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ABSTRACT

Objective: The incidence of Autism Spectrum Disorder
(ASD)hasincreasedinrecentyears. Genetic, biological and
environmental factors play aroleinits etiopathogenesis.
The relationship between ASD and neuropeptides, one of
the biological factors, is being increasingly investigated.
This study aims to compare serum relaxin-3 and irisin
levels of ASD cases with healthy controls.

Methods: This prospective case-control study involves
atotal of 68 children: 38 ASD diagnosed patients as the
case group and 30 as the control group. Serumrelaxin-3
and irisin levels were measured using the enzyme-linked
immunosorbent assay technique.

Results: Serum relaxin-3 and irisin levels were found
to be lower in the case group than in the control group.
However, a statistically significant difference between
groups was found only for serumirisin levels. The cut-off
value for serumirisin level was determined as 3.5 ng/ml.

Conclusion: Irisin may play a potential role in the
etiopathogenesis of ASD. A more extensive series of
studies are needed in order to establish the use of this
biomarker in the diagnosis and management of ASD.

INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelopmental
disorder characterized by deficits in social communication
and interaction, repetitive behavior patterns, and restricted

interests and activities (1). ASD prevalence has been rising
in recent years. While the ASD prevalence in children aged
4 years was 1.34% in 2010; this rose to 1.53% in 2012 and
1.7% in 2014 (2). Although ASD is a common disorder, its
etiological causes have not been clearly elucidated. However,
it is known that genetic, biological and environmental
factors affect the brain during its developmental stages (3).
There is a rapid increase in neurochemical, neuroendocri-
nological, neuro-immunological and neurophysiological
studies being set out to elaborate the differences between
ASD and normal development. For instance, it has been
reported that serotonin, which functions as a growth factor
in early neuronal development, is found to be lower in indi-
viduals with ASD than in controls, and this demonstrated
anegative impact on social behavior (4). In another study,
it has been shown that applying nasal oxytocin treatment
to individuals with ASD between the ages of 6-12 provided
an increase in social functioning levels of these individuals
(5). One of the etiological factors investigated in ASD is
glutamatergic receptors. Glutamate levels were found to
be higher in adults with ASD (6).

In recent years, researchers have been investigating vari-
ous aspects of the relationship between psychiatric diseases
and neuropeptides. For instance, relaxin-3, is a highly con-
served neuropeptide that is mostly secreted from four small
groups of y-aminobutyric acid (GABA) neurons (7). There
are various types of relaxin in mammals. In contrast to
other types, relaxin-3 is found in high proportion in the
mammalian brain (8). Relaxin-3 is mostly synthesized in
the nucleus incertus, pontine raphe nucleus and substantia
nigra (9). Studies have shown that it is involved in cognition,
arousal, motivation, anxiety, mood, pain and oculomotor
control functions (10). It was stated in a study that exog-
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enous relaxin-3 injection in rats provided an anxiolytic
effect. This effect is thought to be as a result of relaxin-
3-mediated alteration in oxytocin level in the hypothalamus
(11). Similarly, Marwari et al. (12) revealed anxiolytic and
antidepressant effects of relaxin-3 in their study involving
intranasal administration of relaxin-3 to rats.

Another neuropeptide factor being investigated is irisin,
consists of 112 amino acids and is termed as an exercise-
induced myokine. It is largely secreted from skeletal muscle,
and to a lesser extent from adipose tissue, pancreas, cardiac
muscle, etc. (13). The irisin has been studied in obesity
and metabolic disorders due to its larger energy regula-
tory and thermogenetic properties (14, 15). However, in
recent studies, it has been emphasized that it affects brain
functions by modulating neurotransmitter release (16, 17).
Furthermore, it is emphasized that irisin, by regulating
brain-derived neurotrophic factor (BDNF) expression, can
initiate neurogenesis in the hippocampus, reduce neuronal
damage, increase expression of antioxidant enzymes, and
decrease proinflammatory cytokines (18).

