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Abstract

AIM: To investigate changes in serum ghrelin and obestatin
levels before and after Helicobacter pylori (H. pylori)
eradication.

METHODS: A total of 92 patients presenting with symp-
toms of dyspepsia were enrolled in the study. Upper
endoscopy was performed on all patients and used to
diagnose H. pylori infection according to the presence
of characteristic histopathological findings; seventy pa-
tients were diagnosed with H. pylori infection and the
remaining 22 non-infected patients were classified as
healthy controls. 4. pylori eradication was accomplished
by administering the classical triple therapy drug regi-
men, consisting of lansoprazole 30 mg b/id, amoxicillin 1
g bid, and clarithromycin 500 mg #id for 14 d. The eradi-
cation of H. pylori was assessed with C**-urea breath
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test, which was performed at eight weeks after treat-
ment. Levels of serum active ghrelin and obestatin were
assessed at beginning of the study (prior to treatment)
and after eight weeks. The levels were comparatively
analyzed between the H. pylori negative control group,
the H. pylori eradicated group, and the H. pylori non-
eradicated group.

RESULTS: A total of 92 patients, 50 females and 42
males with a mean age of 38.2 + 11.9 years (range:
19-64), were analyzed. H. pylori eradication success
was achieved in 74.3% (52/70) of H. pylori positive
patients. The initial levels of ghrelin in the A. pylori
positive and control cases were 63.6 £ 19.8 pg/mL and
65.1 £ 19.2 pg/mL (P = 0.78), respectively, and initial
obestatin levels were 771 + 427 pg/mL and 830 + 296
pg/mL (P = 0.19), respectively. The difference between
the initial levels and the week 8 levels of ghrelin and
obestatin in the control group was insignificant [4.5%
(P =0.30) and -0.9% (P = 0.65), respectively]. The dif-
ference between the initial and week 8 levels of ghrelin
and obestatin in the H. py/lori non-eradicated group
were also insignificant [0.9% (P = 0.64) and 5.3% (P =
0.32), respectively]. The H. pylori eradicated group had
a greater change in obestatin levels when compared to
the control and the non-eradicated groups (148 = 381
pg/mL vs -12 + 138 pg/mL and -72.8 + 203 pg/mL, re-
spectively, P = 0.015), while decreases in ghrelin levels
were insignificant (-7.2 pg/mL vs -1.4 pg/mL and -1.9
pg/mL, respectively, £ = 0.52). The ghrelin/obestatin
ratio for the initial and week 8 levels changed signifi-
cantly in only the H. pylori eradicated group (0.11 vs
0.08, respectively, £ = 0.015). For overweight patients
(as designated by body mass index), we observed sig-
nificant increases in obestatin levels in the eradicated
group as compared to non-eradicated group (201 + 458
pg/mL vs -5 £ 81 pg/mL, respectively, £ = 0.02). In the
H. pylori-eradicated group, the levels did not differ be-
tween the sexes for ghrelin (-6.3 £ 26.9 pg/mL vs -8.0
+ 24.0 pg/mL, respectively, P = 0.97) or obestatin (210
% 390 pg/mL vs 96 = 372 pg/mL, respectively, P = 0.23).
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CONCLUSION: Serum levels of ghrelin decreased while
obestatin levels increased in AH. pylori eradicated sub-
jects, especially in overweight and male patients.

© 2013 Baishideng. All rights reserved.
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Core tip: Ghrelin and obestatin are peptides that have
opposing roles in the regulation of appetite and sati-
ety. Helicobacter pylori (H. pylori), a common cause
of gastric inflammation, may have important effects
on these peptides and in turn be a potential target of
anti-obesity strategies. While the interplay between 4.
pylori and these peptides are well studied, this study
included two novel approaches. First, we collected se-
rum samples at two separate time points for both the
experimental and control groups, eliminating potential
seasonal problems. Second, we focused on not only to
H. pylori positive patients that responded to therapy,
but also those who did not. This helped to distinguish
the effects of antibiotherapy on ghrelin and obestatin
regardless of the effectiveness of H. pylori treatment.

