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Context: Leptin and ghrelin, hormones involved in human energy homeostasis, are both produced
in the stomach.

Objective: We sought to determine whether the presence of Helicobacter pylori affects gastricand
systemic levels of leptin and ghrelin.

Design, Setting, and Patients: We consecutively enrolled 256 patients referred for upper endos-
copy at a Veterans Affairs outpatient endoscopy center.

Outcomes: We obtained fasting serum, fundic and antral biopsies, and gastric juice. Based on
histological, biochemical, and serological assays, patients were categorized as H. pylori+ or H.
pylori—. Leptin and total ghrelin levelsin serum, gastric biopsies, and gastric juice were determined
by specific ELISAs.

Results: Of the 256 subjects, 120 were H. pylori+ and 96 were H. pylori—; 40 patients of indeter-
minate status were excluded. Serum and fundic leptin levels correlated with body massindexin the
H. pylori+ (r = 0.35; P< 0.0001 and r = 0.35; P < 0.0001, respectively) and H. pylori— (r = 0.65; P <
0.0001andr =0.41; P<0.0001, respectively) groups, but H. pylori+ subjects had significantly lower
serum leptin levels [median 2.2 ng/ml (interquartile range 0.9-4.6) vs. 4.0 ng/ml (1.7-7.2); P =
0.0003]. Serum ghrelin levels were similar in the H. pylori+ and H. pylori— groups [median 1651
pg/ml (interquartile range 845-2247) vs. 1629 pg/ml (992-2886); P = 0.23]. H. pylori status did not
significantly affect gastric biopsy leptin and ghrelin levels. Ghrelin levels in gastric juice varied over
41og,, (<80-776,000 pg/ml) and correlated with gastric juice pH in the H. pylori+ group (r = 0.68;
P < 0.0001).

Conclusions: These findings provide evidence that H. pylori status affects leptin and ghrelin ho-
meostasis, presumably via intragastric interactions. (J Clin Endocrinol Metab 93: 2350-2357, 2008)

nergy balance and food intake are functions central to the
E survival of animals and humans and are partly regulated by
the hormones leptin and ghrelin (1). Leptin is the peptide product
of the 0b gene expressed by adipocytes and by chief and endo-
crine P cells in the gastric epithelium (2). Serum leptin levels
reflect body fat stores and help maintain stable body weight by
suppressing food intake and increasing energy metabolism (1).
Gastric leptin contributes to serum leptin levels (2), regulates
intestinal nutrient absorption, delays gastric emptying, signals
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short-term satiety via vagal afferent nerves, and is associated
with Barrett’s esophagus (3, 4).

Ghrelin is a peptide hormone predominantly produced by the
X/A cells in the gastric oxyntic mucosa (5). Ghrelin stimulates
food intake, decreases energy expenditure, and promotes weight
gain (6). In contrast to leptin, serum ghrelin levels are inversely
related to adipose tissue mass and may help maintain energy
homeostasis when nutrients are scarce (7). Ghrelin also exerts
anti-ulcerative effects in the rat stomach, perhaps via the ghrelin

Abbreviations: BMI, Body mass index; H2, histamine 2; IQR, interquartile range; NSAID,
nonsteroidal antiinflammatory drug; PPI, proton pump inhibitor.
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type 1b receptor, which has been identified in the human stom-
ach and esophagus (8, 9). However, whether ghrelin acts locally
in the gastrointestinal lumen via gastric secretions has not been
examined.

Helicobacter pylori, a persistent colonizer of the human stom-
ach, isassociated with acute gastritis (neutrophil predominance),
peptic ulcer disease, and gastric adenocarcinoma. The H. pylori-
induced inflammatory response affects many gastric cell types,
including those responsible for leptin and ghrelin production
(10). Elimination of H. pylori after antimicrobial therapy has
been reported to increase nutrition and weight, suggesting that
H. pylori could play a role in the regulation of leptin and ghrelin
expression (11, 12). In previous studies, H. pylori colonization
has been associated with high, equivalent, or low circulating
leptin levels (11, 13-16); the relationship between H. pylori sta-
tus and ghrelin levels is also uncertain (14-22).

