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ARTÍCULO ORIGINAL

SUMMARY Background & Aim: Ghrelin is a peptide
mainly produced by gastric tissue playing an important
role in energy homeostasis. It has been suggested that
inflammatory and atrophic events induced by Helicobac-
ter pylori (H. pylori) infection in gastric mucosa com-
promise the survival of the ghrelin-producing cells. The
aim of this study was to investigate the effect of H. pylori
infection on gastric ghrelin expression and body weight.
Methods: Consecutive patients referred for upper en-
doscopy were invited to participate. Patients with H.
pylori infection (determined by histology) were defined
as cases and patients without infection as controls. The
density of colonization was classified in mild, moderate,
or severe infection. Body mass index (BMI) was calcula-
ted. Ghrelin-immunoreactive cells were quantified in
gastric biopsies by immunohistochemical staining. Re-
sults: We studied 189 cases (92 males, 97 females) and
94 controls (55 males, 39 females). Cases were ol-
der (48.16 ± 16.44 vs. 42.88 ± 17.04 years, p < 0.05)
and exhibited a lower percentage of ghrelin-immu-
noreactive cells (2.13% vs. 10.43%, p < 0.05) than
controls. The prevalence of obesity was significantly
lower than normal-weight among all cases, indepen-
dently of the severity of infection (mild infection,
17.6% vs. 47.3%, p = 0.001; moderate-severe infec-
tion, 10.4% vs. 50%, p = 0.001). Univariate analysis
showed a non-significant trend suggesting a protecti-
ve effect of H. pylori against obesity. Nevertheless, BMI
did not differ significantly between cases and controls.
Conclusion: Chronic H. pylori infection contributes to
a lower percentage of gastric ghrelin-immunoreac-
tive cells but has no effect on the body weight of in-
fected patients.

RESUMEN Introducción y Objetivo: la ghrelina es un
péptido producido principalmente por el tejido gástri-
co, el cual participa de forma importante en la homeos-
tasis energética. Se ha sugerido que la infección por
Helicobacter pylori (H. pylori) induce eventos inflama-
torios y atróficos en la mucosa gástrica, comprometien-
do la supervivencia de las células productoras de ghre-
lina. El objetivo de este estudio fue investigar los efectos
de la infección por H. pylori en la expresión gástrica de
ghrelina y el peso corporal. Métodos: se invitaron a par-
ticipar a todos aquellos pacientes referidos para la rea-
lización de panedoscopia. Los casos fueron definidos
como aquellos pacientes con infección por H. pylori (de-
terminada por histología) y aquéllos sin infección fue-
ron definidos como controles. La densidad de la coloni-
zación por H. pylori fue clasificada en leve, moderada y
severa. El Índice de Masa Corporal fue calculado. El
número de células inmunorreactivas a ghrelina fue
cuantificado en las biopsias gástricas a través de in-
munohistoquímica. Resultados: estudiamos 189 casos
(92 masculinos, 97 femeninos) y 94 controles (55 mas-
culinos, 39 femeninos). Los casos fueron de mayor edad
(48.16 ± 16.44 vs. 42.88 ± 17.04 años, p < 0.05) y mos-
traron un porcentaje menor de células inmunorreacti-
vas a ghrelina (2.13% vs. 10.43%, p < 0.05) que los
controles. La prevalencia de obesidad fue significativa-
mente menor que la prevalencia de peso normal en to-
dos los casos, independientemente de la severidad de la
infección (infección leve, 17.6% vs. 47.3%, p = 0.001; in-
fección moderada-severa, 10.4% vs. 50%, p = 0.001). El
análisis univariado mostró una tendencia no significativa
que sugiere un efecto protector del H. pylori contra la
obesidad. Sin embargo, el IMC no fue diferente entre
casos y controles. Conclusiones: la infección crónica
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INTRODUCTION

Obesity is a chronic disease that represents the main
risk factor for development of type 2 diabetes mellitus,
metabolic syndrome, cardiovascular disease, and other
diseases.1 Its prevalence is increasing throughout the
world. In Mexico, data from National Health and Nutri-
tion Survey 2006 shows a prevalence over 30% for obe-
sity and rising to 70% if we combined the prevalence of
overweight and obesity.2

Body weight is regulated by central mechanisms that
controls caloric intake and energy expenditure through
neuroendocrine hormones and peripheral markers, whi-
ch circulate in proportion of body fat content.3 Obese
patients display an imbalance in energy homeostasis.
Some of the most important peripheral markers are lep-
tin, insulin, and ghrelin.4 Ghrelin is a peptide recently
discovered by Kojima et al., structurally related to moti-
lin.5-7 This peptide is primarily produced by X/A-like
neuroendocrine cells, which represents approximately
20% of cells in the oxyntic glands. Thus, the stomach is
the main source of circulating ghrelin.8,9 In addition, ghre-
lin also participates in gastric motility and regulates its
own secretion in gastric tissue.9 Ghrelin regulates satie-
ty by activating hypothalamic neurons that express the
agouti-related peptide and neuropeptide Y. Exogenous
ghrelin administration to healthy volunteers enhances
appetite and increases food intake.10

