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BACKGROUND & AIMS: Current classification systems based on bowel habit fail to capture the multidimensional nature
of irritable bowel syndrome (IBS). We previously derived and validated a classification system,
using latent class analysis, incorporating factors beyond bowel habit. We applied this in another
cohort of people with IBS to assess its ability to capture the impact of IBS on the individual, the
health care system, and society.

METHODS: We collected demographic, symptom, and psychological health data from adults in the com-
munity self-identifying as having IBS, and meeting Rome IV criteria. We applied our latent class
analysis model to identify the 7 subgroups (clusters) described previously, based on overall
gastrointestinal symptom severity and psychological burden. We assessed quality of life, health
care costs (£1 = $1.20), employment status, annual income, work productivity, and ability to
perform work duties in each cluster.

RESULTS: Of 1278 responders, 752 (58.8%) met Rome IV criteria. The 7-cluster model fit the data well.
The patients in the 4 clusters with the highest psychological burden, and particularly those in
cluster 6 with high overall gastrointestinal symptom severity and high psychological burden,
showed lower educational levels, higher gastrointestinal symptom-specific anxiety, were more
likely to have consulted a gastroenterologist, and used more drugs for IBS. IBS-related and
generic quality of life were impaired significantly in these 4 clusters and significantly fewer
individuals reported earning 2£30,000 per year. Productivity and the ability to work, manage at
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home, engage in social and private leisure activities, and maintain close relationships all were
impacted significantly, and IBS-related health care costs over the previous 12 months were
highest in these 4 clusters. In those in cluster 6, costs were more than £1000 per person per year.

CONCLUSIONS:

Our clusters identify groups of individuals with significant impairments in quality of life,

earning potential, and ability to work and function socially, who are high utilizers of health care.

Keywords: Irritable Bowel Syndrome; Latent Class Analysis; Subgrouping; Quality Of Life; Costs; Work.

See editorial on page 237.

rritable bowel syndrome (IBS) is a chronic fluctu-

Iating disorder of the lower gastrointestinal tract,’
which is conceptualized as a disorder of gut-brain inter-
action.”® The condition is characterized by abdominal
pain that is related to defecation, in the presence of a
change in stool frequency or consistency.” It is diagnosed
based on limited investigation and symptom-based diag-
nostic criteria,” with the current gold standard being the
Rome 1V criteria.® Using these criteria, 5% of the global
population is affected by symptoms compatible with
IBS.”? Patients are subtyped, according to predominant
bowel habit, into 4 subtypes, IBS with diarrhea, IBS
with constipation, IBS with mixed bowel habits (IBS-
M), and IBS unclassified. The aim of this subtyping sys-
tem is to guide successful treatment.”'"

However, IBS is considered to be a gut-brain disorder.
Patients with IBS have reported significantly more psy-
chological comorbidity than those without IBS."* Symptoms
compatible with common mental disorders, such as anxiety
and depression, are more common in IBS,'? and rates of
somatoform symptom reporting also are higher."* A clas-
sification system based on bowel habit alone, therefore,
seems insufficient to capture the complex composite nature
of IBS adequately. Recently, we, and others, have used a
statistical technique called latent class analysis (LCA) to
classify patients according to not only gastrointestinal, but
also psychological, symptoms.’*™'° These studies showed,
relatively consistently, that there are clusters of people with
IBS in whom gastrointestinal symptoms predominate, some
in whom psychological symptoms predominate, and some
for whom IBS symptoms are part of a broader picture,
which included anxiety, depression, or extraintestinal
symptoms. Longitudinal follow-up evaluation of one of
these studies showed little transition between clusters with
respect to psychological burden,'” and these appeared to
predict disease course, with those in clusters with the
highest psychological burden at baseline having more se-
vere symptoms, receiving more drugs, and being more
likely to consult a doctor about their symptoms than those
in clusters with low psychological burden.

These studies only examined demographic character-
istics of, and symptom severity in, individuals in these
clusters. They did not assess other factors, such as their
ability to capture the impact of IBS on the individual, the
health care system, or society as a whole. Therefore, we

applied our previous LCA model in a new cohort of in-
dividuals with IBS, examining the association of the clusters
with IBS-specific and generic health-related quality of life,
health care costs, employment status, annual income, work
productivity, and ability to perform work duties, as well as
willingness to accept risk in return for cure of symptoms.
We hypothesized that the clusters we identified previously
would be reproducible, and that clusters with the highest
psychological burden would show the strongest associa-
tions with these markers of disease impact and burden.

Methods

Participants and Setting

We approached 4280 individuals registered with
ContactME-IBS, a national UK registry of people with IBS
who have expressed an interest in volunteering for
research. The registry is run by County Durham and
Darlington National Health Service Foundation Trust. In-
dividuals self-identify with the registry via primary care
physicians, specialist hospital clinics, posters in pharma-
cies, or social media. They enroll online by completing a
short questionnaire about bowel symptoms and provide
their contact details. All registrants have a documented
diagnosis of IBS according to either a primary or second-
ary care physician, of whom 1455 (34%) have seen a
gastroenterologist about IBS, and 2268 (53%) have seen
their primary care physician, with the remainder (13%)
recruited via pharmacies or social media. We contacted all
individuals registered with ContactME-IBS, via electronic
mailout, in July 2021. There were no exclusion criteria
apart from an inability to understand written English. The
correspondence directed them to a website where they
could access further study information. Those willing to
participate completed an online questionnaire, with re-
sponses stored in an online database. Nonresponders
received a reminder in August 2021. Participants were
given a chance to win 1 of 3 gift cards (worth £200, £100,
or £50) in return for completing the questionnaire. The
University of Leeds research ethics committee approved
the study in March 2021 (Medical and Health Research
Ethics Committee, University of Leeds [MREC 20-051]).

Data Collection and Synthesis

We collected demographic data, including age, sex,
lifestyle (tobacco and alcohol consumption), ethnicity,



388 Black et al

marital status, educational level, employment status, and
annual income (in £UK; £1 = $1.20). Respondents stated
whether their IBS symptoms commenced after an acute
enteric infection. We defined IBS according to the Rome
IV questionnaire,'® and categorized subtype according to
the proportion of time stools looked abnormal according
to the Bristol Stool Form Scale. We asked all participants
to choose their most troublesome symptom from a list of
5 possibilities, including abdominal pain, constipation,
diarrhea, bloating, or urgency. We questioned partici-
pants about drug use for their IBS symptoms, as well as
severity of IBS symptoms, mood, somatic symptom
reporting, gastrointestinal symptom-specific anxiety,
impact of IBS symptoms on productivity and ability to
work, and IBS-specific and generic health-related quality
of life using validated questionnaires (see Supplemnetary
Methods). We collected data on IBS-related health care
use in the 12 months before study recruitment and
applied costs in £UK and used a standard gamble to
evaluate risk of death that participants would be willing
to accept in return for a permanent cure of their IBS
symptoms (see Supplementary Methods). Finally, we
asked participants to choose a pill they would prefer to
take from a list of eight hypothetical pills. Four pills
relieved one symptom (pill A, pain; pill B, bloating; pill C,
diarrhea; or pill D, constipation) almost completely, but
hardly relieved other symptoms, whereas the other 4
pills relieved 1 symptom (pill E, pain; pill F, bloating; pill
G, diarrhea; or pill H, constipation) well and relieved
other symptoms a little.