We previously found that eradication of H. pylori in adult
males resulted in a significant (2.4 %) increase in body mass index
(BMI), with a concomitant 25% increase in integrated (mean of
fasting and post-meal) leptin levels and a 76 % increase in inte-
grated ghrelin levels (41). Therefore, we hypothesized that gas-
tric H. pylori colonization reduces circulating levels of leptin and
ghrelin, perhaps by inhibiting their gastric production. We also
hypothesized that ghrelin and leptin are present in gastric secre-
tions and that H. pylori colonization may affect their levels in
gastric juice. To test these hypotheses, we examined gastric, cir-
culating, and gastric juice levels of leptin and ghrelin in well-
defined fasting H. pylori+ and H. pylori— adult male subjects.

Patients and Methods

Study population

At the ambulatory endoscopy unit at the Manhattan campus of the
Veterans Affairs New York Harbor Healthcare System, we prospectively
recruited male adults of at least 18 yr of age referred for routine upper
endoscopy for any indication. To exclude gender as a variable, because
females have higher average leptin levels, only male patients were studied
(23). Participants also were excluded if they had known coagulopathy,
history of esophageal or gastric varices, previous gastric surgery, or treat-
ment with antibiotics, steroids, or immunomodulating agents in the
month before enrollment. The Institutional Review Board of New York
University School of Medicine approved the study protocol, and written
informed consent was obtained from all participants.

Clinical evaluation and specimen collection

All patients presented after a 12-h overnight fast. Before the sched-
uled endoscopy, a physician conducted a preprocedure evaluation, in-
cluding history and physical examination. Demographic and clinical in-
formation was collected via questionnaire administered by trained
interviewers at study entry. Participants self-reported ethnic designation
as White non-Hispanic, Black non-Hispanic, Hispanic, or Asian. Height
and weight was recorded for each participant and BMI calculated as
weight (kilograms) divided by height (meters squared). Just before en-
doscopy, 15 ml blood was collected, centrifuged, and stored as serum at
—20 C until examined.

Endoscopy

A complete endoscopic evaluation of the esophagus, stomach, and
duodenum up to the second portion was performed with an Olympus
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GIF-130 or GIF-160 videoendoscope (Olympus America, Melville, NY)
after iv administration of meperidine and midazolam. Upon endoscope
entry into the stomach, approximately 15 ml gastric secretion was col-
lected for pH and peptide determination. Biopsies, which included epi-
thelium and mucosa, were obtained from the gastric antrum for rapid
urease testing (Hpfast; GI Supply, Camp Hill, PA) and from the gastric
antrum, fundus, and body for culture, histological examination, and
biochemical testing. Two biopsies from each site were studied. The phy-
sicians performing endoscopy were blinded to the H. pylori status of the
subjects and used identical technique in obtaining biopsies from each
subject. Biopsy samples measuring 8 mm? were rinsed in phosphate buff-
ered saline (pH 7.4) and homogenized. Gastric biopsies were stored at
—80 C and gastric juice samples at =20 C.

Determination of H. pylori status

Serum was evaluated for IgG antibodies against H. pylori whole-cell
and cagA antigens by ELISA, with results expressed as OD ratios relative
to laboratory standards, as previously described (24, 25). Values were
considered positive if the OD ratio was 1.0 or higher for the whole-cell
antigen assay and 0.35 or higher for the cagA antigen assay. Patients were
categorized as H. pylori+ if H. pylori was isolated on culture of the
gastric biopsy or if positive in at least two of the following tests: rapid
urease assay, histological examination of gastric biopsy specimens for
bacterial cells with characteristic morphology, or assay for serum IgG
antibodies to H. pylori group or cagA antigens. Patients of indeterminate
H. pylori status were positive in only one of these four tests.

Pathology

Body and antral biopsies were examined by specialized gastrointes-
tinal pathologists. Each sample was evaluated for the presence and grade
of chronic gastritis, acute gastritis, and atrophy/intestinal metaplasia in
the body and antrum, according to the updated Sydney System: 0 (none),
1 (mild), 2 (moderate), or 3 (marked) (26).

