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Abstract. – OBJECTIVE: To investigate serum
concentration of nesfatin-1 in underweight children
who have poor appetite, and its association with
anthropometric markers of malnutrition.

PATIENTS AND METHODS: We recruited 50 un-
derweight children and adolescents (aged 2-18
years) who presented with loss of appetite. Thirty
age- and sex-matched controls were also included
in the study. Fasting serum nesfatin-1 concentra-
tions were measured by using Enzyme-Linked Im-
munosorbent Assay (ELISA) technique.

RESULTS: Mean nesfatin-1 level was significantly
higher in underweight children when compared to
controls (p < 0.001). There was no correlation be-
tween serum nesfatin-1 levels and anthropometrics
markers. 

CONCLUSIONS: Our results suggest that nes-
fatin-1 might have an important role in regula-
tion of food intake and pathogenesis of loss of
appetite in children.
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Introduction

Many developing countries have experienced
rapid economic, demographic and nutritional transi-
tions in recent decades, leading to changes in dietary
habits, nutritional status and lifestyle1,2. They are
facing increasing rates of overweight and obesity,
though undernutrition is still prevalent in these
countries3. Children require sufficient nutrients to
support the immune system and to help the body to
maintain health and normal body functions. Body
weight and fat are decreased in anorexic children
who eat slowly; consume a limited number of foods;
lack of interest in food; display an irregular eating
pattern; and experience loss of appetite and less fre-
quent hunger episodes.  Diets lacking sufficient en-
ergy and protein usually lead to malnutrition4.
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The central nervous system (CNS) contains a
number of neuroactive molecules that regulate en-
ergy homeostasis. Appetite-regulating molecules in
the CNS are categorized as either anorexigenic or
orexigenic depending on their function. Nesfatin-1,
the N-terminal fragment of nucleobindin 2
(NUCB2), is a peptide (82 amino acid in length)
that is widely distributed in the central nervous sys-
tem and co-localized with several neurotransmitters
involved in the modulation of metabolism, energy
homeostasis and food intake. Nesfatin-1 is ex-
pressed in both central and peripheral tissues and
has associations with metabolic alterations5,6. It is
the satiety molecule that is associated with
melanocortin signaling in the hypothalamus while it
decreases food intake in a dose-dependent manner7.

The effect of nesfatin-1 on appetite has been
studied in several metabolic diseases, such as
epilepsy, diabetes mellitus inflammatory stimula-
tion and cancer8-10. However, there is limited data
that exist regarding nesfatin-1 secretion in mal-
nourished children and young adolescents11,12. 

The literature supports many direct and indirect
causes of malnutrition, but few studies have exam-
ined the link between nesfatin-1 and childhood mal-
nutrition. In the light of these findings, nesfatin-1
might have a role in etiopathogenesis of childhood
malnutrition. In the present study, we aimed to com-
pare serum nesfatin-1 levels between underweight
children and control group in order to investigate the
potential role of nesfatin-1 in loss of appetite.

Patients and Methods 

Overall, 80 children aged 2-8, who presented to
Pediatric Endocrinology Department of Yüzüncü
Yıl University, Medicine School, were enrolled in
the study. The experiment group consisted of 50
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children with body weight < -2 standard deviation
(SD) according to the age due to poor appetite. In-
clusion criteria included inadequate food intake
(quality or quantity) despite adequate access to
nutrients. Children without any health problems
except for poor appetite were included in this
study as patient group. The children with short
stature, malabsorption, hypothyroidism, chronic
renal failure, growth hormone deficiency, infec-
tion or any other systemic disease were excluded
from the study. The control group consisted of
age- and sex-matched healthy children.

In the malnutrition group, the children be-
tween weight-for-age (WAZ) -2 SD and -3 SD
were classified as moderately malnourished and
those below -3 SD were classified as severely
malnourished.

Anthropometric measurements
Height and weight measurements were per-

formed by using a standard height and weight
measuring equipment. BMI was calculated by di-
viding the weight in kilograms to the square of
the height in meters.

