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ABSTRACT

Objectives: Conventionally, patients with IBS are subgrouped based on their predominant
bowel habit. Given the relevance of psychological co-morbidity to IBS symptomatology, our
aim was to explore an alternative approach to subgrouping by incorporating factors beyond
stool form and frequency.

Methods: We collected demographic, symptom, and psychological health data from 1375
adult subjects in the community who self-identified as having IBS, identifying two cohorts
meeting either Rome III or Rome 1V criteria. In each cohort we performed latent class
analysis (LCA), a method of model-based clustering, to identify specific subgroups (clusters).
For each cluster, we drew a radar plot, and compared these by visual inspection, describing
cluster characteristics.

Results: In total, 1080 individuals met Rome III criteria for IBS, and 811 met Rome IV
criteria. In both cohorts, a seven-cluster model was the optimum solution and the
characteristics of the clusters were almost identical between Rome III and IV. Four clusters
were defined by pattern of gastrointestinal symptoms (loose stools and urgency or hard stools
and bloating), further differentiated by presence of abdominal pain not relieved by defecation,
and by extent of psychological co-morbidity. Two clusters had below-average gastrointestinal
symptoms, differentiated by extent of psychological co-morbidity. The final cluster had well
above-average gastrointestinal symptoms and high levels of psychological co-morbidity. The
proportion of subjects with severe IBS symptom scores, high levels of perceived stress, and
high levels of gastrointestinal symptom-specific anxiety was significantly higher in clusters
with high psychological comorbidity (p < 0.001).

Conclusions: LCA identified seven distinct IBS subgroups characterized by varying degrees
of gastrointestinal symptoms, extra-intestinal symptoms, and psychological co-morbidity.

Further research is needed to assess whether they might be used to direct treatment.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional bowel disorder. ! Patients
experience symptoms of abdominal pain associated with a change in either stool form or
frequency. * The Rome Foundation recommends the use of symptom-based diagnostic criteria
for IBS. ® As well as facilitating a diagnosis, these allow subgrouping of patients, based
entirely on stool form and frequency, to help direct treatment. Patients with predominantly
loose or more frequent stools are classified as having IBS with diarrhea (IBS-D), and those
with predominantly hard or less frequent stools IBS with constipation (IBS-C). Those with
both stool types, or frequencies, an equal proportion of the time are classified as having IBS
with mixed stool pattern (IBS-M), and those who do not meet criteria for any of the other
three subgroups have IBS unclassified (IBS-U).

Although the aims of this classification system are laudable, using it to direct therapy
is problematic for several reasons. First, even when patients with IBS with these subtypes are
treated with novel drugs, which have more precise modes of action, only 20% to 30% report

g, 9

symptom improvemen and there is little to choose between many of the available drugs,

in terms of efficacy. 112 Second, predominant stool type in IBS fluctuates over time. !> 4
Third, almost 50% of patients have IBS-M or IBS-U, ! 1517 but most new drugs are tested
only in IBS-D or IBS-C, so treatment options for patients with these two subgroups are
limited. Finally, and perhaps most importantly, because IBS is a brain-gut disorder, mood and
psychological health play an important role in the development and persistence of symptoms.
18-22 Mood disorders are much more common in people with IBS than among healthy
individuals. 2* Earlier use of psychological therapies in patients exhibiting substantial
psychological co-morbidity might change the natural history of IBS. However, access to

these is limited and, often, their use is advocated only in patients whose symptoms do not

respond adequately to pharmacological treatment, >* so they tend to be used only as a last
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resort. 2 Indeed, recent studies have bolstered interest in the use of psychological therapies,
such as cognitive behavioral therapy (CBT), as effective treatments for IBS with long-lasting
benefits. 2628 Unfortunately, current approaches to subgrouping patients with IBS offer no
clinical guidance regarding who might derive the most benefit from these therapies.

A classification system based on stool type alone does not, therefore, reflect the
complex composite nature of IBS adequately, nor does it allow equitable access of patients to
either clinical trials of novel drugs, or existing drugs or psychological therapies with an
evidence base for efficacy. In acknowledgment of the fact that IBS is a disorder of gut-brain
interaction, with biopsychosocial influences, the Rome Foundation developed the multi-
dimensional clinical profile (MDCP). This is a framework that, in addition to clinical
symptoms, includes assessment of psychological factors, and impact of the illness, in order to
build a unique clinical profile for each patient. > Although intended to help guide treatment,
this approach has yet to be utilized in routine clinical practice, and is not incorporated into
current diagnostic criteria. If it were possible to classify patients, not only by clinical
symptoms, but also by psychological profiles, this may help optimize treatment selection,
resulting in better outcomes, and reduced health service and societal costs of IBS. 30

