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ABSTRACT
Background: Nesfatin-1 is an anorexigenic protein expressed in the hypothalamus. Besides the effect on appetite, nesfatin-1 has some
effect on mood. In this study, we aimed to investigate the relationship between serum nesfatin-1 levels and major depressive disorder in
adolescents diagnosed as major depressive disorder.
Methods: A total of 30 patients between the ages of 12 and 18 with primary diagnosis of major depressive disorder have been included.
Depressive scores of both groups were measured by the Children’s Depression Inventory. Serum nesfatin-1 concentrations were measured
by a commercially available kit based on the enzyme-linked immunosorbent assay (ELISA) method.
Results: The mean serum nesfatin-1 levels in patients with MDD was 40.11±1.62 pg/ml, whereas it was 37.51±5.10 pg/ml in healthy controls.
Mean serum nesfatin-1 levels difference between groups was statistically signiﬁcant. There is a positive correlation between serum nesfatin-1
levels and CDI scores in the whole sample.
Discussion: This is the first study to examine the relationship between major depressive disorder and serum nesfatin-1 levels in adolescents
diagnosed as major depressive disorder. Further studies are needed to clarify this relationship.
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Introduction
Nesfatin-1 is an anorexigenic protein expressed in the hypothalamus
which was discovered in 2006. Its name is an abbreviation of NEFA/
nucleobindin 2 encoded satiety-and fat-inﬂuencing protein1.
Nesfatin-1 was previously discovered in the hypothalamus, which
is in the central nervous system, but it also exists in peripheral
tissue. Specifically, it is secreted by peripheral adipose tissue, gastric
mucosa, pancreatic endocrine beta cells, and testis tissue2. In terms
of appetite, nesfatin-1 has an anorexigenic effect and reduces
food intake3. In addition to the effect on appetite, the effect of
nesfatin-1 on mood is also remarkable. It has been shown that the
intracerebroventricular administration of nesfatin-1 can stimulate
the HPA axis4 and increases anxiety, depression-like behavior, and
anhedonia in normal-weight rats5. The relationship between the
nesfatin-1 levels and major depressive disorder, especially among
the adult population, has been mentioned in several studies6.
Depressive disorders in childhood and adolescence have been
characterized by persistent and pervasive anhedonia, sadness,
boredom, or irritability that cause functional impairment7. The
prevalence of depressive disorders is 3-8% in adolescents8. In

Turkey, the prevalence of any mood disorders reported as 2.5%, and
the prevalence of major depressive disorder was reported as 1.7%
in a relatively young sample9. In addition to being a psychiatric
disorder, there has been a lot of evidence that emphasizes the
relationship between major depressive disorder and metabolic
system. The effects of some peptide hormones that affect the
hypothalamus have been studied in recent years. Hypothalamus is
an important target because the areas which are related to mood
(i.e. raphe and arcuate nucleus) exist in the hypothalamus and the
HPA axis is an important factor for depression and anxiety. Leptin
is one of the most studied hormone derived from adipose tissue and
it has effects both on mood and appetite11.
There is a relationship between appetite-related peptide
hormones and major depressive disorder among adolescents.
Nesfatin-1 is a novel candidate molecule in this area. In this study,
we aimed to investigate the relationship between serum nesfatin-1
levels and major depressive disorder among adolescents diagnosed
with major depressive disorder. We hypothesized that there could
be an association between nesfatin-1 and major depressive disorder
among adolescents like adults.
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Methods
Sample
This study has been conducted at Necmettin Erbakan University,
Meram School of Medicine, Child and Adolescent Psychiatry
Department outpatient unit. The diagnostic evaluation has been
made according to the DSM 5 diagnostic criteria with the K-SADSPL Turkish version12 formed by a child and adolescent psychiatrist
(BA and EH). A total of 30 patients between the ages of 12 and
18 with primary diagnosis of major depressive disorder have been
included in the study. All the patients were at the first depressive
episode when they were included in the study. The following
conditions have been considered as exclusion criteria because
of the potential confounding effect of medical treatment on the
nesfatin-1 levels; having psychiatric treatment in the last 3 months;
an additional medical condition (disorders that affect the hormonal
system such as diabetes mellitus, thyroid disorders, adrenal system
disorders, long-term medical follow-up, and treatment); diagnosed
with neurodevelopmental disorders such as autism, schizophrenia,
bipolar disorder, and intellectual disability; and any other
psychiatric disorders and treatment. The control group (n=30)
consists of age and sex equalized adolescents and families, without
any psychiatric disorder. They were included in the research as the
study group that applied to the Department of Pediatrics Outpatient
Unit at Necmettin Erbakan University and they have no psychiatric
comorbidity. Also, the diagnostic evaluation has been made with
the K-SADS-PL Turkish version to a healthy control group formed
by a child and adolescent psychiatrist. Informed consent was
provided with both the patient and the control groups. This study
has also been approved by Necmettin Erbakan University Ethical
Committee (Protocol number: 2016/753).

