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INTRODUCTION

Major depressive disorder (MDD) is a serious psychiatric 
disturbance characterized by impaired mood and reduced 
interest or pleasure in daily activities, it is accompanied by 
weight change, sleep disturbance, fatigue and reduced physi-
cal capacity.1 The pathogenesis of MDD has been shown to be 
related to hypothalamic-pituitary-adrenal axis dysfunction, 
immune system abnormality and important alteration in mono-
amine receptor activities especially the lack of serotonin.2 The 
melanocortin receptor system (especially melanocortin recep-
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tor 4) has an influence on the regulation of stress-related func-
tions and energy homeostasis.3 

Noteworthy reports from recent studies revealed endocrine 
disturbances of some energy regulated hormones in patients 
with MDD, including nesfatin-1 and ghrelin.4-6 Nesfatin-1, which 
is a satiety molecule in the hypothalamus, has a key regulatory 
role on body energy metabolic systems via the melanocortin 
3/4 receptor without leptin dependent.7-9 In addition to its role 
on food intake and energy regulation, nesfatin-1 has important 
effects on several neurotransmitter systems and on a number 
of neural functions.10 There are reports of an altered nesfatin-1 
level in various forms of stress-associated psychopathologies 
in the literature.4,11,12

Since 1999, when ghrelin was first defined as the natural en-
dogenous ligand for the growth hormone secretagogue recep-
tor,13 it has been found in a variety of other organs.14 A periph-
eral orexigenic (appetite-stimulating) hormone, it is involved 
in the regulation of energy homeostasis, or appetite.15 In addi-
tion, ghrelin has also been shown to be an important player in 
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the regulation of numerous central nervous system functions, 
including, sleep, cognition, mood and reward.16-19 Important-
ly, the results of some studies showed a close link between ghre-
lin and depression; ghrelin has been reported as having both 
an antidepressant and a depressogenic effect in rodents.20,21

Although there is some debate on the role of nesfatin-1 and 
ghrelin on depression, numerous studies indicate a crucial in-
volvement of nesfatin-1 and ghrelin in the regulation of the 
stress response. However, none of the studies found in the lit-
erature evaluate the relationship between the severity of MDD 
and the response of the nesfatin-1 and the ghrelin hormones. 
Therefore, understanding the station of these hormones in the 
psychopathological role in MDD will be an indicator of both 
the efficiency of the treatment and the prognosis.

We hypothesized that the levels of nesfatin-1 and ghrelin in 
patients with major depression would be higher in relation-
ship to the severity of the disease than in healthy subjects. The 
main point of the present study is in evaluating the possible 
relationships between nesfatin-1, the ghrelin (acylated and 
des-acylated) levels and the severity of the MDD. 

 
Methods

Participant
Thirty patients (18 female, 12 male) with a moderate degree 

of MDD and, 30 patients (17 female, 13 male) with a severe de-
gree of MDD were enrolled in the study. In addition 30 sub-
jects (15 female, 15 male) without any depression were en-
rolled as a controls. The age, height, weight and body mass 
index (BMI) were 37.1±14 yr, 167±5 cm, 67.7±5.1 kg, and 
24.3±3.7 kg/m2 for the patients with the moderate MDD group, 
38.0±16 yr, 169±6 cm, 71.4±5.7 kg, and 25.0±3.9 kg/m2 for 
the severe MDD group and 36.2±10 yr, 168±4 cm, 69.7±7.8 
kg, and 24.7±1.7 kg/m2 for the control group, respectively. 
There were no statistically significant differences in age, height, 
weight and BMI among the study groups.

The local Ethics Committee approved the study protocol 
and informed written consent was obtained from each subject. 
The protocol of this study was conducted in accordance with 
The Code of Ethics of the World Medical Association (Decla-
ration of Helsinki) for experiments involving humans (The eth-
ic approval number: 11/03/2016; session#09; Assize:01).