To date, only a few studies have examined this issue. 3133 In two of these studies,
conducted by the same group of investigators, distinct subgroups, or clusters, of patients
appeared to exist. These subgroups consisted of those whose symptoms were predominantly
intestinal, and who had only minimal psychological distress, and those for whom IBS
symptoms were part of a broader picture, which included anxiety, depression, or extra-
intestinal symptoms. *!32 These subgroups were not, however, reproducible across different
patient cohorts or different iterations of the Rome criteria, and one study was conducted in
only 172 patients in tertiary care. 3! A third study demonstrated clusters distinguished by low

or high severity of intestinal and non-intestinal symptoms, which were further differentiated
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by the extent of impairment in IBS-related quality of life (QoL), but combined patients
meeting either the Rome II or Rome III criteria together. **

We hypothesized that we could derive subgroups of patients with IBS that were
distinct and reproducible, irrespective of setting or diagnostic criteria. If feasible, these
subgroups could change both the classification of, and management strategies for, IBS. For
instance, those with predominantly gastrointestinal symptoms may respond best to a drug
acting peripherally on the intestine, those with predominantly psychological or extra-
intestinal symptoms to a centrally acting drug or psychological therapy, and those with both

gastrointestinal and extra-intestinal symptoms to a combination of therapies.
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METHODS

Participants and Setting
We recruited individuals who self-identified as having IBS registered with three UK

organizations (see Supplementary Methods). This cohort has been described elsewhere. ** 3

Data Collection and Synthesis

Demographic and Symptom Data
We collected basic demographic data from all participants and captured lower
gastrointestinal symptom data using the Rome III and Rome IV questionnaires. *® 37 Further

details are provided in the Supplementary Methods.

Assessment of Mood, Extra-Intestinal Symptoms, Gastrointestinal Symptom-specific
Anxiety, and Perceived Stress.

We collected anxiety and depression data using the hospital anxiety and depression
scale (HADS). 8 Extra-intestinal symptom data was collected using the patient health
questionnaire-12 (PHQ-12). * The 15-item visceral sensitivity index (VSI) *° was used to
measure gastrointestinal symptom-specific anxiety. We utilized the 10-item version of the
Cohen perceived stress scale (CPSS) to assess perceived stress, which is derived from the

original 14-item instrument. *! Further details are provided in the Supplementary Methods.

Statistical Analysis
We identified two cohorts of individuals who self-identified as having IBS and who

met either the Rome III or Rome IV criteria for IBS. Many participants met both iterations of
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the diagnostic criteria and were therefore represented in both cohorts. Consequently, we
compared baseline characteristics of these two cohorts using a partially overlapping t-test for
continuous data, and a partially overlapping z-test for comparison of proportions, ** with the
“partiallyoverlapping” package in R (version 3.6.2). 4344

In each cohort, we performed latent class analysis (LCA) using LatentGOLD (version
5.1 Statistical Innovations, Belmont, MA, USA). ** LCA is a method of structural equation
modelling used to identify unobserved groups, or latent classes, within observed multivariate
data. ¢ A statistical model is postulated for the population from which the data sample is
obtained, and it is assumed that a mixture of underlying probability distributions generates
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 solutions are
evaluated to determine the best output. *’ Finally, robust statistical criteria can be used to
determine the best fit of the model, and the optimum number of clusters. 48 We used the
Bayesian information criterion of the log-likelihood (BIC(LL)) for this purpose, selecting the
cluster solution with the lowest BIC(LL) value as the one that best fit the data. Details of the
variables used in the model are provided in Supplementary Table 1.

For each cluster, we drew a radar plot, using z-values for each variable. We calculated
these by adjusting the cluster mean for each variable to the cohort mean and standard
deviation for that variable. We compared the radar plots by visual inspection, describing the
particular characteristics of each cluster.

In order to internally validate our analyses, we performed 10-fold cross-validation, *
for both the Rome IIT and Rome IV models, using the n-validation capability of

LatentGOLD. We compared the misclassification statistic for our original model derivation

with that obtained from cross-validation, in order to understand how the model would
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perform if applied to a different dataset. We also performed 10-fold cross-validation
manually, by splitting the data randomly into 10 equally sized groups, or folds. We
recombined these folds in all 10 possible permutations, omitting a different fold each time,
and undertook LCA in each recombined dataset, using the same variables as were included in
our original model. We again drew out the clusters for each derivation using radar plots and
determined, by visual inspection, whether the subgroups appeared similar to the original
model. We validated each derivation by applying the model to the fold that had been omitted
each time, averaging the misclassification statistic across all 10 validation cycles to determine
the overall misclassification statistic for the cross-validation process as a whole.

