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Background: Gastrointestinal symptom-specific anxiety (GSA) has been reported to impact symptom severity in irritable
bowel syndrome (IBS), suggesting that GSA may be an important treatment outcome. The present study explored whether
higher levels of GSA were associated with increased risk of having IBS, and whether individuals with IBS were at greater risk
for severe gastrointestinal (GI) symptoms.
Methods: Participants comprised 1156 university students. The Rome III modular questionnaire was used to assess for IBS.
GSA was measured using the Japanese version of the Visceral Sensitivity Index (VSI). IBS-SI was used to assess severity of
GI symptoms. Data were analyzed using univariate and multivariate logistic regression analysis.
Results: The prevalence rate of IBS (provisional diagnosis, based on Rome III questionnaire responses) was 21%. Logistic
regression analysis was performed using the VSI cutoff point as the independent variable, and the presence or absence of
IBS as the dependent variable. Results indicate that for individuals above the VSI cutoff point, the adjusted odds ratio for having IBS was 2.64 (95% CI: 1.87-3.71). Furthermore, results indicate that in participants with high GSA, adjusted odds ratios for
severity of IBS symptoms were 0.44 (95% CI: 0.33-0.58) for subclinical, 1.15 (95% CI: 0.90–1.46) for mild symptoms, 2.19
(95% CI: 1.57–3.07) for moderate symptoms, and 5.63 (95% CI: 2.24–14.15) for severe symptoms.
Conclusion: Higher VSI scores were associated with having risk factors for IBS and greater severity of IBS symptoms.
ACTA MEDICA NAGASAKIENSIA 61: 137−143, 2018
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Introduction
Irritable bowel syndrome (IBS) is a functional disorder
of the gastrointestinal tract, primarily characterized by
abdominal pain and constipation in the absence of an organic
disease.1 Prevalence is reportedly 5–11% in most developed
countries.2 Epidemiological research on IBS in Japan has
found the disease to be most common in men and women in
their 20s (14% and 22%, respectively).3 Notably, its incidence

dramatically increases in Japanese youths in their late teenage
years; it has been reported to affect 21–26% of university
students. 4-5
IBS negatively affects an individualʼs quality of life
(QOL), and it has a substantial impact on healthcare costs. 6-7
Its pathology can be divided into three major categories:
gastrointestinal dysmotility,8-9 hypersensitivity to visceral
sensations,10-11 and abnormal psychology.12-14 The third category refers specifically to anxiety-related symptoms due to
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psychosocial stress experienced by IBS patients, which
cause gastrointestinal symptoms to worsen.15-16 This exacerbation of gastrointestinal symptoms can be attributed to
elevated gastrointestinal-specific anxiety (GSA), which can
be measured using the visceral sensitivity index (VSI).17-18
GSA is defined as “the cognitive, affective, and behavioral
response to fear of gastrointestinal sensations, symptoms,
and the context in which these visceral sensations and symptoms occur.”17 GSA is associated with hyperactivity of the
amygdala.19-20 This brain region is activated via the insular
cortex, the prefrontal cortex, and the anterior cingulate gyrus,
leading to exacerbated gastrointestinal symptoms.20 When
individuals with IBS perform avoidance behaviors in
response to situations that elicit GSA, they exhibit hypervigilance and attentional bias toward visceral sensations,
and become sensitive to even low-level stimuli. 21
Research to date suggests that GSA contributes to both the
onset and symptomatic exacerbation of IBS, but this relationship has never been sufficiently investigated in university
students, a population whose age puts members at particular
risk for developing IBS. One instrument for measuring GSA
is the VSI. This scale can measure psychological dysfunction
in IBS patients, and can also provide an endpoint for assessing
the efficacy of IBS treatment. The present study investigates
whether GSA is a risk factor for developing IBS, and whether
it is associated with IBS symptom severity in university
students. This study explored the following two hypotheses:
Hypothesis 1. GSA is a risk factor for IBS.
Hypothesis 2. GSA is associated with more severe IBS
symptoms.
Our findings suggest the importance of GSA as both an
intervention target and an endpoint when evaluating IBSrelated therapies, making it relevant in terms of both IBS
symptoms and QOL.