Statistical Analysis

Among all respondents with IBS, we identified a cohort
of individuals who met Rome 1V criteria. We applied the
LCA model that we derived and validated previously to
these individuals."* LCA is a method of structural equation
modeling used to identify unobserved groups, or latent
classes, within observed multivariate data.'® In our orig-
inal study,"* and a subsequent longitudinal follow-up
study,'” a statistical model was postulated for the popu-
lation from which the data sample was obtained, and it
was assumed that a mixture of underlying probability
distributions generated the data.”’ The use of LCA for this
purpose is referred to as model-based clustering. LCA is a
flexible technique, enabling inclusion of a range of variable
types within the same model. Analysis is iterative,
whereby, for any given number of clusters, multiple so-
lutions are evaluated to determine the best output.”’
Finally, robust statistical criteria can be used to deter-
mine the best fit of the model, and the optimum number of
clusters.”’ Variables used in the original model are pro-
vided in Supplementary Table 1. The 7 clusters generated
are detailed in the Supplementary Figure 1.

We compared categoric variables, such as sex, IBS
subtype, or most troublesome symptom between in-
dividuals in each of the 7 clusters using the x* test. We
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What You Need to Know

Background

Current bowel habit-based classification systems fail
to capture the multidimensional nature of irritable
bowel syndrome. We examined whether latent class
analysis incorporating factors beyond bowel habit
predicted the impact and burden of irritable bowel
syndrome.

Findings

The clusters derived from latent class analysis
identify groups of individuals with significant im-
pairments in quality of life, earning potential, and
ability to work and function socially, who are high
utilizers of health care.

Implications for patient care

A multidimensional treatment approach tailored to
the characteristics of patients in each cluster may be
preferable to the use of peripheral drugs targeted
toward the predominant bowel habit.

compared differences in continuous variables between
clusters using a 1-way analysis of variance test. For
nonparametric data, we compared medians using a
Kruskal-Wallis test. Because of multiple comparisons,
we considered a 2-tailed P value <.01 as statistically
significant for these analyses, which we performed using
SPSS for Windows (version 26.0; SPSS, Inc, Chicago, IL).

Results

In total, 1278 (29.9%) of 4280 registered individuals
agreed to participate. The mean age of respondents was
47.2 years (range, 18-89 y), and 1086 (85.0%) were
female. Of these 1278 individuals, 752 (58.8%) met the
Rome 1V criteria for IBS with a mean age of 45.3 years
(range, 18-81 y), of whom 665 (87.1%) were female, and
only these individuals were included in the LCA model.
Overall, 91 (12.1%) individuals stated their IBS symp-
toms commenced after an acute enteric infection, 294
(39.1%) had seen a primary care physician with IBS in
the prior 12 months, and 147 (19.5%) had seen a
gastroenterologist. Characteristics of those with Rome IV
IBS, compared with those with IBS by self-report, are
provided in Supplementary Table 2. Those with Rome IV
IBS were significantly younger, more likely to smoke,
more likely to have IBS-M, and less likely to report
constipation as their most troublesome symptom. They
were also more likely to have seen a primary care
physician or a gastroenterologist, to have used more
drugs for their IBS in the past 12 months, and to have
severe symptoms. More individuals with Rome IV IBS
had abnormal anxiety or depression scores, and higher
somatoform symptom-reporting scores. Levels of
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gastrointestinal symptom-specific anxiety, productivity
at work, and IBS-related costs all were significantly
higher, and levels of IBS-related and generic quality of
life were significantly lower, in those with Rome IV IBS.
Finally, the median level of risk of death accepted in
return for cure from a hypothetical drug was signifi-
cantly higher in Rome 1V IBS.

By applying the 7-cluster solution to this data set,
there were 140 (18.6%) individuals in cluster 1, 195
(25.9%) individuals in cluster 2, 143 (19.0%) individuals
in cluster 3, 147 (19.5%) individuals in cluster 4, 24
(3.2%) individuals in cluster 5, 56 (7.4%) individuals in
cluster 6, and 47 (6.3%) individuals in cluster 7
(Figure 1).

Demographic and Psychological
Characteristics of Individuals According to
Cluster

Those in cluster 6 with high overall gastrointestinal
symptom severity and high psychological burden were
more likely to smoke (25.0%; P=.003) (Table 1), and those
in clusters 4, 5, and 6, which consisted of gastrointestinal
symptoms with the highest psychological burden, were less
likely to have achieved a university level of education
(29.3%, 20.8%, 28.6%, respectively; P < .001), but there
were no other significant differences in demographics by
cluster. As would be expected, IBS subtype and most
troublesome symptom reported varied significantly by
cluster. The majority of those in clusters 1 and 4, in which
diarrhea was the predominant gastrointestinal symptom,
met criteria for IBS with diarrhea or IBS-M, in clusters 5 and
7,in which constipation was a predominant symptom, most
met criteria for IBS with constipation, and in clusters 2, 3,
and 6, with mixed gastrointestinal symptoms, no one sub-
type predominated (P < .001). Urgency was reported as the
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most troublesome symptom in more people in clusters 1
and 4, in which diarrhea was a key symptom, as well as in
those in cluster 6, with high overall gastrointestinal
symptom severity and high psychological burden (42.9%,
37.4%, and 39.3%, respectively; P < .001). The highest
proportion of people reporting abdominal pain as the
predominant symptom were in cluster 6 (30.4%) (P <
.001). Those in cluster 6 also were more likely to have seen
a gastroenterologist (37.5%) and have tried more drugs for
IBS (mean, 2.8 drugs) in the previous 12 months (P < .001
and P = .002, respectively). Those in clusters 4, 5, and 6
were more likely to report severe symptoms (67.3%,
66.7%, and 87.5%), respectively; P < .001). Only clusters 4
and 6, with diarrhea, abdominal pain, and urgency with
high psychological burden, and high overall gastrointes-
tinal symptom severity with high psychological burden,
respectively, contained significantly higher proportions of
individuals with high levels of gastrointestinal
symptom-specific anxiety (55.1% and 67.9%, respectively;
P <.001).

Impact of Clusters on Quality of Life, Irritable Bowel
Syndrome-Related Health Cre Costs, Employment Status,
Income, Work and Productivity, and Median Risk of
Death Accepted in Return for Cure of Symptoms Ac-
cording to Cluster

The proportion of people with lower levels of IBS-
related quality of life was highest in clusters 4, 5, and
6 (55.1%, 50.0%, and 85.7%, respectively; P < .001),
which consisted of gastrointestinal symptoms with the
highest psychological burden, and mean IBS quality-of-
life scores were significantly lower in these 3 groups (P
< .001) (Table 2). Mean EuroQol 5-dimension 5-level
version (EQ-5D-5L) scores were lowest in the 4 clusters
with a high psychological burden (P < .001). For com-
parison, reported reference scores for other chronic
diseases are provided in Supplementary Table 3.