Tissue and serum peptide determination

An ELISA (R&D systems, Minneapolis MN) was used to measure
leptin in biopsy homogenates, serum, and gastric juice samples. Con-
centrations in biopsies were normalized based on biopsy protein (pico-
grams per milligram protein) (BCA Protein Assay; Pierce Biotechnology,
Rockford IL), and in serum or gastric juice per milliliter. As described by
the manufacturer, the intraassay and interassay variabilities are 3.2 and
4.1%, respectively, and the minimum detectable leptin level is 0.0078
ng/ml. A competitive enzyme immunoassay (Phoenix Peptide, Burlin-
game CA) was used to measure ghrelin in the biopsy homogenates, se-
rum, and gastric juice samples. The assay uses an antibody directed
against the C-terminal fragment of the ghrelin peptide and detects acyl,
des-acyl, and other minor forms of ghrelin. The intraassay and interassay
variability of the assay are 5 and 14 %, respectively, and the minimum
detectable ghrelin level is 80 pg/ml. All tests were performed at least in
duplicate. Identical control samples were examined for each immuno-
assay plate; if values for the controls were outside the interassay vari-
ability reported by the manufacturer, all samples in the plate were
reassayed.

Statistical analysis

Data are expressed as mean * sD or median and interquartile range
(IQR) (25-75th percentile), depending on the distribution of the values.
Continuous variables were compared using Student’s ¢ test on log-trans-
formed data after controlling for possible confounders [age, smoking
status, gastric pH, BMI, and alcohol, proton pump inhibitor (PPI), his-
tamine 2 (H2) blocker, or nonsteroidal antiinflammatory drug (NSAID)
use] in a multivariate linear regression. We defined the thresholds for
significance to maximize statistical rigor. For the # test analyses, we used
the Bonferroni adjustment to establish a conservative threshold of P =
0.005 for significance by dividing 0.05 by 10, the number of comparisons
performed. Correlations were analyzed using the Spearman rank test,
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with a value of P = 0.001 considered as significant to allow for 5%
overall type I error. Categorical variables were compared using the x*
test, with a significance threshold of P = 0.008 (0.05 divided by 6, the
number of comparisons performed). Statistical analysis was performed
using SPSS software version 13.0 for Windows (SPSS Inc., Chicago, IL).

Results

Patient demographic and clinical characteristics

Among the 256 patients consecutively enrolled, 96 were H.
pylori—, and 120 were H. pylori+; 40 patients of indeterminate
status were excluded from further analysis. The most common
indications for endoscopy in the H. pylori+ and H. pylori—
groups were iron-deficiency anemia (n = 52), heme-positive
stool (n = 44), gastroesophageal reflux disease (GERD) (n = 32),
dyspepsia (n = 26), Barrett’s esophagus follow-up (n = 25), and
dysphagia (n = 14) and did not significantly vary according to H.
pylori status. The H. pylori+ and H. pylori— groups did not
differ significantly in age, BMI, or aspirin, alcohol, or NSAID
use; however, as expected, Black and Hispanic persons were
overrepresented in the H. pylori+ group (27). Although smoking
was more prevalent in the H. pylori+ group than in the H. py-
lori— group, this difference was not statistically significant.
Compared with H. pylori— subjects, H. pylori+ subjects used
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antisecretory (PPI or H2 blocker) medications at lower rates,
although this difference (P = 0.03) did not meet our standard for
significance (P < 0.008). As expected, H. pylori+ subjects had
higher gastric juice pH (10), a phenomenon observed only in
antisecretory medication nonusers (Table 1).

Of the 216 enrolled H. pylori+ and H. pylori— subjects, 189
body and 204 antral specimens were adequate for pathological
grading. Atrophy/intestinal metaplasia was more common in the
H. pylori+ compared with H. pylori— group in the antrum (37
vs. 16%; P = 0.001) but not in the body (14 vs. 9%; P = 0.38).
Asexpected, antral chronic gastritis, acute gastritis, and atrophy/
intestinal metaplasia grades were significantly higher in H. py-
lori+ compared with H. pylori— subjects. Body acute gastritis
grade was significantly higher in H. pylori+ compared with H.
pylori— subjects (0.75 * 0.98 vs. 0.04 = 0.19, P < 0.0001)
(Table 2).

Serum, gastric, and gastric juice leptin

As expected, serum leptin levels were correlated with BMI in
all subjects (r = 0.51; P < 0.0001), and in the H. pylori+ and H.
pylori— subsets (r = 0.35; P < 0.0001 and r = 0.65; P < 0.0001,
respectively) (Figure 1). Adjusted circulating leptin levels were
significantly lower in H. pylori+ than H. pylori— subjects [me-
dian 2.2 ng/ml (IQR 0.90-4.6) vs. 4.0 ng/ml (1.7-7.2); P =

TABLE 1.

