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Background: The aim of this study was to
determine the relation between iron defi-
ciency anemia (IDA) and serum leptin, hep-
cidin, and ghrelin levels. Methods: Thirty
children with IDA and 28 healthy children
between the ages of 6 months and 6 years
admitted to our hospital were evaluated
prospectively. IDA was diagnosed based on
clinical and laboratory findings. All children
with IDA were treated with iron II-glycine-
sulphate complex for 3 months. Complete
blood count; iron metabolism parameters;
and serum leptin, hepcidin, and ghrelin lev-
els were studied in all healthy children and
in children with IDA before and after treat-
ment. Results: In children with IDA, the de-
crease seen in serum leptin levels after the
iron treatment was not statistically signifi-
cant. However, the increase seen in serum

hepcidin levels after the iron treatment was
statistically significant (P = 0.038). Hep-
cidin levels were significantly higher in chil-
dren with IDA who received iron treatment
compared to healthy children (P = 0.008).
After the iron treatment, serum ghrelin lev-
els in children with IDA were also signifi-
cantly higher compared to the levels be-
fore treatment and healthy children (P =
0.019 and 0.000, respectively). Conclusion:
Serum ghrelin and hepcidin levels increase
with iron treatment in children with IDA. In
view of the higher serum ghrelin and hep-
cidin levels after iron treatment when com-
pared to pretreatment levels and the healthy
children, we suggest that the iron treatment
has an important role in serum hepcidin and
ghrelin synthesis. J. Clin. Lab. Anal. 27:81–
85, 2013. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Iron deficiency anemia (IDA) is defined as an anemia
caused by the deficiency of iron required for maintain-
ing continuous erythropoiesis within bone marrow (1).
With the exception of the neonatal period, it is the most
common disease of the hematopoietic system in infants,
children, and adolescents.

Leptin is a well-defined afferent saturation factor se-
creted in fat tissue, which suppresses appetite and con-
trols body weight, food intake, and energy consumption
by affecting the appetite-regulating nucleus in the human
hypothalamus (2). Hepcidin is a homeostatic regulator
of iron absorption from the intestine, iron circulation in
macrophages, and iron release from hepatic deposits (3).
Increases in plasma iron levels and tissue iron deposits
activate the synthesis of hepcidin, and then hepcidin de-
creases iron release from macrophages and enterocytes

into the plasma (4, 5). Ghrelin is a hormone secreted
from the stomach fundus, which stimulates the feeling
of hunger. Its secretion through the central or peripheral
route increases appetite and food intake. Plasma ghrelin
levels reach a maximum before feeding, fall after feeding,
and start to increase again after eating. This feature of
ghrelin makes it the feeding initiator. It is reported that
loss of appetite in IDA may be caused by decreased ghrelin
levels (6).
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The aim of this study was to determine the relation
between IDA and serum leptin, hepcidin, and ghrelin
levels.

MATERIAL AND METHODS

In this study, 28 healthy children and 30 children with
isolated nutritional IDA, with hemoglobin (Hb) value in
complete blood count of <9 g/dL serum iron, transferrin,
and ferritin levels compatible with IDA, and no other
diseases, were analyzed prospectively. All these children
were aged between 6 months and 6 years.

The IDA diagnosis was established based on clinical and
laboratory findings. Patients with IDA used iron treatment
as 6 mg/kg/day for 1 month. All children with IDA were
treated with orally iron II-glycine-sulphate complex for 1
month. After Hb levels reached the normal range, iron
treatment was continued as 2 mg/kg/day for 2 months.

Complete blood count; sedimentation rate; absolute
reticulocyte count; serum iron; total iron binding capac-
ity; iron saturation; transferrin; and ferritin, and serum
leptin, hepcidin, and ghrelin levels were analyzed in pa-
tients before and after the treatment and in healthy chil-
dren.

Automatic hemocytometer (LH-780, Beckman Coulter
(USA)), which is calibrated on a daily basis, was used for
complete blood count and reticulocytes. Hb, hematocrit,
white blood cell count, platelet count, mean corpuscular
volume, mean corpuscular Hb, mean corpuscular Hb con-
centration, red cell distribution width, and reticulocytes
were measured from 2 ml of venous blood.