It is important to reveal potential biochemical differ-
ences in children with ASD in terms of both understand-
ing the pathogenesis and determining diagnosis and
treatment strategies. This study aims to compare serum
relaxin-3 and irisin levels in children with ASD with a
control group. Our study is the first study on these two
biomarkers in individuals with ASD.

MATERIALS AND METHODS

PARTICIPANTS AND PROCEDURE

This prospective case-control study was conducted at
Konya Training and Research Hospital between January 15
and June 15, 2020, with the approval of Ethics Committee
(Protocol number 14567952-050/74 on 10.01.2020).
Participants’ families were informed about the study
according to the Declaration of Helsinki, and written
consents were obtained from those who accepted.

The case group consisted of 38 children who were
followed up for or newly diagnosed with ASD according
to the diagnostic criteria of DSM-5. All patients were
evaluated by the same child and adolescent psychiatrist.
Individuals with known additional genetic, metabolic,
endocrinological, inflammatory or neurological diseases
and ASD patients on psychotropic medications were not
included in the study. The control group consisted of 30
individuals who visited the pediatrics department for
routine examination, with no known disease or psycho-
pathology and with no medication usage.

The psychiatric evaluation of the case and control
groups was done by one child and adolescent psychiatrist.
Then, families were asked to fill in a sociodemographic
data form. Subsequently, blood samples were taken
from the case and control groups to identify plasma
relaxin-3 and irisin levels. After centrifuging the blood
samples, they were preserved at -80 ° C until the time of
study. Serum relaxin-3 and irisin levels were analyzed by
enzyme-linked immunosorbent assay (ELISA) using a
commercial kit (Bioassay Technology Laboratory Human
Irisin ELISA Kit and Human Relaxin-3 ELISA Kit).

STATISTICAL ANALYSIS

SPSS 22.0 package program was used for statistical analy-
sis. Variables were evaluated for normal distribution
using the Kolmogorov Smirnov and visual methods
(histograms and probability plots). Chi square test was
used to evaluate categorical data. Categorical variables are
presented as frequencies and percentages. Normally and
non-normally distributed data are presented as mean and
standard deviation. Student t test was used to evaluate the
differences in parametric data. MannWhitney U test was
used to evaluate non-parametric data. The cut-off value
for serum irisin level in the case group was assessed using
ROC analysis. p value <0,05 was considered statistically
significant.

RESULTS

In the study, there were 38 children (6 girls/32 boys) in
the case group, and 30 children (6 girls/24 boys) in the
control group. The average age was 74.00 + 32.29 months
for the case group and 78.60 + 41.19 months for the control
group. No statistically significant difference was found
between the groups in terms of gender and age (p = 0.651,
p = 0.688; respectively). The case group was analyzed in
terms of ASD characteristics and ASD education process.
The case group was divided as Level 1-2-3 according to
the severity of ASD (n=7, n=12, n=19; respectively). Level
1 is “Requiring support.” Level 2 is “Requiring substantial
support.” Level 3 is “Requiring very substantial support.” It
was found that the verbal communication of four patients
(10.5%) could not be developed, and 34 patients (89.5%)
had speaking skills at words and sentences level. In the case
group, it was found that 33 (86.8%) ASD cases received
individualized education and 22 (57.9%) went to school.
The mean age of starting individualized education was 3.57
+ 1.58 years and the average duration of receiving education
was 2.71 + 1.84 hours/week. The personal features of ASD
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individuals and the education processes they received are
shown in Table 1. Although the relaxin-3 level was found
to be lower in the case group, the difference between the

Table 1. Personal and educational characteristics of the case
group

n % n %

DSM-5

classification

Levell 7 184 | Reasonfor presentation 31 816

Level 2 12 316 | Medicalreport 7 184

Level3 19 |50 | Treatment/Follow up

Speaking level Individualized education

No word 4 105 Present 33 868

Single words 13 342 Absent 5 132

2-word 5 132

sentences 16 421

3 or more words

sentence

Sensory Inclusive education at school

perception 31 816 Present 22 579

Present 7 1184 | Absent 16 | 421

Absent

Sound

perception Degree of educational benefit

Present 23 605  Never 5 132

Absent 15 395  Verylittle 4 105
Moderate 18 474
Substantial 6 158
Very substantial 5 132

