
INTRODUCTION

Ghrelin was first discovered during the studies on
the hypothalamic regulation of growth hormone
secretion by the pituitary gland. Ghrelin, in other
words motilin-related peptide, is one of the new
members of the gastrointestinal hormones (1-3). It

was shown in the stomach as a 28 amino acid pep-
tide for the first time in 1999 (4). In 2000, Date et
al. (5) demonstrated that the highest ghrelin ex-
pression was detected in the oxyntic mucosa of the
stomach and also considerable amounts were de-
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Girifl ve Amaç: Ghrelin gastrointestinal motiliteyi art›rmaktad›r. Gastrointestinal motilite bozukluklar›nda ghrelinin rolü oldu-
¤unu destekleyen baz› deneysel ve klinik çal›flmalar mevcut olmakla birlikte, konstipasyonla ilgili olarak s›n›rl› say›da çal›flma ya-
y›nlanm›flt›r. Bu çal›flmada, çocukluk döneminde fonksiyonel konstipasyonun patofizyolojisinde ghrelinin olas› rolü de¤erlendiril-
mifltir. Gereç ve Yöntem: Yafllar› 1-6 aras›nda de¤iflen yeni konstipasyon tan›s› alm›fl 43 çocuk ve 25 sa¤l›kl› kontrol grubu çal›fl-
maya dahil edildi. Bafllang›ç serum ghrelin düzeyleri, her iki grupta da analiz edildi. Tedavi protokolü; diyet, laktuloz ve pediat-
rik lavman uygulamas›ndan olufluyordu. Fonksiyonel konstipasyonu olan hastalar›n ghrelin seviyeleri iki ayl›k tedavi sonras› tek-
rar analiz edildi. Bulgular: Konstipasyonu olan hastalar›n bafllang›ç serum ghrelin düzeyleri, sa¤l›kl› çocuklardan daha düflük
bulunmufltur (p <0.001). Ghrelin seviyeleri tedavi s›ras›nda art›fl göstermifltir. Konstipasyonu olan hastalar›n ilk ve ikinci ayda öl-
çülen serum ghrelin düzeyleri aras›ndaki fark istatistiksel olarak anlaml› bulunmufltur (p <0.05). Sonuç: Bu çal›flma, ghrelinin
fonksiyonel konstipasyonu olan çocuklarda potansiyel rolü olabilece¤ini desteklemektedir. Nonspesifik tedavi ile serum ghrelin se-
viyelerinde art›fl gözlenmesi, düflük ghrelin seviyelerinin konstipasyonun sebebinden çok, sonucu olabilece¤i hipotezini desteklemek-
tedir.

Anahtar kelimeler: Ghrelin, motilin, konstipasyon, çocuk

Background/aims: Ghrelin stimulates gastrointestinal motility. Although there are some experimental and clinical studies sup-
porting the role of ghrelin for gastrointestinal motility disorders, limited research for constipation has been published. The purpo-
se of this study was to evaluate the possible role of ghrelin in the pathophysiology of functional constipation in childhood. Materi-
al and Methods: Forty-three newly diagnosed constipated children aged 1-6 years and 25 healthy age-matched controls were inc-
luded. Serum ghrelin levels were analyzed initially in both groups. Treatment protocol consisted of dietary modification, lactulose,
and administration of pediatric enema. Ghrelin levels of children with functional constipation were reanalyzed after two months of
treatment. Results: Initial serum ghrelin levels of constipated patients were found to be lower than those of healthy children
(p<0.001). Ghrelin levels increased during therapy. The differences between initial and second month serum ghrelin levels of cons-
tipated patients were found to be statistically significant (p<0.05). Conclusion: Our data supports the potential role of ghrelin in
children with functional constipation. Observation of an increase in serum ghrelin levels with nonspecific treatment supports the
hypothesis that low serum ghrelin levels might be a result rather than the cause of constipation. 
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ORIGINAL ARTICLE

Fonksiyonel konstipasyonda serum ghrelin seviyesi ve tedavi cevab›
aras›ndaki iliflki



tected in the duodenum, jejunum, ileum, and cae-
cum. In 2002, Wierup et al. (6) reported that ghre-
lin was mainly found in the pancreas, while an
only a few ghrelin cells were located in the sto-
mach during fetal and neonatal period. In 2000,
Hosoda et al. (7,8) and later in 2002, Gnanapavan
et al. (9) reported the presence of small amounts of
ghrelin in the pituitary, kidneys, heart, thyroids,
lungs, testicles, liver, pancreas, and hypothala-
mus.

