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Background/Aims: The relationship between Helico-
bacter pylori infection and ghrelin is controversial. We 
compared ghrelin levels in gastric mucosa and plasma 
between H. pylori-positive and -negative subjects, and 
between before and after H. pylori eradication. 
Methods: We compared the ghrelin levels in the an-
trum, body, and fundus between H. pylori-positive and 
-negative subjects; in stomach tissues between before 
and after H. pylori eradication; and in plasma and tis-
sue in 10-person cohorts between before and after H. 
pylori eradication therapy. Body mass index, age, and 
sex were controlled for when comparing ghrelin levels. 
Results: Stomach ghrelin levels (in the antrum, body, 
and fundus) did not differ significantly between H. py-
lori-positive and -negative samples (p=0.095, 0.316, 
and 0.897, respectively), or between before and after 
H. pylori eradication (p=0.19, 0.178, and 0.513, re-
spectively). In the ten-person cohort study, plasma 
ghrelin levels in the eight H. pylori-positive subjects 
were 2,260 pg/mL (range, 1,280-3,770 pg/mL) and 
1,900 pg/mL (range, 1,350-5,200 pg/mL) before and 
after eradication therapy (p=0.871). Stomach ghrelin 
levels did not differ significantly in the eight H. pylo-
ri-positive subjects between before and after H. pylori 
eradication (p=0.732, 0.618, and 0.435 in the antrum, 
body, and fundus, respectively), or between six eradi-
cated and two noneradicated subjects (p=0.071, 
0.857, 0.429, and 0.857 in the antrum, body, fundus, 
and plasma, respectively). Conclusions: These re-
sults show that H. pylori infection has no effect on 
stomach ghrelin levels and that eradication therapy 
does not influence plasma or tissue ghrelin levels. 
(Gut and Liver 2007;1:132-137)
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INTRODUCTION

  Ghrelin is an orexigenic hormone secreted by gastric 
endocrine cells/oxyntic glands,1 and has been implicated 
in both the sensation of mealtime hunger and the 
long-term regulation of body weight.2-7 Its levels are low 
in obesity,7 high in malnutrition,8 high after an overnight 
fast,7,8 and suppressed by food intake.7,8 Levels show sex-
ual dimorphism, women in the late follicular stage having 
higher levels than men.9 It is also known that ghrelin se-
cretion is suppressed by somatostatin, and that growth 
hormone does not influence ghrelin secretion.9 
  Helicobacter pylori is known to play a crucial role in gas-
tritis, gastroduodenal ulcer disease, and in gastric carci-
noma. Moreover, chronic corpus gastritis and mucosal 
atrophy reduce gastric acid secretions, and gastrin and so-
matostatin are regulatory hormones that affect gastric 
acid secretion in the gastric mucosa.10 H. pylori infection 
has been shown to reduce plasma somatostatin11 and in-
crease plasma gastrin concentrations.10 Recently, a study 
revealed that central ghrelin administration inhibits gas-
tric acid secretion, but that peripheral ghrelin admin-
istration does not modify gastric acid secretion in rats.12 
  Thus the possibility exists that ghrelin and H. pylori in-
fection may be associated. In the literature, there is a de-
bate regarding the relation of ghrelin levels to H. pylori 
infection in humans. Gokcel et al found that H. pylori has 
no effect on plasma ghrelin concentrations.13 The authors 
studied 39 H. pylori-positive and -negative women, whose 
plasma ghrelin levels were measured by enzyme immuno-
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Table 1. Characteristics of Subjects in Comparison Study
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

Before After Hp (+) Hp (󰠏) eradication eradication
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Number 20 21 28 20
M/F 11/9 9/12 13/15 11/9
Age (years) 19.8±8.7 13.4±4.2 23.4±11.0 19.8±8.7
Ghrelin level (ng/mg protein) in
  Antrum 1.05 0.78 1.05 1.45 

(0.71-5.3) (0.42-1.82) (0.71-5.3) (1.01-7.98)
  Body 51.2 17.8 51.2 24.8 

(9.9-90.6) (7.7-69.4) (9.9-90.6) (10.9-48.6)
  Fundus 7.6 11.5 7.6 21.6 

(5.0-95.4) (7.4-16.2) (5.0-95.4) (11.8-70.5)
Body mass 
 index 19.5±2.0 18.4±1.8 22.3±2.3
 (kg/m2)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Hp, Helicobacter pylori.
Ghrelin levels are expressed as the median (interquartile
range).

