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Abstract Patients with irritable bowel syndrome (IBS)
may have a higher tone of corticotropin-releasing hor-
mone (CRH) in the brain. We tested our hypothesis that
peripheral administration of CRH antagonist, a-helical
CRHoy_4; (xhCRH), improves decreased alpha power
spectra and increased beta power spectra of electroen-
cephalogram (EEG) in IBS patients. A barostat bag was
inserted to the descending colon of 10 normal controls
and 10 IBS patients. The EEG power spectra and
topography were measured during baseline period and
colonic distention period with the administration of
saline followed by the administration of 10 ug kg™! of
ohCRH. IBS patients showed a significantly lower
alpha power percentage and a higher beta power per-
centage than normal controls during baseline. Colonic
distention induced a decrease in the alpha power per-
centage and an increase in the beta power percentage in
both groups without difference between groups. After
the administration of ahCRH, changes in the EEG
power spectra in response to colonic distention were
blunted and the differences in the EEG power spectra
between IBS patients and controls vanished. Peripheral
administration of «hCRH almost normalized EEG
activities in IBS patients. Our data strongly suggest
that CRH plays an important role in IBS.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a functional gastroin-
testinal disorder indicating a remarkable aberration of
brain—gut interactions.! The symptoms are character-
ized by sustained abdominal pain and altered bowel
habits with no detectable organic disorder in routine
clinical examinations.?? Patients with IBS have several
pathophysiological conditions: dysmotility of the lower
gastrointestinal tract,* visceral hypersensitivity,®> and
psychological abnormalities.> Among them, visceral
hypersensitivity which is typically demonstrated by an
increased sensitivity to balloon distention of the rectum
has recently been considered as a biological marker for
IBS.%7 Neuroimaging studies using positron emission
tomography (PET}® or functional magnetic resonance
imaging (fMRI/!° indicate exaggerated or aberrant
cortical responses to visceral stimulation in IBS
patients. Moreover, prolongation of duration of rapid
eye movement (REM) sleep in IBS patients was repor-
ted.!! These data suggest a possible involvement of the
central nervous system (CNS) in the pathophysiclogy of
IBS.

We previously reported abnormal electroencephalo-
gram (EEG} in IBS patients.'>!® Major findings of
quantitative EEG in IBS patients were a low alpha
power percentage and a high beta power percent-
age.!'2!3 Besides, indices of less alpha power and more
beta power correlated with colonic motility in IBS
patients when exposed to laboratory stressors.'>!® We
also reported that administration of a corticotropin-
releasing hormone (CRH) induced exaggerated colonic
motility and secretion of adrenocorticotropic hormone
|ACTH] in IBS patients.'* Intravenous administration
of CRH decreases perceptual thresholds of rectal
distention in humans.!® Moreover, peripheral admin-
istration of CRH reduces slow wave sleep in man'® and
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increases fast wave EEG in rats.!” From these reports, it
is feasible to assume that upregulated CRH receptors
in the nervous system may contribute to the patho-
physiological features of IBS.

We aimed to investigate differences in EEG power
spectra between IBS patients and healthy controls after
the administration of saline or CRH antagonist. We
hypothesized that low alpha power percentage and high
beta power percentage would be normalized in IBS
patients after administration of CRH antagonist.
Because CRH is a key mediator of stress,'® subjects
were exposed to visceral stimulation. We predicted
that differential responses in EEG power before and
after the administration of CRH antagonist between
IBS patients and controls would be enhanced by
visceral stimuli.

METHODS

Subjects

Subjects were 10 IBS patients {five male and five
female] with a mean age of 31.3 years ([range,
20-54 years) and 10 healthy controls (five male and
five female) with a mean age of 20.7 years (range,
20-27 years). Control subjects were paid volunteers
recruited from the Tohoku University campus. They
had no symptoms nor history of major diseases. All of
the IBS patients were diagnosed by the Rome II
criteria’> and their bowel pattern was diarrhoea-
predominant.'® In animal experiments, CRH increases
fecal pellet output and exaggerated colonic motility.°
Therefore, we enrolled diarrhoea-predominant IBS
patients. No patients had a history of abdominal
surgery or evidence of organic diseases by diagnostic
studies including blood tests, urinalysis, stool analy-
ses, abdominal X-rays, barium enema and colonoscopy.
Medication for IBS patients was ceased from 7 days
before the commencement of the experiment. Three
IBS patients were medicated with trimebutine, scopol-
amine or loperamide and 7 days (168 h) are enough to
eliminate these drugs from the body. Patients with IBS
did not have a history of abdominal surgery nor any
evidence of organic diseases by colonoscopy. Informed
consent was obtained from all subjects. This study was
approved by the Tohoku University Ethics Committee.

Canulation and recording assemblies

On the evening before colonoscopy, subjects ingested a
125 mL solution of magnesium citrate {13.6%)} and
2.5 mg of sodium picosulphate to lessen the fecal
effluent. A polyethylene catheter with a barostat bag

Neurogastroenterology and Motility

{Synectics Medical, Stockholm, Sweden) were inserted
into the descending colon using colonoscopy at
09:00 a.m. The bag was set in the descending colon
and the distance of the bag from the anus was
approximately 65 cm. The shape of the bag was
cylindrical, 10 cm in length, 15 cm in diameter and
700 mL in capacity. The catheter had a separate lumen
for measuring intrabag pressure. The position of cath-
eters was certained before and after the study. The
barostat bag catheter was connected to an analogue to a
digital converter (PC-Polygram; Synectics, Stockholm,
Sweden) and a visceral stimulator (Synectics}, which
was operated through commands to a computer (GX 1,
DELL and USA). A plastic cannula was inserted into
the right arm vein for infusion.

Electroencephalography

Electroencephalography electrodes were put on the
scalp of the subjects at 10:00 a.m. EEG was recorded
with silver/silver chloride electrodes on 13 sites (Fpl,
Fp2, F7, F8, C3, C4, T5, T6, 01, 02, Cz, Fz and Pz} in
accordance with the international 10-20 system for
EEG electrode placement.?! The reference electrodes
were put on bilateral earlobes. Electrode impedance
was set <10 kohm. Analogue EEG was recorded on a
data recorder (XR-510, TEAC, Tokyo, Japan) with an
EEG filter setting at 1-100 Hz. Analogue data was
converted into digital data by using the analogue to
digital translation board [AD16-16 (PCI} E; Contec,
Tokyo, Japan] in a computer (NEC PC-9821 Ra333,
Tokyo, Japan). The subjects were instructed to keep
their eyes closed but remain conscious during the
study. For artefact control, the EOG was recorded
between supra- and side-orbital electrode using the
same bandpass. Subjects’ muscle movements were
monitored by video tape to reject the motion artefact.
The EEG was monitored throughout the study to
confirm that the patients were awake. The examiners
gave the subjects adequate warning if necessary.