After complete coagulation of venous blood samples
collected for leptin, hepcidin, and ghrelin, they were di-
vided into serums after centrifuge for 5 min at 3,000 rpm.
Samples were frozen at –80◦C until analysis. Prior to anal-
ysis, all samples were kept at –20◦C for 1 day and thawed at
+4◦C. Leptin and hepcidin levels of thawed serum samples
were measured in the hematology laboratory using DRG
ELISA kit (DRG International, Inc Frauenbergstr, Ger-
many). Ghrelin levels were measured as total ghrelin level
using commercial Ghrelin (Human) EIA Kit (Phoenix
Pharmaceuticals, Inc. (USA)), and results were computed
using standard graphic method.

Data analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS) for Windows ver. 14
package program. Data with normal distribution were ex-
pressed as mean ± standard deviation and data without
normal distribution were expressed as medians. P values
< 0.05 were considered statistically significant. This study
was approved by the Education Planning and Coordina-
tion Board of the Ministry of Health Ankara Education
and Research Hospital (no. 3232, 03.11.10), and was con-
ducted according to the provisions thereof.

TABLE 1. Comparison of Hematological Parameters and Iron
Metabolism Parameters in Children with IDA Before and After
Treatment

Before treatment After treatment P

Hemoglobin (g/dL) 8.2 ± 0.8 11.9 ± 1.2 0,000a

Hematokrit (%) 26.8 ± 2.6 34.2 ± 3.3 0,000a

Mean corpuscular volume
(fL)

60.4 ± 7.7 72.5 ± 9.3 0,000a

Mean corpuscular
hemoglobin
(pg/erythrocyte)

18.6 ± 2.9 22.8 ± 3.2 0,000a

Mean corpuscular
hemoglobin
concentration (g/dL)

30.7 ± 1.2 32.6 ± 1.0 0,000a

Red cell distribution width
(%)

21.1 ± 5.2 23.4 ± 7.8 0.203a

White blood cell count
(109/L)

8.82 ± 3.47 10.43 ± 2.76 0.052a

Platelet count (109/L) 393 ± 155 352 ± 83 0.058a

Absolute reticulocyte count
(109/L)

0.069 ± 0.032 0.083 ± 0.035 0,004*

Iron (μg/dL) 12 (6–46) 29 (10–119) 0,000b

Iron saturation (%) 3.9 ± 2,6 10.4 ± 7.6 0,000b

Iron binding capacity
(μg/dL)

414 ± 76 368 ± 54 0,006*

Ferritin (ng/mL) 6.2 (0.9–11.1) 35.05 (3.1–99) 0,029b

aPaired samples t-test.
bWilcoxon test.

RESULTS

Thirty children diagnosed with IDA and with Hb of 9
g/dL and 28 children without anemia were included in
this study. Ages of children with IDA were between 7and
67 months (mean 20 ± 12 months). Of all patients, 14
(46.6%) were males and 16 (53.3%) were females. Ages
of healthy children were between 8 and 68 months (mean
33.4 ± 15.3 months) and of those, 14 (50%) were males
and 14 (50%) were females.

Significant improvements observed in hematologic and
iron metabolism parameters of all patients after iron treat-
ment (Table 1).

Median serum leptin level of children with IDA was
0.331 ng/mL (0.00–5.108 ng/mL) before the treatment
and 0.203 ng/mL (0.00–8.787 ng/mL) after the treat-
ment; no statistically significant difference was found
between before and after treatment levels (P = 0.738;
Table 2). Median serum leptin level in healthy children
was 0.151 ng/mL (0.00–5.325 ng/mL). No statistically
significant difference was found in serum leptin levels be-
tween healthy children and before or after treatment levels
in the children with IDA (P = 0.163 and 0.29, respectively;
Tables 3 and 4).

It was found that the median serum hepcidin level in
children with IDA was 56.73 ng/mL (38.4–140 ng/mL)
before the treatment, and increased to 64.56 ng/mL
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TABLE 2. A Comparison of Serum Leptin, Hepcidin, and Ghrelin
Levels of Children with IDA Before and After Treatment

Before treatment After treatment P

Leptin (ng/mL) 0.331 0.203 0.738a

(0.00–5.108) (0.00–8.787)
Hepcidin (ng/mL) 56.73 64.56 0,038a

(38.45–140) (44.31–133.81)
Ghrelin (ng/mL) 8.14 9.65 0,019a

(4.29–100) (4.86–100)

aWilcoxon test.