Cluster 1 (19%):
Diarrhoea and urgency
with low psychological

burden

psychological burden

analysis

Cluster 5 (3%):
Constipation, abdominal

752 people with
RomelV IBS

Figure 1.Latent class
analysis in 752 people with
Rome IV IBS. IBS, irritable
bowel syndrome.

pain, and bloating with high
psychological burden

Cluster 6 (7.5%):

High overall gastrointestinal
symptom severity with high
psychological burden
Cluster 7 (6%):
Constipation and bloating
with low psychological
burden



Table 1. Demographic and Psychological Characteristics of Individuals in Each of the Latent Class Clusters

Cluster 2: low

Cluster 3: low

Cluster 5:

Cluster 6: high

overall overall constipation, overall
Cluster 1: diarrhea gastrointestinal ~ gastrointestinal  Cluster 4: diarrhea, abdominal pain, gastrointestinal Cluster 7:
and urgency symptom severity symptom abdominal pain, and and bloating symptom constipation
with low with high severity with low  urgency with high with high severity with high and bloating with low
psychological psychological psychological psychological psychological psychological psychological
burden (n = 140) burden (n = 195) burden (n = 143) burden (n = 147) burden (n = 24) burden (n = 56) burden (n = 47) P value®
Mean age, y (SD) 48.9 (14.6) 45.1 (14.7) 45.4 (16.9) 42.3 (13.7) 48.0 (13.6) 442 (12.7) 449 (13.5) 015
Female, n (%) 118 (84.3) 172 (88.2) 119 (83.2) 129 (87.8) 3 (95.8) 9 (87.5) 5 (95.7) 24
Smoker, n (%) 8 (5.7) 5 (12.8) 0(7.0) 9 (12.9) 1(4.2) 4 (25.0) 5 (10.6) .003
White Caucasian 135 (96.4) 190 (97.4) 139 (97.2) 143 (97.3) 24 (100.0) 51 (91.1) 7 (100.0) A7
ethnicity, n (%)
Married or cohabiting, 97 (69.3) 115 (59.0) 102 (71.3) 93 (63.3) 15 (62.5) 31 (55.4) 34 (72.3) A1
n (%)
University or postgraduate 61 (43.6) 80 (41.0) 88 (61.5) 43 (29.3) 5 (20.8) 16 (28.6) 21 (44.7) <.001
level of education,
n (%)
IBS subtype, n (%)
IBS-C 5 (3.6) 44 (22.6) 20 (14.0) 9 (6.1) 16 (66.7) 3(5.4) 39 (83.0)
IBS-D 89 (63.6) 38 (19.5) 54 (37.8) 99 (67.3) 0 (0.0) 25 (44.6) 12.1)
IBS-M 46 (32.9) 108 (55.4) 66 (46.2) 38 (25.9) 8 (33.3) 28 (50.0) 7 (14.9)
IBS-U 0 (0.0) 5 (2.6) 3(2.1) 1(0.7) 0 (0.0) 0 (0.0) 0(0.0) <.001
Most troublesome
symptom, n (%)
Abdominal pain 24 (17.1) 49 (25.1) 31 (21.7) 30 (20.4) 5 (20.8) 17 (30.4) 13 (27.7)
Constipation 4 (2.9) 17 (8.7) 8 (5.6) 3 (2.0) 5 (20.8) 1(1.8) 15 (31.9)
Diarrhea 35 (25.0) 11 (5.6) 23 (16.1) 41 (27.9) 0 (0.0) 7 (12.5) 0 (0.0)
Abdominal bloating or 17 (12.1) 88 (45.1) 57 (39.9) 18 (12.2) 12 (50.0) 9 (16.1) 17 (36.2)
distension
Urgency 60 (42.9) 30 (15.4) 24 (16.8) 55 (37.4) 2 (8.3) 22 (39.3) 2 (4.3) <.001
IBS after acute enteric 18 (12.9) 12 (6.2) 18 (12.6) 26 (17.7) 5 (20.8) 8 (14.3) 4 (8.5) .049
infection, n (%)
Seen a primary care 40 (28.6) 79 (40.5) 51 (35.7) 66 (44.9) 13 (54.2) 29 (51.8) 16 (34.0) 014
physician with IBS in
past 12 months, n (%)
Seen a gastroenterologist 12 (8.6) 45 (23.1) 15 (10.5) 36 (24.5) 6 (25.0) 21 (37.5) 12 (25.5) <.001

for IBS in past 12
months, n (%)
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Table 1.Continued

Cluster 1: diarrhea gastrointestinal

Cluster 2: low

overall

overall

Cluster 3: low

gastrointestinal

Cluster 5:

constipation,
Cluster 4: diarrhea, abdominal pain,

Cluster 6: high

overall

gastrointestinal

Cluster 7:

and urgency symptom severity symptom abdominal pain, and and bloating symptom constipation
with low with high severity with low urgency with high with high severity with high and bloating with low
psychological psychological psychological psychological psychological psychological psychological
burden (n = 140) burden (n = 195) burden (n = 143) burden (n = 147) burden (n = 24) burden (n = 56) burden (n = 47) P value®
Mean number of drugs for 2.0 (1.5 2.3 (1.7) 1.8 (1.4) 2.2 (1.5 22 (1.7) 2.8(1.9 2.4 (1.5) .002
IBS in past 12 months
(SD)
Symptom severity on IBS-
SSS, n (%)

Remission 3@2.1) 0 (0.0) 4 (2.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Mild 13 (9.3) 21 (10.8) 36 (25.2) 9 6.1) 1(4.2) 1(1.8) 5(10.6)

Moderate 68 (48.6) 73 (37.4) 82 (57.3) 39 (26.5) 7 (29.2) 6 (10.7) 25 (53.2)

Severe 56 (40.0) 101 (51.8) 21 (14.7) 99 (67.3) 16 (66.7) 49 (87.5) 17 (36.2) <.001
Mean IBS-SSS score (SD) 278.8 (88.0) 297.2 (84.0) 223.4 (81.6) 329.8 (85.6) 341.0 (96.3) 387.6 (79.6) 278.8 (79.3) <.001
Gastrointestinal

symptom-specific
anxiety on VSI, n (%)

Low 46 (32.9) 2 (31.8) 88 (61.5) 22 (15.0) 3 (12.5) 4(7.1) 2 (46.8)

Medium 61 (43.6) 9 (35.4) 36 (25.2) 44 (29.9) 12 (50.0) 4 (25.0) 1 (23.4)

High 33 (23.6) 4 (32.8) 19 (13.3) 81 (55.1) 9 (37.5) 8 (67.9) 4 (29.8) <.001
Mean VSI score (SD) 49.9 (15.9) 51.7 (15.3) 41.2 (16.1) 58.7 (13.1) 57.1 (14.4) 65.0 (12.8) 47.4 (16.5) <.001

2oz Menigad

IBS-C, irritable bowel syndrome with constipation; IBS-D, irritable bowel syndrome with diarrhea; IBS-M, irritable bowel syndrome with mixed bowel habits; IBS-SSS, irritable bowel syndrome severity scoring system; IBS-U,

irritable bowel syndrome unclassified; VS|, visceral sensitivity index.
2p value for Pearson x? for comparison of categoric data and 1-way analysis of variance for comparison of means.
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Table 2. Association of Clusters With Quality of Life, Irritable Bowel Syndrome-Related Health Care Costs, Employment Status, Income, Work and Productivity, and Median
Risk of Death Accepted in Return for Cure of Symptoms