World Health Organization (WHO) Clas-
sification for PEM

Z-score deficits were calculated for WAZ13. The
children with WAZ < -2 standard deviation (SD)
were included in the malnutrition group. Prede-
fined criteria for healthy control group was both
height-for-age (HAZ) and WAZ values > -1.5 SD
for all children. 

Serum Nesfatin-1 Measurement
Complete blood count, serum iron, serum total

iron binding capacity, ferritin, thyroid stimulating
hormone (TSH), free T4, vitamin B12, folic acid,
glucose, albumin, insulin, total IgA, tissue transg-
lutaminase antibody IgA (anti tTG-IgA), C-reac-
tive protein, erythrocyte sedimentation rate, and
serum nesfatin-1  were assessed in all subjects. Ve-
nous blood samples were drawn at 8:00-9:00 AM
following 12-hours fasting. Samples were then
separated by centrifugation (10 min at 4500 rpm,
4°C) and stored at −80°C until assays. Serum nes-
fatin-1 concentration was measured using ELISA
kits from CUSABIO BIOTECH (China) according
to the manufacturer protocols. Concentration of
nesfatin-1 was expressed in nanogram/milliliter.

Statistical Analysis
Analyses were conducted using the SPSS for

Windows software package (ver. 15.0; SPSS

Inc., Chicago, IL, USA). Data are presented as
mean and SD. Categorical variables presented as
frequencies and percentages. Data were assessed
for normal distribution, and demographic and
clinical characteristics were compared among
groups using the independent t-test. Categorical
data were compared using the χ2-test. A p value
< 0.05 was considered as statistically significant.

Ethical Approval
The study protocol was carried out in accor-

dance with the Helsinki Declaration 1989. The
parents of subjects were informed about objec-
tive of study before participation and written in-
formed consent was obtained from all parents.
Ethical approval was granted by the Yüzüncü Yıl
University Ethics Committee.

Results

Overall, 50 pre-pubertal children with malnu-
trition were recruited. Two children diagnosed as
sub-clinical hypothyroidism and one child diag-
nosed as celiac disease were excluded during fol-
low up period. Of 50 subjects, 28 (56%) were
girls and 22 (44%) were boys. The control group
included 15 (50%) boys and 15 (50%) girls. The
mean age was 6.08±0.083 years in the experi-
ment group while 6.0±0.076 years in the control
group. Table I summarizes the anthropometric
and demographic characteristics in the experi-
ment and control groups. There were differences
between groups in age and sex. In the malnour-
ished group, 30 subjects (60%) had moderate and
20 subjects (40%) had severe malnutrition. Nes-
fatin-1 level were similar between two malnutri-
tion groups. Mean nesfatin-1 level in the mal-
nourished group was significantly higher com-
pared to healthy controls (30.414±1.634 vs.
23.871±1.127; p< 0.001). Mean TSH, vitamin
B12, and insulin levels were significantly lower
in the malnourished compared to the control
group (p< 0.001, p= 0.031, and p= 0.024, respec-
tively). Mean free thyroxin (fT4) and insulin lev-
els were significantly lower in the malnourished
compared to the control group (p< 0.001, p=
0.031, and p= 0.024, respectively). There were no
significant difference in mean thyroid stimulating
hormone (TSH) and glucose levels between
groups (Table I). 

In the experiment and control groups, no sig-
nificant correlations were observed between nes-
fatin-1 and anthropometric variables (Table II).



Discussion

In patients with anorexia nervosa and those
with cancer-related weight loss, nesfatin-1 level
was significantly lower than those without
weight loss12,14. Former authors explained lower
nesfatin-1 level by assumption that nesfatin-1
levels may be regulated by nutrition status and
response to starvation. These results suggest that
nesfatin-1 level in central nervous system may be
decreased in order to reduce energy expenditure
of the body. On the other hand, a recent study on
fasting serum nesfatin-1 level, and its association
with body composition and daily protein intake
in patients with chronic kidney disease associat-
ed with anorexia and malnutrition demonstrated
that mean fasting serum nesfatin-1 level did not
differ between patients and controls15. A rat study
indicated that chronic peripheral administration
of nesfatin-1 at the dose tested results in a sus-
tained reduction in food intake and modulation
of whole body energy homeostasis16.

