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Abstract — Objective: Ghrelin is an appetite-modulating peptide mainly produced in the stomach, with levels
reported to be lower in Helicobacter pylori-positive subjects. This pre-post study aimed to evaluate the effect
of H. pylori eradication on circulating total ghrelin, gastric histopathology, appetite, and nutritional status of
dyspeptic adults.

Patients and Methods: Weight, height, appetite and nutrient intake were determined using validated tools.
Gastric biopsies were obtained for histopathology and H. pylori diagnosis. Fasting serum ghrelin was mea-
sured by ELISA. H. pylori-positive subjects received eradication therapy and returned >12 weeks later for
re-evaluation.

Results: Of 117 screened individuals, 47 who were H. pylori-positive were included, and the organism was
eradicated in 28 (59.6%). Pathologic findings decreased significantly after treatment in subjects with eradi-
cation (»<0.0001) but did not in those without. Appetite and nutrient intake did not differ significantly after
therapy in either group; however, body weight increased in both (p=0.02 and p=0.03). Fasting serum ghrelin
significantly decreased in subjects with eradication [345.0 pg/mL (IQR 373.0-517.8) before, 298.5 pg/mL (IQR
251.0-383.5) after; p=0.0007] but remained unchanged in those without.

Conclusions: The decrease in fasting ghrelin after H. pylori eradication indicates its involvement in the
regulation of this hormone, which may be mediated by the inflammatory responses in tissues to the organism.
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INTRODUCTION

Ghrelin, a 28-amino acid peptide hormone mainly synthesized in the gastric oxyntic glands’?, is an
endogenous ligand for the growth hormone secretagogue receptor and is related to physiological
processes, including energy metabolism, cell proliferation, bone formation, inflammation, sleep
regulation, thermogenesis and blood circulation®. Two main forms of ghrelin have been described
in humans: acyl ghrelin, with an n-octanoyl-modification at the serine-3 that confers its activity,
and des-acyl ghrelin*. Ghrelin increases appetite sensation and food intake, stimulates gastric acid
secretion and gut motility, promotes fatty acid storage and reduces lipid oxidation*5. Given these
actions on food intake and fat deposition, the overall effect of ghrelin is to increase body weight®.

Helicobacter pylori are bacteria that colonize the gastric mucosa of about 50% of the world’s
population, with higher prevalence in developing countries’. Although colonization with H. pylori
causes inflammatory cell infiltration into the gastric mucosa (i.e., gastritis) in all colonized patients?g,
most of the affected population is asymptomatic. A combination of bacterial, host and environmen-
tal factors can develop gastrointestinal pathologies such as peptic ulcer disease, atrophic gastritis,
MALT lymphoma, and/or gastric cancer”®.

It has been hypothesized that H. pylori infection may impair ghrelin production, resulting in de-
creased circulating concentration’. However, studies of the influence of H. pylori on gastric ghrelin
production and body weight have yielded conflicting results; H. pylori-positive subjects have had low-
er, higher or similar ghrelin levels compared to H. pylori-negative individuals'-'3. We previously con-
ducted a cross-sectional study which revealed that H. pylori colonization was associated with lower
serum ghrelin values', consistent with the conclusions from a systematic review and meta-analysis'.

Since ghrelin gastric synthesis has been found to be increased after H. pylori eradication,
this could lead to a rise in circulating ghrelin, increasing appetite and body weight''8. However,
inconsistencies between results from different reports on H. pylori eradication have been found, in-
dicating the need for more research in this field's'®. Nwokolo et al'” described an increase in plasma
ghrelin but unchanged body mass index (BMI) six weeks after H. pylori eradication in asymptomatic
subjects and Choi et al?® also observed a rise in acyl ghrelin without significant BMI modification
one year after eradication. Francois et al?' reported a significant increase in BMI and post-prandial
(but not pre-meal) acyl ghrelin levels a median of seven months after H. pylori eradication, and a
randomized controlled trial also found BMI to be higher following H. pylori cure®?. However, other
authors reported a decrease in acyl ghrelin®2* or in total ghrelin?26 after eradication. Therefore,
the current study aimed to evaluate the effect of H. pylori eradication on serum ghrelin levels, appe-
tite sensation, nutritional status, and gastric histopathology in dyspeptic adults in Argentina.