Cluster 2: Cluster 3: Cluster 5: Cluster 6:
low overall low overall constipation, high overall
Cluster 1: gastrointestinal gastrointestinal Cluster 4: diarrhea, abdominal gastrointestinal Cluster 7:
diarrhea and symptom severity symptom severity abdominal pain, and pain, and symptom severity constipation and

with high
psychological

bloating with low
psychological

with low
psychological

urgency with low
psychological

with high
psychological

urgency with high
psychological

bloating with high
psychological

le1d joe|g  ¢26¢

burden (n = 140) burden (n = 195) burden (n = 143) burden (n = 147) burden (n = 24) burden (n = 56) burden (n = 47) P value®
Disease-specific health-related quality of life on IBS-QOL, n (%)
Low 29 (20.7) 57 (29.2) 8 (5.6) 1 (565.1) 12 (50.0) 48 (85.7) 4 (8.5)
Medium 3 (37.9) 8 (40.0) 7 (25.9) 0 (34.0) 10 (41.7) 4 (7.1) 20 (42.6)
High 8 (41.4) 0 (30.8) 8 (68.5) 6 (10.9) 2 (8.3 4 (7.1) 23 (48.9) <.001
Mean IBS-QOL 53.5 (19.4) 47.7 (19.3) 66.8 (17.3) 35.1 (17.9) 36.4 (17.6) 23.3 (18.7) 56.9 (17.1) <.001
score (SD)
Mean EQ-5D-5L 0.689 (0.185) 0.516 (0.256) 0.776 (0.114) 0.455 (0.276) 0.389 (0.374) 0.186 (0.305) 0.717 (0.132) <.001
score (SD)
Mean IBS-related 92.42 (262.85) 265.76 (593.25) 110.89 (308.22) 250.02 (504.12) 274.79 (522.98) 590.23 (1058.53) 250.85 (931.22) <.001
costs in £UK®
(SD)
Appointments
Investigations 116.13 (340.12) 189.78 (379.53) 92.90 (245.78) 204.19 (389.77) 92.86 (222.36) 251.87 (474.66) 120.91 (250.74) .012
Inpatient 77.59 (339.41) 55.70 (289.43) 21.70 (182.87) 116.12 (409.69) 0.00 (0.00) 221.68 (547.92) 33.02 (226.35) .003
admissions
Drugs 52.54 (66.92) 74.16 (88.38) 66.94 (90.68) 83.66 (100.83) 93.17 (130.86) 80.22 (97.71) 89.24 (157.97) .076
Total 359.16 (865.70) 622.73 (1151.32) 298.60 (544.35) 702.00 (1068.28) 479.20 (767.57) 1179.44 (1425.61) 498.70 (1053.42) <.001
Currently 93 (66.4) 122 (62.6) 98 (68.5) 95 (64.6) 14 (58.3) 25 (44.6) 37 (78.7) .015
employed, n (%)
Annual income of 51 (41.5) 1 (22.8) 48 (37.2) 30 (21.7) 2 (10.5) 8 (17.0) 17 (38.6) <.001
>£30,000,° n
(%)
Mean WPAI
percentages
(SD)
Absenteeism 8 (12.5) 9 (13.2) 0.5(1.9 0 (16.7) 10.5 (21.6) 12.5 (18.9) 2.1 (7.1) <.001
Presenteeism 38 5 (26.4) 35 4 (26.9) 23.9 (22.0) 50 9 (29.9) 46.4 (29.8) 52.8 (34.7) 27.0 (21.2) <.001
Work impairment 38.1 (28.3) 34.7 (27.6) 23.9 (22.9) 50.6 (30.6) 38.9 (29.4) 48.6 (30.5) 25.4 (21.0) <.001
Activity 41.0 (26.5) 43.3 (24.9) 26.2 (22.8) 59.7 (27.4) 56.3 (28.1) 71.4 (26.9) 33.0 (24.5) <.001
impairment
Any absenteeism 31/91 (34.1) 35/119 (29.4) 10/94 (10.6) 34/90 (37.8) 5/14 (35.7) 13/25 (52.0) 5/34 (14.7) <.001

on WPAI, n (%)
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Table 2.Continued

Cluster 2: Cluster 3: Cluster 5: Cluster 6:
low overall low overall constipation, high overall
Cluster 1: gastrointestinal gastrointestinal Cluster 4: diarrhea, abdominal gastrointestinal Cluster 7:
diarrhea and symptom severity symptom severity abdominal pain, and pain, and symptom severity constipation and

with low
psychological
burden (n = 143)

urgency with low
psychological
burden (n = 140)

with high
psychological
burden (n = 195)

urgency with high
psychological
burden (n = 147)

bloating with high
psychological
burden (n = 24)

with high
psychological
burden (n = 56)

bloating with low
psychological

burden (n = 47) P value®

2oz Menigad

Any presenteeism
on WPAI, n (%)

Any work
impairment on
WPAI, n (%)

Any activity
impairment on
WPAI, n (%)

Mean WSAS score
(SD)

IBS affects home
management on
WSAS, n (%)

IBS affects social
leisure activities
on WSAS, n (%)

IBS affects private
leisure activities
on WSAS, n (%)

IBS affects close
relationships on
WSAS, n (%)

Median risk of
death (%)
accepted in
return for cure
of symptoms
(IQR)

74/84 (88.1)

75/91 (82.4)

127 (90.7)

10.1 (6.9)

21 (15.0)

67 (47.9)

25 (17.9)

19 (13.6)

2.0 (0.0-5.0)

93/110 (84.5)

95/119 (79.8)

181 (92.8)

14.1 (8.9)

63 (32.3)

115 (59.0)

50 (25.6)

56 (28.7)

3.0 (0.0-10.0)

68/91 (74.7)

70/94 (74.5)

115 (80.4)

6.8 (6.4)

8 (5.6)

37 (25.9)

11 (7.7)

14 (9.8)

1.0 (0.0-5.0)

79/83 (95.2)

80/90 (88.9)

144 (98.0)

18.5 (9.5)

70 (47.6)

118 (80.3)

64 (43.5)

54 (36.7)

4.0 (0.0-10.0)

11/13 (84.6)

12/14 (85.7)

23 (95.8)

19.0 (11.1)

11 (45.8)

16 (66.7)

11 (45.8)

11 (45.8)

2.0 (0.0-7.5)

20/22 (90.9)

22/25 (88.0)

54 (96.4)

26.1 (9.9)

42 (75.0)

51 (91.1)

42 (75.0)

41 (73.2)

5.0 (0.0-20.0)

28/33 (84.8)

28/34 (82.4)

40 (85.1)

9.2 (6.2)

5 (10.6)

19 (40.4)

4 (8.5)

8 (17.0)

1.0 (0.0-5.0)

.014

27

<.001

<.001

<.001

<.001

<.001

<.001

<.001

IBS-QOL, irritable bowel syndrome quality of life; IQR, interquartile range; WPAL:IBS, Work Productivity and Activity Impairment questionnaire for irritable bowel syndrome; WSAS, Work and Social Adjustment Scale.
P value for Pearson x2 for comparison of categoric data, 1-way analysis of variance for comparison of means, and Kruskal-Wallis for comparison of medians.
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Mean IBS-related costs in the previous 12 months
were higher in clusters 2, 4, 5, and 6, which all were
associated with a high psychological burden, and were
highest in cluster 6 (£1179.44; P < .001) the cluster with
high overall gastrointestinal symptom severity and high
psychological burden. There was a trend toward those in
cluster 6 being less likely to be currently employed
(44.6%; P = .015), and significantly lower proportions of
individuals in all 4 clusters with a high psychological
burden were earning >£30,000 per year (22.8%, 21.7%,
10.5%, and 17.0%, respectively; P < .001). Among those
who were working, the mean work productivity and
activity impairment questionnaire percentages and rates
of absenteeism and activity impairment all were higher
among those in clusters with a high psychological burden
(P < .001 for all analyses), although these also were high
in cluster 1, which consisted of diarrhea and urgency
with low psychological burden. Mean work and social
adjustment scale scores were highest in the 3 clusters
with gastrointestinal symptoms with the highest psy-
chological burden, as were the proportions in whom IBS
affected home management, social and private leisure
activities, and close relationships (P < .001 for all ana-
lyses). Finally, those in clusters 4 and 6 were prepared to
accept a median risk of death of 4% and 5%, respec-
tively, in return for cure of their symptoms with a hy-
pothetical medication (P < .001).