Table 2. Characteristics of Subjects in Cohort Study
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Number 10
M/F 4/6
Age (years) 31.0±8.5
Plasma ghrelin level (pg/ml)
   Before eradication  2,260 (1,280-3,770)
   After eradication 1,900 (1,350-5,200)
Tissue ghrelin level (ng/mg protein) in antrum
   Before eradication   1.98 (0.64-9.08)
   After eradication   4.38 (0.81-12.6)
Tissue ghrelin level (ng/mg protein) in body
   Before eradication  11.29 (5.57-89.3)
   After eradication 11.0 (7.85-96.5)
Tissue ghrelin level (ng/mg protein) in fundus 
   Before eradication   7.62 (5.21-85.4)
   After eradication  21.9 (11.3-107.2)
Body mass index (kg/m2) 22.5±3.1
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Ghrelin levels are expressed as the median (interquartile 
range).

assay; however, the plasma ghrelin concentrations of H. 
pylori-positive and -negative groups did not differ sig-
nificantly. On the other hand, Nwokolo et al showed that 
plasma ghrelin increases significantly after H. pylori erad-
ication, and that this leads to an increased appetite and 
weight gain, and contributes to increasing obesity and 
gastroesophageal reflux disease.14 They measured plasma 
ghrelin before and after H. pylori eradication in 10 pa-
tients, and found that plasma ghrelin increased pro-
foundly in asymptomatic subjects after cure.
  In the present study, we determined ghrelin levels in 
the gastric mucosa and in plasma, and compared these 
findings for H. pylori-positive and -negative subjects, and 
before and after H. pylori eradication. 

MATERIALS AND METHODS

1. Study design

  The study was composed of three stages. First, we 
compared the ghrelin levels of the antrum, body, and fun-
dus in H. pylori-positive and -negative subjects. Second, 
the ghrelin levels of stomach tissues were compared be-
fore and after H. pylori eradication. Finally, we measured 
the plasma and tissue ghrelin levels in 10 cohorts before 
and after H. pylori eradication therapy.

2. Subjects

  To compare tissue ghrelin levels in H. pylori-positive 
and -negative subjects, biopsied tissues (antrum, body, 
and fundus) stored at 󰠏70oC were used. The number of 

specimens was 16 in antrum, 21 in body, and 8 in fundus 
of H. pylori-negative subjects (age: 13.4±4.2 years, male 
to female ratio: 9/12), and 19 in antrum, 20 in body, and 
10 in fundus of H. pylori-positive subjects (age: 19.8±8.7 
years, M/F: 11/9, Table 1). 
  Biopsied tissues (antrum, body, and fundus) stored at 
󰠏70oC were also used to compare tissue ghrelin levels be-
fore and after H. pylori eradication. The number of speci-
mens was 15 in antrum, 28 in body, and 5 in fundus of 
pre-eradication subjects (age: 23.4±11.0 years, M/F: 
13/15), and 19 in antrum, 20 in body, and 10 in fundus 
of post-eradication subjects (age: 19.8±8.7 years, M/F: 
11/9, Table 1). 
  Ten volunteers (age: 31.0±8.5 years, male to female ra-
tio: 4/6) were then recruited and enrolled for the cohort 
study (Table 2). Criteria for enrollment included the pres-
ence of a history of significant gastric discomfort, such as 
dyspepsia, and no history of undergoing endoscopy or 
taking peptic ulcer medication. Informed consent was ob-
tained from each of subjects, and the study design was 
reviewed and approved by the Samsung Medical Center 
Institutional Review Board.