Tools
Depressive scores of both groups were measured by the Children’s
Depression Inventory (CDI). CDI is a self-assessment scale
applicable to children between the ages of 6 and 17. For this
study, the scale has been filled in by the child him/herself. There
were three different options for each item on the 27-point scale.
The child is asked to choose the most appropriate sentence for the
last two weeks. Each item takes 0, 1, or 2 points according to the
severity of the indication. The highest score is 54. The higher the
score, the greater the depression is13. The validity and reliability of
the inventory in Turkish have also been formed14. The cut point is
recommended as 19.
Physical measurement (weight and height measurements and
calculation of body mass indexes (BMI)) of all participants were
done studiously by the same measure and digital scales.

Biochemical Measurements
Blood samples for nesfatin-1 were obtained in the morning around
9 a.m. from a forearm vein of the participants at the end of an
overnight 10 hours fasting period at least. Then the blood was
carefully and immediately (in a few seconds) transferred from
the blood tubes to centrifuge tubes. After the centrifuge process,
the separated serum was stored at −80°C, in a freezer until the
time of assay. Serum nesfatin-1 concentrations were measured
by a commercially available kit based on the enzyme-linked
immunosorbent assay (ELISA) method (Human Nesfatin 1 ELISA
Kit, Uscn Life Science, Wuhan, PR China). The assay uses a twoside sandwich technique with two selected polyclonal antibodies
that bind to different epitopes of human nesfatin-1. The minimum
detectable dose (sensitivity) of nesfatin-1 with ELISA kit is typically
less than 234.2pg/mL. This assay has high sensitivity and excellent
specificity for detection of nesfatin-1. The detection range of kit is

617.3-50,000pg/mL. The standard curve concentrations used for
the ELISA’s were 50,000pg/mL, 16,666.7pg/mL, 5,555.6pg/mL,
1,851.9pg/mL, 617.3pg/mL. Samples were assayed in duplicate. The
serum nesfatin-1 concentration values are reported in picogram per
milliliter (pg/mL). Blood samples were obtained in empty vacuum
tubes after overnight fasting. Serum samples were obtained after
suitable centrifugation and samples were stored at -80oC in a freezer
until the day of serum nesfatin-1 analysis.

Statistical Analysis
The analysis of the data has been performed by using a Statistical
Package programmer for Social Sciences (SPSS) 20.0 statistical
software (Chicago, IL, USA). The normal distribution of the data
was evaluated with the skewness and kurtosis value15. The Student's
t-test was used in analyzing the differences of psychiatric test
scores between groups because the normality of the distribution of
variables is acceptable. Pearson correlation analysis has been used
in investigating the relationship between serum nesfatin-1 levels
and depressive scores. A two-tailed p-value of 0.05 is considered to
be statistically signiﬁcant.

Results
The study sample consists of 60 adolescents. 30 (4 male, 26 female)
of them have been diagnosed with major depressive disorders and
30 (7 male, 23 female) of them are healthy controls. There are no
signiﬁcant differences between the patient and the control groups
in terms of gender, age, and body-mass index. The mean BMI is
21.38±4.89 in patient groups and 21.15±4.37 in the control group
(t=0.192, p=0.848). The comparisons of sex, age, and body-mass
index are given in Table 1.
The mean CDI scores (30.40±6.91 in the patient group, and
11.03±6.60 in the control group) were statistically higher in the
patients with MDD than in the control group (t=10.998, p<0.001)
(Table 2) The mean serum nesfatin-1 levels in the patients with
MDD was 40.11±1.62 pg/ml, whereas it was 37.51±5.10 pg/ml in
healthy controls. The difference of mean serum nesfatin-1 levels
between groups was statistically signiﬁcant (t=2.66, p=0.04, cohen’s
d=0.538). The serum nesfatin-1 levels values are given in Table 2.
In the patient group, there is a positive correlation between
serum nesfatin-1 levels and CDI scores, and this relationship is
nearly statistically significant (p=0.05, r=0.349).
Table 1. Comparison of sex, age and body-mass index
Demographics

Patient
N
%
Sex (Male/Female) 4/26 13.3/86.7
Mean
SD
Age
15.63
1.51
BMI
21.38
4.89
BMI: Body mass index

Control
N
%
7/23 23.3/76.7
Mean
SD
15.30
1.66
21.15
4.37

Statistics
p
x2
1.002 0.317
t
p
0.810 0.421
0.192 0.848

Table 2. Comparison of depressive scores and serum Nesfatin 1 Level
Patient
Mean SD
CDI Scores 30.40 6.91
Nesfatin-1
Levels (pg/ 40.11 1.62
ml)