Experimental protocols

The subjects lay quietly in a supine position on a
comfortable bed at 11:00 a.m. after setting up the
equipment. The experiment was performed in a quiet
room to facilitate relaxation. The subjects rested for
60 min. The experiment consisted of two sessions; an
initial session for the administration of saline and a
second session for the administration of CRH antag-
onist, thCRH (Bachem, Bubendorf, Switzerland). Sal-
ine or thCRH was infused at a speed of 1.3 mL min~!.
Saline was injected at the beginning of the saline stage
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and was infused during the saline session. Before the
CRH antagonist session, 10 ug kg™' of «hCRH was
dissolved in 100 mL of saline. Saline which contained
2 ug kg™! of antagonist was intravenously injected for
3 min at the beginning of the CRH antagonist session.
The remaining 8 ug kg™' of CRH antagonist was
continuously infused after the bolus injection. In the
previous study,?® this dosage {10 ug kg™!) of «<hCRH
has been shown to influence on subjective aspects of
brain function; reducing anxiety and perceived stress
induced by visceral stimulation. In saline session, EEG
were recorded with a 20-min period for baseline-
1/1, a 20-min period for baseline-1/2 and a 10-min
period for balloon distention {distention-1). In the CRH
antagonist session, the same measurements were
repeated with a 20-min period for baseline-2/1, a
20-min period for baseline-2/2 and a 10-min period
for balloon distention (distention-2). The pressure of
the bag was set at 10 mmHg except a period for stress
by visceral stimulation.?* Using a tracking tech-
nique,?? the bag was stepwisely distended with
2 mmHg, starting from 0 up to 60 mmHg. Each step
of distention lasted 10 s.

The quantitative EEG analysis

After certification of no artefacts or no paroxysmal
EEG abnormality by visual observation of EEG, 60-s
segments of EEG were collected from the last several
minutes of each period. The EEG was recorded in the
same point of period in both groups. These data were
analysed with a fast Fourier transform technique using
a computer (7T-18; NEC San-Ei, Tokyo, Japan) and
software (Atamap I, Kissei Comtec, Nagano,
Japan).!>!® The total power was obtained by adding
the powers from 2.0 to 29.8 Hz. The total potency was
expressed as the percentage of the total power for each
subject. The relative power spectra in delta
{2.0-3.8 Hz), theta (4.0-7.8 Hz), alpha (8.0-12.8 Hz),
and beta (13.0-29.8 Hz) bands were expressed as the
percentage to the total power spectra.

Statistical analysis

Two-way analysis of variance {aNova) was performed
on the group effect (IBS patients vs controls), period
effect {saline: baseline-1/1, baseline-1/2, and disten-
tion-1, and ohCRH: baseline-2/1, baseline-2/2, and
distention-2) and group x period interaction. Post hoc
analyses were done with Tukey’s test. EEG topogra-
phy'® using data from the 13 scalp sites was
constructed by power % between groups. Statistical
data were expressed as mean = standard error of the
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mean and P-values of <0.05 were considered as
significant.

RESULTS

The drug was found to have no harmful effects on the
subjects. No epileptogenic activity on EEG was
observed during the study. Fig. 1 showed an example
of EEG in an IBS patient {male, aged 20) before (baseline
1/1} and after (baseline 2/1) the administration of
ahCRH without visceral stimulation. Alpha wave
increased in many locus after the administration of
ahCRH.

Alpha power percentage

anova of alpha power percentage disclosed significant
group effects, period effect, group x period interaction
in many regions (Fig. 2). The significant group x period
interaction was found at Fpl (F=3.18, df. =35,
P <0.05) and Fp2 (F=3.56, df. =5, P <0.01). The
significant group effect was detected at F7 {F = 5.17,
df. =1, P <0.05), F8 (F = 5.55, d.f. = 1, P < 0.05), Fpl
(F=723, df. =1, P<0.05), Fp2 (F=7.50, d.f. =1,
P <0.05),Fz|F=5.54,df. =1,P <0.05), 01 {F = 6.78,
df. =1, P <0.05) and O2 [F = 4.63, d.f. = 1, P < 0.05).
The significant period effect was disclosed in all
regions; C3 (F=1897, df =5, P<0.001), C4
(F=1690, df.=5 P<0.001), Cz (F=16.50,
df. =5, P <0.001), F7 (F = 26.67, d.f. = 5, P < 0.001},
F8 (F=23.11, df. =5, P<0.001), Fpl (F=17.89,
df.=5 P<0.001), Fp2 (F=17.25 df =5,
P <0001), Fz (F=2545 df =5 P<0.001), Ol
(F=6.83, df. =5, P <0.001), O2 (F=9.28, df. =5,
P <0001), Pz (F=13.15 df =5 P<0001), T5
(F=843, df =5, P<0.001) and T6 (F= 1145,
d.f. =5, P <0.001).

Post hoc analysis revealed significant differential
effects of distention and differential effects of thCRH
between groups. As detected significant group x period
interactions, IBS patients showed a significantly lower
alpha power percentage than normal controls during
baseline-1/1 at Fpl (IBS: 13.8 £ 3.0% vs normal:
294 + 40%, P <0.05) and Fp2 (IBS: 142 +2.9% vs
normal: 31.0 + 4.4%, P < 0.05). During baseline-1/2,
IBS patients again showed a significantly lower alpha
power percentage at Fpl (IBS: 15.2 + 3.0% vs normal:
30.8 +3.7%, P <0.05) and Fp2 (IBS: 163 £3.1% vs
32.5+£39%, P <0.05). Distention-1 significantly
reduced the alpha power percentage in controls at Fpl
(P < 0.05) and Fp2 (P < 0.05), resulting in similar values
for both groups. In the «hCRH session, in contrast to
the saline session, no differences in alpha power
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Figure 1 An example of electroencephalogram in a patient with irritable bowel syndrome (IBS} (male, aged 20 years). Upper panel
indicated the baseline 1/1 {saline) and lower panel indicated the baseline 2/1 (xhCRH]J. Note increase in alpha wave in many

locus after the administration of thCRH.

