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Correlation of Serum Pepsinogens and Gross Appeamnces
Combined with Histology in Early Gastric Cancer
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The correlation between serum pepsinogen (PQ) levels and the gross types was investigated in 128 consecutive
patients with early gastric cancer. Although there was no significant difference in age, gender, cancer location, or
cancer depth among gross appearances, the distribution of histological type was significantly different between
polypoid and depressed cancers: all polypoid cancers except one were intestinal type, whereas nearly a third of
depressed cancers were diffuse type. All the patients in whom Helicobacter pylori status was investigated had
Helicobacter pylori infection. Combination of gross appearances and histology (polypoid cancer with intestinal
type, depressed cancer with intestinal type and depressed cancer with diffuse type) showed a clear difference in
distribution of serum PG levels and a ratio between levels of PG I and PG II (I/1] ratio). In polypoid cancer with
intestinal type, a PG I level and a 1/I1 ratio were significantly lower than those of the others. In depressed cancer
with diffuse type, PG I and PG 1l levels were significantly higher. These findings revealed that backgrounds such

as intragastric acidity and extent of gastric atrophy might differ among early gastric cancers with different mor-
phology and histology.
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Although decreasing in incidence worldwide, ic pathway, because the different genetic and epige-

gasiric cancer remains a relevant cause of cancer
death in many countries (1). An intense effort has
been made for the early detection of the cancer, in
order to improve its poor prognosis, and various
mass screening methods including photofluorogra-
phy (2) and serum pepsinogen (PG) assay (3,4), have
been developed especially in Japan. The latter
method was initially introduced as a marker of intra-
gastric acidity and mucosal atrophy of the stomach
(5,6), but its usefulness for gastric cancer screening
has been established in recent years (3,4), assuming
that progression of chronic gastritis causes intestinal
metaplasia, which is followed by dysplasia, and
finally results in gastric cancer (7). Although gastric
cancer screening by serum PG assay detects approx-
imately 80% of all gastric cancers (3, 8), this model
of gastric carcinogenesis is mainly proposed for
development of intestinal type cancer. Diffuse type
cancer may be developed from another carcinogenet-

netic changes are reported between the two histolog-
ical types (9).

It is assumed that the gross appearances {polypoid
and non-polypoid) show different genetic alterations
in colorectal cancer: polypoid cancers are originated
in carcinogenesis of adenoma-carcinoma sequence,
whereas non-polypoid cancers in de nove pathway
(10,11). However, such investigation has not been
specifically performed for gastric cancer. Among
intestinal type cancers, some are either polypoid or
depressed or ulcerated. What is the determinant of
gross appearances in the intestinal type cancers?
Among depressed or ulcerated cancers, some are of
the intestinal type while the others of the diffuse type.
‘What is the reason why the genetically and epigenet-
ically different cancers show the same appearances?
In order to find out the answers, we investigate the
correlation between serum PG levels and gross
appearances of early gastric cancer.
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Materials and Methods

We retrospeciively analyzed 128 consecutive
patients with early gastric cancer (7 with 0 I (protrud-
ed) type, 30 with 0 Ila (superficial elevated) type, 7
with 0 [la+Ilc / 0 Tle+Hla (combined superficial ele-
vated and depressed) type, 79 with 0 llc (superficial
depressed) type, 5 with 0 IIc+II1/ 0 III+1Ic (combined
superficial depressed and excavated) type) between
September 1999 and August 2001, in whom serum
PG assay, using PG I and PG II RIA-bead Kits (Din-
abot Co Litd, Tokyo, Japan), had been performed
before cancer removal. The patients with a previous
gastrectomy, renal dysfunction (12) or proton pump
inhibitor prescription (13}, which interfered with the
results of serum PG levels were excluded. Serum
Helicobacter pylori (H.plyori) 1gG antibodies were
also investigated some patients using a commercial
ELIZA kit (HEL-pTEST II, SILENUS Labs, Pty, Ltd.
Australia) in order to find out the presence of
H.pylori. All the cancers were removed by endoscop-
ic mucosal resection or gastrectomy, and histopatho-
logically investigated in detail at University Hospital,
University of Tokyo, Tokyo, Japan, or its related hos-
pitals. Endoscopic and histopathological diagnoses
are made according to the Japanese classification of
gastric carcinoma (14). Well and moderately differen-
tiated tubular adenocarcinoma and papillary adeno-
carcinoma were grouped together as “"intestinal type"
and poorly differentiated adenocarcinoma and signet-

ring cell carcinoma as "diffuse type", according to
Laurens criteria (15). Distributions of a PG 1 level, a
PG 1 level and a ratio between the levels of PG I and
PG 1L (/11 ratio) were investigated according to each
of different histological types and different gross
appearances, those were polypoid cancer (0 I type
and 0 Ila type) and depressed cancer (0 Lc type and 0
1Ic+IIT / 0 IIT+]Ic type).

Statistical analysis was carried out using the Stat
View?® software (Abacus Concepts, Inc., California,
USA). Differences in clinicopathological features
among gross appearances were analyzed by Student t-
test {age distribution) or % square test with the Yates
correction (distributions of gender, cancer location,
cancer depth and histological type). Differences in
distributions of PG levels and their ratio among
groups were analyzed by Student ¢-test. A probability
(p) level of less than 0.05 was considered statistically
significant.

Results

The clinicopathological features in each gross
appearance of early gastric cancers are shown in
Table I. There was no significant difference in age,
gender, cancer location, and cancer depth among
gross appearances, In histological type, a significant
difference was observed between polypoid cancer
and depressed cancer. All polypoid cancers except

Table I - Clinopathological features in early gastric cancers classified with gross appearances and histology

polypoid depressed
intestinal diffuse intestinal diffuse

mean age 65 51 60 539

{range) (42-87) (42-81) (40-72)
gender

male 28 1 45 20

female 8 0 13 6
tumor location

U:M: L 7:15: 14 0:1: 0 11:28: 19 5:16:5
tumeor depth

mucosa 29 0 38 16

submucosa 7 1 20 10
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one were intestinal type, whereas nearly a third of
depressed cancers were diffuse type. All the patients
in whom H. pylori status was investigated (16 poly-
poid cancers, 21 depressed cancers with intestinal
type and 10 depressed cancers with diffuse type) had
positive results of A. pylori infection irrespective of
gross appearances and histological types.

The distributions of a PG 1 level, a PG I level and
a I/II ratio of each group, except for polypoid cancer
with diffuse type, shows in Figures 1A, 1B and 1C,
respectively. In polypoid cancer with intestinal type,
a PG I level was significantly lower than that in
depressed cancer with intestinal or diffuse type.
Moreover, 2 PG 1 level in depressed cancer with dif-
fuse type was significantly higher than that in
depressed cancer with intestinal type. A PG Il level in
depressed cancer with diffuse type was significantly
higher than that in the other two groups. A I/1I ratio in
polypoid cancer with intestinal type was significantly
lower than that in the other two groups. These results
summarized in Figure 2.