Materials and Methods
Procedure
Questionnaire surveys were administered to university
students during lecture classes from May 15, 2012, to Nov.
22, 2013. Participation was voluntary, and participants were
not randomly selected. Consent was obtained after the purpose
of the study and ethical considerations were explained verbally.
Students were also verbally informed that non-participation
would not result in any academic or other disadvantage.
Only responses from students who provided consent were
included in analysis.
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Participants
There were 1300 respondents in total. We focused on
students begning first year at young university student between 2012-2013. Study exclusion criteria were as follows:
aged 26 years or older (N =17), (2) not having Japanese as
their first language (N = 51), (3) incomplete or not responses
at questionnaires (N = 76). This resulted in data from 1156
students (mean age 18.9 ± 0.9 years) being analyzed; of
these, 237 (21%) met Rome III criteria for a diagnosis of IBS
(male: N = 79, female: N = 158).
Measures
(Note: This study used the Japanese versions of all measures
listed below.)
Rome III Modular Questionnaire
The Rome III modular questionnaire is a self-report assessment tool developed to screen patients for IBS according
to Rome III criteria.22 For a diagnosis of IBS, the Rome III
criteria stipulate that a person must have (a) recurrent
abdominal pain or discomfort for at least three days per
month in the last three months, along with at least two of the
following: (b) improvement of pain or discomfort with
defecation, (c) symptom onset associated with change in
defecation frequency, or (d) onset associated with change in
stool form or appearance. The reliability and validity of this
instrument has been verified. In the present study, participants
whose questionnaire responses indicated they met Rome III
criteria were treated as having IBS (“IBS-positive”).
Visceral Sensitivity Index (VSI)
The VSI is a 15-item scale used to measure GSA.18 Respondents rate the applicability of each item on a six-point
scale, from 1 (strongly agree) to 6 (strongly disagree). All
items are then reverse-scored (0–5 points) and summed:
scores range from 0 points (no GI-specific anxiety) to 75
points (severe GI-specific anxiety).
IBS Severity Index (IBS-SI)
The IBS-SI is a self-report scale for assessing the severity
of gastrointestinal symptoms associated with IBS. 23 It is a
5-item scale, and overall scores can range from 0 to 500
points. Symptom severity is classified as subclinical (0 to 74
points), mild (75 to 174), moderate (175 to 299), or severe
(300 to 500).
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Hospital Anxiety and Depression Scale (HADS)
The HADS is a 14-item self-report scale developed to
assess anxiety and depression severity in patients with physical symptoms.24 It consists of an anxiety and a depression
subscale (HADS-A and HADS-D, respectively), containing
seven items each. Respondents answer each item on a fourpoint scale ranging from 0 to 3. HADS-A and HADS-D subscale
scores range from 0 to 21 points. The optimal cut-off points
as ʻcasenessʼ was defined a score of 8 or greater on both
HADS-A and HADS-D. 25
Ethics
This study was conducted with the approval of the Ethics
Committee of the Nagasaki University Graduate School of
Biomedical Sciences, the research institution of the principal
investigator (approval number: 12053008).
Data analysis
Statistical analysis was performed using SPSS 20.0 for
Windows. Basic statistics are presented as mean ± standard
deviation (SD), median, and interquartile range (IQR). The
normally distributed of VSI was rejected by the ShapiroWilk normality test (p < 0.05). Therefore, Wilcoxon signedrank test and chi-squared test were used to determine to
significance for between IBS-positive and IBS-negative
group differences. Wilcoxon signed-rank test and chi-squared
test were applied for continuous and categorical variables,
respectively. In addition, ROC analysis was performed to
determine a cut-off score for the VSI, in order to ascertain
the presence or absence of associations between GSA and
IBS status. The optimal cut-off points of VSI determined
that is calculated a maximum value of Youden index (sensitivity + (specifity-1)).26 The Youden index, which maximizes
the vertical distance from line of equality to the point on the
receiver operating characteristic curve, was used to find the
optimal threshold points. Next, several multiple logistic regression analyses were conducted using this cut-off value to
examine whether students with VSI scores above the cut-off
were at greater risk for having IBS or for having more severe
IBS symptoms. Odds ratio (OR), 95% confidence intervals
(CIs) and p value were calculated using logistic regression
analysis. Statistical significance was defined as p < 0.05.