Characteristics of the 216 subjects examined in this study

H. pylori status

Characteristic Negative (n = 96) Positive (n = 120) P value

Age, yr (mean = sp) 64 + 11 65 + 12 0.50°
Indications for endoscopy [n (%)]° 0.07°

Iron-deficiency anemia 20(21) 32(27)

Barrett’s esophagus follow-up 19 (20) 6 (5)

Heme-positive stool 16 (17) 28 (23)

GERD 15 (16) 17 (14)

Dyspepsia 11011) 15(13)

Dysphagia 5(5) 9(8)

Nausea/vomiting 3(3) 4(3)

Other 9(9) 7 (6)
Race/ethnicity [n (%)]° 0.001°

White, non-Hispanic 55 (57) 33(28)

Black, non-Hispanic 23 (24) 51 (43)

Hispanic 15 (16) 32 (27)

Asian 0(0) 2(2)
Other 2(2) 1(1)
BMI, kg/m? (mean = sb) 284 +53 27649 0.307
PPl or H2 blocker use, [n (%)] 50 (52) 42 (35) 0.03?
NSAID or aspirin use, [n (%)] 48 (50) 70 (58) 0.32°
Smoking [n (%)] 5(16) 32 (27) 0.10°
Alcohol use [n (%)] 35 (36) 42 (35) 0.88
Gastric juice pH [median (IQR)] 3(2-6) 5(-7) 0.003°

pH in PPl users only, median (IQR) (n) 4 (2-7) (45) 7 (3-8) (37) 0.05°

pH in H2 blocker users only, median (IQR) (n) 2.5(1-4.8) (4) 2 (1-3)(9) 0.10%

pH in users of both H2 blockers and PPI, median (IQR) (n) 5(2-5) (4) 0)

pH in antisecretory non-users, median (IQR) (n) 2 (1-5) (43) 4 (2-7) (74) 0.001°

GERD, Gastroesophageal reflux disease.

2 Student’s t test (based on normalized data) after controlling for possible confounders (age, smoking status, gastric pH, BMI, and alcohol, PPI, H2 blocker, or NSAID
use) in a multivariate linear regression. For the t test analyses, we used the Bonferroni adjustment to establish a conservative threshold of P = 0.005 for significance by
dividing 0.05 by 10, the number of comparisons performed. Significant results are in bold.

Py? test, P < 0.008 (Bonferroni adjustment: 0.05 divided by 6). Significant results are in bold.

© Percent values do not add to 100 due to rounding.
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TABLE 2. Gastric pathology according to H. pylori status

H. pylori status

Pathology Negative Positive P value?®

Body (n)”® 81 108
Chronic gastritis

Present (%) 53 61 0.32

Grade (mean = sp) 0.63 = 0.68 1.02 =1.04 0.25
Acute gastritis

Present (%) 4 44 <0.0001

Grade (mean = sp) 0.04 = 0.19 0.75 +0.98 <0.0001
Atrophy or intestinal metaplasia

Present (%) 9 14 0.38

Grade (mean = sp) 0.12 = 0.46 0.27 =0.74 0.25
Antrum (n)? 89 115
Chronic gastritis

Present (%) 60 56 0.67

Grade (mean = sb) 0.65 + 0.60 1.03 £1.13 0.002
Acute gastritis

Present (%) 2 57 <0.0001

Grade (mean = sp) 0.02 = 0.15 0.91 *=0.98 <0.0001
Atrophy or intestinal metaplasia

Present (%) 16 37 0.001

Grade (mean = sp) 0.22 = 0.60 0.51 =0.82 0.004

Based on the updated Sydney System, samples were categorized as pathology present or absent and graded according to degree of pathology: 0 (none), 1 (mild), 2

(moderate), or 3 (marked).

2 Presence of pathology was compared using x? test (P < 0.008), and gastritis grade was compared using Student's t test (P < 0.005). Significant results are in bold.

b Number (n) of adequate body and antrum specimens are provided according to H. pylori status.

0.0003] (Table 3) but among the H. pylori+ subjects did not
significantly vary by cagA status (supplemental Table 1, pub-
lished as supplemental data on The Endocrine Society’s Journals
Online web site at http://jcem.endojournals.org). Reflecting the
slope differences in Fig. 1, the serum leptin/BMI ratio was some-
whatlower in the H. pylori+ group than in the H. pylori— group
[median 0.08 ng:m?*/ml-kg (IQR 0.04-0.16) vs. 0.13 pg-m?/
ml-kg (0.06-0.26); P = 0.008] in a multivariate analysis (Table
3).