TABLE 3. A Comparison of Serum Leptin, Hepcidin, and Ghrelin
Levels of Children with IDA Before Treatment and Control

Before treatment Controls P

Leptin (ng/mL) 0.331 0.151 0.163a

(0.00–5.108) (0.00–5.325)
Hepcidin (ng/mL) 56.73 50.97 0.266a

(38.45–140) (34.8–119.9)
Ghrelin (ng/mL) 8.14 7.41 0.152a

(4.29–100) (3.6–10.0)

aMann–Whitney U-test.

TABLE 4. A Comparison of Serum Leptin, Hepcidin, and Ghrelin
Levels of Children with IDA After Treatment and Control

After treatment Controls P

Leptin (ng/mL) 0.203 0.151 0.29a

(0.00–8.787) (0.00–5.325)
Hepcidin (ng/mL) 64.56 50.97 0,008a

(44.31–13.81) (34.8–119.9)
Ghrelin (ng/mL) 9.65 7.41 0,000a

(4.86–100) (3.6–10.0)

aMann–Whitney U-test.

(44.31–133.81 ng/mL) after the treatment (P = 0.038;
Table 2). The median serum hepcidin level in healthy chil-
dren was 50.97 ng/mL (34.8–119.9 ng/mL). No statisti-
cally significant difference in median hepcidin level was
found between healthy children and before treatment in
the children with IDA (P = 0.266); however, hepcidin lev-
els in children with IDA who received iron treatment were
significantly higher compared to the healthy children (P
= 0.008; Tables 3 and 4; Fig. 1).

Median serum ghrelin level in children with IDA was
8.14 ng/mL (4.29–100 ng/mL) before the treatment,
whereas it is found to increase significantly to 9.65
ng/mL (4.86–100 ng/mL) after the treatment (P = 0.019;
Table 2). Median serum ghrelin level in healthy chil-
dren was 7.41 ng/mL (3.6–10.0 ng/mL). No sta-
tistically significant difference was found in median
serum ghrelin level before treatment in the children

Fig. 1. Comparison of median hepcidin levels in the patient group
before and after treatment and the control group.

Fig. 2. Comparison of median ghrelin levels in the patient group before
and after treatment and the control group.

with IDA and healthy children (P = 0.152); how-
ever, ghrelin levels in children with IDA after treat-
ment were found to be significantly higher compared
to healthy children (P = 0.000; Tables 3 and 4;
Fig. 2).

No statistically significant correlation was found be-
tween before- and after-treatment levels of serum lep-
tin, hepcidin, and ghrelin (P > 0.05). A statistically
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significant positive relation was found between after-
treatment ghrelin and leptin levels (r = 0.453, P = 0.012).

A statistically significant positive correlation was found
between ferritin and hepcidin levels of children with IDA
before the treatment (r = 0.461, P = 0.010).

DISCUSSION

IDA is the most common hematologic disease seen
during infants and children and significantly affects
performance and quality of life. The most important cause
of IDA seen during childhood is inadequate consumption
of food containing iron. In addition, increase in iron de-
mand due to rapid growth, blood loss, and malnutrition
are the other common causes of IDA.

Hepcidin is a hormone synthesized in the liver. It
is stimulated by an increase in plasma iron levels and
iron deposits in tissues, and decreases iron release from
macrophages and duodenal enterocytes into the plasma,
thereby preventing excessive iron absorption and iron ac-
cumulation in tissues (7). Its synthesis decreases in ane-
mia, while it increases significantly during infection and
inflammation (5). In a study performed by Ulukol et al.
(8), serum hepcidin levels of 16 infants with anemia and
54 infants without anemia were analyzed, and serum hep-
cidin levels of the infant group with anemia were detected
as lower than in the healthy children. In a study per-
formed by Semercioglu et al. (9) in 2010, hepcidin levels
of the IDA group aged between 1–3 years were also found
to be significantly lower compared to the healthy chil-
dren. Similar to previous published reports, in our study,
we compared the condition of children with severe IDA
before and after treatment with a healthy children. The
median hepcidin level was 56.73 ng/mL (38–140 ng/mL)
before treatment, and it increased to 64.56 ng/mL (44.31–
133.81 ng/mL) after 3 months of treatment, and statis-
tically significant difference was found between hepcidin
levels before and after treatment. Hepcidin values were
also higher after treatment in the anemia group compared
to healthy children group, and the difference was found to
be statistically significant. The higher hepcidin levels ob-
served after treatment in the anemia group compared to
both before-treatment values in the anemia group and the
healthy children suggests that iron treatment is an impor-
tant factor in hepcidin synthesis and its effect is relatively
fast.