Discussion

Many recent studies have indicated that H. pylori
infection is a major risk factor for the development of
gastric cancer (16-19). A follow up study by Uemura
et al showed that gastric cancer developed only in
patients with H. pylori when using a full set of diag-
nostic tests for H.pylori and histological findings of
severe gastric atrophy, corpus predominant gastritis,

Pepsinogen |

polypoid cancer
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with intestinal type
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depressed cancer|
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with diffuse type
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Tig. 2~ Schema showing the differences in distributions of
pepsinogen levets and their ratio among early gastric can-
cers categorized with gross appearance and histology.
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or intestinal metaplasia caused by H.pylori infection
are at increased risk for gastric cancer {16). Our study
also supported the former result that implied the
necessity of H. pylori infection for the majority of
gastric cancer patients, although H. pylori infection
was incompletely tested among our subjects due to
retrospective setting. As for as gastric cancer risk is
concerned, a close relationship has been found
between the presence of hypo- or achlorhydria caused
by gastric atrophy and the development of gastric
cancer in many studies {20-23) carried ouf over
decades when the presence of H. pylori was not
known. Pepsinogen, the precursor of pepsin, exists as
two biochemically distinct groups of isozymes, PG I
and PG II. Both are produced by the chief and
mucous neck cells of the gastric fundus and corpus,
and only PG 1, but not PG 1, is produced by the
pyloric glands in the antrum and Brunner's glands in
the proximal duodenum. As gastritis progresses, mild
inflammation leads to elevated serum levels of PG 1
and PG I1. As the severity of atrophy advances, chief
cells are replaced by pyloric glands and the PG 11
level remains elevated, while the PG I level decreas-
es. Consequently, the UI1 ratio is greatly reduced (5).
Therefore, both low serum PG 1 and a low I/II ratio,
those are a PG 1 level < 70 pg/l and a /I ratio < 3,
are recognized as serological markers of gastric atro-
phy which may develop gastric cancer. The merits to
know gastric atrophy by serclogical markers are;
first, gastric cancer can be detected without invasive
examination; second, sampling errors are minimized
because the data may represent the status of atrophy
of the whole stomach; third, the extent of atrophy can
be easily quantified. Using this cut off point, the sen-
sitivity and specificity of screening for gastric cancer
was reported to be 84.6% and 73.5%, respectively, in
the study field where 13 gastric cancers (0.25%)
were detected among 5113 subjects (8). With respect
to our subjects, 91.7% (33/36) of intestinal type poly-
poid cancers, 79.3% (46/58) depressed cancer with
diffuse type, and 73.1% (19/26) of the diffuse type
depressed cancers fulfilled the criteria. Yoshihara M.
et al. also revealed that acid output was significantly
reduced in gastric cancer patients in comparison with
healthy controls, even though the histological type
was diffuse fype and gross type was ulcerative type
(23). These findings may support that gastric mucos-
al atrophy may be common pre-cancerous process
regardless of histology or gross appearances in most
of patients with gastric cancer. We are now investi-
gating whether it acts just as a by-stander or as an
important step for gastric cancer.
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In this study, we clearly distinguish the catego-
rized groups of early gastric cancers, using serum PG
levels and their ratio. The previous studies showed
the difference in intragastric acidity between intesti-
nal type and diffuse type, or polypoid type and non-
polypoid type, using the endoscopic Congo red test
(24) or measuring gastric acid secretion and serum
PG T plus gastrin levels (19). They concluded that
non-polypoid type or diffuse type gastric cancer
develops in the stomach thus preserving large acid-
secreting areas and acid output function to some
degree, whereas polypoid type or intestinal type
develops in the stomach with little or no acid-secret-
ing area or markedly reduced acid output function.
However, no combined analysis of gross appearances
and histological types, especially when dealing with
depressed cancers with intestinal versus diffuse type,
has been performed in those studies. In our subjects,
a PG I level and a /I ratio in polypoid cancer with
intestinal type were significantly lower than those in
the others, whereas PG I and PG II levels in
depressed cancer with diffuse type were significant-
ly higher. From a serological point of view of PG
levels, these findings indicate that polypoid cancer
with intestinal type may develop from less inflam-
matory and more atrophic gastric mucosa than
depressed cancer with intestinal type, whereas dep-
pressed cancer with diffuse type may develop from
inflammatory gastric mucosa than depressed cancer
with intestinal type but similar atrophy. Such a dif-
ference may suggest a diversity, not only in the intra-
gastric acidity and the extent of gastric atrophy, but
also in the carcinogenesis among those groups,
although further studies using molecular markers are
necessary to shed light on the underlying mecha-
nisms.
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AIM: To investigate the incidence of bacterial over-
growth in the stomach by using a new endoscopic meth-
od in which intragastric hydrogen and methane gases
are collected and analyzed.

METHODS: Studies were performed in 490 consecutive
patients undergoing esophagogastroscopy. At endoscopy,
we intubated the stomach without inflation by air, and 20
mil. of intragastric gas was collected through the biopsy
channel using a 30 mL syringe. Intragastric hydrogen
and methane concentrations were immediately measured
by gaschromalography. # pylor/ infection was also deter-
mined by serology. ;

RESULTS: Most of intragastric hydregen and methane
levels were less than 15 ppm (parts per million). The
median hydrogen and methane values (interquartile
range) were 3 (1-8) ppm and 2 (1-5) ppm, respectively.
The high hydrogen and methane levels for indication of
fermentation were decided if the patient had the values
more than 90 percentile range in each sample. When a
patient had a high level of hydrogen or methane in one
or more samples, the patient was considered to have
fermentation. The overall incidence of intragastric fer-
mentation was 15.4% (73/473). Intragastric methane
levels were higher in the postoperative group than in
other groups. None of the mean hydrogen or methane
values was related to A/ pyfors infection.

CONCLUSION: Hydrogen and methane gases are more

www.wignet.com

freguently detected in the stomach than expected, re-
gardless of the presence of abdominal symptoms. Previ-
ous gastric surgery influences on the growth of methane-
producing bacteria in the fasting stomach.
© 2006 The W3G Press. All rights reserved.

Key words: Intragastric gases; Hydrogen; Methane; Hefl-
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INTRODUCTION

Hydrogen breath tests have been used to evaluate intesti-
nal transit, bacterial overgrowth, and disaccharidase defi-
ciency™. As hydrogen production increases when a small
amount of carbohydrate is supplied to colonic bactetia, the
measurement of breath hydrogen concentration has been
proposed as an indicator of carbohydrate malabsorption®,
Similarly, breath methane excretion, which reflects an in-
direct measurement of the metabolism of the anaerobic
colonic flora, has been measured™?, Methanogenic bac-
teria utilize hydrogen, carbon dioxide, and then synthesize
methane. All methane absorbed from the colon reaches
the lung and excretes into the breath™. If the fermenta-
tion occurs in the stomach, we can detect intragastric
hydrogen and/or methane gas. We therefore attempted
to collect intragastric gas endoscopically and measure the
intragastric hydrogen and methane levels in order to deter-
mine the bacterial overgrowth in the stomach.