3. Controlling for body mass index (BMI), age, and 
sex

  BMI was calculated as body weight (kg) divided by 
height2 (m2), and obesity was defined as a BMI ＞25. 
Subjects were divided into younger (≤11 years) and older 
(≥12 years) groups. Obesity, age, and sex were consid-
ered confounding variables for ghrelin level comparisons, 
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and they were adjusted for in the statistical analysis.

4. Gastroduodenal endoscopy and biopsy samples

  Ten volunteers underwent gastroduodenal endoscopy af-
ter overnight fasting. Blood sampling was also performed 
for a fasting plasma ghrelin study. Six biopsy specimens 
were taken at three sites along the greater curvature of 
the stomach, 2 from the antrum, 2 from the body, and 2 
from the fundus. Three specimens from the 3 different 
sites were stored at 󰠏70oC for ghrelin measurement by 
ELISA and the DNA identification of H. pylori. The other 
3 specimens were forwarded to a pathologist for Giemsa 
staining. Eight of the 10 subjects were H. pylori-positive 
and two were negative.

5. DNA identification of H. pylori

  H. pylori positivity was defined as a positive vacA s1 by 
PCR amplification and by the identification of the micro-
organism by Giemsa staining. The primers used in this 
study were Korean specific VASK-F (5'-MTKRTTTCTCT-
CGCTTT-3') and VASK-R (5'-GGGATYTGTATAAGTCGT-
ATT-3').15 All samples stored were reexamined for vacA 
s1.

6. H. pylori eradication

  Ten volunteers including the two who were H. pylori- 
negative received a triple regimen, consisting of amox-
icillin 1 g twice daily, metronidazole 500 mg twice daily, 
plus bismuth subcitrate 600 mg twice daily, for 14 days. 
Follow-up endoscopy and blood sampling was conducted 
4 weeks after the triple regimen. Biopsy specimens were 
reexamined for H. pylori vacA and ghrelin levels. The two 
H. pylori-negative subjects were administered the triple 
regimen to investigate its potential effect on ghrelin levels 
in the stomach in the absence of H. pylori infection. 

7. Peptide extraction from stomach tissue

  Peptides were extracted from stomach biopsy specimens 
using an enzyme immunoassay kit and instructions ob-
tained from (http://www.PhoenixPeptide.com). Briefly, 
200μL of 0.1 M acetic acid was added to each tissue 
sample, which was then transferred to a boiling water 
bath for 10 min. After cooling on ice, samples were ho-
mogenized in polypropylene tubes, and centrifuged at 
13,000 g for 15 min. The pellets obtained were re-
suspended in 3 N NaOH (200μL) and analyzed for total 
protein using a bicinchoninic acid (BCA) assay kit 
(Sigma, St. Louis, MO, USA).

8. Enzyme-linked immunosorbent assay (ELISA) 
for ghrelin

  Ghrelin levels in stomach biopsy specimens and in plas-
ma were measured using a commercially available human 
ghrelin ELISA kit (Phoenix Pharmaceuticals, Belmont, 
CA, USA). The immunoplate in this kit was pre-coated 
with a secondary antibody; nonspecific binding sites were 
blocked. 50μL standard or samples, 25μL of primary an-
tiserum, and 25μL of biotinylated ghrelin were added to 
each well and incubated at room temperature for 2 hours. 
After washing the immunoplate 5 times with assay buffer, 
100μL of streptavidin-horseradish peroxidase (SA-HRP) 
solution was added, and the mixture was then incubated 
at room temperature for 1 hour. After washing the im-
munoplate 6 times with assay buffer, 100μL of 3,3'5,5'- 
tetramethylbenzidine (TMB) solution was added, and in-
cubated at room temperature for 1 hour. The enzyme- 
substrate reaction was stopped using hydrogen chloride 
(HCl) and optical density (OD) at 450 nM was de-
termined using a microplate reader (Thermomax, Colum-
bia, MD, USA). All samples were measured in duplicate.