MATERIALS AND METHODS
Participants and Protocol Design

This longitudinal analytical study was conducted over a 2-year period at the Hospital de Gastro-
enterologia “Dr. Carlos Bonorino Udaondo”, a tertiary referral hospital located in Buenos Aires,
Argentina. The protocol was approved by the Institutional Review Board (Comité de Etica en
Investigaciones, CEIl, Hospital de Gastroenterologia “Dr. Carlos Bonorino Udaondo”) in April
2015 and was performed in accordance with the principles of the Declaration of Helsinki and the
Guidelines of Good Clinical Practice. Overnight fasting dyspeptic adults (18-70 years) referred
for an upper-digestive-endoscopy were prospectively enrolled. Patients who were pregnant or
had active gastrointestinal (Gl) bleeding, history of Gl surgery, neoplastic disease, diabetes,
thyroid, renal or hepatic pathologies, celiac disease, coagulopathy, drug abuse, or treatment with
antimicrobials or acid suppressants within a month before enroliment were excluded. Subjects
provided written informed consent, which detailed the objectives, procedures and outcomes of
the study; confidentiality of the data was assured.

All individuals completed an epidemiological questionnaire and underwent upper Gl endoscopy
with biopsy. In this pre-post therapy study, baseline determinations included energy and macronu-
trient intake, appetite sensation, weight, height, waist circumference, serum ghrelin concentration
after an overnight fast, type of gastric pathology and presence of H. pylori and its genotype. Those
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subjects who were H. pylori-positive received eradication therapy and returned for reevaluation at
least twelve weeks later™. Initial H. pylori status was based on microscopic assessment of stained
gastric tissue by histologic examination. At the follow-up, in addition to repeated gastric biopsy and
histological examination, the *C-Urea Breath Test ('*C-UBT) was performed to ascertain H. pylori
status.

Eradication Therapy

Given the high level of H. pylori resistance to clarithromycin and metronidazole in Argentina®” and
the unavailability of bismuth, patients who tested positive for H. pylori received eradication treat-
ment consisting of pantoprazole (40 mg twice daily for 30 d), amoxicillin (1 g twice daily for 10 d),
levofloxacin (500 mg once daily for 10 d), as suggested by the Maastricht Consensus Report®. After
a minimum of twelve weeks, all treated patients returned for re-evaluation. Treatment compliance
and protocol adherence were evaluated by an interview as well as count of remaining tablets in
medication containers at the programmed control visit.

Food Intake and Appetite Sensation

Each volunteer completed a 24 h dietary recall to assess energy and macronutrient intake. Sub-
jects were provided with picture charts for estimation of portion size®. Food composition was ana-
lyzed using a 2007 database compiled by the Argentine Ministry of Health?°.

The Simplified Nutritional Appetite Questionnaire (SNAQ), a short, validated assessment tool, was
used for evaluating appetite sensation and predicting weight loss risk. A calculated score <14 indi-
cates a significant risk of at least 5% weight loss within six months®°.

Anthropometry

Body weight was measured using a portable mechanical scale (CAM, Buenos Aires, Argentina)
to the nearest 100 g, and height was determined with a stadiometer (Stanley, Morangis, France)
to the nearest 0.1 cm. Anthropometric techniques were previously standardized according to the
CDC anthropometry procedure manual®'. Body Mass Index (BMI) was calculated as weight in
kilograms divided by the square of height in meters and underweight, stunting, overweight and
obesity were classified according to World Health Organization standards®2. Abdominal adiposity,
a cardiovascular disease risk predictor, was evaluated by measuring waist circumference using a
stretch-resistant tape®:.