Fundic leptin levels also correlated with BMI (r = 0.36; P =
0.0001), with significant trends for both H. pylori+ (r = 0.35;
P <0.001) and H. pylori— (r = 0.41; P < 0.0001) subjects (Fig.
1); the relationship between antral leptin levels and BMI was not
statistically significant. The significant correlations between se-
rum and fundic leptin and BMI in the H. pylori+ subjects were
driven by the relationships in those carrying cagA + strains (sup-
plemental Fig. 1, published as supplemental data on The Endo-
crine Society’s Journals Online web site at http://jcem.endojour-
nals.org). Antral and fundic leptin levels were not significantly
different between the H. pylori+ and H. pylori— cohorts (Table
3). However, in the H. pylori+ subjects, antral and fundic leptin
levels were directly related (r = 0.51; P < 0.0001); for H. pylori—
subjects, the relationship was in the same direction but did not
reach the predetermined level (P < 0.001) of significance for
correlations (r = 0.30; P = 0.004).

We were unable to detect the presence of leptin in gastric juice
samples from any of 10 subjects with known high gastric and
circulating leptin levels; gastric pH ranged from 2-8. In addition,
leptin added to gastric juice samples with pH values ranging from

2-8 could not be detected, and measured levels of exogenously
added leptin progressively increased as gastric juice samples were
sequentially diluted (data not shown).

Serum, gastric, and gastric juice ghrelin

Circulating ghrelin levels obtained from the fasting subjects
varied over a relatively small range (2- to 3-fold) and were similar
in the H. pylori+ and H. pylori— groups [median 1651 pg/ml
(IQR 845-2247) vs. 1629 pg/ml (992-2886); P = 0.23]; gastric
tissue ghrelin levels also did not significantly differ according to
H. pylori status. In contrast, gastric juice ghrelin levels varied
over four orders of magnitude (<80 to 776,000 pg/ml). Values
were somewhat higher in H. pylori+ than in H. pylori— subjects
[median 1101 pg/ml (IQR 390-23413) vs. 711 pg/ml (323-
1851); P = 0.02] (Table 3). Log,, ghrelin levels in gastric juice
correlated with pH in the H. pylori+ group (r = 0.68; P <
0.0001), regardless of PPI use, and in the H. pylori— group for
PPl users (r = 0.51; P = 0.001) but not for PPI nonusers (Fig. 2).
The relationship was present in persons with cagA+ (both PPI
users and nonusers) and cagA — (only PPl users) H. pylori strains
(supplemental Figs. 2 and 3, published as supplemental data
on The Endocrine Society’s Journals Online web site at
http://jcem.endojournals.org).

Relationship between leptin and ghrelin levels

In the fundus, leptin and ghrelin levels correlated in the H.
pylori+ group (r = 0.34; P < 0.0001) but not significantly in the
H. pylori— group (r = 0.20; P = 0.07).
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Fig. 1. Relationships of serum, fundic, and antral leptin and BMI
(kilograms per square meter), according to H. pylori status. R-values
represent Spearman rank coefficients in multivariate linear regressions,
and P values were calculated based on the regressions.

Discussion

Circulating leptin levels and BMI are strongly correlated be-
cause adipose tissue, the principal variable affecting BML, is the
major source of leptin (28). However, gastric leptin release also
contributes to circulating leptin, as shown from experiments in
which feeding fasted animals substantially depleted gastric leptin
and increased serum leptin (2). Because gastric H. pylori colo-
nization is known to affect other components of gastric hor-
monal physiology (e.g. gastrin, somatostastin, and pepsinogens)
(10), we sought to examine the influence of H. pylori status on
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leptin levels. After controlling for potential confounding factors,
we found that, as hypothesized, circulating leptin levels were
significantly lower in H. pylori+ than in H. pylori— subjects.
These results suggest that circulating leptin levels, in addition to
reflecting adiposity, are modulated by H. pylori.