Results
Demographic data of participants are listed in Table 1.
The mean age was not significance between IBS-positive
and IBS-negative group (z = -1.22, p = 0.219). The prevalence
of IBS as defined by the Rome III questionnaire was 21%.
Chi-squared test showed that the portion of female was higher
than male in the IBS-positive group, while the portion of
female was lower than male in the IBS-negative group (x2 =
61.09, df = 1, p < 0.001). Wilcoxon signed-rank test showed
that IBS-positive individuals had significantly higher mean
scores on the VSI (z = 9.12, p < 0.001), IBS-SI (z = 12.69, p
< 0.001), and HADS-A (z = 9.12, p = 0.014) than IBS-negative participants. No significant difference was observed
between the groupsʼ mean HADS-D scores (z = -0.86, p =
0.385).
Figure 1 shows the results of ROC analysis. The probability
of being classified as IBS-positive was associated with a
score of 16 or greater on the VSI, with a corresponding sensitivity of 0.63, a false positive rate (i.e., 1 - specificity) of
0.33, and an AUC of 0.69. In addition, maximized Youden
index (J = 0.296) showed that optimal cut-off was 16 on the
VSI score.
Multiple logistic regression analysis was conducted with
GSA severity (i.e., VSI score above (“high GSA”) or below
(“low GSA”) the cutoff value) as the independent variable,
and provisional IBS diagnosis (as described in the Methods
section) as the dependent variable. Results are shown in
Table 2. The crude OR for being IBS-positive among participants in the high GSA group was 3.40 (95% CI: 2.37–
4.33) versus the low GSA group, which means that students
with a VSI score above the cutoff value were at significantly
greater risk for having IBS. The same analysis was then
performed again, with age, sex, IBS-SI, HADS-A and
HADS-D subscores as moderator variables. Results revealed
that students with high GSA were at significantly greater risk
of having IBS, with an adjusted OR of 2.64 (95% CI: 1.87–
3.71).
Next, multiple logistic regression analysis was conducted
with IBS symptom severity (i.e., subclinical, mild, moderate,
or severe, based on IBS-SI score) as the independent variable, and GSA severity (i.e., high or low GSA, based on VSI
score) as the dependent variable. Results are shown in Table
3.The crude OR for high GSA in the relation to each classification of the IBS symptoms were as follows: 0.32 (95% CI:
0.24-0.41) for subclinical, 1.06 (0.90–1.46) for mild, 3.09
(2.28–4.21) for moderate, and 7.33 (3.00–17.91). The same
analysis was then run again, this time introducing age, sex,
IBS status, HADS-A and HADS-D subscores as moderator
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variables. The corresponding adjusted odds ratios for classification of the IBS symptoms were 0.44 (95% CI: 0.330.58) for subclinical, 1.15 (0.90–1.46) for mild status, 2.19

(1.57–3.07) for moderate status, and 5.63 (2.24–14.15) for
severe status, indicating that a high VSI score is associated
with more severe pathology in IBS symptoms.

Table 1. Characteristics of the participants in this study
IBS-positive
(N = 237)

All participants

(N = 1156)

Variables
Mean
Age
Sex (% male)
IBS-positive (%)

SD

Median

IQR

18.7 ± 1.0

19

18-19

55.8

33.3

-

21

-

18.8 ± 0.9

Median

IQR

19

18-19

Mean

SD

IBS-negative
(N = 919)
Mean

SD

P value

Median

IQR

18.8 ± 0.9

19

18-19

0.219

-

66.7

-

-

< 0.001

-

-

-

-

-

-

VSI

14.7 ± 13.4

22

4-22

20.5 ± 12.5

20

11-28

13.2 ± 13.2

10

3-19

< 0.001

IBS-SI

107.3 ± 86.1

95

35-160

166.9 ± 73.5

170

110-212

91.9 ± 82.4

80

20-140

< 0.001

HADS-A

9.9 ± 4.3

9

6-13

10.4 ± 4.1

10

7-13

9.7 ± 4.3

9

6-13

0.014

HADS-D

10.1 ± 3.0

10

8-12

9.9 ± 2.9

10

8-12

10.1 ± 3.0

10

8-12

0.385

Note: Data are expressed as mean ± SD, median, IQR. Data were analyzed by Wilcoxon signed-rank test and x test: IBS-positive vs. IBS-negative.
Abbreviations: SD = standard deviation; IQR = interquartile range; IBS =irrtable bowel syndrome; VSI = visceral sensitivity index; IBS-SI = irritable
bowel syndrome severity index; HADS-A and HADS-D = subscale of the hospital anxiety and depression scale.
2

Figure 1. Receiver operating characteristics (ROC) curve for VSI scores obtained from all participants, area under the ROC curve (AUC) 0.69, P < 0.001, Youden index (J) = 0.296.