Constipation is a common disorder in childhood. It
is defined as less than three bowel movements per
week or as difficulty in passing stools. The majo-
rity of the constipated children have functional
constipation (10-12). Organic disease such as con-
genital megacolon, anorectal malformation, neuro-
nal intestinal dysplasia, metabolic and endocrine
disorders or drugs are thought to be responsible
for only 10 % of all cases (13). Although painful de-
fecation and stool withholding are generally ac-
cepted as major causes, the exact etiology of func-
tional constipation is still not well-known (10,11).
Gut regulatory peptides such as motilin and ghre-
lin might be involved in the pathophysiology of
constipation (14). Ghrelin improves digestive mo-
tility by accelerating gastric and intestinal moti-
lity (14). Although the direct motility effect of
ghrelin seems to be restricted to the proximal gas-
trointestinal tract, there is some evidence for the
promoting role of ghrelin on colonic motility. The
presence of ghrelin receptor like immunoreactivity
was demonstrated in rat colon. On the other hand,
it was demonstrated that centrally or peripherally
administered ghrelin stimulates colonic motility
via hypothalamic NPY1 receptor pathways and
stimulation of lumbosacral ghrelin receptors ini-
tiates propulsive colonic motility in rats. Although
these data are suggestive for the effects of ghrelin
on colonic motility, the functional role of colonic
ghrelin receptors are still not clear (15-22]. There
are many reports about the role of ghrelin and
ghrelin receptor agonists in some gastrointestinal
motility disorders; however, a study about ghrelin
in children with functional constipation has not
been encountered so far in the literature. The pur-
pose of this study was to evaluate the possible ro-
le of ghrelin in the pathophysiology of functional
constipation in childhood. 

MATERIALS and METHODS

Forty-three newly diagnosed constipated children
aged between 1 and 6 years old and 25 age- and

sex-matched healthy children were included in the
study. The diagnosis of constipation was made ac-
cording to the Rome III criteria which was defined
as having at least two of the following characteris-
tics: fewer than three bowel movements weekly;
more than one episode of fecal incontinence we-
ekly; large stools in the rectum shown by digital
rectal examination or palpable on abdominal exa-
mination; occasional passage of large stools; reten-
tive posturing and withholding behavior, and pa-
inful defecation. 

Serum ghrelin level is known to be affected by cir-
cumstances such as obesity, infection, chronic ill-
ness and puberty, thus such patients were all exc-
luded in the two groups. Serum ghrelin levels we-
re analyzed initially in both groups. After an over-
night fasting, blood samples were taken before
08:00 a.m. Serum samples were stored in -80°C.
Serum fasting ghrelin levels were measured using
radioimmunoassay method (Ghrelin RIA Kit,
KIPMR90). All samples were analyzed in the sa-
me run.

Treatment protocol consisted of dietary modificati-
on and lactulose. Pediatric enema was administe-
red for the first 2 days to all constipated patients.
Lactulose treatment was given with a dose of
1 cc/kg/day. Soft defecation daily or every other
day was accepted as therapeutic response. The
first interview with constipated patient’s parents
was performed by telephone at the second week of
the treatment. Within the first 2 months, patients’
conditions were discussed with families 2-3 times
by phone. Lactulose doses were increased step by
step according to the information received from
the family on the phone. First check-up was per-
formed after 2 months. During follow-up of the pa-
tients, lactulose dose has been increased up to
3 cc/kg/day when necessary. Patients who had on-
going complaints despite lactulose given at a dose
of 3 cc/kg/day in 6 months were considered as “po-
or responders”. Complete blood count, thyroid
function tests, serum calcium levels, celiac mar-
kers, barium enema, and colonic manometric stu-
dies were performed respectively in poor respon-
ders. Serum ghrelin levels were measured again
after two months in all constipated patients. 

This study was approved by the local Ethics com-
mittee in Gazi University School of Medicine. In-
formed consents of all subjects were taken from
parents. This study was granted by the support
from Gazi University School of Medicine.
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Statistical Analysis

One-way analysis of variance, post hoc Tukey's
test, and chi-square test were performed for vari-
ables, where appropriate, to compare patient cha-
racteristics. The Kruskal-Wallis test was used for
the significance of the difference between the gro-
ups in terms of median serum ghrelin values. Wil-
coxon signed rank test was used to determine
whether there was a statistically significant chan-
ge between pre- and post-treatment serum ghrelin
levels. A p-value <0.05 was considered statisti-
cally significant.

RESULTS

There were 20 girls/23 boys in the functional cons-
tipation group and 13 girls/12 boys in the control
group. Median ages of patients with functional
constipation and healthy children were 36 (15-66)
months and 36 (18-60) months, respectively. The-
re was no difference for age and gender between
constipated patients and healthy group. Clinical
characteristics are shown in Table 1.