To rule out abnormalities, before the study, each participant 
underwent a medical screening including medical history, 
physical examination, hormonal analyses, and cardiovascular 
risk assessment, which included electrocardiography. It is 
known that a different co-morbidity, such as a chronic inflam-
mation, and gastrointestinal or nutritional disorders can sig-
nificantly affect the nesfatin-1 and ghrelin levels. The exclusion 
criteria for the patients included the following: physical dis-

eases including respiratory, endocrinology, cardiac metabolic 
or renal diseases, alcohol or drug use disorders, and those re-
ceiving any hormonal or drug therapy. Patients aged less than 
18 years, those with a BMI of over 30 kg/m2, who were preg-
nant, and those with a current diagnosis of malignancy or a 
psychotic disorder were all excluded.

Based primarily on the 4th edition of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV),22 a depressive 
episode is defined: A period of two weeks or longer during 
which there is impaired mood and reduced interest or plea-
sure in daily activities, pessimism, fatigue, anhedonia, regret, 
impairment sleep, appetite, failing sexual desire, diminished 
ability to think and is accompanied by weight change, and re-
duced physical capacity. Distinct from the definition in the DSM-
IV, no exclusions were made for a depressive episode caused 
by medical illness, bereavement, or substance use disorders. 

An experienced psychiatrist rated the patients before they 
entered the study. The classification of the patients with major 
depressive disorders was made in a clinic using the Hamilton 
Depression Rating (HAMD) Scale. According to the HAMD 
scale; 0–7 is normal, 8–13 is mild depression, 14–18 is moder-
ate depression 19–22 is severe depression, >23 is very severe 
depression.23

Hormonal analysis
The patients were advised not to smoke, drink, eat or exer-

cise in the morning prior to the blood withdrawal. All blood 
samples were taken between 07:00 and 08:00 in the morning, 
after an overnight fasting period. Blood samples were centri-
fuged immediately and plasma was frozen at -80°C until fur-
ther processing. 

The plasma nesfatin-1 measurement was completed using 
a commercially available enzyme-linked immunosorbent assay 
(ELISA) kit (Phoenix Pharmaceuticals Inc, Burlingame, CA, 
USA catalog no: EK-003-26), according to the manufacturer’s 
instructions. The assay had a detection limit of 0.78 ng/mL. The 
ELISA method was used for the measurement of plasma ac-
ylated ghrelin (SPI BIO catalog no: A05106) and des-acylated 
ghrelin (SPI BIO catalog no: A05119) (SPI BIO, Bertin Phar-
ma Biotech, Montignyle Brettoneux, France). Intra- and inter-
assay coefficients of variation were 8.1% and 8.3% for acylated 
ghrelin and 3.2% and 3.8% for desacylated ghrelin, respec-
tively. Care was taken to perform the measurements with kits 
from the same company. All analyses were performed in a 
blind fashion in the same experimental set.

Statistical analysis
Values were expressed as means±SD. The Kolmogorov-

Smirnov Z test showed that the data were normally distribut-
ed. Therefore a one way ANOVA test was used to assess be-
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tween-group data comparisons. Comparisons of data regarding 
subjects of normal and various depression types were assessed 
using the paired t test. p<0.05 was accepted as significant.

Results 

The mean (±SD) HAMD score was 3.3±1.4 for the control 
group, 16.1±1.4 for the moderate depression group and 20.7 
±1.1 for the severe depression group.

The levels of nesfatin-1 (Figure 1), acylated ghrelin (Figure 2) 
and des-acylated ghrelin (Figure 3) in the patients with mod-
erate and severe MDD and the control subjects are shown in 
the figures. The nesfatin-1 levels of the patients with severe 
(3.92±0.4 ng/mL, p<0.0001) and moderate depression (2.91± 
0.5 ng/mL, p<0.0001) are significantly higher than those of the 
control group (1.01±0.3 ng/mL) (Figure 1). The patients with 
moderate depression have significantly lower nesfatin-1 levels 
compared to those with severe depression (p<0.0001) (Figure 1). 

The acylated ghrelin levels of the patients with severe de-

pression (88.56±4.1 pg/mL) are significantly higher than those 
of control (58.60±9.00 pg/mL, p<0.0001), and the moderate 
depression groups (77.63±4.19 pg/mL, p<0.0001) (Figure 2). 
The patients with moderate depression have higher acylated 
ghrelin levels compared to those of the control group (p<0.0001) 
(Figure 2).