141

Tatsuo Saigo et al.: GI symptom-specific anxiety and IBS

Table 2. Univariate and multivariate logistic analysis of the associations between IBS status and severity symptoms for high GSA
Variables

IBS-positive / IBS-negative

Crude
OR

10s (18-19)

203/793

1.00

20s (20-25)

34/126

1.08

Univariate model

Multivariate model

P value

Adjusted
ORa

-

-

1.00

-

-

(0.70-1.58)

0.800

1.13

(0.71-1.80)

0.580

95%CI

95%CI

P value

Age
(years old)

Sex
Male

79/563

1.00

-

-

1.00

-

-

Female

158/353

3.20

(2.37-4.33)

< 0.001

2.68

(1.93-3.74)

< 0.001

Low GSA

305 / 614

1.00

-

-

1.00

-

-

High GSA

149 / 88

3.40

(2.53-4.59)

< 0.001

2.64

(1.87-3.71)

< 0.001

GSA

IBS-SI
subclinical

26/452

1.00

-

-

1.00

-

-

mild

102/328

1.36

(1.01-1.82)

0.037

4.56

(2.86-7.26)

< 0.001

moderate

98/117

4.88

(3.53-6.74)

< 0.001

9.89

(5.99-16.34)

< 0.001

severe

11/22

1.98

(0.94-4.15)

0.068

5.46

(2.28-13.08)

< 0.001

noncaseness

71/317

1.00

-

-

1.00

-

-

caseness

166/602

1.23

(0.90-1.67)

0.88

(0.60-1.29)

0.523

HADS-A

HADS-D
noncaseness

54/180

1.00

-

-

1.00

-

-

caseness

183/739

0.82

(0.58-1.16)

0.275

0.68

(0.60-1.29)

0.077

Note: aOR adjusted for age, sex, IBS-SI, HADS-A and HADS-D. Abbreviations: CI = confidence intervals; OR = odds ratio; IBS = irritable bowel syndrome; GSA =
gastrointestinal symptom-specific anxiety; High GSA (VSI score of ≥ 16 points); Low GSA (VSI score of ≤ 15 points); IBS-SI = irritable bowel syndrome severity
index; Subclinical, Mild, Moderate, and Severe = classification of IBS severity; HADS-A and HADS-D = subscale of the hospital anxiety and depression scale.

Table 3. Univariate and multivariate logistic analysis of the associations between GSA and IBS-SI
Univariate model
Variables

Classification of IBS severity

Crude
OR

95%CI

Multivariate model
P value

Adjusted
ORa

95%CI

P value

IBS-SI
Subclinical
Low GSA

362/340

1.00

-

-

1.00

-

-

High GSA

116/338

0.32

(0.24-0.41)

< 0.001

0.44

(0.33-0.58)

< 0.001

Mild
Low GSA

252/450

1.00

-

-

1.00

-

-

High GSA

178/276

1.06

(0.81-1.37)

0.659

1.15

(0.90-1.46)

0.255

Moderate
Low GSA

82/620

1.00

-

1.00

-

-

High GSA

133/322

3.09

(2.28-4.21)

< 0.001

2.19

(1.57-3.07)

< 0.001

Low GSA

6/696

1.00

-

-

1.00

-

-

High GSA

27/427

7.33

(3.00-17.91)

< 0.001

5.63

(2.24-14.15)