One explanation for our findings is that H. pylori coloniza-
tion inhibits gastric leptin production, perhaps by inducing atro-
phic changes in leptin-producing tissues, consistent with our
finding of a greater degree of antral atrophy/intestinal metaplasia
in H. pylori+ compared with H. pylori— subjects. The presence
of H. pylori may also modulate gastric cytokine function,
thereby reducing circulating levels. Because we did not find an
effect of H. pylori status on gastric leptin levels, another possi-
bility is that H. pylori colonization, instead of affecting leptin
production, alters the balance of leptin release into the luminal
and systemic compartments. These hypotheses should be exam-
ined in future studies. Alternatively, H. pylori+ persons may
have less adiposity relative to BMI and therefore lower serum
leptin levels compared with H. pylori— persons. A recent study
of indigenous Amerindians provided evidence that H. pylori+
subjects had more athletic body morphometry, consistent with
this hypothesis (29).

We found that H. pylori status did not affect antral, fundic,
or circulating ghrelin levels, contrary to our hypothesis and to
previous reports that found lower (14, 15, 19, 20) circulating
ghrelin levels in H. pylori+ compared with H. pylori— individ-
uals; three other previous studies also found no significant dif-
ference according to H. pylori status (16, 18, 21). One explana-
tion for our findings is that the effect of long-term carriage of H.
pylori on ghrelin production is minimal due to host adaptation;
in contrast, eradication of H. pylori may acutely induce produc-
tion of ghrelin (12). Another possibility is that any effect of H.
pylori on gastric hormone production may be obscured by con-
founding variables that are minimized when patients serve as
their own controls in eradication studies.

The levels of circulating leptin and ghrelin in the blood reflect
their usually reciprocal roles in body weight regulation (7, 28),
but the relationship between gastric production of the two hor-
mones in the stomach has not been studied. The positive corre-
lation we observed between fundic leptin and ghrelin levels in H.

TABLE 3.

Hormone concentration according to H. pylori status

Median hormone concentration (IQR) (n), by H. pylori status

Hormone Negative Positive P value?®
Serum leptin (ng/ml) (n) 4.0 (1.7-7.2) (85) 2.2 (0.90-4.6) (113) 0.0003
Serum leptin/BMI (ng-m?/ml-kg) (n) 0.13 (0.06-0.26) (85) 0.08 (0.04-0.16) (113) 0.008
Fundic leptin (ng/mg protein) (n) 0.13(0.08-0.23) (92) 0.12 (0.07-0.21) (108) 0.21
Antral leptin (ng/mg protein) (n) 0.12 (0.05-0.19) (91) 0.09 (0.04-0.02) (109) 0.085
Serum ghrelin (pg/ml) (n) 1629 (992-2886) (94 1651 (845-2247) (119) 0.23
Fundic ghrelin (pg/mg protein) (n) 11450 (5327-23837) (89) 8633 (4399-16969) (107) 0.44
Antral ghrelin (pg/mg protein) (n) 7114 (4036-12136) (91) 8520 (3699-12446) (107) 0.75
Gastric juice ghrelin (pg/ml) (n) 711 (323-1851) (81) 1101 (390-23413) (106) 0.02

The number (n) of specimens adequate for measurement of each hormone is provided, according to H. pylori status. To convert serum leptin values to nanomoles per
milliliter, multiply by 0.08. To convert serum ghrelin values to picomoles per liter, multiply by 0.296.

2 Student’s t test (based on normalized data) after controlling for possible confounders (age, smoking status, gastric pH, BMI, and alcohol, PPI, H2 blocker, or NSAID
use) in a multivariate linear regression. For the t test analyses, we used the Bonferroni adjustment to establish a conservative threshold of P = 0.005 for significance by
dividing 0.05 by 10, the number of comparisons performed. Significant results are in bold.
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Fig. 2. Relationships of gastric juice levels of ghrelin and gastric juice pH.
Log,, ghrelin (picograms per milliliter) was correlated with gastric juice
pH, and relationships were stratified based on H. pylori status and PPI use.
Spearman rank coefficients are given; P values were calculated using
multivariate linear regression.

pylori+ persons suggests that H. pylori may be involved in the
coordinate regulation of gastric leptin and ghrelin production;
conversely, lack of correlation in H. pylori— subjects suggest an
absence of such coordination.