9. Statistical analysis

  Statistical analysis was performed using SAS statistics 
software, version 8.2 (SAS Institute Inc., Cary, NC, USA). 
The Mann-Whitney test and Wilcoxon's signed rank test 
were used to compare ghrelin levels in the groups. The 
effects of confounding variables such as obesity, age, and 
sex on ghrelin levels were analyzed by multiple linear re-
gression with variable transformation for normality (Box- 
Cox power transformation). Data are expressed as me-
dians and interquartile ranges.

RESULTS

1. Comparison between H. pylori-positive and 
-negative subjects 

  The median (interquartile range) ghrelin levels in the 
antrum, body, and fundus of H. pylori-positive samples 
were 1.05 (0.71-5.30), 51.2 (9.9-90.6), and 7.6 ng/mg 
protein (5.0-95.4 ng/mg protein), respectively (Table 1). 
The corresponding values in H. pylori-negative samples 
were 0.78 (0.42-1.82), 17.8 (7.7-69.4), and 11.5 ng/mg 
protein (7.4-16.2 ng/mg protein). No significant differ-
ence in stomach ghrelin levels was found between H. pylo-
ri-positive and -negative samples (p=0.095, 0.316, and 
0.897, respectively). Multiple linear regression analysis af-
ter adjusting for obesity, age, and sex also showed no sig-
nificant difference between the ghrelin levels of H. pylo-
ri-positive and -negative samples (p=0.164, 0.451, and 
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Fig. 1. Plasma ghrelin levels before and after eradication in 10 
cohorts (p=0.871). Hp(+/󰠏) means that the subject is initially 
H. pylori (+) and H. pylori (󰠏) after eradication.

Fig. 2. Fundus ghrelin levels before and after eradication in 10
cohorts (p=0.618). Hp(+/󰠏) means that the subject is initially
H. pylori (+) and H. pylori (󰠏) after eradication.

0.157, respectively).

2. Ghrelin levels before and after H. pylori erad-
ication 

  The median (interquartile range) ghrelin levels in an-
trum, body, and fundus before H. pylori eradication were 
1.05 (0.71-5.30), 51.2 (9.9-90.6), and 7.6 ng/mg protein 
(5.0-95.4 ng/mg protein), respectively (Table 1). Corres-
ponding values in H. pylori-eradicated samples were 1.45 
(1.01-7.98), 24.8 (10.9-48.6), and 21.6 ng/mg protein 
(11.8-70.5 ng/mg protein), respectively. These values 
were not significantly different (p=0.19, 0.178, and 0.513, 
respectively).

3. Comparison of the 10 cohorts before and after 
H. pylori eradication 

  Two subjects were H. pylori-negative and 8 had H. pylori 
gastritis. Two of the 8 H. pylori-positive cohorts failed 
eradication. All subjects received the above triple regimen 
and underwent follow-up endoscopy. Plasma ghrelin levels 
of the 8 H. pylori-positive subjects were 2,260 (1,280- 
3,770) and 1,900 pg/mL (1,350-5,200 pg/ml), before and 
after eradication therapy, which was not significantly dif-
ferent (p=0.871, Fig. 1). Of the two that failed the erad-
ication, one showed an increase in ghrelin levels and the 
other a decrease. The median (interquartile range) ghrelin 
levels in antrum, body, and fundus of the 8 H. pylori-pos-
itive subjects before eradication were 1.98 (0.64-9.08), 
11.29 (5.57-89.3), and 7.62 ng/mg protein (5.21-85.4 
ng/mg protein), respectively (Table 2). After eradication 
these were 4.38 (0.81-12.6), 11.0 (7.85-96.5), and 21.9 
ng/mg protein (11.3-107.2 ng/mg protein), respectively, 
which were not significantly different (p=0.732, 0.618, 
and 0.435, respectively, Fig. 2). The difference in ghrelin 