Helicobacter pylori (H. pylori) is one of the most pre-
valent human infections representing the major cause of
chronic gastritis.11 Its prevalence in developed countries
is rare in children, and less than 50% of the population is
infected at age 60.12 In contrast, in developing countries
more than 20% of children younger than 5 years are in-
fected, rising to 80% at age 25.13-15 In Mexico, nearly
60% of the population is infected. Several risk factors
for H. pylori infection have been identified, and these
increase the risk of infection mainly in childhood. These
factors include age, low socioeconomic status, crowding,
and a low level of education.16,17 It has been suggested

that H. pylori infection induces inflammatory and atro-
phic events in the gastric mucosa. Isomoto et al.18 have
reported that ghrelin biosynthesis is affected by H. pylo-
ri infection, trough compromise functionality and survi-
val of the X/A-like neuroendocrine cells in the oxyntic
glands. The aim of our study was to investigate the effect
of gastric H. pylori infection on ghrelin-expressing cells
and body weight.

METHODS

Population and sample

Sample population included consecutive patients who
underwent upper gastrointestinal endoscopy for dyspeptic
symptoms between January 2005 and July 2006; both
men and women between 18 to 60 years were invited to
participate.

This prospective study was approved by the Human
Subjects Committee of the Medica Sur Clinic and Foun-
dation in accordance with the 1983 Declaration of Hel-
sinki, and written informed consent was obtained from
all participants before entry into the study. Exclusion
criteria were pregnancy, endocrine disease, previous gas-
trointestinal surgery, use of medication against H. pylori
infection during the previous six months, alcohol abuse,
or recent treatment with nonsteroidal anti-inflammatory
agents.

Physical examination

Body weight was measured to the nearest 0.10 kg.
Subjects wore light clothing and no shoes. Height was
measured to the closest 0.5 cm. Body mass index (BMI)
was calculated as weight (kg) divided by height (m) squa-
red. BMI was analyzed as a continuous variable by as-
signing participants as normal weight (BMI < 25 kg/m2),
overweight (BMI 25-29.9 kg/m2), or obese (BMI ≥ 30

Key words: Obesity, Helicobacter pylori, Ghrelin, gas-
tritis, overweight.

por H. pylori contribuyó al menor porcentaje de células
inmunorreactivas a ghrelina en tejido gástrico, pero esto
no tuvo efectos en el peso corporal de los pacientes in-
fectados.

Palabras clave: Obesidad, Helicobacter pylori, ghreli-
na, gastritis, sobrepeso.
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kg/m2). Other variables included in the study were age
and sex.

Histology

Two biopsies were taken during the upper endosco-
py from the gastric antrum 2 cm proximal to the pylo-
rus, and two biopsies were taken from the middle por-
tion of the corpus along the greater curvature. Samples
were fixed in 10% formalin and embedded in paraffin
for histopathological and immunohistochemical asses-
sment.

For histopathological analysis, biopsies were stained
with hematoxylin & eosin, and Warthin-Starry. The de-
gree of gastritis activity was determined according to
Houston’s classification.11 H. pylori chronic infection was
determined by histology. Patients with chronic gastritis
and H. pylori infection were defined as cases and pa-
tients with chronic gastritis without the presence H. pylori
infection were defined as controls. The density of H.
pylori colonization was determined semiquantitatively
as follows: mild infection, small number of H. pylori
distributed focally; moderate infection, large number of
H. pylori distributed focally or small number distributed
diffusely; severe infection, large number of H. pylori
distributed diffusely, according to criterion previously
reported.19 Histological evaluations were made by a sin-
gle expert pathologist without knowledge of the clinical
symptoms or endoscope results.

Immunohistochemical analysis

To investigate the effects of chronic H. pylori infec-
tion on gastric ghrelin-expressing cells, we quantified

the percentage of ghrelin-immunoreactive cells in gas-
tric biopsies from cases –selected according to the den-
sity of H. pylori colonization– and controls, and compa-
risons were made. Immunohistochemical staining was
performed with polyclonal anti-human ghrelin as the
primary antibody to quantify the presence of ghrelin in
gastric tissue. Immunoreactivity was defined as a brown-
ochre stain. The samples were photographed under a lig-
ht microscope, and the percentage of positive pixels for
each field was evaluated using a computerized image
analysis program (ImageProPlus Software, V. 4.5.1.22;
Media Cybernetics, Silver Spring, MS) as described in
the user’s manual.