Pill Choice By Cluster

The proportion of individuals in each of the 7 clusters
choosing each one of the 8 hypothetical pills is provided

100%

90%

70%
60%
50%
40%
30%
20%

10%

0%
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in Figure 2. As would be expected, those in clusters 1 and
4, characterized by diarrhea, were more likely to choose
either pill C or G, whereas those in clusters 5 or 7,
characterized by constipation, were more likely to
choose pills D or H. Pills that relieved pain (A or E) or
bloating (B or F) were more likely to be chosen by in-
dividuals in clusters 2 or 3. Individuals in cluster 6 were
spread more evenly across the pill choices.

Discussion

We report data from a cohort of individuals who met
Rome IV criteria for IBS, and in whom we performed LCA
to apply a previously validated model to classify people
according to both gastrointestinal symptom severity and
psychological burden. The proportion of individuals in
each cluster was almost identical to those in our previ-
ous study,'* as were the basic demographic data. In-
dividuals in the clusters with the highest psychological
burden, and particularly those in cluster 6, with high
overall gastrointestinal symptom severity and high psy-
chological burden, showed lower educational levels,
higher gastrointestinal symptom-specific anxiety, and
were more likely to have consulted a gastroenterologist
and used a higher number of drugs in the previous 12
months. In addition, both IBS-related and generic quality
of life were impaired significantly among individuals in
these clusters. In cluster 6 the level of impairment in
generic quality of life was far worse than seen in many
other chronic disease states. There was a trend toward
individuals in this cluster being less likely to be

Pill A Relieves pain almost Pill B Relieves bloating
completely; hardly relieves almost completely; hardly
bloating, diarrhoea, or
ipati diarrhoea

constipation

Pill C Relieves diarrhoea  Pill D Relieves constipation  Pill E Relieves pain well;

Pill F Relieves bloating well;  Pill G Relieves diarrhoea  Pill H Relieves constipation

almost completely; hardly  almost completely; hardly relieves bloating, diarrhoea, relieves pain, diarrhoea, or well; relieves pain, bloating, well; relieves pain, bloating,
relieves pain, diarrhoea, or relieves pain, bloating, or  relieves pain, bloating, or

or ipation a little ion a little or diarrhoea a little

or constipation a little

mCluster1 mCluster2 © Cluster3 mCluster4 mCluster5 mCluster6 M Cluster?

Figure 2. Hypothetical pill choice according to cluster.
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employed, and fewer individuals in the 4 clusters with
the highest psychological burden reported earning
>£30,000 per year. Productivity and ability to work,
manage at home, engage in social and private leisure
activities, and maintain close relationships all were
impacted significantly, and [BS-related health care costs
over the previous 12 months were highest in these 4
clusters. In those in cluster 6, costs were >£1000 per
person per year. Finally, those in the clusters with high
psychological burden were willing to accept between a
3% and 5% risk of death in return for symptom cure.
These clusters, therefore, identify groups of individuals
with significant impairments in quality of life, earning
potential, and ability to work and function socially, who
are high utilizers of health care, and who would accept
up to a 1 in 20 chance of death with a new hypothetical
medication in return for a cure of their symptoms.

Although we used a national UK IBS registry, we
could not check participants’ medical records to rule out
organic gastrointestinal diseases presenting with similar
symptoms, such as celiac disease or inflammatory bowel
disease.”””® However, we believe our participants
genuinely had IBS, given that IBS is more prevalent than
these conditions, UK national guidance recommends
these conditions are ruled out before a diagnosis of
IBS,”* and almost 90% of the ContactME-IBS registrants
have a physician’s diagnosis of IBS. All involved in-
dividuals were UK residents and 97% were White, so our
findings cannot be generalized to other countries or
ethnicities. Nevertheless, even in the United States with
its diverse population, the LCA model can be applied to
any group of people with Rome [V IBS, although de-
mographics of those in each cluster may differ from
those seen in our study. Because we used an online
questionnaire, we are unable to report the number and
characteristics of individuals who accessed but did not
complete the questionnaire, meaning we cannot exclude
volunteer bias. However, the proportion of individuals
included in this study who met Rome 1V criteria for IBS
and the proportion of individuals in each of the 7 clusters
is almost identical to our previous study."* Because this
was a cross-sectional study, we can only report associ-
ations, not the direction of any effects, so it is unclear
whether these clusters influence future quality of life,
work productivity, or health care costs, or whether the
reverse is true.

Other investigators have applied LCA to people with
IBS.">'® The results differ but are broadly corroborative
of the clusters we describe. Polster et al'® reported 6
distinct subgroups of people with Rome IlI-defined IBS;
those whose symptoms were predominantly intestinal,
including diarrhea, constipation, or abdominal pain; with
minimal psychological distress; and those in whom IBS
symptoms co-existed with anxiety, depression, and
extraintestinal symptom reporting. However, because
the investigators included only 172 patients in tertiary
care, the findings may not be generalizable to most
people with IBS who are seen in primary or secondary
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care. More recently, a study using the Mayo Clinic bio-
bank, applying LCA in more than 4000 patients with
Rome III IBS, reported 7 clusters.'® These were charac-
terized based on the degree of perceived health impair-
ment, presence of neuropsychological factors, or
predominant bowel symptom. Results of physiological
testing were available in a subset of patients but did not
reveal significant differences between clusters, although
those with a higher degree of health impairment were
significantly more likely to undergo investigation.
Importantly, however, neither of these studies assessed
whether these clusters could identify individuals with a
higher disease impact or burden.

Medical treatment for IBS is based on tailoring a drug
to the patient’s most troublesome symptom(s). Although
there are efficacious drugs available, they do not work in
all patients, even when a drug targeting a particular
pathophysiological mechanism that may underlie the
abnormality in a predominant bowel habit is used.”'’ In
addition, up to one third of patients with IBS will have
IBS-M or IBS unclassified, yet there are no licensed drugs
for these subtypes. Gut-brain behavioral therapies, such
as IBS-specific cognitive behavioral therapy or gut-
directed hypnotherapy, are efficacious in some people
with IBS,?° but in many countries access to these is
limited and they are used as a last resort when all other
medical approaches have failed.