© 2007 The Authors
474 Journal compilation © 2007 Blackwell Publishing Ltd



Volume 19, Number 6, June 2007 Effect of CRH Antagonist on EEG in IBS

Fp2
40 Fpl 40
S S
*
z 20| |* 20
=10 210
0 Bi/l B2 DI B2l B22 D2 9"BIL BI2Z DI B2 B22 D2
saline o-helical CRH saline o-helical CRH
Fz
E7 60 F8 \
<50 R 50 < 507
S 40 5 40 T 40
230 z 30 2 30
220 g.20 3 20{
=10 10 70
0"BI/1 B1/2 D! B2l B22 D2 O"BuI B12 DI B2l B22 D2 O BI/l Bi2 DI B2 B22 D2
saline o-helical CRH saline o-helical CRH saline a-helical CRH
C3 :
60 70 Cz c4
® 50 60 .8
5 40 . 20 & 58
z 30 g 40 5 40
& 20 =) 20 E %
210 & 29 2
0 10 I
B1/1 B1/2 D1 B2/1 B2/2 D2 0 Bul Bi/2 DI B2i B22 D2 B1/1 B1/2 D1 B2/1 B2/2 D2
saline o-helical CRH saline o-helical CRH saline a-helical CRH
Pz
< 70
TS T e Té
60 g9 60
R 50 2130 ® 50
540 =350 5 40
230 10 S %8
a2 O"BI/1 BI/2 DI B2 B22 D2 210
0 - -
B1/1 B2 DI B2/1B22 D2 saline a-helical CRH

Bl/1 B1/2 D1 B2/1 B2/2 D2

saline a-helical CRH saline o-helical CRH

° 80% . o1 ™ 02 /
g % E 60
40 5
3
3_20[ g;g
0 Bi1/1 Bt/2 DI B2/l B2/2 D2 0
saline orhelical CRH - Bl/1 B1/2 D1 B2/l B2/2 D2

saline a-helical CRH

Figure 2 Change in the electroencephalographic alpha power percentage. Data are expressed as mean + standard error of the mean.
Black bars indicate patients with irritable bowel syndrome ([BS} (n = 10), and white bars indicate normal controls {n = 10}.

*Significant group difference between IBS patients and controls {*P < 0.05, Tukey). There were significant interactions in Fpl and
Fp2 and significant group effects in F7, F8, Ol and O2.

percentage between IBS patients and controls were ished during administration of zhCRH in controls. In
found during baseline-2/1 and baseline-2/2 at Fpl and IBS patients, significant reduction in alpha power
Fp2. Significant reduction in alpha power percentage by percentage by distention at F7 (P <0.05), F8
distention at Fpl (P < 0.05), F7 (P < 0.05), F8 {P < 0.05), (P < 0.05), Fz (P < 0.05} was diminished during admin-
Fz (P < 0.05), Ol {P <0.05), Pz (P.< 0.05) was dimin- istration of «hCRH.
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Beta power percentage P <0.01) and Fp2 (F=282, df =5, P <0.05). The

significant group effect was disclosed in occipital site;
aNova of beta power percentage disclosed significant Ol (F=7.67, df. =1, P<0.05) and O2 {F = 11.45,

group effects, period effect, group x period interactions d.f. =1, P <0.01}. The significant period effect was
in many regions (Fig. 3). The significant group x period disclosed at C4 (F=12.69, df. =5 P<0.05), F8
interaction was found at F7 (F=4.02, df =5, (F=257, df. =5, P <005}, Fpl (F=8.06, d.f. = 5,
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Figure 3 Change in the electroencephalographic beta power percentage. Data are expressed as mean = standard error of the mean.
Black bars indicate patients with irritable bowel syndrome (IBS} {n = 10}, and white bars indicate normal controls {n = 10}.
There were significant group effects in O1 and O2.
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P <0.001), Fp2 (F =5.52, d.f. =5, P <0.001) and Ol
(F=341, df. =5, P<0.01). In many regions, IBS
patients showed a higher beta power percentage than
normal controls during baseline-1/1. During baseline-
1/2, IBS patients again showed a higher beta power
percentage. Distention-1 increased the beta power
percentage in controls, resulting in similar values for
both groups. In the «hCRH session, in contrast to
saline session, no differences in the beta power
percentage between IBS patients and controls were
found during baseline-2/1 at most of regions. No
differences in beta power percentage between IBS
patients and controls continued during baseline-2/2.
Increase in beta power percentage by distention was
not remarkable during administration of «hCRH in
both groups.

Delta power percentage

anova of delta power percentage disclosed significant
group effects and period effect in some regions (Fig. 4).
However, there was no significant group x period
interaction. The significant group effect was disclosed
at Fpl (F=477, df. =1, P<0.05), Fz |F=4.66,
df. =1, P<005 and Ol1 (F=4.75 df =1,
P < 0.05). The significant period effect was disclosed
in all regions; C3 (F = 19.70, d.f. =5, P <0.001), C4
(F=15.85,d.f. =5, P<0.001), Cz (F= 1593, df. = 5,
P <0.001), F7 (F=19.14, df. =5, P <0.001}, F8
" [F=20.60, df.=5 P<000l), Fpl [F=11.90,
df =5 P<0001), Fp2 |(F=1046, df =5,
P <0.001), Fz (F=21.79, df. =5, P <0.001), O1
(F=3.68, df. =5 P<001), O2 (F=5.11, df. =5,
P <0001}, Pz (F=13.34, df =5 P<0.001), T5
(F=9.60, df.=5 P<0.001) and T6 |(F=6.95,
df. =5, P <0.001). Post hoc analysis revealed a stri-
king difference between IBS patients and controls in
the frontal midline region {Fz}. IBS patients showed a
significantly higher delta power percentage than nor-
mal controls during baseline-1/1 (IBS: 30.2 + 4.7% vs
controls: 18.8 +2.4%, P <0.05), baseline-1/2 (IBS:
28.3 £+ 4.0% vs controls: 16.8 £ 1.6%, P < 0.05) and
distention-1 (IBS: 49.5 + 3.2% vs controls: 38.7 + 4.8%,
P <0.05). In the o«hCRH session, no differences
between IBS patients and controls were detected in
baseline-2/1, baseline-2/2 and distention-2 in the Fz
region.