MATERIALS AND METHODS
Patients

Studies were performed in 490 consecutive patients (160
men and 315 women, 19-85 years old) undergoing upper
endoscopy. None of the patients had a history of use of
proton pump inhibitor (PPI), Hy-receptor antagonist (Ha-
RA}, antibiotics, steroids, or nonsteroidal anti-inflamma-
tory drugs for a period of at least six month before the
investigation. Twelve patients had a previous Billroth [
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~ partial gastrectomy.

Collection of intragastric gas samples

Endoscopy was performed after a topical anesthesia gargle.
At the time of endoscopic examination, we intubated the
stomach without inflation by air, and 20 mL of intragas-
tric gas was collected through the biopsy channel using a
30-mL syringe. The first 5 mL was discarded for reduction
of dead-space error, Intragastric hydrogen and methane
concentrations were immediately measured by gaschro-

matography using Breath Analyzer TGA-2000 (IERA-

MECS Co. Ltd. Kyow) and expressed in parts per million
(ppm). Linear accuracy response range was 2 to 150 ppm.
After collecting an intragastric gas sample, the endoscopist
inflated the stomach by air and observed the gastric mu-
cosa.

Determination of H pylori status

At endoscopy, seram H pylori IgG antibody titers wete
measured with an ELISA method (HM-CAP). A value of
>2.2 was considered seropositive and a value of <1.9 was
considered seronegative. Patients with a value of neither
less than 1.9 nor more than 2.2 were excluded from this
study.

Stiatistical analysis

Data of intragastric hydrogen and methane wete presented
as medians, with interquartile ranges because they were not
normally distributed. Compartisons of groups were made
using the Mann-Whitney U test. A P value less than 0.05
was considered statistically significant,

RESULTS

Incidence of high hydrogen and methane value in the
stomach

Sevenieen patients were dropped from this study because
their serum H pylors IgG antibody titers wete indetermi-
nate. Figures 1 and 2 show the distribution of intragastric
hydrogen and methane levels in the remaining 473 subjects,
respectively. Most of the levels were less than 15 ppm.
Overall, the median hydrogen and methane vatues (inter-
quartile range) were 3 (1-8) ppm and 2 (1-5) ppm, respec-
tively. The high hydrogen and methane levels for indication
of fermentation were decided if the padent had the values
more than 90 percentile range in each sample. Based on
this definition, high hydrogen levels were defined as 221
ppm and high methane values as 28 ppm. In this study,
when a patient had a high level of hydrogen or methane in
one or more samples, the patient was considered to have
fermentation. The overall incidence of intragastric fer-
mentation was 15.4% (73/473). The incidence of intragas-
tric fermentation determined by the intragastric hydrogen
level was 11.0% (52/473), whereas those determined by
the intragastric methane level was 10.8% (51/473). Of 73
patients with intragastric fermentation, gastric cancer was
found in 2 (2/4, 50%), gastric ulcer in 4 (4/38, 11%;), duo-
denal ulcer in 3 (3/15, 20%), previous gastric sutgery in 3
(3/12, 25%), and others in 61 padents (61/404, 15%).

Peptic ulcer and intragastric gas concentrations
Intragastric hydrogen and methane values in relation to en-
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doscopic diagnosis are summarized in Table 1. Intragastric
methane levels were significantly higher in the postopera-
tive group than in the gastric uleer group and in the other
groups. Intragastric hydrogen levels were lower in the gas-
tric ulcer group than in other groups but this did not reach
statistical significance.
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H pylori infection and intragastric gas concentrations
Figure 3 shows the means of intragastric hydrogen and
methane concentrations by H py/erd status. None of the
mean values were related to H pylord infection.

DISCUSSION

Before the discovery of H pyleri infection in 1983 it
was demonstrated by many investigators that an increased
number of bacteria had been found in the stomach in
patients with achlothydria or hypochlorhydria™. The type
and numbers of microbial flora present in the stomach are
affected by gastric pH'™"", and a rise in intragastric pH
has often been associated with an increased number of
bacteria in gastric juice!™ . Atrophic gastritis is the most
common cause of reduced gastric acid secretion, and it
often results in bacterial overgrowth™ ™. It is presently
possible to reduce gastric acid secretion with Hy-RA or
PPI. Treatment with PPI*™ or H,-RAP? induces a clini-
cal state similar to atrophic gastritis with hypochlothydria
and frequently associated with bacterial overgrowth. Re-
cently, there is considerable information on the efficacy
of maintenance treatment with reflux esophagits for up
to 1 year™ ™. As gastric acid plays an important part in
the prevention of bacterial colonization of the stomach
and the small intestine, reduction of gasttic acid secretion
by PPI or H,-RA results in gastric and intestinal bacterial
overgrowth®™ " In fact, it has been reported a marked
increase in bacterial tters in fasting gastric aspirates from
patients receiving H,-RAP"*1 On the other hand, the
results of identification and quantification of microbes in
samples from the gastrointestinal tract are significantly in-
fluenced by the culture technique™.

The most direct method for diagnosing bacterial
overgrowth is to perform microbiological cultures after
obtaining gastric aspirates. Actually, the microbial flora,
which is dominated by Viridans streptococei, coaglase negative
Staphylococes, Haemophitus .gb.[%], Neisseria spp., Lactobacillus
spp., Candida spp., and Aspergilius spp.P, has been demon-
strated. However, the study of gastrointestinal flota by
direct methods is cumbersome, ptimary due to its inacces-
sible location. In addidon, the results of identification and
quantification of microbes in samples from the gastroin-
testinal tract are significantly mfluenced by difficulties in
accurate tube placement, contamination during insertion,
delay beitween sampling and inoculation of culture media,
and inadequate anaerobic isolation techniques. In addition,
intubation methods ate time-consuming, and uncomfort-
able. Therefore, breath tests were devised as simple alter-
natives to these invasive tests.

Breath hydrogen measurement is now used in clini-
cal practice 1o investigate several disorders, including small
intestinal disaccharidase deficiencies, intestinal bacterial
overgrowth, and orocecal transie time™®. It is based on
the ability of the anaerobic microflora of the colon to fer-
ment carbohydrate that has traveled unabsorbed through
the small intestine, and to produce hydrogen. This hydro-
gen is transported to the lungs and exhaled in the expired
breath. Although breath tests, such as measuting fasting or
postprandial hydrogen concentrations, are a noninvasive
method, avoiding the risk of sampling error, it is unable
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to identify the site of overgrowth. Then, we attempted to
measure intragastric hydrogen and methane concentrations
$0 23 to determine the site of bacterial overgrowth and the
incidence of fermentation in the stomach.

