
SUPPLEMENTARY METHODS 
Barostat protocols 
All patients in the five cohorts underwent a study to assess visceral sensitivity to balloon distensions 
using an electronic barostat (US and Swedish studies: Dual Drive Barostat, Distender Series II; G&J 
Electronics INC, Toronto, Ontario, Canada; Belgian study: Synectics Visceral Stimulator; Synectics, 
Stockholm, Sweden). 

US Cohorts 1 & 2. In both US cohorts the same protocol using phasic distensions was used1, but in 
cohort 1 the balloon catheter was placed in the descending colon, whereas in cohort 2 the balloon 
was placed in the rectum. For placement of the balloon in the descending colon a guide wire was 
inserted to the level of the splenic flexure by using a sigmoidoscope, and after withdrawal of the 
sigmoidoscope the catheter was guided over the wire and the placement of the balloon in the 
descending colon was confirmed with fluoroscopy. The rectal balloon was placed without guide wire 
or use of endoscopy. After a habituation distension sequence and determination of the operating 
pressure (minimum pressure required to overcome mechanical forces and inflate the bag with 30ml 
of air), an ascending methods of limits paradigm with phasic distensions of 30 sec duration separated 
by 30 sec rest intervals with the balloon at the operating pressure started. The distensions started at 
the operating pressure and increased progressively in 2 mmHg steps until the subject reported pain 
of moderate intensity (3 on a 0-5 scale) or until a balloon pressure of 48 mmHg was reached. 
Thresholds for defecatory urge and pain were determined, but for this study only the pain threshold 
(pressure, mmHg) is used for the analyses in this study (Figure 1a). 

Swedish cohort 1. In this cohort a rectal barostat study was performed using phasic distensions.2  
Briefly, after placement of the balloon in the rectum, a habituation distension sequence and 
determination of the operating pressure (2 mm Hg above the minimal distending pressure necessary 
to record respiratory variations in the balloon volume), an ascending methods of limits paradigm 
with phasic distensions of 30 sec duration separated by 30 sec rest intervals with the balloon at the 
operating pressure started. Distensions were performed with 5 mmHg stepwise increments starting 
at the operating pressure and increasing until the subject reported pain or when a pressure level of 
70 mmHg was reached. Thresholds for rectal fullness, urge to defecate, discomfort and pain were 
determined, but for this study only the pain threshold (pressure, mmHg) is used (Figure 1b).  

Swedish cohort 2. This cohort was investigated using a different distension paradigm with ramp 
inflation.3 Briefly, after placement of the balloon in the rectum, a habituation distension sequence 
and determination of the operating pressure (2 mm Hg above the minimal distending pressure 
necessary to record respiratory variations in the balloon volume), sensory thresholds were measured 
by ramp inflation, starting at 0 mmHg and increasing in steps of 4 mmHg for 1 min per step to a 
maximum of 60 mmHg. Thresholds for first sensation, first desire to defecate, urgency, discomfort 
and pain were determined, but only the pain threshold (pressure, mmHg) is used in this study (Figure 
1c). In this protocol, intensity ratings of four different sensations during random phasic distensions of 
12, 24, 36 and 48 mmHg above the operating pressure were also determined, but these were not 
used in this study. 

Belgian cohort. The patients in this cohort underwent gastric distensions using a polyethylene bag.4 
Briefly, the bag was placed in the gastric fundus, and after distensions unfolding the bag and 
determination of the operating pressure (2mmHg above the minimal distending pressure necessary 
to reach a bag volume ≥30 ml), gastric sensitivity was determined using a ramp inflation starting at 
the operating pressure and increasing in steps of 2 mmHg for 2 min per step. The subjects scored 
their perception of upper abdominal sensations at the end of every pressure step, and the endpoint 



of each distension sequence was established at an intrabag volume of 1000 ml or when the subject 
reported discomfort or pain. Only the discomfort or pain threshold (pressure, mmHg) is used in this 
study (Figure 1d). 