Ghrelin Determination

Venous blood samples were obtained from the fasted patients before endoscopy. The serum was
separated by centrifugation and stored at -80°C. Total ghrelin serum concentration was determined
by Enzyme-linked-Immunosorbent-Assay (ELISA) using a commercial kit (EMD Millipore Corpo-
ration, MO, USA). Absorbance values were obtained using a FlexStation 3 Multi-Mode Microplate
Reader (Molecular Devices, LLC., CA, United States) and were processed with the Cembal 2.2°
program (Cembal Applications 2000-2001, Argentina) to calculate ghrelin concentrations.

Endoscopy

All subjects underwent esophagogastroduodenoscopy (EGD), during which four gastric biopsies
were taken: two each from the antrum and corpus. Gastric mucosal histology was evaluated using
one biopsy from each site, and the two remaining samples were used for molecular biology eval-
uation.
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Histological Analysis

Gastric biopsies were processed by formol immersion for 2h, dehydration in 96% ethanol for 6h,
100% ethanol for 4h and xylene for 3h, with immersion in paraffin at 56-58°C for 3h and at 62°C
for 3h. Consecutive 4 ym sections were obtained using a spin tissue processor (MicromSTP120,
ThermoScientific Corp., Walldorf, Germany) for hematoxylin-eosin and Giemsa histologic staining.
Microscopic assessment allowed H. pylori diagnosis and gastritis grading according to the updated
Sydney System Classification3+.

3C-Urea Breath Test

We used a commercial *C-Urea Breath Test (*C-UBT) kit (TAU-KIT, Isomed Pharma, Madrid, Spain)
as described in our prior study'. Fasted patients drank 100 mL of a citric acid-enriched beverage. Ten
minutes later, two basal exhaled air samples were collected in hermetically sealed containers. Then
each patient ingested 100 mg "*C-urea dissolved in 50 mL water. After 30 minutes, two post-dose breath
samples were collected. Samples were measured in an isotope ratio mass spectrometer coupled to a
gas chromatograph (Finnigan MAT GmbH, Thermo Fisher Scientific, Bremen, Germany). A change of
3.5%0 or more in the Delta Over Baseline value was considered positive for the presence of H. pylori®.

H. pylori Genotype

H. pylori vacA and cagA genotypes were evaluated. Prior to PCR amplification, bacterial DNA was
isolated from antrum and corpus biopsies using the QlAamp Mini Kit (QIAGEN, INC., CA, United
States). Amplification was performed using the following primer sequences: valF (5-ATGGAAATA-
CAACAAACACAC-3) and vaiXR (5-CCTGAGACCGTTCCTACAGC-3’) for vacA, which amplified
the vacAS1 (176 bp) and vacAS2 (203 bp) alleles®®; cagA22 (5-GATCCTGCTAGTTTGTCAGC-
GA-3’) and cagA23 (5-CTTATCATTCACGAGTTTGAGC-3’) for the cagA gene (127 bp product)®”.
Reagent concentrations and conditions were as described'.

Statistical Analysis

Sample size was estimated using Statcalc (Epi Info 3.2, Georgia, USA), considering a = 0.05, 8
= 0.20, and a 30% variation in ghrelin level after successful therapy?'. Enrolment of 22 eradicated
patients was calculated to be necessary to find a statistically significant change in ghrelin concen-
tration after H. pylori eradication. Considering an H. pylori eradication rate of 70% and a 20% loss to
follow-up, we calculated 40 H. pylori-positive patients would be needed for this study. Mann-Whit-
ney test was used to compare differences in weight between subjects with successful eradication
or not. The Wilcoxon-Signed-Rank test was used to analyze paired measures of energy and mac-
ronutrient intake, appetite sensation and ghrelin concentration before and after H. pylori treatment.
Relationships between variables were evaluated by Spearman correlation. Friedman test was used
to analyze differences concerning gastric pathology. All statistical analyses were performed using
SPSS software version 19.0 (IBM SPSS, Chicago, IL, USA), setting significance levels at p < 0.05.