The study performed by Ulukol et al. (8) on healthy in-
fants aged 4–12 months without anemia and the study
performed by Tiker et al. (10) on 16 healthy full-
term and 26 healthy preterm neonates showed a fairly
wide physiological distribution of serum hepcidin lev-
els. Our study also showed a wide physiological distri-
bution of serum hepcidin levels with 65 ± 27 ng/mL

in the patient group and 64 ± 15 ng/mL in the healthy
children.

In the study of Tiker et al. (10), no correlation was
found between serum hepcidin level and serum iron, Hb
or ferritin levels. In a study performed by Dallalio et al.
(11), a very strong correlation was found between serum
ferritin levels and hepcidin levels, whereas no significant
correlation was found between serum hepcidin levels and
Hb or serum iron levels. Our study also showed a statisti-
cally significant correlation between serum hepcidin and
ferritin levels in the patient group before treatment.

Ghrelin is an appetite-stimulating anabolic hormone,
which plays a role in the consumption and accumulation
of energy (12). However, when leptin is given through the
peripheral or central route, it causes an increase in energy
consumption and decrease in appetite. Ghrelin antago-
nizes this anorexigenic effect of leptin (13). Our study
supports this finding, and a statistically significant posi-
tive relation was found between ghrelin levels and leptin
levels in the patient group before treatment. Leptin also
plays a role within iron metabolism. In a study performed
by Chung et al. (14), it was shown that leptin has a similar
biological role to that of IL-6, which stimulates hepcidin
production and release. Our study did not find a signifi-
cant relation between serum leptin and hepcidin levels in
the patient and healthy children.

In a study performed by Küçük et al. (15) to analyze
the effect of IDA treatment on ghrelin and leptin levels
and appetite, ghrelin levels in the anemia group after the
treatment were found to be high, although they increased
calorie, protein, and carbohydrate intake. Similar to that
study, our study also found that ghrelin levels in the pa-
tient group were significantly higher after treatment when
compared to before-treatment levels. Consistent with re-
cent studies, in our study, ghrelin levels in the anemia
group after treatment were detected to be higher than in
the healthy children. These results suggests that unlike in
adults, an increase in food intake due to increased appetite
as a result of iron treatment may also increase ghrelin lev-
els, or increased ghrelin levels due to iron treatment may
increase food intake.

In a study performed by Işgüven et al. (16) on 25 pre-
pubertal children with IDA and a control group of 25
children, it was found that ghrelin levels of the IDA group
were lower than in the control group. In our study, we
found the lowest ghrelin level in the control group, and
this difference may have been due to measurement of ghre-
lin levels with different working methods or alteration in
ghrelin synthesis caused by hunger and calorie intake (17).
The same study (16) found that leptin levels do not vary
significantly between the groups, like in our study.

The study of Küçük et al. (15) found a significant de-
crease in leptin levels after the iron treatment. However,
plasma leptin levels in our study were 0.331 ng/mL
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(0.00–5.108 ng/mL) in the anemia group before treatment
and 0.203 ng/mL (0.00–8.787 ng/mL) after treatment ver-
sus 0.151 ng/mL (0.00–5.325 ng/mL) in the healthy chil-
dren. The decrease observed in the anemia group after
the treatment was not significant compared to the levels
before treatment, and there was also no statistically sig-
nificant correlation between the other groups in regard to
leptin levels.

In conclusion, IDA causes various clinical symptoms
and biochemical and hematological changes in the body,
and it is also associated with various hormones. Serum
ghrelin and hepcidin levels increase with iron treatment,
and hepcidin levels increase in conjunction with an in-
crease in ferritin. Because it was found that serum ghrelin
and hepcidin levels are higher after treatment and higher
than in the healthy children, we assume that the iron treat-
ment has an important role in serum hepcidin and ghrelin
synthesis. We believe that clarification of this issue will
contribute to the evaluation of the potentials of leptin,
hepcidin, and ghrelin in diseases associated with iron. We
thus believe that the existing data should be improved
with more clinical and laboratory studies with the aim of
developing new diagnosis and treatment techniques.
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maları. Türk Biyokimya Dergisi 2007;32:76–89.

13. Bilgin HM. Ghrelin: Gündemdeki hormon. Dicle Tıp Dergisi
2006;33:268–272.

14. Chung B, Matak P, McKie AT, Sharp P. Leptin increases the ex-
pression of the iron regulatory hormone hepcidin in HuH7 human
hepatoma cells. J Nutr 2007;137:2366–2370.
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