Smell

perception

Present 13 ' 34.2 | Information resource on ASD 26 684

Absent 25 658 | Childand adolescent psychiatrist
Educational institution 17 | 447
Internet/social media 27 711
Other families with ASD child 5 132

Taste

perception

Present 8 211

Absent 30 789

ASD: Autism Spectrum Disorder
DSM-5: The Diagnostic and Statistical Manual of Mental Disorders-5

Table 2. Comparison of the case and control groups in terms
of serumrelaxin-3 and irisin levels

Casegroup  Control group

(n=38) (n=30)

Mean1Std. Mean5Std. z

Dev. Dev. score pvalue
Serumrelaxin-3level | 220.20£#28.66 232.66%#42.00 | -057 0.566
Serumirisin level 4.40+0.74 7.28+158 -2,76  0.006*

MannWhitney U test
*statistical significance

groups was not statistically significant (p = 0.566). Serum
irisin level was lower in the case group. The difference was
statistically significant (p = 0.006). The comparison of
the case and control groups in terms of serum irisin and
relaxin-3 levels is given in Table 2. The cut-off value was
identified as 3.5 ng/ml in the ROC analysis performed to
identify the predictive cut-off value of serum irisin levels
for the diagnosis of ASD. Results are provided in Table 3.
When DSM-5 ASD severity levels were compared with
the Kruskall-Wallis H test in terms of irisin levels, no
statistically significant difference was found (p=0.443).

DISCUSSION
In this prospective case-control study, plasma irisin and
relaxin-3 levels of individuals with ASD were compared
with control group, and were found to be lower in those
diagnosed with ASD compared to the control group as
an outcome of our study. However, statistical significance
between the groups was found only for plasma irisin level.
There are many neuropeptides that have different func-
tions in the human body. One of these is relaxin, which
has been widely researched in recent years. Although there
are many types of relaxin in humans, relaxin-3 is more
involved with the central nervous system (7, 8). Due to
its role in fasting, food intake, etc., it has been studied
more commonly in obesity and metabolic diseases (19).
However, anxiolytic and antidepressant effects of relaxin-3
have been revealed in studies conducted in rats. In a study
conducted by Ryan et al. (20) on rats, relaxin / insulin-like
family peptide receptor 3 (RXFP3) selective agonist was
administered to rats whose anxiety model was created
experimentally. At the end of the experiment, it was found
that symptoms of anxiety and depression in rats decreased.
As aresult of the study, it was stated that relaxin-3/RXFP3
signals play a role in the modulation of depression and
anxiety, and that RXFP3 agonists can be used in future
in the management of anxiety and depression. Zhang et
al. (21) similarly demonstrated the anxiolytic effects of
RXFP3 agonists on mice. It was suggested that modeling
possible therapeutic potential of these drugs is important in
revealing how well their actions are conserved. In contrast
to these studies, Rytova et al. (22) indicated that chronic

Table 3. Diagnostic value of irisin in predicting autism spectrum disorder

Variable AUC(95% Cl)

Plazmairisin level | 0,696 (0,571-0,822) | 3,5ng/ml 658 60,0

AUC: Area under the curve
Cl: Confidence interval

Cut-off value Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)

67,6 58,1
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activation of RXFP3 promoted anxiety and social avoid-
ance in rats. Nakazawa et al. (11) in a study found that
relaxin-3 has an anxiolytic effect via a signaling pathway
involving oxytocin. In addition, it is known that oxytocin
has effects on basic symptoms and brain structures in
individuals with ASD (23).