Despite a growing body of literature demonstrating that
ghrelin regulates local gastrointestinal function, we are not
aware of previous studies examining for the presence of ghrelin
in gastric juice. We found that ghrelin is present in gastric juice
and that levels vary over a large (4 log,) range, much greater
than that for either gastric or serum ghrelin. We performed ex-
periments demonstrating that exogenous ghrelin is stable after
incubation with gastric juice samples with pH ranging from 2—-8
and that endogenous ghrelin levels in gastric juice samples are
consistently measured by immunoassay over a range of dilutions
(data not shown). In contrast, we were unable to detect leptin in
gastric juice, although other investigators have reported detect-
ing gastric juice leptin using RIA (30).
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Long-term H. pylori carriage results in progressive gastric
atrophy with loss of acid-producing parietal cells (10), and our
observation in these older men that gastric juice pH was higher
in H. pylori+ than in H. pylori— subjects is consistent with this
trend. Previous literature shows that exogenous administration
of ghrelin may stimulate (31), inhibit (32), or have no effect (33)
on gastric acid secretion, possibly depending on route of admin-
istration. Our finding that gastric juice ghrelin levels were related
to gastric juice pH, regardless of PP use (Figure 2), suggests that
gastric juice ghrelin inhibits gastric acid secretion or, alterna-
tively, that gastric acidity inhibits release of ghrelin into gastric
juice. Another hypothesis is that H. pylori, by decreasing gastric
acidity, stimulates ghrelin secretion into the gastric lumen. If this
newly discovered relationship is confirmed, new mechanisms of
gastric acid regulation involving ghrelin should be explored.

In this study, we chose to assess total ghrelin levels in fasted
patients. Although ghrelin levels vary throughout the day ac-
cording to caloric intake, Cummings et al. (34) found that pre-
breakfast fasting ghrelin levels strongly correlated with 24-h in-
tegrated area under the curve ghrelin values (r = 0.87; P <
0.0004). Thus, almost all studies of ghrelin physiology have re-
lied on a single determination of fasting ghrelin as a surrogate for
overall ghrelin levels. Ghrelin circulates in acyl, des-acyl, and
other minor forms. We measured total ghrelin levels for the fol-
lowing reasons. 1) Most studies on ghrelin physiology have as-
sessed total, not acyl, ghrelin. 2) Measurement of total ghrelin
levels reflects the complex functions of the various ghrelin iso-
forms, including acyl and des-acyl ghrelin. 3) Accurate measure-
ment of acyl-ghrelin in serum requires acidification of samples at
the time of collection to pH 4, which we plan to do in future
studies to add this dimension to the analyses (35). Similarly, we
measured fasting morning leptin levels as a surrogate marker for
24-h leptin levels, because fasting morning leptin levels strongly
correlate with BMI (28) and in accordance with numerous pub-
lications examining other aspects of human physiology (36).

In the present study, we describe associations between H.
pylori colonization and leptin and ghrelin levels in stomach, cir-
culation, and gastric juice, but our study design does not permit
examining the mechanisms for these findings. Our study is lim-
ited because all of our subjects were men, not permitting con-
clusions about women. Because the majority of the patients we
studied were overweight, although we controlled for potential
confounders, it is possible that unanticipated variables, includ-
ing other medications or medical conditions, may have influ-
enced our results. Variation among H. pylori strains also may
contribute to the differences in study results.

Our study population consisted of largely overweight, older
American men of diverse ethnicities, whereas several previous
studies have examined Japanese patients, mostly with BMI less
than 30 (17, 19, 20, 22). However, we believe that our obese
subjects are representative of the generally obese older U.S. male
population; mean BMI in our study was 27, whereas in 2002,
American males had a mean BMI of 28 (37). The prevalence of
H. pylori in our cohort was 47 %, similar to a seroprevalence of
32.5% in a sample of the general U.S. adult population and
56.9% in those over age 70 (27). Although Hispanic and Black
subjects were overrepresented in the H. pylori+ group, adjust-
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ment for ethnicity did not affect our analyses. These findings are
consistent with two recent studies demonstrating no relationship
between ethnicity and serum leptin levels (38, 39).

Strengths of our study include our ability to control for con-
founding variables, particularly BMI, age, alcohol, PPI or
NSAID use, smoking status, and gastric pH. We also used five
validated tests to determine H. pylori status (40) and removed
patients of indeterminate status to maximize case ascertainment;
most previous studies have used much more limited criteria to
assess H. pylori status (13-22).

In conclusion, H. pylori colonization was associated with
reduced circulating leptin levels, independent of BMI, and fundic
ghrelin and leptin levels were directly related. Ghrelin is present
in gastric juice over a large range of concentrations and is
strongly correlated with gastric pH. Our findings are consistent
with the hypothesis that H. pylori, a persistent resident of the
human stomach, may have an impact on human health and dis-
ease by its involvement in the regulation of leptin and ghrelin
expression.
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