We previously reported the endoscopic "C-urea
breath test (e-UBT)® in which intragastric gas was col-
lected and analyzed. Using the same sample collection
method as e-UBT, hydrogen and methane gases, which
are produced by hydrogen-producing bacteria, could be
detected in the stomach. These values were considered to
reflect directly the intragastric fermentation.

To the best of our knowledge, our study is the first
investigation to measure directly intragastric hydrogen and
methane concentrations. The values of intragastric hy-
drogen concentrations above 21 ppm and methane above
8 ppm were considered abnormal in this study. When a
patient had a high level of hydrogen or methane in one or
more samples, the patient was considered to have fermen-
tation. The overall incidence of intragastric fermentation
was 15.4% (73/473). There was no difference in the inci-
dence of intragastric fermentation determined by hydro-
gen or methane concentrations. These results reveal that
intragastric fermentation is found in more than 15% of
patients without medication even after overnight fasting,

In this study, intragastric methane levels were higher
in the postoperative group than in other groups, wheteas
there was a negligible difference of intragastric hydrogen
levels between the postoperative stomach group and other
groups, thereby suggesting that previous gastric surgery
is more closely correlated to methane-producing bactexial
overgrowth in the stomach, compared to hydrogen-pro-
ducing bacterial overgrowth although the exact mechanism
is unknown.

On the other hand, Fried et a/*? reported that most
of the bacteria identified from the duodenal aspirates
belonged to species colonizing the oral cavity and phar-
ynx, suggesting a descending route of colonization. Also,
Thompson ef aF” indicated that fermentation of ingested
carbohydrate by orophatyngeal bacteria could conttib-
ute to measure breath hydrogen values soon after meal
ingestion. In addition, many investigators have reported
that treatment with PPI¥® or H,-RAPY induces a clini-
cal state similar to atrophic gastritis with hypochlothydria
and a marked increase in bactedal titers in fasting gastric
aspirates from patients receiving H,-RA"*, Although
Husebye e a/*" have reported that fasting hypochlorhydria
associated with gastric colonization of microbes belonging
to the oro- and nasopharyngeal flora is highly prevalent
in healthy old people, atrophic gastritis is the most com-
mon cause of reduced gastric acid secretion, and it often
results in bacterial overgrowth™). We previously reported
that intestinal metaplasia was detected in 65.4% (358/547)
patients with serum IgG antibody to H pyleri. Therefore,
we expected that a disctiminative value might be detected
between H pylori-positive and H pylori-negative patents. As
shown in Figure 3, none of the mean values were related
to H pyleri infection.

In summary, we measured directly intragastric hy-
drogen and methane concentrations using endoscopy and
found the incidences of hydrogen and methane produc-
tion in the stomach. In this new method, the intragastric
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gas can be easily collected endoscopically and it does not
take much time. Hydrogen and methane gases are mote
frequently detected in the stomach than expected, regard-
less of the presence of abdominal symptoms. Moteover,
previous gastric surgery influences on the production of
methane in the fasting stomach and probably the growth
of methane-producing bactetia in the upper digestive tract.
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High incidence of fermentation in the digestive tract in
patients with reflux ocesophagitis

Yoshihisa Urita?, Motonobu Sugimoto®, Kazuo Hike®, Naotaka Torii®,
Yoshinori Kikuchi®, Hidenori Kurakata®, Eiko Kanda®, Masahiko Sasajima®

and Kazumasa Miki°

Objectives Because bacteria represent the sole source
of gut hydrogen {H,) and methane (CH,), fasting breath
H., and CH, gases have been used as markers of colonic
fermentation. The presence of carhohydrates in the colonic
lumen inhibits gastric and pancreatic secretions, and also
influences lower oesophageal sphincter function in gastro-
oesophageal reflux disease.

Waterials and methods Studies were performed in 793
consecutive patients undergoing ocesophagogastroscopy
(270 men and 523 women, aged 19-85 years). A fasting
breath sample (20 ml) was collected before endoscopy. At
endoscopy, we intubated the stomach without inflation by
air, and 20 ml of intragastric gas was collected through the
biopsy channel. Next, the tip of the endoscope was
inserted into the second portion of the duodenum without
inflation by air, and 20 ml of intraduodenal qas was
collected. H, and CH, concentrations of each sample were
measured by gas chromatography.

Results Reflux oesophagitis was found in 147 of the 793
patients. The mean values of the H, and/or CH, levels of
samples taken from the stomach, duodenum and exhaled
air were higher in patients with reflux oesophagitis than

introduction

Hydrogen breath tests have been used to evaluate
intestinal transit, bacterial overgrowth and disaccharidase
deficiency [1-8]. Because bacteria represent the sole
source of gut hydrogen (H,) and mecthane (CH,), fasting
breath H; and CHy4 gases have been used as markers of
colonic fermentation [9,10]. As H, production increases
when a small amount of carbohydrate is supplied to colonic
bacteria, the measurement of breath H, concentration has
been proposed as an indicaror of carbohydrate malabsorp-
tion {2]. Similarly, breath CHy4 excretion, which reflects an
mdirect measurement of the metabolism of the anaerobic
colonic flora, has been measured {11,12]. Methanogenic
bacteria utilize H; and carbon dioxide (CO;), and then
synthesize CH4 [13]. CH, absorbed from the colon
reaches the lung and is excreted into the breath [14].

The presence of carbohydrates in the colonic lumen
inhibits gastric [15] and pancreatic [16] secretions, and
also influences lower oesophageal sphincter function in
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those without reflux oesophagitis. High H, and/or CH,

levels were more frequently found in patients with reflux
oesophagitis.

Conclusions We concluded that the presence of fermen-
tation in the digestive tract was considered {0 be a

risk factor for developing reflux oesophagitis. Eur J
Gastroenterol Hepatol 18:531-535 © 2006 Lippincott
Williams & Wilkins.
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gastro-oesophageal reflux discase {17}. Based on the fact
that 2-20% of carbohydrates escape absorprion in the
small intestine [18], colenic fermentation is considered
o be present more frequently than expected and may
result in gastro-oesophageal reflux diseases, including
reflux oesophagitis. It is still unclear whether patients
with reflux oesophagitis have colonic fermentation more
frequently in clinical practice.

On the other hand, Ropert er &/ [19] showed that H;
production and gastric relaxation were greater after oral
ingestion of lactulose than these after colonic infusion.
This suggests that the fermentartion in the digestive tract
other than the colon may influence gastrointestinal
motility. If fermentation occurs in the stomach or
proximal small inresune, we can detect intragastrc
or intraduodenal H; andfor CH, gas. We attempted
to collect intragastiic and intraduodenal gas at endoscopy
and measure the H; and CH,4 concentrations in gaseous
samples taken from the stomach and the ducdenum to
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determine the presence of fermentation in the stomach
and the proximal small intestine.