The des-acylated ghrelin levels of patients with severe depres-
sion (962.76±67 pg/mL) are significantly higher than those of 
the control (543.13±62 pg/mL, p<0.0001), and the moderate 
depression groups (631.16±35 pg/mL, p<0.0001) (Figure 3). 
The patients with moderate depression have higher des-acyl-
ated ghrelin levels compared to those of the control group (p< 
0.0001) (Figure 3).

 
Discussion

The main findings of the present study are that the plasma 
nesfatin-1 and the ghrelin (des-acylated and acylated) levels 
in severe depressive patients were higher than those in both 
the moderate depressive patients and the control group. Nes-
fatin-1 and ghrelin, which are generally known as regulatory 
hormones of energy homeostasis,7,13 may have important 
therapeutic roles in the endocrine and neuroendocrine regu-
lation of stress related neurodegenerative diseases.4,10,24,25

The nesfatin-1 level was found to be significantly higher in 
moderate depressive patients and it increased further in se-
vere MDD (Figure 1). The distribution of nesfatin-1 in stress 
sensitive areas in the brain has been shown.10,26 The observa-
tion of higher nesfatin-1 levels in depressive patients are sup-
ports the findings of a previous study that showed stress could 
increase the plasma nesfatin-1 levels.27 

In the present study, we have shown that the severity of de-
pression caused increased ghrelin levels (Figure 2). The satis-
factory explanatory data for the relationships between ghre-
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Figure 1. Nesfatin-1 levels response to the control, moderate and 
severe major depressive groups. Values are presented as mean± 
SD. *significant differences compared to the control levels. 
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Figure 2. Acylated ghrelin levels response to the control, moderate 
and severe major depressive groups. Values are presented as 
mean±SD. *significant differences compared to the control levels. 
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Figure 3. Des-acylated ghrelin levels response to the control, mod-
erate and severe major depressive groups. Values are presented 
as mean±SD. *significant differences compared to the control levels.
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lin and depression in humans is limited and it is not consistent. 
Compared to healthy subjects, the ghrelin plasma or serum lev-
els in patients with MDD were found to be lower,28 higher29-31 
and non-changed.32,33

There is no clear evidence whether ghrelin contributes to the 
severity of depression. The studies concerning ghrelin’s role 
in depression showed either an antidepressant21 effect or a de-
pressogenic effect.33 However, higher plasma acylated ghrelin 
levels in treatment resistant patients, as compared to control 
subjects, were reported.6 In addition, a significant decrease in 
the ghrelin levels in depressed patients was reported following 
antidepressant treatment.31 The higher ghrelin level in severe 
depression could be attributed to effects on neuroprotection.21 
The neuroprotective effects of ghrelin are shown in neurode-
generative diseases.34 

Stress induced altered nesfatin-124 and ghrelin35 levels have 
significant effects on neuroendocrinological parameters. Nes-
fatin-1 and ghrelin are known as adversely affecting hormones 
on appetite and food intake regulation.36 A significant reduc-
tion in nesfatin-1 levels in patients with diabetes who has seri-
ous metabolic impairment, has also been shown.37 However, 
in this study, patients in the severe MDD group had higher 
nesfatin-1 (Figure 1) and acylated (Figure 2) and des-acylated 
(Figure 3) ghrelin levels as compared to the moderate MDD 
and the control group. There is not a clear explanation regard-
ing which molecular mechanism might have the strongest in-
fluence on the altered nesfatin-1 and the ghrelin levels in ma-
jor depressive patients. The significance of the nesfatin-1 and 
the ghrelin systems in psychiatric disorders should be clarified 
to understand their causal involvement in diseases. 

The study has limitations that should be taken into consid-
eration. The main limitation is the small sample size of the 
moderate and severe depression groups. Further studies that 
focus specifically severity of the depression (including, mild 
and very severe) with a larger number of patients are needed.

As a conclusion, in clinical medicine, the evaluation of nes-
fatin-1 and ghrelin38 roles in the endocrine and neuroendocrine 
regulation of major metabolic functions will be an important 
key mechanism to solving many diseases associated with en-
docrine and neuroendocrine disturbances. Increased levels 
of nesfatin-1 and ghrelin may be important criteria for de-
scribing patient prognoses and the effectiveness of treatments.
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