levels between the 6 eradicated and 2 non-eradicated sub-
jects was not statistically significant (antrum p=0.071, 
body p=0.857, fundus p= 0.429, and plasma p=0.857). 
In the cases of the two that were initially H. pylori-neg-
ative, one showed a ghrelin reduction in the antrum and 
body, and an increase in the fundus and plasma after 
eradication therapy. The other showed a reduction in 
ghrelin levels in the body and plasma, and an increase in 
the antrum and fundus.

DISCUSSION

  Our results show that H. pylori infection has no effect 
on stomach ghrelin levels and that eradication therapy 
does not influence plasma or tissue ghrelin levels. Ghrelin 
levels were measured in both random and cohort 
samples. All data revealed the absence of a significant re-
lationship between H. pylori infection and ghrelin levels. 
  The limitation of our study is that the number of co-
horts was small. However, ghrelin levels showed no ten-
dency to change in either, plasma or tissue samples. 
Moreover, data obtained from the cohort study is sup-
ported by the results of the random storage samples. 
  We did not measure plasma ghrelin in the random sub-
jects because their plasma samples were unavailable. 
However, we believe that this does not influence our con-
clusion, because plasma ghrelin concentrations reflect gas-
tric ghrelin production, which is supported by the finding 
that gastrectomy reduces plasma ghrelin concentrations 
by 65%.16 
  Because gastric ghrelin production is regulated by mul-
tiple nutritional and hormonal factors,17-19 it is not easy 
to control for the variables that may effect ghrelin levels, 
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in terms of statistical analysis. Fasting plasma ghrelin 
concentrations in obesity are low and correlate negatively 
with body mass index.20 Ghrelin changes significantly 
throughout development and also correlates with anthro-
pometric and metabolic parameters.21 Its secretion is sex-
ually dimorphic in humans, with women in the late fol-
licular stage have higher levels than men.9 Therefore, var-
iables such as obesity, age, and sex were analyzed by a 
test, named multiple linear regression with variable trans-
formation for normality. 
  One investigator disagreed with Nwokolo's findings,14 
which showed that plasma ghrelin increased after H. pylo-
ri cure. He indicated that the Nwokolo's suggestion that 
H. pylori eradication leads to a hyperghrelinemic state, 
which drives an increased appetite is not physiologically 
feasible, as any transient appetite increase would be coun-
terbalanced by any increase in adiposity, which in turn 
would suppress ghrelin levels.22 
  An interesting study concerning H. pylori infection and 
gastric and plasma ghrelin in Mongolian gerbils was re-
ported recently.23 Although no significant difference was 
found in total gastric ghrelin levels between a control and 
H. pylori group at four weeks after inoculation, the ghrelin 
level was found to be significantly lower in the H. pylori 
group than in the control group at 17-23 weeks after 
inoculation. Also, they reported that fasting plasma total 
ghrelin levels were significantly higher in the H. pylori 
group than in controls 17 weeks after H. pylori in-
oculation, though this difference was not significant at 4 
or 23 weeks. Their data in gerbils was not consistent 
with the results of two recent human studies,13,14 which 
were also discrepant. These discrepancies might be attrib-
utable to differences in the methods of measuring ghrelin 
peptide, patient selection, or interspecies differences in 
the distribution of extragastric ghrelin.
  In conclusion, our results show that ghrelin levels in 
plasma and stomach tissue are not directly related to H. 
pylori infection. We speculate that ghrelin levels are not 
determined by H. pylori infection alone, and that multiple 
factors including H. pylori infection, nutritional change, 
and hormonal factors should be investigated in future 
studies to evaluate the role of H. pylori infection in de-
termining ghrelin levels. 
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