Theta power percentage

aNova of theta power percentage disclosed no signifi-
cant group effect, period effect or group x period inter-
action (Fig. 5).
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Electroencephalographic topography

In the saline session, alpha power percentage during
baseline-1/1 was higher in the occipital region and
lower in the frontal region in both groups {Fig. 6). IBS
patients had a significantly lower alpha power percent-
age at Fpl (t = 3.11, P < 0.01), Fp2 {t = 3.20, P < 0.01},
C4 (t=2.54, P <0.05), O1 (t=1254, P<0.05), 02
(t =2.68, P < 0.05), F7 {t = 2.24, P < 0.05), F8 [t = 2.67,
P <0.05), Fz {t=2.72, P <0.05) and Cz (t =242,
P < 0.05) sites than controls during baseline-1/1. Dur-
ing baseline-1/2, IBS patients showed a significantly
lower alpha power percentage at Fpl {t =332, P <
0.01}, Fp2 [t = 3.25, P <0.01}, C4 {t = 3.17, P < 0.01},
Ol (t=2.43, P<0.05], O2 {t=2.10, P <0.05), F7
{t=3.38, P<0.0l), F8 (t=2.87, P<0.05), Fz [t =
2.43, P<0.05), Cz (t=3.22, P<0.01) and Pz |t =
2.22, P <0.05) electrodes than controls. During
distention-1, IBS patients had a significantly lower
alpha power percentage at Fpl (t =2.47, P < 0.05)
electrodes than controls. In the «hCRH session,
there was no significantly different region in the alpha
power percentage between IBS patients and controls
(Fig. 6).

In the saline session, IBS patients had a significantly
higher beta power percentage at O1 {t = 2.65, P < 0.05),
02 (t=4.13, P<0.01}, T5 (t=2.69, P<0.05), T6
{t =3.12, P <0.01) and Pz (t = 2.58, P < 0.05] regions
than controls during baseline-1/1 (Fig. 7). During base-
line-1/2, the IBS patients had a significantly higher beta
power percentage at C3 (t=2.13, P <005}, C4
(t=2.72, P<0.05), O1 (t=276, P<0.05, O2
(t =339, P<0.01}, T6 {t=3.50, P<0.01) and Pz
(t =3.08, P <0.01) regions than normal controls.
During distention-1, no significant difference between
IBS patients and controls was found in the beta power
percentage. In the «hCRH session, the IBS patients had
a significantly higher beta power percentage at the O2
(t =2.58, P <0.05) electrodes than normal controls
during baseline-2/1. During baseline-2/2, IBS patients
had a significantly higher beta power percentage at the
Ol (t =3.67, P<0.01}) and O2 {t=3.10, P <0.01)
electrodes than controls {Fig. 7). During distention-2,
no significant difference between the groups was found
in the beta power percentage.

DISCUSSION

This is the first study which demonstrates the effect of
peripheral infusion of CRH antagonist, «hCRH, on
quantitative EEG in humans. Quantitative EEG find-
ings in IBS patients in our previous reports were
replicated. Colonic distention in healthy controls
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Figure 4 Change in the electroencephalographic delta power percentage. Data are expressed as mean + standard error of the mean.
Black bars indicate patients with irritable bowel syndrome (IBS} (n = 10), and white bars indicate normal controls (n = 10).

*Significant group differences between IBS patients and controls (*P < 0.05, Tukey). There were significant group effects in Fpl and
Ol.

induced quantitative EEG which resembled IBS We previously reported that quantitative EEG in IBS
patients. Because administration of CRH antagonist patients showed a low alpha power percentage during
made low alpha power percentage and high beta power the resting state.!® In this study, the same EEG
percentage of EEG in IBS patients improved, our patterns of IBS patients were replicated from independ-
hypothesis was supported. ent samples. Although the characters of stimuli were
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different between the present report (colonic disten-
tion) and the previous report {mental arithmetic),'>!3
both stimuli caused a decrease in the alpha power
percentage, without regard to the pathway of the input
of the stimuli; i.e. via auditory pathway or via visceral
afferent pathway. The conscious, relaxed EEG record-
ings among normal subjects is usually predominated

by alpha rhythm, which is replaced by fast (beta) and/or
slow (delta, theta) EEG activity in a variety of physio-
logical and -pathological conditions including anxi-
ety,®® emotional tension,** and physical pain.2>3°
Alpha power percentage decreases,®” > beta power
percentage increases2%?® and delta power percentage
increases®?®2% during physical pain. In this study,
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Control

Figure 6 Topogram of the alpha power percentage of electroencephalogram (EEG]) in patients with irritable bowel syndrome (IBS)
and normal controls {upper panel). The top is the frontal and the bottom is the occipital region. *Significant group differences
between IBS patients and controls (*P < 0.05; **P < 0.01, Student’s t-test).

delta power % increased >50% in the forehead elec-

trodes at distention. There is a report of pain-induced

eye blink reflex.®! However, we carefully excluded

artefact. Moreover, during controlling eye movements,
capsaicin administration?® and cold pressor test?
produced the similar results to this study. While EEG
responses in both groups in this study may reflect the
increased level of arousal during visceral perception,
basal EEG power percentage in IBS patients may reflect
an increased level of arousal even in the resting state.
Somatosensory stimuli are known to activate the
temporal and parietal area.?””?® Ischaemic arm stress
reduces alpha power % in the temporal and parietal
area.?” Cold pressor to the arm increases beta power %
in the temporal area.”® In this experiment, beta power
% in temporal and parietal area was significantly
higher during resting state in IBS patients than in
controls. This may reflect hypersensitivity of the colon
to the cannulation per se in IBS patients. Silverman
et al.’® presented abnormal activation of left dorsolat-
eral prefrontal cortex to rectal distention in IBS
patients. Distention-induced attenuation of alpha
power % at Fpl in IBS patients of this study may
reflect activation of the prefrontal cortex. The prefron-
tal cortex is related to interpretation of stimulation.3>3*

Therefore, our data also provide evidence of regionally
different activation of the brain in response to visceral
stimulation in IBS patients.