The aim of the present study was to investigate the
incidence of fermentation in the digestive tract in
patients with reflux ocsophagitis and to determine
whether fermentation may be associated with developing
reflux oesophagitis.

Material and methods

Patients

Studies were performed in 793 consecutive patients
undergoing oesophagogastroscopy (270 men and 523
women, aged 19-85 vears). These patients were referred
for upper endoscopy with varicus abdominal symptoms.
The main symptom was heartbura in 138 patients,
epigastric pain in 295, nausea in 54 and dysphagia in
296. They all gave informed ceonsent. None of the
patients had a history of use of a proton pump inhibitor
(PPI), an Hy-recepror antagonist, antibiotics, steroids, or
non-steroidal anti-inflammatory drugs for a period of at
least 6 months before the investigation. Patients who had
a previous history of partial gastrectomy were also
excluded from the study. The study was approved by
our local ethics committee.

Diagnosis of reflux oesophagitis

Reflux oesophagitis was diagnosed by the presence of
mucosal breaks in the vesophageal mucosa according to
the Los Angeles classification [20].

Collection of gas samples

A fasting breath sample (20ml) was collected before
endoscopy, which was performed after a topical anaes-
thesia gargle. At the time of endoscopic examination, we
intubated the stomach without inflation by air, and 20 ml
of intragastric gas was collected through the biopsy
channel using a 30mi syringe. The first 5ml was
discarded for reduction of dead-space error. Next, the
tip of the endoscope was inserted into the second portion
of the duodenum withour inflation by air, and 20mi of
intraduodenal gas was collected in the same way. H, and
CH,4 concentrations of each sample were immediately
measured by gas chromatography using a Breath Analyzer
TGA-2000 (TERAMECS Co. Ltd, Kyoto) and expressed
in parts per million (ppm). The response range for linear
accuracy was 2—-150 ppm. After collecting intragastric and
intraduodenal gas samples, the endoscopist inflated the
stomach with air and observed the gastric and oesopha-
geal mucosa. Reflux oesophagitis was endoscopically
defined when the mucosal break was found in the lower
oesophagus.

Statistical analysis
Dara of intragastric, intraduodenal and breath H, and
CH, were presented as medians, with interquartile

ranges because they were not normally distrbuted.
Comparisons of groups were made using the Mann-
Whitney U-test. A P value of <0.05 was accepted as
indicating statistical significance. Odds ratios with 95%
confidence intervals (CIs) were calculated to measure
the strength of associatidns between reflux oesophagitis
and fermentation in the digestive tract.

Results

Reflux oesophagitis was found in 147 of 793 patients.
They were 75 men and 72 women, with a mean age of
57.9 years {range, 2875 years). The number of patients
with grade A was 128, with grade B was 18, and with grade
C was one, according to the Los Angeles classification
[20]. Of these patients, 83 complained of heartburn or
chest pain, whereas 64 had no abdominal symptoms.

Among 626 patients without reflux ocsophagitis, 55 had
heartburn.

Overall medians with interquartile ranges are shown in
Table 1. The median Hj value (interquartile range) is 3.0
(0-219) ppm in the stomach, 2.0 (0-56) ppm in the
breath, and 3.0 (0-828) ppm in the duodenum. The
median CHg4 values (interquartile range) are 2.0 (0-53)
ppm, 2.0 (-47) ppm, and 2.0 (0-91) ppm, respectiveiy.

Hydrogen

The median value (interquartile range) of intragastric H,
gas in patients with and without reflux oesophagitis was
4.0 (1-12) ppm and 3.0 (1-8) ppm, respectively
(Table 2). The median value of fasting breath H; gas
in patients with and without reflux cesophagitis was 2.0
(1-5) ppm and 1.5 (0.75-4) ppm, respectively. These
differences  were not significant. Intraduodenal H,
concentration was significantly higher in patients with
reflux oesophagitis than in those withour reflux oesopha-
gitis (4.0 (1-11) ppm vs. 3.0 (1-8) ppm, P = 0.035).

Methane

The median value (interquartile range) of intragastric CH,4
gas in patients with and wichout reflux oesophagitis was
3.0 (1-5) ppm and 2.0 (1--5) ppm, respectively (Table 2).
The median value of fasting breath CH, gas in patients
with and without reflux oesophagitis was 2.0 {0-5) ppm
and 20 (0-3) ppm, respectively. The median value of
intraduodenal CH, gas in patients with and without reflux

Table1 Overall results of H; and CH, values of gas samples taken
from the stomach, duodenum and exhaled air in 793 subjects

Sampling site Gas Median Interquartile 90 percentile
{range) range range
Stomach Ha 3.0 (0-219) 19 0-22
CH, 2.0 (0-53) 1-8 0-8
Breath H, 2.0 {0-56) 1-4 0-10
CH, 2.0 (0-47) o-4 08
Duadenum H, 3.0 {0-B28) 1-8 0-218
CH, 2.0 {0-91} 0.5-5 0-88
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Table 2 Comparison of H; and CH, values of gas samples taken
from the stomach, duodenum and exhaled air between patients
with and without reflux oesophagitis (RO)
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Table 3 Incidences of high H, and/or CH, concentrations of
samples taken from the stomach, duodenum and exhaled air in
patients with and without reflux oescphagitis (RO)

Sampling site Gas Median (interquartile range} Pevalue Patients with fermen- RO (+) RO (=) Odds  95% Cl  Pvalue
tation sampling site: ratio
RO {+) RO (-]
Stomach 251147 94/626 1.16 0.70-185 055

Stomach Hy 4.0 (1-12) 3.0 (1-8) 0.18 Breath 397147 115/626 160 1.05-242 0027

CH.  300-5 2.0 (1-5} 0.54 Duodenum 24/147  84/626 121 0.72-1.97 045
Breath Ha 2.0 {1-5) 1.5 {0.75-4) 0.57

CH, 2.0 {0-5) 2.0 (0~3) 0.20 Cl, confidence interval.
Duocdenum Hy 4.0 (1-11) 3.0 (1-8) 0.035

CH, 2.0 {i-5) 2.0 {0~4) 0.29

oesophagitis was 2.0 (1-5) ppm and 2.0 (0—4) ppm,
respectively. There were no significant differences of
gaseous levels of samples taken from the three sites in
patients with and without reflux oesophagitis.

incidence of fermentation

The high H, and CH, levels for indication of fermenta-
tion were decided if che patient had the values more than
90 percentile range in each sample. Based on this
definition, high H; levels were defined as intragasrric
values = 2Zppm, breath values > 10ppm, and intra-
duodenal values > 21.8 ppm. Similarly, high CH, tevels
were defined as intragastric and breath values = 8ppm
and intraduodenal values > 8.8 ppm. In this study, when
a patient had a high level of H, or CH,4 in one or more
samples, the patient was considered to have fermentation.