We determined higher nesfatin-1 level in chil-
dren with malnutrition than healthy children. Our
results seems to conflict with previous studies;
however, our patient group consisted of the chil-
dren with malnutrition due to poor appetite alone
without any systemic disease. This controversy
indicates nesfatin-1 levels may differ based on
the etiology of malnutrition.

Nesfatin-1 is involved in a wide spectrum of
physiological functions and its expression is de-
creased in the hypothalamic paraventricular nu-
cleus during starvation7,8. However, higher nes-
fatin-1 in children with poor appetite in our study
suggests that high nesfatin-1 levels might have

caused poor appetite by blocking the feel of
hunger as it is a satiety molecule.

It is thought that active form of nesfatin-1 in-
hibits body weight and appetite in rodents17.
There are conflicting results concerning the rela-
tionship between nesfatin-1 and BMI. Besides
the studies indicating positive correlation be-
tween nesfatin-1 and BMI6,15, there are also stud-
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Underweight Control
group group
Mean ± SD Mean ± SD p

Chronological age (yıl) 9.0±0.0766 9.08±0.083 > 0.05
Height  SDS -0.19±1.09 -0.0896±0.471 > 0.05
Body weight SDS -2.3±0.171     -0.354±0.138 < 0.001
BMI SDS -1.95±0.168 -0.217±0.168 < 0.001
BMI (kg/m2) 12.72±0.86 15.75±1.85 < 0.001
Nesfatin  (ng/mL) 30.414±1.6  23.871±1.127 <0.001
Insulin (IU/mL) 9.67±5.97 12.56±5.44 0.02
Glucose (mg/dL)   87.93±10.9 89.21±6.37 > 0.05
Free  T4  (ug/dL) 1.12±0.31 1.29±0.28 <0.05
TSH (ng/mL) 3.53±0.88 1.86±0.99 >0.05

Table I. Comparison of anthropometric measurements and, levels of  hormones, glucose and nesfatin-1 in underweight group
and those of the control group.

BMI: body mass index, TSH: thyroid stimulating hormone, SDS: standard deviation.

Control Underweight 
group group

Gender r -0.122 -0.159
p 0.441 0.347

Age r -0.046 0.037
p 0.772 0.827

Weight  SDS r 0.018 0.270
p 0.907 0.107

Height SDS r 0.067 -0.069
p 0.676 0.684

BMI (kg/m2) r 0.067 -0.012
p 0.685 0.949

BMI SD r 0.058 -0.092
p 0.730 0.615

Insulin (IU/mL) r 0.063 -0.067
p 0.667 0.648

Glucose (mg/dL)   r 0.017 0.260
p 0.915 0.170

Free  T4  (ug/dL) r 0.058 -0.076
p 0.766 0.846

TSH (ng/mL) r -0.112 -0.195
p 0.144 0.437

Table II. The correlation of anthropometric measurements,
glucose, hormones and level of nesfatin-1 in underweight
group and those of the control group.

BMI: body mass index, TSH: thyroid stimulating hor-
mone, SDS: standard deviation.
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ies indicating lower nesfatin-1 levels in patients
with high BMI18. We showed that there was no
correlation between BMI and nesfatin-1 in our
study. The relationship between nesfatin-1 levels
and BMI is controversial and further studies are
needed in this topic.

Conclusions

To best of our knowledge, this is the first study
evaluating nesfatin-1 levels in children with mal-
nutrition due to poor appetite. This study showed
that nesfatin-1 levels were significantly higher in
the underweight children with poor appetite than
those in healthy controls. The association be-
tween malnutrition and circulating nesfatin-1 lev-
el requires further clarification, and may lead to
the development of novel treatment strategies for
malnutrition in children with poor appetite.
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