The most striking findings of this study are that the
differences in the EEG power spectra between IBS
patients and controls almost vanished after the intra-
venous administration of thCRH. Moreover, changes in
EEG in response to colonic distention were blunted by
the administration of the CRH antagonist. Visceral
stimulation is reported to induce release of excitatory
neurotransmitters in the brain.**>7 Visceral stimula-
tion activates locus coeruleus (LC), 2 nucleus containing
approximately 50% of brain noradrenaline neurons.3%-3¢
We previously proved that colorectal distention induces
visceral perception and hippocampal noradrenaline
release in rats.®” During acute stress, LC activates the
hypothalamo-pituitary-adrenal axis and behavioural
responses to stressors, via a multisynaptic mechanism
involving noradrenergic activation of paraventricular
nucleus (PVNJ-excitatory neural pathways.?¢ A number
of reports have indicated that CRH receptors located in,
or close to the LC are involved in the induction of stress
responses.>® CRH in the locus coeruleus mediates EEG
activation associated with stress due to the altered state
of proprioception (hypotension).®® The blockade of
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Control

Figure 7 Topogram of the beta power percentage of electroencephalogram (EEG) in patients with irritable bowel syndrome {IBS) and
normal controls {lower panel). The top is the frontal and the bottom is the occipital region. *Significant group differences
between IBS patients and controls [*P < 0.05; **P < 0.01, Student’s t-test).

central CRH receptors reduces spontaneous waking in
rats.*® A specific CRH-R1 antagonist inhibits stimula-
tory effects of exogenous CRH on neuronal firing of LC
and the startle response amplitude in rats.*! IBS patients
are hypersensitive to visceral stimulation.*> Moreover,
neuroimaging studies using fMRI!° indicate an exag-
gerated cortical response to visceral stimulation among
IBS patients. Therefore, together with these earlier
findings, the present data suggest the feasibility of our
hypothesis that visceral stimulation activates CRH
nerve conduction in humans and that IBS patients have
upregulated CRH receptors in the brain.

The precise pathway of antagonistic action of intra-
venous administration of thCRH on EEG in this study
is still unknown. An earlier study*® reported that
intravenous administration of «hCRH did not induce
any effects on cognitive or emotional state in normal
subjects. However, structured interviews, psychomet-
ric tests and EEGs were not performed in that study.*?
There is a specific unidirectional brain-to-blood trans-
porter system for CRH.** Therefore, thCRH may not
directly penetrate into the brain through the blood-
brain barrier. A more plausible possibility is that the
intravenous administration of CRH antagonists affects
the CNS through CRH receptors at the circumven-

© 2007 The Authors
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tricular organs that are relatively unprotected by the
blood-brain barrier.*® As the CRH-R, receptor mRNA
is expressed in the area postrema which is one of the
circumventricular organs,*® 41-amino acids peptide
CRH or 33-amino acids peptide «hCRH may act in
circumventricular organs at first and then affect most
of the CNS. This notion is supported by earlier reports
that intravenous CRH influences sleep EEG!® and
auditory evoked potentials in humans.*® Moreover,
urocortin, a peptide of the CRH family, is known to
penetrate into the brain with a certain concentration of
leptin.*® There are abundant CRH receptors in the
gut.*’ Intravenous administration of CRH decreases
perceptual thresholds to the rectal distention in
humans.!® Therefore, we cannot completely rule out
the possibility of penetration of «hCRH into the brain
or the effect of thCRH on EEG via blockade of afferent
signals from the gut. Further study is necessary to
determine the precise site of action of «hCRH.

There are several limitations in this study. Firstly, IBS
patients were slightly older than controls. It is known
that EEG is influenced by age*® and sex.*” In this study,
the male and female rate was the same in both
groups. We have already showed the difference in EEG
power spectra between IBS patients and age-matched
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controls.'?!3 Therefore, the difference in age cannot
explain the differences in the specific EEG power spectra
in this study. Secondly, our findings may be limited to
the diarrhoea-predominant IBS patients. Thirdly, we
could not compare EEG responses between the postsa-
line administration state with those after the adminis-
tration of CRHg_4; on a different day with randomized
order with double-blinded fashion. That was because
performing colonoscopy on the subjects twice was
difficult. However, together with a study by Sagami
et al.,*? this study now clarifies that this peptide blocks
or weakens action of CRH even by peripheral adminis-
tration. Therefore, more precise research using this
peptide with IBS patients is now capable. Examination

of CRH antagonist as a therapeutic drug or IBS is also -

warranted.

In conclusion, peripheral administration of xthCRH
almost normalized EEG activities in IBS patients. Our
data strongly suggest that CRH plays an important role
in pathophysiology of IBS and electrophysiological
property of the brain during visceral perception.
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Abstract

Aims: To compare quality of fife (QOL) for patients with irritable bowel syndrome (IBS) between
the U.S. and Japan, it is indispensable to develop common instruments. The IBS-QOL, which is
widely used in Western countries, was translated into Japanese as there has been a lack of Japanese

disease-specific QOL measures for IBS.

Methods: The original 34 items of the IBS-QOL were translated from English into japanese
through two independent forward translations, resolution, back translation, and resolution of
differences. Forty nine patients who had Gl symptoms but did not have any organic diseases
(including 30 IBS patients diagnosed by Rome I criteria) were recruited from Tohoku University
Hospital in Sendai, Japan and completed a Japanese version of the IBS-QOL (IBS-QOL-))
concomitant with a Japanese version of the IBS severity index (IBSSI-J) twice within 7-14 days.

Results: The IBS-QOL-] demonstrated high internal consistency (Cronbach's alpha; 0.96) and high
reproducibility (intraclass correlation coefficient; 0.92, p < 0.001). Convergent analyses confirmed
that the overall score of IBS-QOL-f was significantly correlated with overall severity of IBS
symptoms on the IBSSI-] (r = -0.36, p = 0.01) and with the individual items on the IBSSI-] that assess
interference with life in general (r = -0.47, p = 0.001) and dissatisfaction with bowel habits (r = -
0.32, p < 0.05). Eight patients who reported continuous abdominal pain in the past 6 months had
significantly lower scores in the IBS-QOL-] than those who did not (53.7 +- 12.7 vs. 73.6 +- 9.5,

p < 0.01). Age, sex, education or marital status did not affect scores on the measure.

Conclusion: The IBS-QOL-| is a reliable instrument to assess the disease-specific QOL for IBS.
Considering cross-cultural comparison, this measure is likely to be a valuable tool to investigate the

QOL in Japanese patients with IBS.

Page 1 of 7
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Background

Irritable bowel syndrome (IBS) is a common gastrointes-
tinal disorder and is often associated with psychological
distress [1,2]. People with IBS have a significantly dimin-
ished quality of life (QOL) [3,4]. Even though a large per-
centage of subjects with IBS do not seek medical care
(approximately 75%) [5], IBS is associated with signifi-
cantly more absences from work and school and with
impaired QOL [3,4]. The impact on QOL in patients with
IBS is often underestimated by friends and family mem-
bers, and even by the patient’s doctors because they are
not disabled in any obvious way and there is no apparent
impact on life expectancy.