Ulasoglu C, Isbilen B, Doganay L, Ozen F, Kiziltas S, Tuncer 1.
Effect of Helicobacter pylori eradication on serum ghrelin and
obestatin levels. World J Gastroenterol 2013; 19(15): 2388-2394
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i15/2388.htm DOI: http://dx.doi.org/10.3748/wjg.v19.
115.2388

INTRODUCTION

Ghrelin and obestatin are both important peptides that
regulate appetite and play roles as orexigenic signals and
in satiety pathways. Both are secreted mainly from gas-
tric oxyntic mucosa and are thought to be influenced by
Helicobacter pylori (H. py/oﬂ)l1’4j. However, the influences
of H. pylori on serum concentrations of ghrelin are con-
tradictory, since multiple factors interfere with its serum
level. Further, and only a limited number of studies have
focused on interaction between obestatin and H. pJZOﬂ{S’GJ.

Ghrelin is a 28 amino acid (aa) peptide with a name
derived from the root ghre-, which means “grow”. This
peptide was discovered in 1999 and is secreted endocrine
cells of the stomach and by the brain, bowel, testes, pan-
creatic islet cells, and kidney"” . Ghrelin has adipogenic
properties and is an orexigenic peptide, acting as an ap-
petite stimulant. Moreover, it is a somatotropic peptide
involved in regulating body weight, is controlled by the
GHRL gene, is derived from preproghrelin (contains 117
aa), and acts as a growth hormone stimulator™”. It has a
molecular weight of 3370.9 Da. Before release into the
serum, an n-octanyl moiety is attached to a serine residue
at position three, thus making the molecule hydrophobic
and facilitating penetration into the hypothalamus and
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hypophysis of the brain*",

Obestatin is a 23 aa peptide that is thought to be an
appetite suppressant and named from the Latin “obe-
dere”, meaning to devour, and “statin”, which denotes
suppressionm. Both ghrelin and obestatin are controlled
by ghrelin/obestatin prepropeptide gene (GHRL), is pro-
duced by the post-translational modification by addition
of -NHz2 and splitting from the same protein precursor
that also produces ghrelin (117 aa, preproghrelin), and
is secreted mainly by the stomach™. Tt has a molecular
weight of 2516.84 Da and it activates a rhodopsin type
G coupled receptor (GPR-39), which is a member of the
ghrelin receptor superfamily™”,

The underlying purpose for this mechanism that
produces two hormones with opposite effects remains
unclear, however, this may explain earlier findings that ini-
tially seemed ambiguous. For example, removing the ghre-
lin gene from mice does not significantly reduce appetite,
and ghrelin may play a physiological role in the vagal

56 .
B4 Moreover, obestatin

control of gastric function in rats
counteracts growth hormone secretion and food intake
induced by ghrelinm. Additionally, intracerebroventricular
and systemic injections of obestatin suppress body weight
gain in rats. Some gastrointestinal diseases, such as irri-
table bowel syndrome™, obesity, Prader-Willi syndrome
(chromosome 15-related congenital obesity and hyper-
phagia)m, and type II diabetes mellitus™, may be related
to the serum ghrelin/obestatin ratio.

H. pylori is a bacteria that is the main cause of gastric
inflammation and peptic ulcer disease worldwide. The
exact role of H. pylori on appetite hormones, such as
ghrelin and obestatin, remains unclear ™. In this study,
we compared the changes in these hormones after a suc-
cessful H. pylori eradication.

MATERIALS AND METHODS

Human subjects

The sample population enrolled in this study consisted of
ninety-two consecutive patients (50 female and 42 male
patients, with ages between 19 and 65 years) who were
treated for H. pylori infections based on histopathological
diagnoses after upper endoscopies to investigate dyspep-
sia. H. pylori positive patients received classical anti-He-
licobacter triple therapy as treatment (lansoprazole 30 mg
bid, amoxicillin 1 g bid, and clarithromycin 500 mg #d for
14 d). Serum ghrelin and obestatin levels were assessed
before treatment and eight weeks after the completion
of the eradication therapy. Patients had no comorbidi-
ties, no chronic illnesses such as diabetes mellitus, no
endocrinological disturbances, were not currently taking
any medication, and had no history of gastrointestinal
surgery. They were restricted from smoking and exercise
on sampling day. The success of the H. pylori eradication
therapy was assessed with C'"-urea breath test (C-UBT)
eight weeks after the cessation of the therapy. Before the
initial endoscopy and C-UBT, patients did not use any an-
tibiotic or proton pump inhibitors for one month prior.
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Table 1 Demographic characteristics and laboratory values for the sample population and control group