< 0.001

Severe

a

Note: OR adjusted for age, sex, IBS status, HADS-A and HADS-D. Abbreviations: CI = confidence intervals; OR = odds ratio; IBS = irritable bowel syndrome; GSA
= gastrointestinal symptom-specific anxiety; High GSA (VSI score of ≥ 16 points); Low GSA (VSI score of ≤ 15 points); IBS-SI = irritable bowel syndrome severity
index; Subclinical, Mild, Moderate, and Severe = classification of IBS severity; HADS-A and HADS-D = subscale of the hospital anxiety and depression scale.
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Discussion
We consider the hypotheses of the present study in turn.
Hypothesis 1 was supported: students with a VSI score
above the ROC cutoff value were more likely to have IBS
than students with a score below it. Hypothesis 2 was also
supported: students with a VSI score above the ROC cutoff
value were at risk for symptomatic exacerbation of IBS
symptoms. A discussion of the research findings supporting
these two hypotheses follows.
Previous studies have shown that IBS patients can experience worsening gastrointestinal symptoms not only due to
exogenous, psychosocial stress, but also due to endogenous
stress triggered by GSA.20 The present study demonstrated
that GSA may act as a psychological stressor in university
students, as well, resulting in exacerbation of gastrointestinal
symptoms. This finding supports the hypothesis of a previous
study, which focused on developing the VSI as an instrument
capable of measuring GSA.17 Moreover, our findings show
that university students with VSI scores above the proposed
cut-off value are more likely to have IBS than students with
scores below this value. This trend was significant, and persisted even after controlling for anxiety and depression severity, as measured by the HADS. These findings indicate
that the GSA may be a promising therapeutic marker when
treating IBS in university students.
In one human study, IBS patients exhibited stronger activation of emotion-related brain regions associated with
visceral sensations following colonic stimulation using a
barostat than healthy adults.11, 27-28 In addition, when IBS
patients perform avoidance behaviors in response to situations that elicit GSA, they exhibit hypervigilance and attentional bias towards visceral sensations, and become sensitive
to even low-level stimuli.21 This creates a vicious cycle: the
repeated appearance of gastrointestinal symptoms elicits
anxiety, which in turn further exacerbates symptoms, and so
on.
We hope that the results of the present study will lead to
GSA being included as a treatment endpoint in more interventions, whether they involve pharmacological treatments
or non-drug approaches, such as behavioral, psychological,
and nutritional therapies. Notably, recent years have seen
psychotherapy, specifically cognitive-behavioral therapy,
conducted with the goal of reducing GSA. Reports on cognitive-behavioral therapy to date have confirmed the approach
to be effective in reducing GSA and in improving gastrointestinal symptom severity and QOL.30-31
Three limitations of the present study should be noted.
The first is that this study was conducted at a single institution,
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a university located in a medium-sized city in Kyushu, in
western Japan. Generalizability of findings is thus limited.
The second is that this was a questionnaire-based study.
Because IBS diagnoses were not made or confirmed by physicians, it is possible that the disease was over-diagnosed.
The third limitation is that as a cross-sectional survey, causeeffect relationships cannot be inferred from our results.
In conclusion, our findings indicate that people with elevated
GSA—specifically, a score of 16 points or higher on the
VSI—are more likely to have IBS, as well as more severe
gastrointestinal symptoms.

Acknowledgments
We would like to express our gratitude to the participants
of the present study. This study was supported by the Center
for Health and Community Medicine at Nagasaki University
and the Japan Society for the Promotion of Science (JSPS)
KAKENHI (Grant Number 15K21234).

Disclosure Statement
All authors declare that they have no conﬂicts of interest.

Reference
1) Drossman DA. The functional gastrointestinal disorders and the Rome
III process. Gastroenterology 32: 1377–1390, 2006
2) Spiller R, Aziz Q, Creed F, et al. Guidelines on the irritable bowel syndrome: mechanisms and practical management. Gut 56: 1770–1798,
2007
3) Hiroto M. Prevalence of irritable bowel syndrome in Japan: Internet
survey using Rome III criteria. Patient preference and adherence 2:
143-147, 2008
4) Tayama J, Nakaya N, Hamaguchi T, et al. Effects of personality traits
on the manifestations of irritable bowel syndrome. BioPsychoSocial
medicine 6: 20, 2012
5) Tayama J, Nakaya N, Hamaguchi T, et al. Maladjustment to academic
life and employment anxiety in university students with irritable bowel
syndrome. PloS one 10: e0129345, 2015
6) Jerndal P, Ringström G, Agerforz P, et al. Gastrointestinal-specific
anxiety: an important factor for severity of GI symptoms and quality of
life in IBS. Neurogastroenterol Motil 22: 646–e179, 2010
7) Maxion-Bergemann S, Thielecke F, Abel F, Bergemann R. Costs of irritable bowel syndrome in the UK and US. Pharmacoeconomics
24:21–37, 2006
8) Kellow JE, Phillips SF. Altered small bowel motility in irritable bowel
syndrome is correlated with symptoms. Gastroenterology 92: 1885–
1893, 1987
9) Drossman DA, Sandler RS, McKee DC, Levity AJ. Bowel patterns
among subjects not seeking health care. Gastroenterology 83: 529–532,
1982
10) Mayer EA, Raybould HE. Role of visceral afferent mechanism in func-