RESULTS
Patients

The screening included 117 subjects with a median age of 44.0 years (IQR 33.5-53.0 y), of which
66.7% (Cl95% 57.7-74.5%) were female. Anthropometric evaluation showed that 25.9% of the
screened patients were under or normal weight, 48.2% were overweight, and 25.9% were obese.
H. pylori prevalence in this population was 68.4% [CI95% 59.5-76.1%)]. Seventy-two H. pylori-posi-
tive subjects received eradication therapy and 47 returned at least twelve weeks later for re-evalu-
ation, exceeding the calculated sample size for statistical significance. Eradication was successful
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in 28 (59.6%) subjects in which the variables under analysis were compared before and after treat-
ment. In addition, variables were also analyzed in the 19 subjects in which eradication failed. The
H. pylori eradicated group had a median age of 51.5 y (IQR 36.5-60.3y) and a 16/12 female/male
ratio, while in the H. pylori non-eradicated group, the median age was 47.0 y (IQR 35.0-52.0y) and
female/male ratio was 13/6. There were no statistically significant differences between groups in
terms of age (p=0.20) or sex (p=0.44).

Dietary Assessment and Appetite Evaluation

Energy, macronutrient intake, and SNAQ scores in the H. pylori eradicated and non-eradicated
groups are presented in Table 1. There was a tendency towards increased post-treatment nutrient
intake in both groups; however, differences with pre-treatment values were not statistically signif-
icant. Appetite sensation did not change significantly after treatment in either of the two groups.

Anthropometric Evaluation

H. pylori eradicated patients showed a median initial weight of 70.0 kg (IQR 60.3-79.0) very similar
to the non-eradicated patients, with 69.4 kg (IQR 60.0-84.7) (p=0.90). A significant increase in
body weight following therapy was observed in both the eradicated (p=0.02) and non-eradicated
subjects (p=0.03). We further analyzed whether weight gain was different according to treatment
outcome finding no significant differences between the two groups: 0.7 kg median weight gain (IQR
0.0-2.9) in eradicated and 1.4 kg (IQR -0.1-3.8) in non-eradicated subjects (p=0.71).

Ghrelin Levels

There was no significant difference in the baseline ghrelin levels in the eradicated and non-erad-
icated groups. However, median ghrelin concentration decreased from 345.0 pg/mL (IQR 273.0—
517.7) to 298.5 pg/mL (IQR 251.0-383.5) after H. pylori eradication (p=0.0007), whereas it did not
change significantly in the non-eradicated patients (Table 1). Ghrelin changes inversely correlated
with baseline levels in the H. pylori eradicated group (r=-0.81; p<0.0001), consistent with a prior re-
port38, while no significant correlation was found in the non-eradicated group (p=0.053) (Figure 1A).
We found a significant correlation between changes in ghrelin and body weight as a percent in the
eradicated group (r=-0.41; p=0.035) but not in non-eradicated subjects (Figure 1B).

TABLE 1. NUTRIENT INTAKE, APPETITE SENSATION AND GHRELIN LEVELS BEFORE
AND =12 WEEKS AFTER H. PYLORI TREATMENT.

Variable H. pylori eradicated (n = 28) H. pylori non-eradicated (n = 19)
Baseline Post-treatment Jo) Baseline Post-treatment p
Energy 1469.0 1693.0 0.75 1400.0 1896.5 0.32
(kcal/d)? [1311.0-1777.5] [1279.0-2040.0] [1107.5-1992.0] [1344.0-2381.3]
Carbohydrate 200.0 215.0 0.72 170.0 260.5 0.42
(g/d)? [167.3-241.8] [138.0-350.0] [130.5-247.7] [153.5-286.5]
Protein (g/d)? 57.5 74.0 0.20 55.5 59.0 0.55
[43.8-82.0] [51.0-86.0] [37.5-79.7] [49.5-88.7]
Fat (g/d)? 50.5 55.0 0.75 44.0 75.0 0.06
[42.3-66.0] [45.0-64.0] [28.0-72.2] [60.0-100.0]
SNAQ score®® 149 +2.2 154 +1.9 0.19 14.8 +2.3 14.8 £ 2.1 0.99
Fasting ghrelin 345.0 298.5 0.0007* 485.0 413.0 0.11
(pg/mL)?2 [273.0 —517.7] [251.0 — 383.5] [333.0 — 629.0] [291.0 — 594.0]