Controls (7 = 22) H. pylori infected (7 = 70) P value' H. pylori eradicated (7 = 52) H. pylori non-eradicated (7 = 18) P value'

Sex, M/F 10/12 32/38 0.98 24/28 8/10 0.99
NW/OW 9/13 31/39 0.89 23/29 8/10 0.99
Age (yr) 4013 38+12 0.30 38+12 37+11 0.74
Ghr initial, pg/mL 65+19 64 +20 0.78 63 + 20 64 + 20 0.82
Ghr week 8, pg/mL 64+17 58 + 20 0.16 56 + 20 62+19 0.35
P value® 0.30 0.013" 0.012° 0.64

Ob initial, pg/mL 830 + 296 771 + 427 0.19 765 + 461 787 + 322 0.35
Ob week 8, pg/mL 818 + 291 863 + 462 0.70 914 + 505 714 + 269 0.22
P value® 0.65 0.07 0.01° 0.32

Ghr/Ob ratio initial 0.089 0.107 0.420 0.113 0.092 0.460
Ghr/Ob ratio week 8 0.092 0.086 0.480 0.081 0.099 0.140
P value® 1.0 0.06 0.01° 0.64

AGhr 1.4 5.9 0.49 7.2 2.0 0.19
AOb -12.3 91.7 0.16 148.7 -72.8 0.02*
AGhr_% 45 2.6 0.32 3.9 0.9 0.16
AOb_% -0.9 29.4 0.13 415 5.3 0.03"

IMarm—Whitney U test; 2Wilcoxon—signed ranks test. °P < 0.05 is significant. A: Change in mean; M: Male; F: Female; Ghr: Ghrelin; Ob: Obestatin; H. pylori:

Helicobacter pylori; NW: Body mass index (BMI) < 25 (normal weight); OW: BMI > 25 (overweight).

The body mass index (BMI) for each of the patients was
defined as their weight in kilograms divided by the square
of height in meters (kg/m*. A cutoff of 25 kg/m” was
used to define normal versus overweight participants.
The study was done in accordance with the Declaration
of Helsinki and using principles of the Good Clinical
Practice. The Goztepe Education and Research Hospital
approved these studies (18/H-2012). Each patient gave
conscious, written, and informed consent before partici-
pating in the study.

Biochemical methods

Fastingblood samples (12 h fast) were collected on the
day of upper endoscopy and 8 wk later. The blood was
allowedto clot at room temperature without any chemi-
cal treatment with protease inhibitors. Within one hour
of the blood draw, serum was obtained by centrifugation
at 2000 X g for 10 min and stored at -80 “C until needed.
ELISA kits were used for the measurement of active
(acylated) serum ghrelin (EMD Millipore, Billerica, MA,
United States) and serum obestatin (Peninsula Labora-
toties LLC, San Catlos, CA, United States). Serum levels
of both active ghrelin and obestatin were measured and
calculated according to the manufacturers’ instructions.
The analytic sensitivity of the active ghrelin test was 25
pg/mL. The intra- and inter-assay coefficients of varia-
tion (%CV) for the active ghrelin test when a mean con-
centration of 65.2 pg/mL was tested were 3.63% and
3.55%, respectively. The obestatin test kit measured hu-
man obestatin within the range of 0.412-100 ng/ml.,, the
intra-assay CV was less than 5%, and the inter-assay CV
was less than 15%.

The units of measure for these peptides were all con-
verted to pg/mL in order to make compatisons. In some
studies ghrelin levels were expressed in fmol/mL and
were convetted to pg/mL by multplying by a conversion
factor of 3.372. Obestatin levels expressed as pmol/L
were convetted to pg/mL by multplying by a conversion
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factor of 2.5 according to the following formula: pmol/
1./0.397 = pg/ml.

Statistical analysis

Serum ghrelin levels, serum obestatin levels, the ghrelin/
obestatin ratios, and the changes in levels as percentage
were analyzed according to the patients’ age, sex, BMI,
and eradication of H. pylori infection. The Kolmogorov
and Shapiro-Wilks tests were used to analyze the normal-
ity of the distribution depending on the number of cases
(over or under 50, respectively). Independent continu-
ous variables were analyzed using the Mann-Whitney U
test. Repeated (paired) measures of serum ghrelin and
obestatin levels were analyzed using the Wilcoxon signed-
rank test. Alterations in serum ghrelin and obestatin
levels after the anti-Helicobacter triple therapy were also
calculated as numerical and percentage and then statisti-
cally analyzed. The results were given as mean + SD. All
statistics were done using SPSS 20 (Chicago, 1L, United
States). In all analyses, double sided P values were consid-
ered significant if the P value was lower than 0.05.