Control
Mean SD
11.03 6.60

Statistics
t
p
Cohen’s d
10.998 <0.001**
2.867

37.51

2.076

5.10

0.04*

0.538
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Discussion
Our study has been the first that investigates the relationship
between serum nesfatin-1 levels and major depressive disorder
among adolescents. It has been found that serum nesfatin-1 levels
are significantly higher in patients than in healthy controls. In
the patient group, there is a nearly statistically significant positive
correlation between serum nesfatin-1 levels and depressive
symptoms.
There have been several studies that investigate the relationship
between nesfatin-1 levels and major depressive disorder among
adults. In these studies, higher mean plasma levels of nesfatin-1
were found in depressed patients16,17. In addition to these findings,
it has been found that plasma nesfatin-1 levels were associated with
depression severity. Moreover, it was an independent indicator of
severe depression18. Consistent with these findings, we have found a
higher serum nesfatin-1 levels in patients and a positive correlation
between serum nesfatin-1 levels and depressive symptoms. This
has been the first finding about the relationship between serum
nesfatin-1 levels and major depressive disorder among adolescents.
In the literature, there have also been some animal studies
investigating the relationship between nesfatin-1 and major
depressive disorder. Among rats, intraperitoneal injection of
nesfatin-1 increased the depressive behaviors. For instance; it
increased the immobility in the forced swim test and decreased the
swimming time19. In addition to this, plasma interleukin 6 and CRP
levels which are important cytokines for depression20 increased the
dose-dependently19. In a recent study, nesfatin-1, corticosterone,
interleukin 6, and CRP levels have been found significantly higher in
patients with the major depressive disorder than controls. A positive
correlation has been found between nesfatin-1, interleukin 6, and
CRP concentrations21. So, it could be mentioned that nesfatin-1
might activate the immune system and cytokines and might trigger
depression. In our sample, we have found a higher serum nesfatin-1
levels in the patient group and a positive correlation between serum
nesfatin-1 levels and depressive symptoms.
We think that it is important to state the pathophysiological
meaning of the change of nesfatin-1 levels in depression. There
have been few studies that indicate the interaction between
nesfatin-1 and the serotoninergic system which has an important
role on depression pathophysiology. 5HT 1B/2C agonism results
in anorexigenic effect by upregulating NUCB2 expression in the
hypothalamus. Besides that, the activation of 5HT 2C receptors
might play a role in regulating NUCB2 expression and feeding
behavior22. It is shown that inverse agonism of 5HT 2C receptor
via olanzapine decreases the NUCB2/nesfatin-1 expression in
hypothalamic feeding-related areas of rats. This effect results in
increased food intake and weight gain23. So, it could be mentioned
that the serotonin 5HT2C receptor has an important effect on
nesfatin-1 expression. It is also known that 5-HT2C receptor
blockade has a reducing effect on depressive and anxious states24.
Therefore, it could be suggested that 5-HT2C antagonism decreases
the nesfatin-1 levels and at the same time it has an antidepressant
effect. This relationship could explain the inverse relationship
between nesfatin-1 levels and depression. Longitudinal studies
are needed to examine whether increased nesfatin-1 levels are the
cause or the effect of mood disorders.
There is a close relationship between depression and obesity.
Obesity and being overweight are positively associated with
depression in adolescents25. Furthermore, the psychological and
social difficulties (i.e decreased self-esteem, problems in social
interaction, social rejection, and bullying) in obesity could increase
the depressive mood26. It can be stated that there has been a bidirectional relationship between obesity and depression. In obese
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adolescents, serum nesfatin-1 levels have been found higher
compared to non-obese adolescents. In this study, it has been
suggested that the efﬁciency of nesfatin-1 is reduced in obese
individuals due to the saturation of transporters that transport
nesfatin-1 from blood to cerebrospinal fluid. (CSF)27. When we
consider the bi-directional relationship between obesity and
depression, it might be mentioned that the reduced nesfatin-1
efficiency in the central nervous system might result in both obesity
and depression. Nesfatin-1 could be a biological junction in the
depression and obesity relationship.
This study has certain limitations. The small sample size is the
main limitation of our study. It is not clear whether the measure of
nesfatin-1 levels from peripheral blood reflects its levels in the brain
or not. Serum nesfatin-1 levels were measured by only the ELISA
method but not confirmed through any other method (Western
blot, etc). This should be mentioned as a methodological limitation.
We haven’t been able to establish causality between nesfatin-1 levels
and depression because of the cross-sectional design of our study.
Several confounding factors that change in depression such as BMI
or eating behaviors couldn’t be analyzed in this cross-sectional
study. Future longitudinal studies are going to be useful to clarify
the variability of nesfatin-1 levels according to the variability of
symptoms and related behaviors.
As a conclusion, this is the first study to examine the relationship
between major depressive disorder and serum nesfatin-1 levels
among ciladolescents diagnosed with major depressive disorder.
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