The overall incidences of high H, and/or CH; in the
stomach, the exhaled breath, and the duodenum were
15.0% (119/793), 19.4% (154/793} and 13.6% (108/793),
respectively. Of these, as shown in Table 3, incidences of
high breath H; and/or CH4 levels were significantly
higher in patients with reflux oesophagitis (39/147) than
those without reflux ocsophagitis (115/626) (P=0.027).
The incidences of fermentation in the stomach and the
duodenum tend t be higher in patients with reflux
oesophagitis, although the differences are not significant.
The odds ratio was highest in breath sample followed by
intraduodenal sample and intragastric sample. On the
other hand, high H; andfor CH, levels for at least one
sampling site were found in 11 of 55 patients with
heartburn and normal endoscopy, and in 13 of 60 patients
with heartburn and mucesal break of the distal oeso-
phagus. There was no difference in the incidence
of fermentation between the two groups.

Discussion

Before the discovery of Helicobacter pylori infecrion in 1983
{21}, it was demonstrated by many investigators that an
increased number of bacteria had been found in the
stomach in patients with achlorhydria or hypochlorhydria
f2Z2]. A rise in intragastric pH has often been associated
with an inereased number of bacteria in gastric juice
[23~25]. Atrophic gastritis is the most common cause of

reduced gastric acid secretion, and it often resuits in
bacterial overgrowth [26-28]. As gastric acid plays an
important part in the prevention of bacterial colonization
of the stomach and the small intestine, reduction of gastric
acid secretion by a PPI or Hy-receptor antagonist results
in gastric and intestinal bacterial overgrowth [29-32].

On the other hand, the resulis of identification and
quantification of microbes in samples from the gastro-
intestinal tract are significantly influenced by the
culturing technique [32]. In addition, intubation meth-
ods are time consuming, and uncomfortable. Therefore,
breath tests were devised as simple alternatives to these
invasive tests. Breath H; measurement is now used in
clinical practice to investigate several disorders, including
small intestinal disaccharidase deficiencies, intestinal
bacterial overgrowth and orocaecal transit time [1-8].
It is based on the ability of the anaerobic microflora of
the colon to ferment carbohydrate that has ctravelled
unabsorbed through the small intestine, and to produce
H;. This H; is transported to the lungs and exhaled in the
breath. Although breath tests such as measuring fasting or
postprandial H; concentrations are non-invasive, avoiding
the risk of sampling error, the site of overgrowth cannot be
identified. Therefore, we attempted to measure intragas-
tric and intraduodenal H, and CH, concentrations to
determine the site of fermentation.

Our study 15 the first investigation to take a direct
measurement of intragastric H; and CH, concentrations.
When the high H; and CH, levels for indication of
fermentation were decided if the patient had the values
more than 90 percentile range in each sample, the overall
incidences of high H, andfor CH, production in the
stomach and the duodenum were 15.0% (119/793) and
13.6% (108/793), respectively. These results reveal that
intraluminal fermenration in the upper digestive tract is
found in more than 13% of patients even after overnight
fasting. Fermentation in the upper gastrointestinal tract

was considered to be present more frequently than
expected.

Fermentations in the stomach and the proximal small
intestine, refiected by high H, or CH, concentrations,
were detected more frequently in reflux oesophagitis
patients. It has been unclear whether intragastric and
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intraduodenal fermentation contributes to the regulation
of gastric motility and lower oesophageal sphincter
function, as well as colonic fermentation. First, we
hypothesize that H, or CHy gas produced in the stomach
may enhance gastro-ocsophageal reflux because it is
possible that gas production in the digestive tract might
have stimulated mechano-receptors sensitive o disten-
sion. Unexpectedly, there was no significant difference in
the value of intragastric H, gas in patients with and
without reflux oesophagitis, whereas intraduodenal H,
concentration was significantly higher in panients with
reflux oesophagitis than in those without reflux oesopha-
gitis. These results indicate that Hy and CHy produced in
the stomach do not result in the development of gastro-
oesophageal reflux. Piche e 2/ [17] have also described
that Hj 1s unlikely to be the direct stimulus of motility
changes. Instead of direct reaction of Hy; and CHy, the
exposure of the proximal colon to short-chain fatty acids
contributes to the regulation of lower oesophageal
sphincter functon. Although the mechanisms by which
the distal bowe! affects upper digestive tract mouility are
unknown, several neuroendocrine peprides, such as
pepride YY and glucagon-like peptide 1, have been
proposed as ileocolic mediators of upper digestive tract
inhibition [33,34]. Although both pepude YY and
glucagon-like pepuide 1 are present in the ileocolic
mucosa, Piche e @/ [17] reveal that an oral meal is a
more physiological stimulus than colonic infusion of
nutrients to release glucagon-like peptide ! from the gut.
This suggests that fermentation in the upper digestive
tract may affect the gastric motilicy and lower oesopha-
geal sphincter function. We have o carry out 2 furcther
study on the relationship between release of neuroendo-
crne peptides and fermentation elsewhere in the distal
ileun and the colon.

Although reflux oesophagitis is multifactorial in actiology
with potentially important modifying roles played by
mucosal defensive factors, the effectiveness of oesopha-
geal acid clearance, and differences in the potency of
refluxate, the key event in the pathogenesis of reflux
oesophagitis is movement of acid and other noxious
substances from the stomach inte the oesophagus.
Therefore, neutralization of gastric contents is essential
in the management of reflux oesophagitis. Next, the
phenomenen of transient lower oesophageal sphincter
relaxarion has been considered an important risk factor in
the development of reflux oesophagitis [35,36]. Afeer
gastro-oesophageal reflux, the oesophageal mucosa re-
mains acidified. Because pepsin is the most aggressive
factor in the development of mucosal injury and a pH
below 3 is optimal for pepsin activation, prolongation of
oesophageal acid clearance results in reflux oesophagitis.

It is well known that gastric acid plays an important part
in the prevention of bacterial colonization of the stomach

and the small intestine and that decreased acid secretion
often induces bacterial overgrowth in the upper digestive
tract [22,23]. However, bacterial overgrowth is not
essential for bacterial fermentation because transient
colonization can occur with bacteria from the oral cavity
in healthy indivjduals. These organisms may be isolated
in the stomach, particularly a few hours after a meal, but
are thought to represent transient passage through the
stomach. Similarly, a small number of microbes (generally
fewer than 10° organisms per ml fluid) are isolated in the
upper portion of the small intestine [37]. As oral bacteria
are not much influenced by gastric acid secretion, it is
possible that bacterial fermentation in the upper
digestive tract occurs in patients with high acid secretion
as well as those with H. pyleri-induced atrophic gastritis.