RESULTS

Successtul H. pylori eradication occurred in 52 (74.3%)
of 70 infected patients. The remaining 22 patients were
not infected with H. pylori at the initial examination and
served as the control group. Serum ghrelin and obestatin
levels ranged from 28.5-101.4 pg/mlL. and 180-2230 pg/
mlL, respectively.

There was no significant difference between the lev-
els of ghrelin or obestatin between the H. pylori infected
and control groups. The initial levels of ghrelin in the H.
Pylori positive cases and the control group were 63.6 *
19.8 pg/mL and 65.1 + 19.2 pg/mlL, respectively. Initial
obestatin levels for these two groups wete 771 £ 427 pg/
mL and 830 £ 296 pg/ml., respectively (Table 1). Eighth
week ghrelin levels were 56.0 + 19.9 pg/ml., 62.4 + 19.0
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Figure 1 Ghrelin (A) and obestatin (B) levels at the initial and 8" week as-
sessments. H. pylori: Helicobacter pylori.

pg/mlL, and 63.7 + 17.4 pg/mL for the eradicated, non-
eradicated and the control groups, respectively. Following
eight weeks of therapy, obestatin levels were 914 + 505
pg/mlL, 714 * 269 pg/mlL, and 818 * 291 pg/mlL for
the eradicated, non-eradicated and the control groups,
respectively (Table 1 and Figure 1).

No significant difference between the initial and G
week measurements of ghrelin and obestatin was observed
in the control group (Table 1). The H. pylori eradicated
group demonstrated a significant increase in obestatin af-
ter eight weeks of treatment, while the control and non-
eradicated groups showed only slight decreases. Similarly,
ghrelin levels also slightly decreased in the control and
non-eradicated groups. Interestingly however, ghrelin
levels only showed an insignificant decrease in the eradi-
cated group (Figure 2). The Mann-Whitney U test re-
vealed significant differences in the ghrelin and obestatin
levels in the H. pylori eradicated group as compared to the
non-eradicated group (Table 1). The ghrelin/obestatin
ratio at the initial assessment and the 8" week changed
significantly only in the H. pylori eradicated group (Table
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Figure 2 The mean change as percentage in ghrelin (A) and obestatin (B) lev-
els between the initial and 8" week assessments. H. pylori: Helicobacter pylori.

1). Overweight patients in the eradicated group demon-
strated a significant rise in obestatin levels as compared
to that of the overweight patients in the non-eradicated
group (Table 2). For all participants with a BMI over 25
kg/ m’, the Mann-Whitney U test revealed higher ghrelin
and obestatin levels as compared to participants with
normal BMIs (Table 2).

The differences in ghrelin and obestatin levels in
males and females were insignificant in the H. pylori-erad-
icated group (-6.3 + 26.9 pg/mL »s -8.0 + 24.0 pg/mlL,
respectively, P = 0.97 for ghrelin and 210 £ 390 pg/mL »s
96 £ 372 pg/mlL, respectively, P = 0.23 for obestatin). We
observed no significant differences in ghrelin or obestatin
levels between males and females in non-eradicated and
control groups. In the H. pylori-eradicated group, males
demonstrated an insignificantly higher percentage change
in obestatin than females (51% »s 33%, respectively, P
= 0.90), but the males in the H. pylori-eradicated group
demonstrated a significantly higher percentage change in
obestatin than males in the non-eradicated group (51% s

-8.5%, respectively, P = 0.03).
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Table 2 Ghrelin and obestatin changes for normal weight and overweight patients after Helicobacter pylori eradication treatment

Ghrelin initial, pg/mL Ghrelin week 8, pg/mL P value' Obestatin initial, pg/mL Obestatin week 8, pg/mL P value

1

H. pylori eradicated BMI-NW 58.8+18.6 57.5+22.0
H. pylori eradicated BMI-OW 68.8 £20.3 541+17.1
P value® 0.07 0.67

H. pylori non-eradicated BMI-NW 68.7£19.7 60.8 £22.0
H. pylori non-eradicated BMI-OW 69.0 £21.0 64.4+15.6
P value® 0.40 0.69

0.46 759 £ 452 865 + 456 0.08

0.002° 774 £413 975 £ 565 0.05°
0.17 0.62

0.57 780 £ 397 653 £ 258 0.20

0.88 796 £ 221 791 £ 280 0.77
0.76 0.46

1Marm—Whitney U test; ZWilcoxon—signed ranks test. ‘P < 0.05 is significant; BMI: Body mass index (NW: < 25, normal weight; OW: > 25, overweight); H.

pylori: Helicobacter pylori.

