure for correlations analyses of Salusin-α with diastolic
blood pressure in obese group.

Table 2. Correlation analysis of Salusin-α and β with vital signs, BMI SDS,
echocardiographic data in the obese group.

HR SBP DBP BMI SDS CIMT EATT LVMI

Salusin α r −0.132 −0.028 −0.266 −0.049 −0.130 −0.143 0.034

p 0.179 0.774 0.006 0.619 0.185 0.145 0.731

Salusin β r 0.076 0,011 0.067 0.119 0.080 0.087 −0.001

p 0.317 0.880 0.380 0.119 0.293 0.255 0.993

BMI SDS= bodymass index standard deviation score; CIMT= carotid intimamedia thickness;
DBP= diastolic blood pressure; EATT= epicardial adipose tissue thickness; HR= heart rate;
LVMI= left ventricular mass index; SBP= systolic blood pressure.
Pearson correlation test was performed and p value <0.05 was considered significant.
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