Tatsuo Saigo et al.: GI symptom-specific anxiety and IBS
tional bowel disorders. Gastroenterology 99: 1688–1704, 1987
11) Mertz H, Morgan V, Tanner G, et al. Regional cerebral activation in
irritable bowel syndrome and control subjects with painful and nonpainful rectal distention. Gastroenterology 118: 842–848, 2000
12) Drossman DA, McKee DC, Sandler RS, et al. Psychosocial factors in
the irritable bowel syndrome: a multivariate study of patients and nonpatients with irritable bowel syndrome. Gastroenterology 95: 701–708,
1988
13) Whitehead WE, Bosmajian L, Zonderman AB, Costa PT, Schuster
MM. Symptoms of psychologic distress associated with irritable bowel
syndrome: comparison of community and medical clinic samples. Gastroenterology 95: 709–714, 1988
14) Fukudo S, Nomura T, Muranaka M, Taguchi F. Brain-gut response to
stress and cholinergic stimulation in irritable bowel syndrome: a preliminary study. J Clin Gastroenterol 17: 133–141, 1993
15) Lydiard RB. Irritable bowel syndrome, anxiety, and depression: what
are the links? J Clin Psychiatry 62: 38–47, 2001
16) Sykes MA, Blanchard EB, Lackner J, Keefer L, Krasner S. Psychopathology in irritable bowel syndrome: support for a psychophysiological
model. J Behav Med 26: 361–372, 2003
17) Labus JS, Bolus R, Chang L, et al. The Visceral Sensitivity Index:
development and validation of a gastrointestinal symptom-specific
anxiety scale. Aliment Pharmacol Ther 20:89–97, 2004
18) Saigo T, Tayama J, Hamaguchi T, et al. Gastrointestinal specific anxiety
in irritable bowel syndrome: validation of the Japanese version of the
visceral sensitivity index for university students. BioPsychoSocial
medicine 8: 10, 2014
19) Labus JS, Naliboff BD, Berman SM, et al. Brain networks underlying
perceptual habituation to repeated aversive visceral stimuli in patients
with irritable bowel syndrome. Neuroimage 47: 952–960, 2009
20) Wilder-Smith CH, Schindler D, Lovblad K, Redmond SM, Nirkko A.
Brain functional magnetic resonance imaging of rectal pain and activation of endogenous inhibitory mechanisms in irritable bowel syndrome
patient subgroups and healthy controls. Gut 53: 1595–601, 2004

143
21) Craske MG, Wolitzky-Taylor KB, Labus J, et al. A cognitive-behavioral
treatment for irritable bowel syndrome using interoceptive exposure to
visceral sensations. Behav Res Ther 49: 413–421, 2011
22) Kanazawa, M., Nakajima, S., Oshima, T., et al. Validity and reliability
of the Japanese version of the Rome III diagnostic questionnaire for
irritable bowel syndrome and functional dyspepsia. J neurogastroenterol
motil, 21: 537-544, 2015
23) Shinozaki M, Kanazawa M, Sagami Y, et al. Validation of the Japanese
version of the Rome II modular questionnaire and irritable bowel syndrome severity index. J Gastroenterol 41: 491-494, 2006
24) Zigmond AS, Snaith PP. The hospital anxiety and depression scale.
Acta Psychiatr Scand 67: 361–370, 1983
25) Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the
hospital anxiety and depression scale: an updated literature review. J
Psychosom Res 52: 69-77. 2002
26) Youden WJ. Index for rating diagnostic tests. Cancer 3: 32-35, 1950
27) Drossman DA, Ringel Y, Vogt BA, et al. Alterations of brain activity
associated with resolution of emotional distress and pain in a case of
severe irritable bowel syndrome. Gastroenterology 124: 754–761,
2003
28) Silverman DH, Munakata JA, Ennes H, Mandelkern MA, Hoh CK,
Mayer EA. Regional cerebral activity in normal and pathological perception of visceral pain. Gastroenterology 112:64–72, 1997
29) Naliboff BD, Derbyshire SW, Munakata J, et al. Cerebral activation in
patients with irritable bowel syndrome and control subjects during rectosigmoid stimulation. Psychosom Med 63: 365–375, 2001
30) Gaylord SA, Palsson OS, Garland EL, et al. Mindfulness training reduces
the severity of irritable bowel syndrome in women: results of a randomized controlled trial. Am J Gastroenterol 106: 1677–1688, 2011
31) Ljótsson B, Falk L, Vesterlund AW, et al. Internet-delivered exposure
and mindfulness based therapy for irritable bowel syndrome: a randomized controlled trial. Behav Res Ther 48: 531–539, 2010

144

Tatsuo Saigo et al.: GI symptom-specific anxiety and IBS