DISCUSSION

This study compared the differences in serum acyl-ghrelinand
obestatin levels according to H. pylori eradication status,
sex, and BMI. The results revealed a significant decrease
in ghrelin levels and increase in obestatin levels in the H.
pylori eradicated group after treatment. Despite to reported
in some studies, no significant sex differences in ghrelin
and obestatin levels were observed between any of the
subgroups, including the control group.

The normal levels of these peptides can vary widely;
the reported ranges for ghrelin and obestatin are between
5.78 to 1732 pg/mL and 200 to 1156 pg/mL , respective-
Iy"*** In fact, the expected normal serum levels for the
different forms of ghrelin are very different: 32.61-65.2
pg/mL for octanoylated ghrelin, 300-430 pg/mL for
non-octanoylated ghrelin, and 326-489 pg/mL for total
ghrelin, plasma inactive ghrelin (without the #-octanoyl
modification) accounts for > 90% of total circulating
ghrelin and the ratio of inactive to active ghrelin can be
modified under some physiological or pathological condi-
tions. These wide ranges may be due to several reasons
including the methodological differences in measure-
ment, the ethnic differences in the study populations, the
commercial kit used, the differences in the pre-treatment
procedures, the presence of cytotoxin-associated gene A
protein positive H. pylori, the nutritional and eating habits
of the sample population, and the presence of diabetes
or other metabolic syndromes™. Therefore, these wide
ranges in values should be the subject of further evalua-
tions. To acquite accurate data on ghrelin concentrations,
this study recommends a standard procedure for the
collection of blood samples: (1) the collection of blood
samples with ethylenediaminetetraacetic acid-aprotinin is
preferred; (2) blood samples should be chilled and centri-
fuged as soon as possible, at least within 30 min after col-
lection; and (3) because acidification is the best method
for the preservation of plasma ghrelin, 1 mol/L HCI (10%
of sample volume) can be added to the plasma sample
for adjustment to pH 41 Ghrelin binds to almost 50%
to the high density lipoprotein (HDL) in circulation, and
the HDL level varies considerably in different ethnic
groups™?!. Thus, changes in the serum levels of HDL
may also alter the ghrelin levels. All patients in our study
were of Turkish descent and HDIL was not considered,
though it would be an interesting area of further study to
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evaluate how these variables potentially affected the pep-
tide levels.

Small intestine bacterial overgrowth (SIBO) is another
possible factor that may explain the variation in ghrelin
and obestatin levels, a variable that has been largely ne-
glected to date. Antibiotics used in H. pylori eradication
may alter the intestinal flora and may trigger any effects
by SIBO on appetite hormones. Any comparison of the
H. pylori eradicated and non-eradicated groups may need
to overcome the possible effect of SIBO on these pep-
tides” ", Moreover, the half-life of ghrelin is very short
(about 60 min), and serum esterase easily breaks ghrelin
down to des-octanoyl-ghrelin, the inactive form™*!. The
differences in these factors and the activity of ghrelin
O-acyltransferase may also lead to different results. These
technological disadvantages could partially be diminished
by including compatible healthy control individuals in
each assaym. In a study, two popular commercial RIA
kits were compared on the same sample set, and a 10-fold
difference in the measured total ghrelin levels was seen””

In our study, no difference was observed in the ghre-
lin/obestatin ratio of H. pylori negative and H. pylori posi-
tive patients. There are conflicting views of the role of
ghrelin and obestatin in the literature. In some reports,
the presence of H. pylori was associated with decreasing
ghrelin, and its eradication was associated with increased
P In contrast, ghrelin decreased after H.
pylori eradication in some studies; in fact, Osawa ez al™

ghrelin levels

reported ghrelin decrease in a majority of patients, while
only 50 out of 134 patients demonstrated an increase in
this hormone. In Chinese adults,a reduction in the ghre-
lin/obestatin ratio was associated with patients who were
H. pylori positive as compared to uninfected controls”.