Given the multifaceted nature of the symptoms in the
clusters with the highest disease impact and burden seen
in this study, it seems unlikely that a drug directed
against peripheral symptoms alone will improve quality
of life, reduce health care utilization, or increase work
productivity and activity in all individuals. Rather, the
clusters that we describe, and the evidence of their
impact, suggest that there is a group of people with IBS
with mild symptoms who may be best managed by
reassurance, explanation of the disorder, and lifestyle
and dietary advice; other groups whose symptoms pre-
dominantly are intestinal, who may be best treated with
a peripherally acting drug; a group whose symptoms
who predominantly are extraintestinal and psychologi-
cal, who may respond best to behavioral therapies; and
groups with both gastrointestinal and psychological
symptoms who may need combinations of peripherally
and centrally acting drugs or peripherally acting drugs
and gut-brain behavioral therapies. Future studies
should assess whether such approaches can alter the
natural history of these clusters and their impact on
quality of life, health care utilization, and work produc-
tivity and activity.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2023.02.016.
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Supplementary Methods

Irritable Bowel Syndrome Symptom Severity

We assessed the severity of symptoms using the IBS
severity scoring system,” which measures the presence,
severity, and frequency of abdominal pain, the presence
and severity of abdominal distension, satisfaction with
bowel habits, and the degree to which IBS symptoms are
affecting, or interfering with, the individual’s life. The IBS
severity scoring system carries a maximum score of 500
points, with more than 75 points indicating remission;
75 to 174 points indicating mild symptoms; 175 to 299
points indicating moderate symptoms; and 300 to 500
points indicating severe symptoms.

Mood and Somatic Symptoms

We used the Hospital Anxiety and Depression Scale to
collect anxiety and depression data.” The total Hospital
Anxiety and Depression Scale score ranges from 0 to 21
for either anxiety or depression. We categorized the
severity for each into normal (total Hospital Anxiety and
Depression Scale depression or anxiety score, 0-7),
borderline normal (score, 8-10), or abnormal (score,
>11). We collected somatic symptom data using the
Patient Health Questionnaire-12,° derived from the
validated Patient Health Questionnaire-15.* The total
Patient Health Questionnaire-12 score ranges from 0 to
24. We categorized the severity into high (total Patient
Health Questionnaire-12 score, >13), medium (score,
8-12), low (score, 4-7), or minimal (score, <3).

Gastrointestinal Symptom-Specific Anxiety

We used the Visceral Sensitivity Index to determine
gastrointestinal symptom-specific anxiety.” Replies to
each of the 15 items are provided on a 6-point scale from
0 to 5, with higher scores indicating more severe gastro-
intestinal symptom-specific anxiety. We divided these
data into equal-sized tertiles, both for all individuals and
for those with only Rome IV IBS, because there are no
validated cut-off values to define low, medium, or high
levels of gastrointestinal symptom-specific anxiety.

Irritable Bowel Syndrome-Specific and Generic
Health-Related Quality of Life

We used the irritable bowel syndrome quality of life
questionnaire, which is a validated IBS-specific question-
naire.”” The IBS quality of life consists of 34 items, each
ranked on a 5-point Likert scale ranging from 0 to 4, with a
total possible score of 0 to 136, and lower scores indi-
cating better quality of life. The 34 items are based on the
following 8 variables: dysphoria, interference with activ-
ity, body image, health worry, food avoidance, social re-
actions, sexual activity, and relationships. Score were
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transformed to a scale of 0 to 100 points, with zero indi-
cating worst quality of life and 100 indicating best quality
of life. We divided these data into equal-sized tertiles
because there are no validated cut-off values to define low,
medium, or high levels of quality of life. Again, we did this
both for all individuals and for those with only Rome IV
IBS. We also administered the EuroQOL,8 a generic health-
related quality-of-life questionnaire used widely in health
care. We used the EuroQOL 5-dimension 5-level (EQ-5D-
5L) instrument,’ one of the 3 versions of EuroQOL, con-
sisting of 5 items capturing different aspects of health,
including mobility, self-care, ability to perform usual ac-
tivities, pain/discomfort, and anxiety/depression. Each
item has 5 levels of responses, for a total of 3125 possible
health states. We mapped each health state to obtain a
utility score for a UK population using a cross-walk
calculator,’’ a mapping function recommended by the
National Institute for Health and Care Excellence."’

Impact of Irritable Bowel Syndrome on
Productivity and Ability to Work

We assessed the impact of IBS on the ability to work
using the Work Productivity and Activity Impairment
questionnaire for IBS,'? which is a validated question-
naire to assess the level of work productivity loss in
people with IBS who are employed, as well as activity
impairment in their activities of daily living. The Work
Productivity and Activity Impairment questionnaire for
IBS measures 4 domains: absenteeism, which is the
percentage of work hours missed because of IBS; pre-
senteeism, which is the percentage of impairment expe-
rienced while working because of IBS; overall work
impairment, which is the percentage of work produc-
tivity loss; and activity impairment, which is the per-
centage of impairment in activities of daily living. We
also used the Work and Social Adjustment Scale,"* which
has been used by other investigators to measure the ef-
fect of IBS on individuals’ ability to work, manage at
home, engage in social and private leisure activities, and
maintain close relationships.'*'® The 5 domains are
scored on a 9-point scale from “not at all” (score, 0) to
“very severely” (score, 8). We dichotomized the presence
(>1%) or absence (0%) of absenteeism, presenteeism,
overall work impairment, or activity impairment on the
Work Productivity and Activity Impairment and pres-
ence (score, >4; “definitely” impacting) or absence
(score, <4) of an impact of IBS on home management
activities, social leisure activities, private leisure activ-
ities, or maintaining close relationships on the Work and
Social Adjustment Scale.

Irritable Bowel Syndrome—-Related Health Care
Use

We asked participants to record the number of ap-
pointments with health care professionals (primary care
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physicians, gastroenterologists, specialist nurses, di-
etitians, and psychologists), investigations (blood tests,
stool tests, endoscopies, abdominal ultrasounds,
computed tomography scans, magnetic resonance imag-
ing scans, hydrogen breath tests, or 23-seleno-25-homo-
tauro-cholic acid scans), unplanned hospital attendances
or admissions (including length of stay for inpatient
admissions), and drug usage (in months). We applied
costs (in £UK) for primary care physician appointments
from Unit Costs of Health and Social Care 2020"’; and for
appointments, investigations, and unplanned inpatient
days in secondary care using the NHS 2019/2020 Na-
tional Cost Collection Data (Supplementary Table 4).*°
We assumed all appointments for IBS were follow-up
appointments, which cost less than a new patient
appointment. We applied the lowest price for a 1-month
supply of each IBS-related drug using the British Na-
tional Formulary online (Supplementary Table 5).*°

Risk of Death in Return for Permanent Cure of
Irritable Bowel Syndrome Symptoms

In the standard gamble,”’ each question offered par-
ticipants a choice of a chance of a permanent cure of their
IBS symptoms with a hypothetical pill or a risk of a painless
death in their sleep from the same pill. As the participants
moved from one question to the next, the chance of cure
titrated down from 100% and risk of death titrated up from
0%. Therefore, we were able to estimate the maximum risk
of death that participants would be willing to accept for the
corresponding minimum chance of cure.