In our study, plasma relaxin-3 level was found to be low
in patients with ASD. However, the difference with the
control group was not statistically significant. Considering
the association of oxytocin and relaxin-3, relaxin-3 level
is expected to be low. However, due to the small sample
size, this difference may not be significant.

In recent years, it has been shown that skeletal muscle
also functions as a secretory organ in the body. Cytokines
and other peptides produced by muscle cells and released
into the circulation are referred to as myokines (24). Irisin
is one of these myokines. The irisin can affect many systems
in the body. Mostly, research has focused on the metabolic
effects of irisin. Tentolouris et al. (25) in their study involv-
ing comparison of diabetic patients and controls found
lower serum irisin levels in the case group. Similarly, Yiiksel
etal. (26) found low serum irisin levels in pregnant women
with gestational diabetes. In addition, the effects of irisin
on the central nervous system were investigated on mice.
Li et al. (27) investigated the effect of irisin on cerebral
ischemia caused by middle cerebral artery occlusion in
mice. Researchers found that plasma irisin concentrations
decreased after ischemia, and that plasma irisin level had a
negative correlation with brain infarct volume and neuro-
logical deficits. Additionally, they found that irisin protects
neuronal cells during ischemia, and irisin treatment in mice
causes regression in brain damage, neurological deficits and
cerebral edema. Moon et al. (28) investigated the role of
irisin in the hippocampus in mice and determined that irisin
at physiological concentration (5-10 nmol/L) did not cause
alteration in cell proliferation compared to controls, but
irisin at pharmacological concentration (50-100 nmol/L)
caused increased cell proliferation. Children with ASD have
some abnormalities in their brain structures compared to
other children with normal development. Sparks et al. (29)
in a neuroimaging study compared ASD children with
developmentally delayed and typically developed children
and found an increase in amygdala and hippocampus vol-
umes in children with ASD. In a study conducted by Xu et
al. (30) indicated that hippocampus volumes of individuals
with ASD were larger than controls and this abnormal
pattern continued into adolescence.

Our study is the first to investigate plasma irisin levels
in individuals with ASD. In our study, plasma irisin levels

were found to be lower in the case group than in the control
group. This finding supports the norm that there are some
abnormalities in the brain of ASD patients at cellular level
due to many factors. This can be attributed to the fact that
irisin serves a healing purpose in brain conditions such as
ischemia and anoxia. It is thought that brain damage that
may occur in prenatal, natal and postnatal periods in these
individuals may be related to low serum irisin levels. In
addition, the fact that a cut-off value was determined for
plasma irisin level and that low irisin levels support the
diagnosis of ASD stand out as the strengths of our study.

LIMITATIONS

Our study is strong in terms of pioneering the investi-
gation of irisin and relaxin-3 levels in individuals with
ASD and determining a relationship between low irisin
levels and ASD. Despite all its strengths, it has some
drawbacks. The small sample size, being a cross-sectional
study, and not evaluating other neuroendocrinological
variables that may affect irisin and relaxin-3 levels can
be considered as limitations.

CONCLUSION

In conclusion, the etiopathogenesis of ASD is still not
tully elucidated. Many genetic, endocrinological and
environmental factors are being studied. It is impor-
tant to identify the possible biochemical abnormalities
in children with ASD in terms of understanding the
pathogenesis and determining the diagnosis and treat-
ment strategies. Our study investigated plasma relaxin-3
and irisin levels in individuals with ASD. A statistically
significant lower plasma irisin levels in individuals with
ASD than the control group was found. Identifying bio-
logical abnormalities in ASD is also important for the
reliability of the diagnosis of ASD, which is a clinical
diagnosis. As an outcome of the study, the predictive
cut-oft value of plasma irisin level in the diagnosis of ASD
was identified as 3.5 ng/ml. Studies on this subject with
larger series are needed in order to clearly demonstrate
the association of ASD and irisin. Our study will be a
guide for future studies.

Key Points

Statistically significant difference between the groups was found only for
serum irisin levels.

The cut-off value for the serum irisin level was determined as 3.5 ng/ml.
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