Initial median ghrelin levels in the patients were
lower than in the controls: 778 versus 3544 pg/mL
(p<0.001) (Figure 1). Within the first 2 months af-
ter the diagnosis, phone calls were performed on-
ce with 29 patients, twice with 8 patients, and 3 ti-
mes with 6 patients. Serum ghrelin levels increa-
sed after two months of therapy - from 778 pg/mL
to 1549 pg/mL (p<0.05) (Figure 1). During the 6-
month follow-up period, 8 patients received 1
cc/kg/day, 19 patients received 2 cc/kg/day, and 16

patients received 3 cc/kg/day lactulose treatment.
Twelve patients who received 3 cc/kg/day lactulo-
se responded to therapy in that dosage. The remai-
ning four patients who had the highest initial se-
rum ghrelin levels among others did not respond
to high-dose lactulose treatment (3 cc/kg/day).
These four patients required enema and stimulant
drugs and were accepted as poor responders. The
clinical characteristics and serum ghrelin levels of
poor responders are given in Table 2. There was a
positive correlation between initial serum ghrelin
levels and lactulose dosage (p <0.05) (R=+0.788)
(Figure 2). 

DISCUSSION

This is the first study investigating the relation
between serum ghrelin levels and functional cons-
tipation. So far, there has been no published study
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Patients with Healthy Children p
Functional Constipation N=25 (%)

N=43 (%)

Median age (months) 36 (15-66) 36 (18-60) p>0.05

Female/male 20 (46.5) / 23 (53.5) 13 (52) / 12 (48) p>0.05

Large stools in the rectum 33 (76.74) -

Passage of large stools 38 (88.37) -

Retentive posturing 25 (58.13) -

Withholding behavior 35 (81.39) -

Pain during defecation 36 (83.72) -

Abdominal distention 35 (81.39) -

Poor appetite 15 (34.88) -

Urinary tract infection 11 (11.62) -

Mild mental retardation 1 (2.32) -

Table 1. Clinical characteristics of patients with functional constipation and control group

FFiigguurree  11..  Serum ghrelin levels of constipated patients and con-
trol group.



investigating this issue in either adults or chil-
dren. We showed that serum ghrelin levels are lo-
wer in children with functional constipation com-
pared to healthy children which improved with
treatment.    

The studies for the past 10 years were about the
effects of ghrelin in gut-brain axis and were iden-
tifying different forms of ghrelin in blood. In the
last few years, both the animal and human studi-
es focused on ghrelin levels in situations such as
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Patients 1 2 3 4

Age 58 months 38 months 72 months 65 months

Gender Girl Boy Boy Boy

Ghrelin Level Initial Second Initial Second Initial Second Initial Second
(pq/mL) month month month month

942.424 987.98 988.424 995.43 969.565 995.75 976.425 1000.98

Large stools in the rectum + - + -

Passage of large stools - - + -

Retentive posturing - - + -

Withholding behavior - - + +

Pain during defecation - - + -

Abdominal distention - - + +

Poor appetite - - - -

Urinary tract infection - - - -

Psychological problems - - *     + -

Table 2. Clinical characteristics and serum ghrelin levels of poor responders

*: a slight diminution in IQ

FFiigguurree  22..  The association between initial serum ghrelin levels
and lactulose dosage.

glucose homeostasis, obesity, irritable bowel
syndrome, gastritis, and motility disorders.

El Salhy et al. (23) simultaneously analyzed se-
rum ghrelin levels and ghrelin cell density in oxy-
ntic stomach mucosa of patients with irritable bo-
wel syndrome. As a result, no significant differen-
ce was found between irritable bowel syndrome
patients and control group in their study. Simi-
larly, Sjölund et al. (24) reported that serum ghre-
lin and motilin levels of patients with irritable bo-
wel syndrome and control group showed no signi-
ficant difference. However, Takamori et al. (25) re-
ported that gastric emptying time was longer in
functional dyspepsia patients than in the control
group, and total serum ghrelin levels were lower
in these patients compared with the control group.
According to Takamori et al’s study (25), it might
be claimed that low total ghrelin levels may ex-
tend gastric emptying time and may cause dyspep-
tic symptoms. 

Falken et al. (17) reported the first and single
study about ghrelin in healthy volunteers. Accor-
ding to this study, administration of i.v. ghrelin
increased gastric emptying rate, while it has no ef-
fect on orocecal or colonic transit. Although there
was no evidence for a direct effect of ghrelin in the
colon, it was shown that ghrelin receptor agonists
reduced the first bowel movement time after sur-
gery (26). This postsurgical recovery of the gastro-
intestinal motility was explained by activation of
gastrocolic reflex and shortened overall transit ti-



me by stimulating gastric emptying time and
small intestinal transit time with ghrelin receptor
agonist. Gut regulatory peptides such as motilin
and ghrelin might be involved in the pathophysio-
logy of constipation (14). Based on the results of
the studies mentioned above, we decided to inves-
tigate the serum ghrelin levels of children with
constipation.