The 7-Cluster Model Derived in the Previous
Study

In our original study this model generated 7 clusters,”*
as detailed in Supplementary Figure 1. These were as
follows: diarrhea and urgency with low psychological
burden (cluster 1, Supplementary Figure 1A); diarrhea,
abdominal pain, and urgency with high psychological
burden (cluster 4, Supplementary Figure 1D); con-
stipation and bloating with low psychological burden
(cluster 7, Supplementary Figure 1G); constipation,
abdominal pain, and bloating with high psychological
burden (cluster 5, Supplementary Figure 1E); low overall
gastrointestinal symptom severity with low psychological
burden (cluster 3, Supplementary Figure 1C); low overall
gastrointestinal symptom severity with high psychological
burden (cluster 2, Supplementary Figure 1B); and high
overall gastrointestinal symptom severity with high psy-
chological burden (cluster 6, Supplementary Figure 1F).
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Supplementary Figure 1.
Profiles of the 7 clusters.
(A) Cluster 1: diarrhea and
urgency with low psycho-
logical burden. (B) Cluster
2: low overall gastrointes-
tinal symptom severity
with high psychological
burden. (C) Cluster 3: low
overall gastrointestinal
symptom severity with low
psychological burden. (D)
Cluster 4: diarrhea,
abdominal pain, and ur-
gency with high psycho-
logical burden. (E) Cluster
5: constipation, abdominal
pain, and bloating with
high psychological
burden. (F) Cluster 6: high
overall gastrointestinal
symptom severity with
high psychological
burden. (G) Cluster 7:
constipation and bloating
with low psychological
burden. BM, bowel move-
ment; SOB, shortness of
breath; TATT, tired all the
time.
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Supplementary Table 1. Variables Used in the Latent Class Analysis

Type of Reason for including in the
Variable variable Measurement scale model
Gastrointestinal Frequency of abdominal pain Ordinal 9-point scale from never All of these variables for
symptoms anywhere in the abdomen in (score, 0) to multiple quantifying gastrointestinal
the past 3 months times per day or all the symptoms were taken from
time (score, 8) Rome Foundation
Frequency of abdominal pain Ordinal 11-point scale from 0% questionnaires
being closely related to a (never) to 100% These are the recognized gold
bowel movement (always) standard for diagnosing IBS
Frequency with which abdominal Ordinal 11-point scale from 0% and are used widely
pain improved or resolved (never) to 100%
after a bowel movement (always)
Frequency with which stools Ordinal 11-point scale from 0%
became softer or harder than (never) to 100%
usual in association with (always)
abdominal pain
Frequency with which stools Ordinal 11-point scale from 0%
became more or less frequent (never) to 100%
than usual in association with (always)
abdominal pain
Frequency with which abdominal Ordinal 11-point scale from 0%
pain started or got worse after (never) to 100%
a meal (always)
Frequency with which abdominal Ordinal 11-point scale from 0%
pain restricted usual activities (never) to 100%
(always)
Frequency of hard or lumpy stools Ordinal 5-point scale from 0%
in the past 3 months (never or rarely) to
100% (always)
Frequency of loose, mushy, or Ordinal 5-point scale from 0%
watery stools in the past 3 (never o rarely) to
months 100% (always)
Frequency of fecal urgency over Ordinal 9-point scale from never
the past 3 months (score, 0) to multiple
times per day or all the
time (score, 8)
Frequency of fecal incontinence Ordinal 9-point scale from never
over the past 3 months (score, 0) to multiple
times per day or all the
time (score, 8)
Frequency of abdominal bloating Ordinal 9-point scale from never
or distension over the past 3 (score, 0) to multiple
months times per day or all the
time (score, 8)
Extraintestinal All individual items of the PHQ-12 Ordinal 3-point scale: never (score, Reporting symptoms referable to

symptoms

and the frequency
experienced in the past 4
weeks:
Back pain
Arm, leg, joint pain
Period pain/period problems
Headaches
Chest pain
Dizziness
Fainting spells
Heart pounding/racing
Shortness of breath
Pain/problems during sex
Feeling tired or low in energy
Trouble sleeping

0), a little (score, 1), or a
lot (score, 2)

multiple body systems, also
referred to as somatization, is
recognized as being
associated with IBS and other
functional Gl disorders

The PHQ-12 questionnaire is a
widely used and validated
method for measuring this
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Supplementary Table 1.Continued

Type of Reason for including in the
Variable variable Measurement scale model
Mood Presence of anxiety, as measured Ordinal 3-point scale: normal Abnormal mood is well
by the total score of the (score, 0), borderline recognized as being an
HADS-Anxiety questionnaire (score, 1), or abnormal important factor in IBS
(score, 2) The HADS questionnaire for
Presence of depression, as Ordinal 3-point scale: normal (0), quantifying the presence of

measured by the total score of borderline (1), or anxiety and/or depression are
HADS-Depression abnormal (2) used widely and validated for

questionnaire this purpose

Gl, gastrointestinal; HADS, Hospital Anxiety and Depression Scale; IBS, irritable bowel syndrome; PHQ-12, patient health questionnaire-12.
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Supplementary Table 2. Demographic and Psychological Characteristics, Employment Status, Income, Work and
Productivity, IBS-Related Health Care Costs, Quality of Life, and Median Risk of Death Accepted in
Return for Cure of Symptoms of Individuals With Rome IV-Defined IBS Vs Individuals With Self-

Reported IBS
Rome IV-defined Self-reported
IBS (n = 752) IBS (n = 524) P value®
Mean age, y (SD) 45.3 (14.8) 49.9 (15.7) <.001
Female, n (%) 655 (87.1) 429 (81.9) .010
Smoker, n (%) 82 (10.9) 31 (5.9) .002
White Caucasian ethnicity, n (%) 729 (96.9) 504 (96.2) .46
Married or cohabiting, n (%) 487 (64.8) 373 (71.2) .016
University or postgraduate level of education, n (%) 314 (41.8) 224 (42.7) .72
IBS subtype, n (%)
IBS-C 136 (18.1) 120 (22.9)
IBS-D 306 (40.7) 207 (39.5)
IBS-M 301 (40.0) 174 (33.2)
IBS-U 9(1.2) 23 (4.4) <.001
Most troublesome symptom, n (%)
Abdominal pain 169 (22.5) 7 (18.5)
Constipation 53 (7.0) 6 (12.6)
Diarrhea 117 (15.6) 3 (17.7)
Abdominal bloating or distension 218 (29.0) 146 (27.9)
Urgency 195 (25.9) 122 (23.3) .006
IBS after acute enteric infection, n (%) 1(12.1) 7 (10.9) .34
Seen a primary care physician for 294 (39.1) 148 (28.2) <.001
IBS in the past 12 months, n (%)

Seen a gastroenterologist for IBS 147 (19.5) 68 (13.0) .002
in the past 12 months, n (%)

Mean number of drugs for IBS 2.2 (1.6) 1.7 (1.4) <.001
in the past 12 months (SD)

Symptom severity on IBS-SSS, n (%)

Remission 7 (0.9) 0 (7.6)

Mild 86 (11.4) 188 (35.9)

Moderate 300 (39.9) 203 (38.7)

Severe 359 (47.7) 93 (17.7) <.001
Mean IBS-SSS score (SD) 293.1 (95.1) 205.6 (100.8) <.001
HADS Anxiety category, n (%)

Normal 200 (26.6) 225 (42.9)

Borderline abnormal 173 (23.1) 139 (26.5)