Finally, for both the Rome III and Rome IV cohorts, we compared characteristics of
individuals in each cluster. We compared categorical variables, such as sex, consultation with
a gastroenterologist, high levels of gastrointestinal symptom-specific anxiety or perceived
stress, high symptom severity scores, IBS subtype according to the Bristol stool form scale
(BSFS), and whether IBS onset followed an acute enteric infection, between individuals in
each cluster using a ¥° test. We compared differences in continuous variables between
clusters using a one-way analysis of variance (ANOVA) test. Due to multiple comparisons,
we considered a 2-tailed p value of <0.01 as statistically significant for these analyses, which

we performed using SPSS for Windows (version 24.0 SPSS Inc., Chicago, IL, USA).
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RESULTS

We recruited 1375 individuals who self-identified as having IBS into the study. The
mean age of subjects was 49.2 years (range 18 to 86 years), 1157 (84.1%) were female, and
1293 (94.0%) were White Caucasian. Overall, 180 (13.1%) individuals stated their IBS
symptoms commenced after an acute enteric infection, 1048 (95.5%) had previously seen

their primary care physician with their IBS, and 633 (57.7%) had seen a gastroenterologist.

Characteristics of the Rome IV and Rome III Cohorts

There were 1373 individuals providing complete Rome IV data, of whom 811
(59.0%) met the Rome IV criteria for IBS. In total, 1368 individuals with IBS provided
complete Rome III data, and 1080 (78.9%) met the Rome III criteria for IBS. The two cohorts
overlapped, such that of the 1080 individuals who met Rome III criteria for IBS, 794 (73.5%)
also met Rome IV criteria. Therefore, among 811 individuals meeting the Rome IV criteria
for IBS, only 17 (2.1%) did not also meet Rome III criteria. The Rome IV cohort were
significantly younger (p < 0.001), but there was no difference in the proportion of female
participants between groups (Table 1). In both cohorts, over 95% of individuals had seen a
primary care physician with IBS; however, those in the Rome IV cohort were significantly
more likely to have seen a gastroenterologist (p < 0.001). IBS symptoms were significantly
more severe in the Rome IV cohort (p < 0.001), and mood and psychological health were
significantly worse (p <0.001). CPSS and VSI scores were also significantly higher among

those with Rome IV IBS (p < 0.001).

Latent Class Analysis in the Rome IV and Rome III Cohorts
The best LCA solution was achieved with seven clusters, as indicated by the lowest

value of the BIC(LL) (Supplementary Figure 1). An overview of the seven-cluster result is
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provided in Figure 1, with descriptions of the clusters and their relative proportions. Each
cluster was characterized by specific symptom profiles. Radar plots for each of these clusters
are presented in Figure 2.

Two clusters were characterized by above-average scores for loose and watery stools
and urgency, but were differentiated by the presence of below-average scores for abdominal
pain that was not relieved by defecation and for extra-intestinal and mood-related symptoms,
or above-average scores for abdominal pain that was not relieved by defecation and for extra-
intestinal and mood-related symptoms. Similarly, another two of the clusters were
characterized by above-average scores for hard and lumpy stools and bloating, and were
again differentiated by the presence of below-average scores for abdominal pain that was not
relieved by defecation and for extra-intestinal and mood-related symptoms, or above-average
scores for abdominal pain that was not relieved by defecation and for extra-intestinal and
mood-related symptoms. These clusters were described as diarrhea and urgency with low
psychological burden (Figure 2A), diarrhea, abdominal pain, and urgency with high
psychological burden (Figure 2D), constipation and bloating with low psychological burden
(Figure 2G), and constipation, abdominal pain, and bloating with high psychological burden
(Figure 2E).

Two clusters were characterized by below-average scores for all gastrointestinal
symptoms, and were differentiated by the presence of either below-average or above-average
scores for extra-intestinal and mood-related symptoms. These clusters were described as low
overall gastrointestinal symptom severity with low psychological burden (Figure 2C) and low
overall gastrointestinal symptom severity with high psychological burden (Figure 2B),
respectively. The remaining cluster was characterized by a mixed profile of well above-
average scores for gastrointestinal symptoms, including diarrhea, constipation, and abdominal

pain, as well as well above-average scores for extra-intestinal and mood-related symptoms.
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This cluster was described as high overall gastrointestinal symptom severity with high
psychological burden (Figure 2F).