Questionnaires 
GI symptom severity. Three different questionnaires were used to assess GI symptoms in the five 
patient cohorts. IBS Severity Scoring System (IBS-SSS) is a widely used questionnaire to assess the 
symptom severity.5 It measures abdominal pain intensity, abdominal pain frequency, abdominal 
distension, dissatisfaction with bowel habits, and influence of IBS on life in general (“life 
interference”) during the preceding week on a 0-100 scale, with the total IBS-SSS score ranging 
between 0 and 500, with higher scores indicating more severe symptoms. This questionnaire was 
used by a proportion of the IBS patients in the Swedish cohort 1 (n=130) and by all patients in 
Swedish cohort 2 (n=147), and both US cohorts (n=243 and n=159). Gastrointestinal Symptom Rating 
Scale (GSRS-IBS) is the IBS-specific version of GSRS.6, 7 It measures the severity of 13 IBS-related 
symptoms during the past week, divided into five domains; pain, bloating, constipation, diarrhea, and 
satiety, as well as providing a total score for overall IBS symptom severity, with higher scores 
indicating more severe symptoms. This was completed by a proportion of the patients in the Swedish 
cohort 1 (n=223), i.e. by those who did not complete IBS-SSS.  The Dyspepsia Symptom Severity Scale 
(DSS) measures the intensity of eight different symptoms (epigastric pain, bloating, postprandial 
fullness, early satiety, nausea, vomiting, belching, and epigastric burning) over the last 3 months. 
Individual scores are added up to provide an overall dyspepsia severity score which has shown to be 
reproducible and sensitive to pharmacological intervention.8-10 This questionnaire was completed by 
the patients in the Belgian functional dyspepsia cohort (n=242). For this study only the overall GI (IBS 
and dyspepsia, respectively) severity scores in each of these questionnaires were used. 

Non-GI somatic symptoms. Three different questionnaires were used to assess severity of somatic 
symptoms or somatization in the five patient cohorts. For the purpose of this study, which for these 
questionnaires was to adjust for general symptom reporting tendency, only questions measuring 
non-GI symptoms were used. Recent Physical Symptoms Questionnaire (RPSQ) is a questionnaire 
measuring non-GI symptoms known to have excess frequency in IBS patients.11 The respondents are 
asked to rate how frequently they have experienced each of the 26 included symptoms in the past 
month on a scale ranging from 0 (“never or only once”) to 4 (“every day”). The RPSQ total score is the 
number of different symptoms experienced with higher frequency than “never or only once” in the 
past month, which means that the total range is 0-26. This questionnaire was used in both US 
cohorts (n=243 and n=159). Patient Health Questionnaire 15 (PHQ-15) measures how bothersome 15 
different somatic symptoms are.12 The subject ranks each symptom on a Likert scale ranging from 0 
(“not at all”) to 2 (“bothered a lot”), thus the total score ranges from 0 to 30. Since PHQ-15 contains 
three questions about GI symptoms (constipation or loose bowels, abdominal pain and nausea or 
indigestion), we excluded these questions in this study. This variant is called PHQ-12 and has been 
used to study the importance of extraintestinal symptoms, and has been validated in IBS patients.13 
The total score of PHQ-12 ranges from 0 to 24 and was used in the Belgian FD cohort (n=242), a 
proportion of the IBS patients in the Swedish cohort 1 (n=130) and by all patients in Swedish cohort 2 
(n=147). The proportion of patients in the Swedish cohort 2 who did not complete PHQ-12, instead 
completed Symptom Checklist-90 (SCL-90) (n=223)14,  and for this study we only used the 
somatization subscale of SCL-90, which includes 12 items. Each item of the questionnaire is rated by 
the patient on a five-point scale of distress from 0 (none) to 4 (extreme). In line with our use of PHQ, 
we excluded one question about GI symptoms in SCL-90 (nausea and abdominal discomfort), so 11 
items were included and the mean total score of these were used in this study (range 0-4). 

Anxiety and depression. Two different questionnaires were used to assess the severity of anxiety and 
depression in the five patient cohorts. Hospital Anxiety and Depression Scale (HAD) is a widely used 



and well validated questionnaire to measure the severity of anxiety and depression in non-
psychiatric populations.15 It includes 14 questions, 7 for anxiety and 7 for depression, and each item 
is scored 0-3, which gives a total range for each of the subscales of 0-21, with higher scores indicating 
more severe symptoms. HAD was used in the Belgian and Swedish cohorts. In the US cohorts the 
anxiety and depression subscales of the Brief Symptom Inventory-18 (BSI-18) were used.16 Each of 
these subscales consists of six items asking how much the patients were bothered by each of the 
symptoms, on a 0-4 scale ranging from “not bothered at all” to “extremely bothered”. The sum 
scores of the subscales were transformed to standardized scores, where the mean for the healthy 
population is 50 and each standard deviation is 10 (T scores). The standardized scores also adjust for 
sex differences in mean psychological symptom scores in the general population. 
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