How much of a burden illness is on an individual's life
depends on several factors. It is becoming recognized that
assessment of QOL associated with a person's illness
should be taken into account in order to understand the
burden illness on several medical conditions. We have
demonstrated that both IBS patients and IBS non-consult-
ers report not only more severe gastrointestinal symptoms
and psychological distress but also more impaired health-
related QOL than people who do not have IBS, as has
been reported in other countries [6]. In contrast to reports
form the United States [7], IBS patients were not different
from IBS non-consulters for physical and psychological
QOL scores on the SF-36 [8].

Although generic instruments like the SF-36 offer the
opportunity to compare the impacts of different condi-
tions on health status [9,10), disease-specific measures are
more sensitive than generic measures of QOL to the

effects of illness and the impact of treatment [9]. Within

the gastroenterology field, disease-specific quality-of-life
measures have been developed primarily for inflamma-
tory bowel disease [11].

Patrick and Drossman developed and validated a specific
QOL measure, the IBS-QOL, to assess the impairment of
QOL in IBS [12]. The instrument defines “perceived qual-
ity of life" according to a needs-based model that consid-
ers QOL as the degree to which all or most needs are met
[13]. It reveals patients' predominant concerns with high
degree of specificity and attribution to the bowel symp-
toms associated with the condition [12]. Furthermore,
they confirmed that this instrument is responsive to treat-
ment in a clinical population of patients with FBD [14].
This instrument has been translated into several languages
(i.e. Dutch, Spanish, French, Chinese and Korean) and is
widely used [15-21].

There have been no studies on the cross-cultural differ-
ences in IBS between the U.S. and Japan due to the lack of
common disease-related instruments. To compare QOL
in patients with IBS between these countries, it is indis-

http://www.bpsmedicine.com/content/1/1/6

pensable to develop disease-specific QOL measurements
like the IBS-QOL in Japanese. The aim of this study was to
test the reliability and validity of a Japanese version of the
IBS-QOL (IBS-QOL-J).

Methods

Forty-nine consecutive patients (27 female and 22 male)
who suffered with chronic or recurrent abdominal pain,
abdominal discomfort and/or altered bowel habit in
Tohoku University Hospital, Sendai, Japan were invited to
participate. All the participants completed the IBS-QOL-J
(see Additional file 1) concomitant with a Japanese ver-
sion of the IBSSI (IBSSI-J) [22] twice between 7-14 days
interval to confirm the test-retest reproducibility. The Jap-
anese version of the Rome Il modular questionnaire, in
conjunction with medical evaluation to exclude alterna-
tive diagnosis, was used to diagnose IBS [22]. None of the
participants had any organic GI diseases or any other
severe physical and/or psychological disorders. Age, sex,
marital status, education, race, number of visits to physi-
cians due to GI symptoms, and existence of continuous or
nearly continuous abdominal pain in the past 6 months
were also investigated (Table 1). This study was approved
by the Tohoku University Ethics Committee (No. 2004-
061). All the participants gave written informed consent.

The Rome II modular questionnaire (RMIIQ) has been
used as a diagnostic instrument for functional GI disor-
ders according to Rome II diagnostic criteria [23]. This
instrument includes 4 key questions used to define IBS
plus 11 supportive items that address bowel habits. IBS is
defined by abdominal discomfort or pain that was present
during at least 3 weeks in the last 3 months and that has
two of three features: (1) Relieved with defecation; and/or
(2) onset associated with a change in frequency of stool;
and/or (3) onset associated with a change in form
(appearance) of stool [22,23]. Subtypes of IBS were
assessed by predominant stool pattern; hard or lumpy
stools >25% and loose (mushy) or watery stools <25% of
bowel movements as IBS with constipation (IBS-C), and
loose (mushy) or watery stools >25% and hard or lumpy
stools <25% of bowel movements as IBS with diarrhea
(IBS-D) [24].

The IBS Severity Index (IBSSI) was developed and vali-
dated in the U.K. to assess the major GI symptoms in IBS
[25]. This scoring system is simple and consists of only 5
items each with 100-point scale (0, none; 100, worst).
These itemns are severity and duration of abdominal pain,
severity of abdominal distension, dissatisfaction with
bowel habits (bowel score) and interference with life in
general (QOL). The maximum total score is 500 points
[22,25]. Recently, these two instruments have been trans-
lated into Japanese and validated for Japanese patients
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Table I: Characteristics of the sample (n = 49)
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Sex
Male
Female
Age (yrs, mean & SD)
Race
Japanese
Others
Marital status
Single living alone
Single living with a partner
Married
Divorced
Education
8th grade or less
Some high school
High school graduate
Some college or technical school
College graduate
Diagnosis by Rome Il criteria
Irritable bowel syndrome (IBS)
IBS subtypes of bowel habit
IBS with constipation (1BS-C)
IBS with diarrhea (I1BS-D)
Mixed or unspecified IBS
Other functional bowel disorders (FBD)
Classification of symptom severity by IBSSI
Mild
Moderate
Severe

22
27
3815

49

10

14
24

19
I8
30
14
10
19
I5

22
12

IBSSI: IBS severity index. Data were expressed as number of subjects except for age.

with functional bowel disorders (FBD) by our research
group [22].

The IBS-QOL consists of 34 items with 5-point response
scales (0 to 4). The IBS-QOL is scored for 8 subscales; dys-
phoria (8 items), interference with activity (7 items), body
image (4 items), health worry (3 items), food avoidance
(3 items), social reaction (4 items), sexual concerns (2
items) and relationships (3 items) [12]. Higher values
indicate better QOL after converting the raw score on the
IBS-QOL into 0 to. 100 points. The process for the valida-
tion study of the IBS-QOL-J was as follows: The original
34 items of the IBS-QOL were translated from English
into Japanese through two independent forward transla-
tions {by M.K. and S.F.), resolution, back translation by a
native speaker of English, and resolution of differences. As
a result of the discussion among the translators and the
authors of the original version (D.A.D. and W.EW.), no
obvious difference of contents was found between the
original and the back-translated versions.