Abnormal 378 (50.3) 160 (30.5) <.001
Mean HADS Anxiety score (SD) 10.7 (4.8) 8.6 (4.4) <.001
HADS Depression category, n (%)

Normal 404 (53.7) 401 (76.5)

Borderline abnormal 165 (21.9) 3 (13.9)

Abnormal 183 (24.3) 0 (9.5) <.001
Mean HADS Depression score (SD) 7.6 (4.5) (3.8) <.001
PHQ-12 severity, n (%)

Minimal 6 (4.8) 77 (14.7)

Low 176 (23.4) 182 (34.7)

Medium 307 (40.8) 199 (38.0)

High 233 (31.0) 66 (12.6) <.001
Mean PHQ-12 score (SD) 10.3 4.3) 7.8 (3.9 <.001
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Rome IV-defined

Self-reported

IBS (n = 752) IBS (n = 524) P value®
Gastrointestinal
symptom-specific anxiety on VSI, n (%)

Low 182 (24.2) 245 (46.8)

Medium 257 (34.2) 178 (34.0)

High 313 (41.6) 101 (19.3) <.001
Mean VSI score (SD) 51.6 (16.5) 39.7 (18.8) <.001
Disease-specific health-related quality

of life on IBS-QOL, n (%)

Low 308 (41.0) 102 (19.5)

Medium 274 (36.4) 166 (31.7)

High 170 (22.6) 256 (48.9) <.001
Mean IBS-QOL score (SD) 48.4 (22.3) 64.4 (21.4) <.001
Mean EQ-5D-5L score (SD) 0.570 (0.283) 0.723 (0.220) <.001
Mean IBS-related costs in £UK” (SD)

Appointments 224.48 (575.33) 110.45 (329.69) <.001

Investigations 157.69 (352.33) 116.39 (306.72) .026

Inpatient admissions 101.85 (434.88) 63.80 (323.99) .074

Drugs 72.62 (96.29) 52.45 (92.24) <.001

Total 556.64 (1023.92) 343.09 (694.02) <.001
Currently employed, n (%) 484 (64.4) 336 (64.1) .93
Annual income of >£30,000°, n (%) 197 (29.0) 134 (28.8) .94
Mean WPAI percentages (SD)

Absenteeism 5.0 (13.2) 4 (10.6) .003

Presenteeism 38.5 (27.4) 21 7 (24.7) <.001

Work impairment 36.4 (28.6) 20.9 (25.0) <.001

Activity impairment 44.7 (28.7) 26.0 (26.4) <.001
Any absenteeism on WPAI, n/N (%) 133/467 (28.5) 43/320 (13.4) <.001
Any presenteeism on WPAI, n/N (%) 373/436 (85.6) 193/299 (64.5) <.001
Any work impairment on WPAI, n/N (%) 382/467 (81.8) 198/320 (61.9) <.001
Any activity impairment on WPAI, n (%) 684 (91.0) 376 (71.8) <.001
Mean WSAS score (SD) 13.6 (9.9) 7 (8.2) <.001
IBS affects home management on WSAS, n (%) 220 (29.3) 5 (12.4) <.001
IBS affects social leisure activities on WSAS, n (%) 423 (56.3) 153 (29.2) <.001
IBS affects private leisure activities on WSAS, n (%) 207 (27.5) 61 (11.6) <.001
IBS affects close relationships on WSAS, n (%) 203 (27.0) 61 (11.6) <.001
Median risk of death (%) accepted 2.0 (0.0-9.0) 0.0 (0.0-4.75) <.001

in return for cure of symptoms (IQR)

HADS, Hospital Anxiety and Depression Scale; IBS, irritable bowel syndrome; IBS-C, irritable bowel syndrome with constipation; IBS-D, irritable bowel syndrome
with diarrhea; IBS-M, irritable bowel syndrome with mixed bowel habits; IBS-QOL, irritable bowel syndrome quality of life; IBS-SSS, irritable bowel syndrome
severity scoring system; IBS-U, irritable bowel syndrome unclassified; IQR, interquartile range; PHQ-12, Patient Health Questionnaire-12; VSI, visceral sensitivity
index; WPAL:IBS, Work Productivity and Activity Impairment questionnaire for irritable bowel syndrome; WSAS, Work and Social Adjustment Scale.

P value for independent-samples t test for continuous data, Pearson x? for comparison of categoric data, and Kruskal-Wallis for comparison of medians.

b£1 is equal to $1.20.
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Supplementary Table 3. EQ-5D-5L Score Among Individuals  Supplementary Table 4. Unit Costs (in £UK) for IBS-Related

with Other Chronic Diseases®?2° Appointments, Investigations, and
Compared With Each Rome IV IBS Unplanned Hospital Attendances
Cluster in the Present Study or Admissions
Chronic disease Mean EQ-5D-5L score (SD) Cost, £
Asthma 0.840 (0.200) Follow-up appointment with a GP 33.00
Rome IV IBS cluster 3 0.776 (0.114) Follow-up appointment with a gastroenterologist 148.12
Menopause 0.729 (0.262) Follow-up appointment with a specialist nurse 127.91
Rome IV IBS cluster 7 0.717 (0.132) Follow-up appointment with a dietician 83.03
Rome IV IBS cluster 1 0.689 (0.185) Follow-up appointment with a psychologist 179.84
Diabetes mellitus 0.673 (0.283) Blood test 1.81
Rheumatoid arthritis 0.660 (0.270) Stool test 8.09
Heart failure 0.640 (0.270) Gastroscopy 482.23
Low back pain 0.636 (0.266) Colonoscopy 559.35
Elderly, age, >75y 0.614 (0.299) Hydrogen breath test 57.96
Stroke 0.612 (0.318) Abdominal ultrasound 62.39
Rome IV IBS 0.570 (0.283) Abdominal computed tomography 114.36
Leg ulcers 0.552 (0.307) Abdominal magnetic resonance imaging 144.29
Chronic obstructive 0.540 (0.309) 23-seleno-25-homo-tauro-cholic acid scan 367.73
pulmonary disease Emergency department attendance 220.53
Rome IV IBS cluster 2 0.516 (0.256) Inpatient admission under gastroenterology 1551.77
Rome IV IBS cluster 4 0.455 (0.276)
Osteoarthritis 0.442 (0.336) GP, general practitioner; IBS, irritable bowel syndrome.
Rome IV IBS cluster 5 0.389 (0.374)
Rome IV IBS cluster 6 0.186 (0.305)

EQ-5D-5L, EuroQOL 5-dimension 5-level version; IBS, irritable bowel
syndrome.
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Supplementary Table 5. Unit Costs (in £UK) for a 1-Month
Supply of IBS-Related Medications

Cost, £
Loperamide 1.68
Sodium picosulfate 4.62
Bisacodyl 1.67
Polyethylene glycol 2.99
Hyoscine 9.63
Alverine 7.64
Mebeverine 4.39
Dicycloverine 30.00
Ispaghula 3.24
Peppermint oil 4.95
Amitriptyline 1.08
Nortriptyline 1.00
Imipramine 2.15
Fluoxetine 0.50
Paroxetine 1.26
Sertraline 0.80
Citalopram 1.02
Escitalopram 1.55
Lubiprostone 53.48
Linaclotide 37.56
Prucalopride 47.62
Eluxadoline 88.20

IBS, irritable bowel syndrome.
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