aMedian [IQR]; °Mean + SD; °Simplified Nutritional Appetite Questionnaire score; *p < 0.05, statistically significant
(Wilcoxon-Signed-Rank).
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Figure 1. Relationship between baseline ghrelin levels and ghrelin variation (A) after H. pylori treatment in erad-
icated and non-eradicated patients (A). Relationship between changes in body weight and ghrelin concentration
as a percent (B). R-values represent Spearman Rank coefficients, and p-values were calculated. *Statistically
significant (Spearman correlation).

Gastric Histopathology

As expected, there was higher prevalence of active chronic gastritis before treatment in the H.
pylori-positive subjects than in those without (Table 2). After antibiotic therapy, the prevalence of
chronic inactive gastritis and normal mucosa both increased with a decrease in chronic active
gastritis, both in antrum (p<0.0001) and corpus (p<0.0001), in those patients who eradicated the
infection. In the non-eradicated group, there was no significant change.

H. pylori Strains

Distribution of H. pylori vacA and cagA genotypes among the 47 treated patients was as follows:
58.7% vacAS1 cagA-positive, 32.6% vacAS2 cagA-negative, 6.5% vacAS1 cagA-negative, and
2.2% vacAS2 cagA-positive. Ghrelin concentration decreased significantly after eradication in pa-
tients carrying cagA-positive strains (n=15) [371.0 pg/mL (IQR 271.0-571.0) before vs. 299.0 pg/mL
(IQR 232.0-399.0) after, p=0.0032]. There were no statistically significant differences in subjects
with cagA negative strains (n=13) [319.0 pg/mL (IQR 276.5-513.5) before vs. 298.0 pg/mL (IQR
251.0-395.0) after, p=0.08]. In the non-eradicated group, ghrelin variation was not influenced by
the H. pylori cagA genotype.
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e
TABLE 2. GASTRIC PATHOLOGY BEFORE AND =12 WEEKS AFTER H. PYLORI
ERADICATION TREATMENT.

Variable Eradicated (n = 28) Non-eradicated (n = 19)
Baseline Post-treatment p Baseline  Post-treatment p
Antrum n=26 n=28 n=18 n=18
No inflammatory 0 (0.0) 8 (28.6) 0 (0.0) 0 (0.0)
cell infiltration?
Chronic inactive 2(7.7) 16 (57.1) [<0.00017] 2 (11.1) 6 (33.3) [0.06]
gastritis?
Chronic active 22 (84.6) 3 (10.7) 15 (83.3) 12 (66.7)
gastritis®
Atrophy or 2(7.7) 1(3.6) 1(5.6) 0 (0.0)
intestinal
metaplasia®
Corpus n=26 n=28 n=18 n=17
No inflammatory 0 (0.0) 11 (39.3) 0 (0.0) 0 (0.0)
cell infiltration?
Chronic inactive 1(3.8) 16 (57.1) [<0.0001%] 3 (16.7) 5 (29.4) [0.41]
gastritis®
Chronic active 25 (96.2) 1(3.6) 15 (83.3) 12 (70.6)
gastritis®
Atrophy or intestinal 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0)
metaplasia®

an (%); *p < 0.05, statistically significant (Friedman Test).