Cronbach's alpha was calculated to assess the internal
consistency reliability. A high internal consistency sug-
gests that the scale is measuring a single construct. Repro-
ducibility was assessed by comparing the total IBS-QOL-]

score at baseline to a second one later. Convergent and
discriminant validity involve comparing logically related
measures to see if they are correlated more strongly (con-
vergent) or more weakly (discriminant). The overall score
for the IBSSI-J and the scores for the 5 components at
baseline were used to assess convergent validity of the IBS-
QOL-]. Strengths of association as the test-retest reliability
or the convergent/construct validity were tested by a sim-
ple regression analysis, Pearson's correlation coefficient.
Multiple regression analysis was used to confirm the rela-
tionships among the IBS-QOL-] score, age, gender, educa-
tion and marital status.

Results

Characteristics of the participants are shown in Table 1.
The mean age with standard deviation {SD) of partici-
pants was 38 +- 15 years (19-79 years old). Thirty patients
were diagnosed as IBS by the Japanese version of Rome II
modular questionnaire, and the rest of them were consid-
ered to have other FBD. Six patients diagnosed as IBS were
constipation predominant (IBS-C), 14 were diarrhea pre-
dominant (IBS-D) and 10 were not classifiable as either.
Overall score of the IBS-QOL-] demonstrated high repro-
ducibility (intraclass correlation coefficient, 0.92, p <
0.001) and high internal consistency (Cronbach's alpha,
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0.96). Each individual score on the IBS-QOL-] also
showed high reproducibility and relatively high internal
consistency (Table 2). Response to the individual items
significantly correlated with overall score of the IBS-QOL-
] except for Q5 from the body image domain and Q32
from the health worry domain (Table 3).

Validity of the IBS-QOL-J was confirmed by the significant
correlations with measures of disease severity. The overall
score of IBS-QOL-] was significantly correlated with over-
all severity of IBS symptoms on the IBSSI-J (r=-0.36, p =
0.01) and with the individual questions on the IBSSI-J
that assess interference with life in general (r = -0.47, p =
0.001) and dissatisfaction with bowel habits (r = -0.32, p
= 0.03, Table 4). The correlations between the overall
score of the IBS-QOL-J and individual scores of abdomi-
nal pain (severity and duration) were weaker and were not
statistically significant. Abdominal distension (severity)
on the IBSSI-] was correlated to quality of life was as meas-
ured by the IBS-QOL-J.

Linear regression analyses revealed that the number of
physician visits in the past 6 months was significantly
associated with the overall score of IBS-QOL-] (r = -0.33,
p < 0.05) but not with the overall severity score (r = 0.19,
p > 0.1). Eight patients who reported continuous or nearly
continuous abdominal pain in the past 6 months had sig-
nificantly lower scores in the IBS-QOL-] than those who
did not (53.7 +- 12.7 vs. 73.6 +- 19.5, p < 0.01, Fig. 1).
There was no significant difference in the overall score or
each of individual score on the IBS-QOL-] between
patients who were diagnosed as IBS by the RIIMQ and
those who were not (namely, the other FBD) in the partic-
ipants (Table 5). Age, sex, education or marital status did
not affect scores on the measure as a predictor variable.
Most of the IBS-QOL-J scores in Japanese patients with IBS
were quite comparable to those in the English version of
the IBS-QOL in IBS patients in the U.S. There was no sig-
nificant difference in the overall or each individual score

hitp://iwww.bpsmedicine.com/content/1/1/6

on the IBS-QOL-] between subtypes of bowel movement
in 30 patients diagnosed as IBS.

Discussion

The Japanese version of the IBS-QOL (IBS-QOL-]) instru-
ment was confirmed to be reliable and valid. This disease-
specific QOL measurement shows high internal consist-
ency for the overall score. The reproducibility over the
two-week study period was excellent. The original version
of the IBS-QOL has previously been shown to have high
internal consistency and reproducibility [12]. On this
original instrument, discriminant and convergent validity
[12] and responsiveness [14] were also demonstrated. Not
only severity of symptoms but also psychological well-
being predicted this score [26]. Although Cronbach's
alpha scores for most of the individual domains also
resulted high (Table 2), the factor analysis revealed that a.
couple of individual items affected rather low alpha scores
for the specific domains (Table 3). Further larger studies
should be needed to confirm whether cross-cultural dif-
ferences in patients' concerns might be associated with the
inconsistencies in the present study.

Disease-specific quality of life instruments are sensitive
and responsive to measuring treatment response over
time; thus, they are especially useful in clinical research
trials in which health status is analyzed [9]. Several dis-
ease-specific QOL measures for IBS or functional Gl disor-
ders have been developed (e.g. IBSQOL developed by
Hahn et al. {27]). However, in most instruments, their
responsiveness has not been demonstrated except for the
IBS-QOL. In a systematic review by Bijkerk et al, it was
shown that the IBS-QOL is the best of the five IBS-specific
QOL scores to establish changes in health-related QOL
[28]. On the other hands, the IBS severity index (IBSSI) is
considered to be the best choice for a detailed IBS symp-
tom assessment [28].

Table 2: Reliability and validity for the overall and individual scores on the IBS-QOL-]

Intraclass correlation
coefficient (ICC)

Cronbach's alpha (Time 1)

IBS-QOL Score (mean £ SD) (Time 1)
Overall scale 703 £ 19.9
Subscales (number of items)
Dysphoria (8) 61.5 £27.1
Interference with activity (7) 66.4 £24.7
Body image (4) 829 £ 18.0
Health worry (3) 760 + 18.6
Food avoidance (3) 59.5 £ 28.2
Social reaction (4) 782 1 19.2
Sexual concerns (2) 84.7 £ 19.6
Relationships (3) 71.3 £25.6

0.96 0.922
0.94 0.88:
0.86 0.94:
0.56 0.902
0.48 0.812
0.83 0.92:
0.76 0.852
0.6l 0.802
0.74 0.872

2p < 0.001; Pearson's correlation coefficient.
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Table 3: Evaluation of the utility of individual items on the IBS-QOL-J

Domain ltem Correlation Domain ltem Correlation
Dysphoria Ql -0.83% Health worry Q4 -0.56%
Q6 -0.86%* QIS -0.74**
Q7 -0.82%* Q32 -0.19
Q9 -0.76%* Food avoidance Qll -0.45%*
Qlo -0.75% Q23 -0.55%*
Qi3 -0.72% Q28 -0.59%*
Qlé -0.80* Social reaction Q2 -0.60%*
Q30 -0.89%* Ql4 -0.54*
Interference with Q3 -0.60% Ql7 -0.60%*
activity QI8 -0.78+* Q34 -0.79%
Ql9 -0.60%* Relationships Q8 -0.66%*
Q22 -0.70+ Q24 -0.70**
Q27 -0.75% Q33 -0.70%*
Q29 -0.73%* Body image Qs -0.10
Q3lI -0.53* Q21 -0.76%*
~ Sexual Qi2 -0.30* Q25 -0.61%
Q20 -0.47%* Q26 -0.68%*

*p < 0.05, ¥ < 0.01; Pearson's correlation coefficient between individual items and overall score of the IBS-QOL-J.