Statistical analysis

Data are expressed as mean ± SD. Variables were com-
pared between cases and controls using the Mann–Whit-
ney U test. The prevalence of overweight and obesity
was compared between cases and controls, and also bet-
ween cases according to the density of H. pylori coloni-
zation. Correlations were evaluated by linear regression
and by calculating the correlation coefficient (r). Odds
ratios (ORs) were derived for the exponential of r and
95% confidence intervals (CIs) were calculated. A p va-
lue < 0.05 was considered statistically significant. All
statistical analyses were conducted using the statistics
program, SPSS/PC v 12.0 (Chicago, IL, USA).

RESULTS

We studied 189 cases (48.7% male, 51.3% female) and
94 controls (58.5% male, 41.5% female). According to
the density of H. pylori colonization, cases were classi-

TABLE 1
CLINICAL AND ANTHROPOMETRIC DATA OF THE SAMPLE POPULATION

Variable Cases (n = 189) Controls (n = 94) p

Age (years) 48.16 ± 16.44 42.88 ± 17.04 0.01
Sex
   Men, n (%) 92 (48.7) 55 (58.5) NS
   Women, n (%) 97 (51.3) 39 (41.5) NS
Weight (kg) 70.47 ± 69.16 69.16 ± 13.85 NS
Height (m) 1.66 ± 0.09 1.65 ± 0.09 NS
BMI (kg/m2) 24.93 ± 4.45 24.93 ± 4.56 NS
BMI > 25, n (%) 98 (51.9) 43 (45.7) NS
BMI > 30, n (%) 29 (15.3) 16 (17.0) NS

Abbreviations: BMI, body mass index; NS, not significant.
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fied as follows: 131 mild, 44 moderate and 14 with seve-
re infection.

The clinical and anthropometric characteristics of the
sample population are shown in table 1. Cases were ol-
der (48.16 ± 16.44 years vs. 42.88 ± 17.04 years, p <
0.05) than controls. No differences were observed on
gender distribution, body weight or BMI.

Table 2 shows the distribution of obesity, overweight
and normal-weight in the cases according to the density
of H. pylori colonization. All groups shown a lower pre-
valence of obesity than normal-weight (mild infection,
17.6% vs. 47.3%, p = 0.001; moderate-severe infection,
10.4% vs. 50%, p = 0.001). Univariate analysis showed
a non-significant trend suggesting a protective effect of
H. pylori against obesity (Table 3).

Immunohistochemical analysis

The percentage of ghrelin-immunoreactive cells was
evaluated in gastric biopsies from 13 patients, 9 cases
(two with mild infection, one with moderate infection,
and six with severe infection) and 4 controls. Histologi-
cal analysis determined that none of the gastric biopsies
from control group had intestinal metaplasia or atrophy,
with mild infiltration of chronic inflammatory cells in
all biopsies. In the other hand, cases with mild to mode-
rate H. pylori infection also exhibited moderate atrophy
with moderate infiltration of chronic inflammatory cells
in one patient, and mild to moderate chronic inflamma-
tion in two samples. Finally, cases with severe H. pylori
infection exhibited mild to moderate atrophy in 3 cases,
with moderate to marked infiltration of chronic inflam-
matory cells in the six patients.

Morphometric analysis revealed that cases exhibited
lower percentage of ghrelin-immunoreactive cells (2.13%
vs. 10.43%, p < 0.05) than controls. The percentage of

Figure 1. Negative correlation between the percentage of ghrelin-
immunoreactive cells and the Hp infection status (no, mild-moderate
and severe infection).
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TABLE 3
TREND OF HP INFECTION TO PROTECT AGAINST

OBESITY IN UNIVARIATE ANALYSIS.

H. pylori OR 95%CI

Presence of infection 0.88 (0.45–1.72)
Mild 1.04 (0.51–2.09)
Moderate 0.62 (0.21–1.83)
Severe 0.37 (0.46–3.07)
Moderate–severe 0.56 (0.21–1.53)

Abbreviations: OR, odds ratio; CI, confidence interval. The 95% CIs were

not significant.

TABLE 2
DISTRIBUTIONS OF OVERWEIGHT AND OBESITY ACCORDING TO THE DENSITY OF H. PYLORI COLONIZATION

H. pylori n BMI < 25 BMI 25–29.9 BMI ≥ 30 p

n (%) n (%) n (%)

No infection 94 51 (54.3) 27 (28.7) 16 (17.0) 0.001

Infection

Mild 131 62 (47.3) 46 (35.1) 23 (17.6) 0.001

Moderate-Severe 58 29 (50) 23 (39.6) 6 (10.4) 0.001

Abbreviation: BMI, body mass index

ghrelin-immunoreactive cells was negatively correlated
with the severity of H. pylori infection (Figure 1). We
also observed that controls were older than cases with
severe infection (59.38 ± 19.63 vs. 53.80 ± 19.63 years;
p < 0.05) but had similar BMI (24 ± 5.23 kg/m2 vs. 23 ±
3.21 kg/m2).
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DISCUSSION