According to the results of the present study, patients
with reflux oesophagitis had high H; and CH, concentra-
tions of samples taken from- the stomach, duodenum anc
the exhaled air even after overnight fasting. This suggests
that fermentation in the digestive tract continues for a
long time and that transient lower oesophageal sphincter
relaxation may probably occur during the overnight
period. Recently, PPIs have failed to control night-time
symptoms of gastro-oesophageal reflux disease in some
patienits and its causes have been unknown [38—40].
Some of patients with nocturnal acid breakthrough may
have continuous fermentation in the digestive tract.

In summary, we took a direct measurement of Hp and
CH. concentrations in the stomach, duodenum and
exhaled air, and showed high incidences of fermentation
in the digestive tract in patients with reflux oesophagitis.
We concluded that the presence of fermentation in the
digestive tract could be considered a risk factor for
developing reflux oesophagitis.
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Abstract

AIM: To investigate non-invasively the incidence of
absorption of carbohydrates in diabetic patients during
an oral glucose tolerance test (OGTT) and to determine
whether malabsorption may be associated with insulin
secretion and insulin resistance.

METHODS: A standard 75-g OGTT was performed
in 82 diabetic patients. The patients received 75 g of
anhydrous glucose in 225 mL of water after an gvernight
fasting and breath samples were collected at baseline
and up to 120 min after ingestion. Breath hydrogen and
methane concentrations were measured. Blood glucose
and serum insulin concentrations were measured before
ingestion and at 30, 60, 90, 120 min post-ingestion.

RESULTS: When carbohydrate malabsorption was
defined as subjects with an increase of at least 10 ppm
(parts per million} in hydrogen or methane excretion
within a 2-h period, 28 (34%) had carbohydrate
malabsorption. According to the result of increased
breath test, 21 (75%) patients were classified as small
bowel! bacterial overgrowth and 7 (25%) as glucose
malabsorption. Patients with carbohydrate malabsorption
were older and had poor glycemic control as compared
with those without carbohydrate malabsorption. The
HOMA value, the sum of serum insulin during the test
and the Ainsulin/Aglucose ratio were greater in patients
with carbohydrate malabsorption.

CONCLUSION: Insulin resistance may be overestimated

www.wjgnet.com

by using these markers if the patient has carbohydrate
malabsorption, or that carbohydrate malabsorption may
be present prior to the development of insulin resistance.
Hence carbohydrate malabsorption should be taken
into account for estimating insulin resistance and B-cell
function.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The oral glucose tolerance test (OGTT) is a widely used
proceduse in the diagnoses of diabetes and intermediate
stages of hyperglycemia. Plasma glucose and insulin
responses during this test reflect the ability of pancreatic
B-cells to secrete insulin and the sensitivity of tissues
to insulin. However, it was reported that 2%-20% of
carbohydraies escape small intestinal absorptionlz]. Based
on this fact, digestion and absorption of carbohydrates
may affect the results of QOGTT. If the patient had
carbohydrate malabsorption, plasma glucose and insulin
responses duting OGTT should be lower. Furthermore,
an interesting obsetvation was the outcome of OGTT
yielding a remarkable intra-individual variability®® and this
was cxplained by the hypothesis that the velocity of the
initial phase of glucose emptying from the stomach may
depend on the grade of interdigestive antral motor activity
at the time of glucose ingestionm. Although a many
investigatots have reported a close association between
gastric emptying and insulin secretion, the prevalence of
absotption of catbohydrates in diabetic patients has been
unknown.

Hz breath tests have been used to evaluate intestinal
transit, bacterial overgrowth, and disaccharidase
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deficiency®™. Because bacteria tepresent the sole source
of gut Hz and CHa, fasting breath H2 and CHas gases have
been used as markers of colonic fermentation™", As Hz
producton increases when a small amount of carbohydrate
is supplied to colonic bacteria, the measurement of breath
H: concentration has been proposed as an indicator
of carbohydrate malabsorption!™. Similarly, breath CHe
excretion, which teflects an indirect measurement of
the metabolism of the anaerobic colonic flora, has been
measured" ™. Methanogenic bacteria utilize Hz, carbon
dioxide (CO3), and then synthesize CH4"". CH# absorbed
from the colon reaches the lung and excretes into the
breath!"®,

The aim of the present study was to investigate non-
invasively the incidence of malabsotption of carbohydrates
in diabetic patients during OGTT and to determine
whether malabsorption may be associated with insulin
secretion and insulin resistance.

MATERIALS AND METHODS

Patients
A standard 75-g OGTT was performed in 82 diet-
controlled diabetic patients (42 women and 40 men; age
range 30-84 years, average G2 years) without abdominal
. symptoms. Patients treated with alpha-glucosidase
inhibitors were excluded from this study. None of
the patients had a history of use of PPI, Hz-receptor
antagonist, antibiotics, steroids, or nonsteroidal anti-
inflammatory drugs for a period of at least six month
before the investigation. Patients who had a previous
history of partial gastrectomy were also excluded from
the study. The study was approved by our Local Ethical
Committee,

Procedures

The patients received 75 g of anhydrous glucose in 225
mL of water in the sitting position after an overnight
fasting, Breath samples were collected at baseline and at 5,
10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 160, 110, and 120 min
after ingestion. Breath Hz and CHas concentrations weze
measured with breath analyzer TGA-2000 (TERAMECS,
Kyoto) and expressed in parts per million (ppm). Linear
accuracy response range was 2 to 150 ppm. An increase
of at least 10 ppm within a 2-h period is indicative of
bacterial overgrowth or glucose malabsorption™, Venous
blood samples were obtained before ingestion and at 30,
60, 90, and 120 min after ingestion and blood glueose and
serumn insulin concentrations weze measured.

Calcufations

The homeostasis model assessment (HOMA), fasting
serum insulin, the sum of serum insulin during the test,
and the Ainsulin/Aglucose ratio were used as indexes
of insulin resistance. The HOMA value was calculated
as follows: HOMA = fasting plasma glucose (mg/dL) X
fasting insulin (pmel/L}/405. The Ainsulin/ Aglucose ratio
was calculated as follows: (insulin at 30 min - insulin at
baseline)/ (glucose at 30 min - glucose at basefine).

Statistical analysis
All values were expressed as means * SD. Comparisons
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Figure 1 Changes in breath hydrogen concentration during OGTT in the patient
wilh suspicious of small bowel bacterial overgrowth. An increase of Hz greater than
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Figure 2 Changes in breath hydrogen concentration during OGTT in the patient
with suspicious of carbohydrate malabsorption. Breath Hz concentration increased
gradually from the beginning and reachad 10 ppm over the basetine at 70 min and
later.
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Figure 3 Disiribution of time when breath hydrogen andfor methane levels
increased more than 10 ppm over baseline.

of groups were made using the Mann-Whitney U test. A P
value less than 0.05 was considered statistically significant.