Animal studies about ghrelin’s effect on colonic
motility are quite interesting. Ghrelin accelerates
gastric emptying and enhances intestinal transit
time in conscious rats and mice (19,27,28). During
gastric motility tests, it was shown that ghrelin
augmented phase III-like contractions and these
contractions disappeared with ghrelin receptor
antagonists and atropine. In rats, gastric phase II-
I-like contractions and increase in gastric emp-
tying with ghrelin vanished by vagotomy or treat-
ment with capsaicin, showing that vago-vagal ref-
lex pathway participates in stimulating action of
ghrelin. Besides a vago-vagal reflex pathway, the
functional role of peripheral enteric ghrelin recep-
tor has been demonstrated in isolated gastrointes-
tinal strips of rats and mice (18,19,21,29). Howe-
ver, ghrelin did not stimulate canine gastrointes-
tinal motility in vivo (20). As a result, based on the
above-mentioned literatures, there is a gut-brain
axis for regulation of ghrelin levels. The transfer
of information about ghrelin to the brain through
the vagus might also contribute the prokinetic ef-
fect of ghrelin. 

In our study, initial serum ghrelin levels were lo-
wer in patients than in controls and they increa-
sed during lactulose therapy gradually. The ques-
tion that arises in this point is whether high se-
rum ghrelin levels via unknown mechanisms may
have a role in the treatment of constipation or tre-
atment of constipation leads to an increase in se-
rum ghrelin levels. Unfortunately, our study was
not designed to answer this question.  

We hypothesized that treatment of functional
constipation may lead to increase in serum ghrelin
levels either by reversing central dysregulation
ghrelin pathways or by increasing ghrelin recep-
tors in the gastrointestinal tract. In addition, nor-
malization of defecation with treatment, resoluti-
on of gut distention, changes in gut content, or ot-
her unknown mechanisms may promote ghrelin
secretion in the gastrointestinal tract. 

According to our study, 8 patients with functional
constipation received lactulose treatment of 1

cc/kg/day and 19 patients received lactulose treat-
ment of 2 cc/kg/day. In our study, initial serum
ghrelin levels of constipated patients were low and
among them, patients with the lower serum ghre-
lin levels did not require additional dosage for re-
covery. In other words, 16 of 43 constipated pati-
ents were receiving 3 cc/kg/day lactulose treat-
ment and initial serum ghrelin levels were higher.
4 of 16 constipated patients had the highest serum
ghrelin levels and did not respond to treatment
even though in high lactulose dosages. There was
no difference between initial and second month se-
rum ghrelin levels of these 4 poor responder pati-
ents who are still under treatment and we did not
observe an increase with therapy. 

An interesting result of our study is the strong po-
sitive correlation between serum ghrelin levels
and oral lactulose treatment dosage (p<0.05)
(R=+0,788). Children with functional constipation
with low serum ghrelin levels required low dosage
of oral lactulose treatment. However, higher ghre-
lin levels required higher doses of oral lactulose
for treatment. We took oral lactulose dosage as an
indirect measure of treatment response in our
study. There were 4 poor responders despite of
high dose of lactulose treatment. We speculate
that these outliers may be a subgroup with a dif-
ferent mechanism involved in functional constipa-
tion or there may be other factors/disease that we
could not diagnose despite detailed history and in-
vestigation.   

The limitation of our study was that we considered
the clinical situations that may affect serum ghre-
lin levels; however, although effects of appetite
and feeding on ghrelin were known, the dietary re-
gimens were not same in all groups. Under 2 years
of age, Z scores would not be suitable; therefore,
percentile values were used for inclusion criteria,
and children with normal development pattern
were included in the study. There was no signifi-
cant difference between the two groups in terms of
nutritional status. In our study, in order to clarify
the relationship between the etiology of constipa-
tion and serum ghrelin levels, serum ghrelin le-
vels have to be checked more than twice during
the follow-up period. However, in our study, ghre-
lin levels were measured only twice. 

In conclusion, studies concerning the effects of
ghrelin on gastrointestinal disease still continue
in the literature. Besides animal experiments, cli-
nical trials in humans are very limited especially
for constipation. In our study, we observed low se-
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rum ghrelin levels in constipated patients and
ghrelin levels increased with treatment. The cons-
tipated patients with the lowest initial ghrelin le-
vels showed the best response to treatment. We
need larger groups of patients in order to claim
that there is a relationship between ghrelin, colo-
nic motility and functional constipation. Moreo-

ver, we need additional studies to clarify that se-
rum ghrelin levels may be an indicator for respon-
se to therapy.
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