Ghrelin is a recently described peptide, highly expres-
sed in gastric tissue.5,8,9 Its role in energy homeostasis
has been demonstrated trough regulation satiety by acti-
vation of central mechanism.20 There is strong evidence
suggesting that increments in ghrelin serum concentra-
tion enhance appetite, food intake, and weight gain.10,21,22

However, ghrelin serum concentration is lower in obese
patients than in non-obese individuals.23 It is also obser-
ved in patients with chronic H. pylori infection.18 Inter-
estingly, obesity and H. pylori chronic infection are two
highly prevalent diseases among Mexican population
(34% and 60%, respectively); thus, a possible link bet-
ween both diseases was investigated. We found no rela-
tionship between obesity and H. pylori chronic infec-
tion. A significant low prevalence of obesity was observed
initially among cases, according to severity of infection,
suggesting a protective role of H. pylori infection against
obesity. However, the same pattern of distribution was
observed in the control group.

An interesting finding of our study was the negative
relationship between the density of H. pylori coloniza-
tion and ghrelin-immunoreactive cells. Others reports
have found a relationship between the H. pylori infec-
tion and gastric ghrelin dynamics.18,25-28 However, the
effect of increased density of H. pylori on ghrelin expre-
ssion has not been studied before. This association is
supported by previous reports. Grgov et al. have repor-
ted that a greater density of H. pylori colonization along
with a tendency toward higher gastritis activity scores in
the gastric antrum and gastric corpus.27 In addition, Iso-
moto et al. found a significant relationship between the
progression of histological severity of glandular atrophy
and chronic inflammation in the gastric mucosa with lo-
wer gastric ghrelin mRNA expression, density of ghrelin-
immunoreactive cells, and ghrelin serum concentrations.24

Liew et al. found that the density of ghrelin-positive cells
decreased in obese patients with the progression of histo-
logical severity of chronic inflammation, neutrophil acti-
vity, and glandular atrophy in the corpus.28 These data
suggest that the lower number of ghrelin-expressing cells
observed in our study might reflect increased inflamma-
tory and atrophic events induced by the high density of H.
pylori colonization of the gastric mucosa. This may also
explain the negative correlation in our population between
the severity of H. pylori colonization and percentage of
ghrelin-immunoreactive cells.

Finally, our results established no protective role of
H. pylori chronic infection against obesity. This is an

important finding because some authors have suggested
that high plasma ghrelin concentration in H. pylori-ne-
gative patients contributes to increased obesity in deve-
loped countries, where the prevalence of chronic H. pylori
infection is low; in other words, one can infer a possible
protective effect of H. pylori infection against obesity.
Epidemiological data from Mexican population do not
support this statement. Despite the recent increase in the
prevalence of obesity, the prevalence of chronic H. pylo-
ri infection has not decreased. Data from the National
Health Survey 2000 showed a prevalence of 24.4% of
obesity in the Mexican population,29 rising to 34% in the
last National Health and Nutrition Survey 2006.2 These
data confirm that chronic H. pylori infection does not
provides protection against developing obesity, at least
in the Mexican population.

Our study does not clarify the effects of early sta-
ges of H. pylori infection on gastric ghrelin expres-
sion and body weight. Suzuki et al.30 performed an
interesting study in Mongolian gerbils inoculated with
H. pylori., where serum ghrelin concentration, gastric
ghrelin expression, and body weight were measured
in inoculated and control animals at weeks 4, 17, and
23 after inoculation.27 Preproghrelin mRNA expres-
sion and the number of ghrelin-immunoreactive cells
were significantly lower at 17 and 23 weeks in gerbils
infected with H. pylori than in controls. However, fas-
ting plasma total ghrelin concentration was signifi-
cantly higher at 17 weeks, and fasting plasma active
ghrelin concentration was higher at 17 and 23 weeks
in the inoculated gerbils. Interestingly, body weight
was greater in the infected than in the control gerbils
at 23 weeks (84.1 g vs. 79 g). The authors suggested
that the higher serum ghrelin concentration was cau-
sed by enhanced degranulation of the ghrelin-produ-
cing A-like cells induced by inflammatory stimuli, pro-
bably through an increase in H. pylori-associated
tumor necrosis factor-α. Thus, an effect of current H.
pylori infection on gastric ghrelin expression and body
weight cannot be ruled out, and further investigation
should clarify these relationships.

In conclusion, our study found that chronic H. pylori
infection contributes to a lower percentage of gastric
ghrelin-immunoreactive cells but has no effect on the
body weight of infected patients.
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