Recently, we have translated the Rome II modular ques-
tionnaire for IBS and the IBSSI into Japanese and have
confirmed reliability and reproducibility in patients with
functional bowel disorders (FBD) [22]. Our results in the
present study show that the IBS-QOL-] is strongly corre-
lated with the self-rating scales for the overall severity
measure. Besides, patients who reported continuous or
nearly continuous abdominal pain showed a lower over-
all score on the IBS-QOL-J than those who did not. On the
other hand, our study did not confirm that there are sig-
nificant differences in the QOL score among subtypes of
bowel movement in patients with IBS. These results sug-
gest that IBS patients who have abdominal pain continu-
ously may have more impaired QOL despite predominant
stool patterns. Furthermore, patients considered as fre-
quent consulters according to a previous systemic review
[29] show lower scores in the IBS-QOL-J. Previous reports
on the original IBS-QOL show a significant association
between the IBS-QOL and number of visit to physicians
for IBS problems [14]. Thus, the findings of the present

study are consistent with those of the original version of
the disease-specific QOL measure for IBS.

The mean overall score of the IBS-QOL-J in patients with
IBS was similar with that of original version [12] meas-
ured in the U.S. (68.2 vs. 63.2 points) despite different
diagnostic criteria (Rome II vs. Rome I) and subject popu-
lation (tertiary care vs. GI clinic plus advertisement). The
mean overall score of the IBS-QOL-J in patients with IBS
also showed a similar result with that measured by the
Korean version of the IBS-QOL in South Korea [21]. Nev-
ertheless, the mean individual scores of body image (80.0
vs. 62.5), health worry (73.1 vs. 59.2), food avoidance
(55.3 vs. 43.4) and sexual concerns (89.2 vs. 73.5) on the
Japanese version were over 10-point higher [12] (see
Table 5).

Our results failed to confirm that the overall IBS-QOL-]
score is significantly associated with the individual scores
of the abdominal pain severity or pain duration in the

Table 4: Correlations between overall score of the IBS-QOL-} and overalf and individual scores of the IBSSI-}

1BS-QOL-)
Correlation Significance
1BSSI-J
Overall -0.36 0.01
Abdominal pain (severity) -0.21 N.S.
Abdominal pain (duration) -0.23 N.S.
Abdominal distension -0.00 N.S.
Bowel movement -0.32 0.03
Quality of life -0.47 0.001
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Comparison of the IBS-QOL-] scores between patients who
reported continuous or nearly continuous abdominal pain
and those who did not. Resuits were expressed as mean with
standard deviation of the overall scores on the IBS-QOL-J.
Patients who reported continuous abdominal pain showed a
significant lower score than those who did not (*p < 0.01,
Mann-Whitney U test).

IBSSI-]. We do not believe that gastrointestinal (GI) symp-
toms of the patients in this study were less severe because
more than two-thirds demonstrated moderate to severe
symptoms on the IBSSI-J according to the severity classifi-
cation system on the original version [25] (see Table 1).
Despite 41 of 49 patients had taken medical treatment for

Table 5: Comparison of the IBS-QOL between Japan and the U.S

http://www .bpsmedicine.com/content/1/1/6

their GI symptoms including antispasmodic agents and
antidepressants, they did not report lower abdominal
pain scores compared with the rest of the patients who
had not in the present study.

It has been demonstrated that the Japanese subjects are
less prone to be accepting of pain behaviors [30] and
express their sexual activities to someone {31] compared
with people in the Western countries. There was no differ-
ence in the individual score of sexual concerns between
married and unmarried patients in this study, in fact.
When the sexual concerns are assessed in the Japanese
patients, it should be taken into account that they may
hesitate or avoid expression of such topics even if they
have any sexual problems. Although we could not com-
pare differences in these scores directly, cross-cultural dif-
ference between the countries (e.g. race, food, belief,
social milieu and health-care system) might affect some
dimensions of perception for the health-related QOL in
patients with IBS.

The IBS-QOL-] appears to be a reliable instrument to
assess the disease-specific QOL for IBS in Japanese
patients. However, this validation study was cross-sec-
tional, and thus could not investigate responsiveness.
Moreover, our sample was relatively small and recruited
from only the referred FBD patients. Further validation
studies are warranted to investigate reliability and validity
on the Japanese version of the IBS-QOL. It is important to
assess not only severity of symptoms but also disease-spe-
cific QOL when considering the strategy for treatment for
IBS since no biological measure is available for assessing
IBS. Considering cross-cultural comparisons, these instru-

Score (mean + SD)

IBS (Japan) Other FBD (Japan) IBS* (U.S.)
Number 30 19 155
Female (%) 18 (60) 9 (47) 138 (89)
Age (yrs) 3917 3712 39+12
1BSSI (Overall) 250 £ 95.52 172 £ 89.8 -b
1BS-QOL
Overall 682+ 19.7 73.6 £202 632 1 185
Dysphoria 61.0 £268 62.2 +284 63.1 £23.9
Interference with activity 62.3 £ 25.8 729+ 219 63.1 £22.3
Body image 80.0 £ 18.0 8751174 62.5 +24.3
Health worry 73.1 £ 194 80.7 £ 16.7 592+ 24.6
Food avoidance 5531272 66.2 1+ 29.1 43.4 + 267
Social reaction 77.1 £ 189 799+21.4 694 + 229
Sexual concerns 89.2£229 8751132 735+27.6
Relationships 722 £ 230 67.7+298 723217

*BS was diagnosed by Rome | criteria, data from Patrick, et al, 1998 (with permission, ref. 12). 2p < 0.01 vs other FBD. ®IBSSI was not investigated.

Higher values indicate better QOL score for the [BS-QOL.
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ments are likely to be a valuable tool to investigate the
QOL in Japanese patients with IBS.

Additional material

Additional File 1

Japanese version of irritable bowel syndrome quality of life (IBS-QOL-J)
instrument.

Click here for file

| htip://www.biomedcentral.com/content/supplementary/1751-
0759-1-6-S1.pdf]
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