Our results showed that males had insignificantly
higher ghrelin and obestatin levels than females (P = 0.66
and P = 0.73, respectively). Even though a number of
studies have reported higher ghrelin levels in females™,
fluctuating levels of estrogen related to the different
phases of the menstrual cycle may influence serum ghre-
lin levels™.

Overweight participants in the H. pylori eradication
group demonstrated significant changes in ghrelin and
obestatin levels in this study. They showed a dectrease in
ghrelin levels, an increase in obestatin levels, and a de-
crease in the ghrelin/obestatin ratio. Thus, overweight
cases demonstrated opposite changes that what was ex-
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pected in terms of their serum ghrelin levels (Table 2).

This study revealed no significant sex and age group
(cut-off of 40 years) differences in ghrelin levels, obestatin
levels, ghrelin/obestatin ratios, and H. pylori eradication.
Changes in the ghrelin/obestatin ratio were also insig-
nificant in comparison to the H. pylori eradicated, non-
eradicated, and control groups. According to our results,
obestatin, not ghrelin, seems to be more influenced by H.
Ppylori eradication; in fact, this was prominent in overweight
and male patients.

The results of these study are valid since influencing
factors, errors and procedures were identical for all cases.
However, these results suggest a variety of useful, future
studies. For example a larger study population would al-
low generalization of the results to be applicable more
than just a small subset of ethnically similar subjects. In
addition, it will be interesting to explore several additional
variables that were not studied here, including studying
subjects in a non-fasting state to allow a comparison of
the postprandial or diurnal changes in these hormones.
Morteover, including an assessment of the satiety thresh-
old of the patients, taking into account the menstrual
status of the female patients and testing for SIBO would
also be of great interest.

H. pylori eradication was associated with an signifi-
cant decrease in ghrelin levels and significant increase in
obestatin levels in our study. Due to the contradictory
results reported in the literature, the effect of H. pylori on
these appetite hormones should be the subject of future
studies, and the results may provide important insight for
anti-obesity treatment strategies.

COMMENTS

Background

Helicobacter pylori (H. pylori) is a major cause of stomach inflammation also
worldwide. The pathophysiology of some appetite and satiety peptides such
as ghrelin and obestatin secreted from gastric mucosa may be altered by this
infection.

Research frontiers

Overweight and obesity are major risk factors for a number of chronic diseases,
including diabetes, cardiovascular diseases and cancer according to the World
Health Organization reports. Worldwide, obesity has increased 82% in the last
two decades. A number of studies report the relation of H. pylori with some
appetite hormones as ghrelin and obestatin, but the results are not consistent.
Some reveal increase and some no change of these peptides related with H.
pylori. The reported levels of these hormones vary in a wide spectrum thus all
studies need to be accompanied with a control group. In this study, the authors
report the influence of H. pylori on these appetite peptides.

Innovations and breakthroughs

In this study, the change of appetite peptides were measured in in three sub-
groups of human volunteers: H. pylori infected/eradicated, H. pylori infected/
non-eradicated and non-infected control. The monitoring of the non-eradicated
group eliminated of a number of factors allowing us to focus only on the effect
of H.pylori. In this study, comparison of ghrelin and obestatin change between
eradicated and non-eradicated group gave the advantage of discarding the
effect of receiving antibiotherapy. Also, including the control group provided
the exclusion of possible external factors as month, season and placebo effect
of being under examination. Finally, as a novel proposal, the effect of small
intestinal bacterial overgrowth, considering menstrual cycles and high density
lipoprotein influence on these peptides, are also discussed.

Applications

The study results suggest that appetite hormones may be related with H. pylori
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and this may be important in anti-obesity strategies.

Terminology

Appetite hormones ghrelin and obestatin, two opposite acting peptides involved
in appetite and satiety and H. pylori infection and eradication were the main
terminological parameters.

Peer review

The study intends to investigate the changes in serum ghrelin and obestatin
levels before and after H. pylori eradication. The authors found that serum ghre-
lin and obestatin levels decreased and increased in H. pylori eradication groups
compared to non-eradicated patients and controls, respectively. These changes
were more prominent in overweight and male patients. The manuscript is well
written. The methods are adequate. The results justify the conclusions drawn.
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