RESULTS

Incidence of carbohydrate malabsorption

When carbohydrate malabsorption was defined as subjects
with an increase of at least 10 ppm within a 2-h period,
34% (28/82) padents had catbohydrate malabsorption. As
shown in Figures 1 and 2, small bowel bacterial overgrowth
was defined as an increase of Hz and/or CHa greater than
10 ppm above the baseline before the first 40 min, whereas
carbohydrate malabsotption without small bowel bacterial
overgrowth was defined as an increase of Hz and/or CHa
greater than 10 ppm above the baseline at 70 min and later.
Of 28 patients with an increase of Hz and/or CHs, 21 (75%)
patients were classified as small bowel bacterial overgrowth
and 7 (25%) as carbohydrate malabsorption (Figure 3). All
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Carbohydrate malabsorption P value

{+) )
n 28 54
Age 63.3+£103 592497 034
HbaAlc 7117 64115 017
HOMA 20421 19+19 0.22
IR 107.0£953 117.0+ 76.2 0.08
AIR/ABG 018027 014021 0.06

28 patients had no abdominal symptom during OGTT.

As shown in Table 1, the values of HbAlc were
7.11% * 1.70% and 6.43% % 1.46% in patients with and
without carbohydrate malabsorption (including small
bowel bacterial overgrowth), respectively. Patients with
carbohydrate malabsorption were older and had poor
glycemic control when compared with those without
catbohydrate malabsorption.

Carbohydrate malabsorption and insulin resistance

The HOMA values in the patients with carbohydrate mal-
absorption (2.0 % 2.1) were greater than those without
carbohydrate malabsorpton (1.94 *+ 1.86), but did not
reach statistical significance (P = 0.22). Similatly, the sum
of serum insulin during the test and the Ainsulin/ Aglucose
ratio were also greater in patients with carbohydrate mala-
bsorption than those without carbohydrate malabsorption
(Table 1), but the difference was not significant.

DISCUSSION

Impaired intestinal and gastric motility are frequent
findings in diabetic patients™™, However, there is a wide
range of symptoms in gastrointestinal motility disorders,
and the degree of motility disorders cortelate poorly with
severity of symptoms. Intestinal peristalsis as well as gastric
acid secretion are the most important factors protecting
against the small bowel bacterial overgrowth®. Although
delayed gastrointestinal transit potentially causes bacterial
overgrowth, in contrast, a rapid transit may also cause
diarrhea due to an increase in intraluminal contents that
reach the cecum. It is, therefore, possible that both rapid
and delayed gastrointestinal transit cause diarrhea because
of bacterial overgrowth ot carbohydrate malabsorption.
However, patients with bacterial overgrowth may also be
asymptomatic®, Although gastrointestinal symptoms ate
present in 50%-70% of dizbetic patients, the association
between symptoms and bacterial overgrowth in diabetic
patients has been unknown.

In the present study, 34% (28/82) patients without
abdominal symptoms, including diarrhea, had carbohydrate
malabsorption, including 7 patients classified as small
bowel bacterial overgrowth. It has been unclear how
much of small bowel bacterial overgrowth is opposed to
carbohydrate malabsorption. The results of the present
study suggest that carbohydrate malabsorption occurs
mote often in diabetic patients than small bowel bactetial
overgrowth.

www.wjgnet.com

There is increasing evidence that postprandial
hyperglycemia has a major role in the pathogenesis of
diabetic macrovascular complications™, It is widely
tecognized that postprandial glycemia is potentially
dependent on a number of factors, including the rate
of carbohydrate entry into the small intestine, small
intestinal digestion and absorption, insulin secretion,
peripheral insulin sensitivity, and hepatic and muscle
glucose metabolism™. In addition, postprandial secretion
of insulin is prompted as much by the incretin hormones
as by entry of glucose into the blood, and the release
of incretins is dependent on rates of nutrient entry into
the small intestine™*!. Our observations confirmed that
one third of patients with diet-controlled type 2 diabetes
and without abdominal symptoms had carbohydrates
malabsorption, which might contribute to postprandial
hyperglycemia™. Some previous studies also described
approximately 35% of the variance in inital postprandial
blood %lucose concentrations after a 75-g oral glucose
load®*. Since patients with carbohydrate malabsorption
tended to be older and to have poor glycemic control as
compared with those without carbohydrate malabsotption,
it is possible that patients with long-standing or poot-
controlled diabetes may more often have carbohydrate
malabsorption. Conversely, the result and its interpretation
of 75-g OGTT might be influenced by carbohydrate
malabsorption.

A standard 75-g OGTT has also been used to assess
insulin resistance and insulin release. For example, fasting
plasma insulin concentrations have been used as an index
of insulin resistance, and the 30-min ratio of changes
in plasma insulin and glucose has been used as an index
of B-cell function®'l. Insulin resistance, evaluated by
the HOMA value, the sum of serum insulin duting the
test, and the Ainsulin/Aglucose ratio were greater in
patients with carbohydrate malabsorption than those
without carbohydrate malabsorption. However, these
differences were not significant. This suggests that insulin
resistance might be overestimated by using these markers
if the patient has carbohydtate malabsorption, or that
carbohydrate malabsorption might be present prior to
the development of insulin resistance. In conclusion, it is
more desirable that carbohydrate malabsorption should
be taken into account for estimating insulin resistance and
B-cell function.
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Abstract

- In 2000, we carried out the two-step serum pepsinogen {PG) test method to detect gastric cancer in the resi-
dents of Karsushika city aged 40, 45, 50 and 55 years. In this program 4,490 persons {1, 652 men, 2,838 women)
participated, and 17,488 persons (10,069 men, 7,419 women) did not. Eight gastric cancers (PG positive six and
PG negative two) were diagnosed and the total incidence value of the cancer was 0.18%. Cohort study was
designed to assess the reduction of gastric cancer mortality. Both-of the participants group and non-participants
group were followed up during 4 years since the day of screening. A roral of 82,813.0 person-years were followed
up and follow-up rate of participants and non-participants were 93.5% and 90.0% and number of death from gas-
tric cancer were one (scirchus type) and twenty one respectively. The data was analyzed using Cox regression mod-
els. From the document of death certificate, ten gastric cancer deaths in the non-participants excluding both
patients suffered from gastric cancer before the program and death within one year after the beginning of the fol-
low-up study were used for analysis. The hazard ratio (95% confidence interval) was 0.587 (0.074-4.628). Our
program showed reduction of gastric cancer mortality, but statistically not significant. We concluded that the two-
step serum PG test method adopted were effective for three years because there was no gastric cancer death among
the participants group during 3-year observation period.

Keyword: pepsinogen, gastric cancer, mortality, cohort study
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