DISCUSSION

The goal of this study was to analyze the effect of H. pylori eradication on serum ghrelin concentra-
tion, gastric mucosa status, anthropometry, appetite and food intake. Our results showed a statis-
tically significant decrease in circulating total ghrelin levels after successful eradication of H. pylori
infection, which was not observed in subjects with maintenance of H. pylori (non-eradicated), and
the inverse correlation between total ghrelin variation and baseline ghrelin concentration was only
observed in the H. pylori eradicated group.

Previous studies'® concerning ghrelin after H. pylori eradication showed conflicting results: a me-
ta-analysis found no significant differences in circulating ghrelin levels after H. pylori eradication.
Subsequent reports continued showing discrepant results22'.2326 probably due to the heteroge-
neity of subject sex, age, ethnicity, diseases, H. pylori strain, measured ghrelin entity, sample type,
follow-up duration, study design, eradication therapy, all of which hinder comparisons.

When we analyzed ghrelin variation after eradication in relation to the H. pylori strain, we ob-
served ghrelin decreased significantly only in eradicated patients who carried cagA-positive strains;
however, sample size was not calculated for this sub-analysis, which may have prevented observ-
ing changes in ghrelin among subjects with cagA-negative strains.

A significant increase in body weight was observed after H. pylori eradication. Although weight
gain following H. pylori eradication has been widely described'°, we also observed a weight in-
crease in the non-eradicated group. A possible explanation for this outcome may be the resolu-
tion of dyspepsia due to eradication therapy itself, independent of its effectiveness. Despite our
attempt to evaluate dyspepsia symptoms through the administration of a validated questionnaire,
enrollment of subjects with low education levels precluded properly obtaining data. If dyspeptic
symptoms improved, appetite sensation and food intake would be expected to increase; however,
this was not observed.

An alternative explanation for the weight gain would be the alteration of intestinal microbiota
composition by the eradication therapy?*“°, regardless of the effects on H. pylori. Since microbiota
composition affects the amount of energy extracted from diet and fat deposition*'#2, eradication
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therapy may affect weight increase even when food intake remains unchanged. Reduction in plas-
ma ghrelin level after H. pylori eradication also could be due to an antimicrobial-induced alteration
of the gut microbiota?*. Although we did not evaluate the microbiota composition, we only found
ghrelin decrease in successfully eradicated patients. Since the majority of human ghrelin produc-
tion is in the stomach'?, a gastric-specific process, such as the eradication of H. pylori, would likely
have had a more profound effect. Circulating ghrelin concentration is known to be strongly correlat-
ed with body weight change'’; therefore, decreased ghrelin concentration could be a consequence
of the body weight increase. We observed a significant inverse correlation between ghrelin and
body weight changes only in eradicated subjects. However, the non-eradicated group in our study
did not have significant decreases in ghrelin concentration despite having a significant body weight
increase. These considerations suggest that the mechanisms tying the antimicrobial effects, H. py-
lori eradication, ghrelin levels, and weight changes are not linearly related across a heterogeneous
human population.

Since decreased inflammatory cell infiltration of the gastric mucosa was observed only in H.
pylori eradicated patients, as expected®“3, the ghrelin decrease is related to the change in the gas-
tric tissue responses; consistent with this view, the strongest effects were seen with eradication of
cagA positive H. pylori strains, which are known to be the most interactive with host tissues. Ghrelin
itself has gastroprotective and anti-inflammatory effects®'*44; therefore, any changes in fasting
ghrelin after H. pylori eradication may be mediated by the inflammatory responses. In this way, the
lack of assessment of pro- or anti-inflammatory cytokines could be a limitation of this study. This
change in circulating ghrelin concentration, however, may be different in the short-term or the long-
term after H. pylori eradication, as reported by other authors2°2!.

CONCLUSIONS

In conclusion, our results provide further evidence that gastric colonization with H. pylori, especially
cagA positive strains, affects ghrelin physiology. The effects of these changes may not be limited
to the stomach, but affect systemic phenomena, like circulating ghrelin levels and body weight ho-
meostasis, furthering our view of the integrated role of H. pylori with human physiology.
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