In the Rome III cohort, the best LCA solution was again achieved with seven clusters
which were almost identical to those identified in the Rome IV cohort analysis (see
Supplementary Results). 10-fold cross-validation of the Rome IV and Rome IIT LCA models
showed that we could expect both models to perform similarly, if applied to a different
dataset containing the same variables. Further details are provided in the Supplementary

Results.

Characteristics of the Different Clusters in the Rome IV and Rome III Cohorts

The characteristics of the seven clusters in the Rome IV cohort are shown in Table 2.
There was a difference in mean age between clusters, with those in cluster 1, defined as
diarrhea, urgency and low psychological burden, being significantly older, and those in
cluster 5, defined as constipation, abdominal pain, and high psychological burden, being
significantly younger (p < 0.001). There was also a difference in sex distribution between
clusters, with a significantly higher proportion of men in cluster 3, with low overall
gastrointestinal symptoms and low psychological burden (p = 0.003). There were no
significant differences in terms of the proportion of individuals who had seen a
gastroenterologist, or the proportion who reported that their IBS symptoms started after an
acute enteric infection. The proportion of participants with high CPSS scores and VSI scores,
and the proportion of individuals with severe symptoms were significantly higher in clusters
2,4, 5, and 6; those characterized by higher psychological burden (p < 0.001). Stool subtype
according to the BSFS reflected the symptom-based characteristics of each cluster, and this
trend was significant (p < 0.001). Clusters 1 and 4, which were those groups with above-

average scores for diarrhea, had the largest proportions of subjects with IBS-D according to
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the BSFS, with very few having IBS-C, and approximately one-third having IBS-M.
Conversely, clusters 5 and 7, which had above-average scores for constipation, had the
highest proportion of participants with IBS-C, and contained very few individuals with either
IBS-D or IBS-M. The proportion of individuals with IBS-M was highest in clusters 2, 3, and
6; those characterized by a more mixed profile of gastrointestinal symptoms of varying
severity. An identical analysis comparing clusters in the Rome III cohort demonstrated

broadly similar findings (Supplementary Table 2).
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DISCUSSION

We investigated whether it is possible to subgroup people with IBS using factors
beyond stool form or frequency. We found seven unique clusters of individuals with IBS,
distinguished by the pattern of gastrointestinal symptoms, extra-intestinal symptoms, and
mood. Two of these were characterized by diarrhea and were differentiated based on the
presence of abdominal pain that was not relieved by defecation, and high or low
psychological burden. Two clusters were characterized by constipation and were again
differentiated based on the presence of abdominal pain that was not relieved by defecation,
and high or low psychological burden. A further two clusters exhibited mixed gastrointestinal
symptoms of low overall intensity but were differentiated by the presence of high or low
psychological burden. The final cluster was characterized by mixed gastrointestinal
symptoms of high overall intensity with high psychological burden. These seven clusters
were reproducible, irrespective of whether IBS was defined according to the Rome III or
Rome IV criteria. We validated these models, demonstrating that they would be expected to
perform similarly if applied to a different dataset. When we compared additional
characteristics between clusters, we found a significantly higher proportion of men in the
cluster with low overall symptoms and low psychological co-morbidity. We also found that
groups characterized by high psychological co-morbidity had a significantly greater
proportion of people with high scores using other measures of psychological health, such as
the VSI and CPSS, which were not included in the model itself. Finally, stool subtype, as
defined according to the BSFS, correlated significantly with the gastrointestinal symptom
profile of each cluster. These results have the potential to change classification and treatment
of IBS.

We recruited a large number of individuals, all of whom were in the community and

self-identified as having IBS. Some individuals had consulted a primary care physician, some
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a gastroenterologist, and some had never consulted a physician, meaning the participants are
likely to be generalizable to many individuals living with IBS. This is further supported by
the proportion of individuals with each IBS subtype, which is similar to other community
based surveys. !3® We used an online questionnaire, meaning data collection was near
complete for many of the variables of interest. External validation of the Rome III and Rome
IV latent class models in a different cohort of patients was not possible because no suitable
data were available. In lieu of this, we were able to internally validate both models instead, in
order to understand how they might apply to other groups of patients with IBS.

Weaknesses of the study include the fact that we did not confirm the diagnosis of IBS
in all individuals in this study by looking at their medical records. This means that we relied
on the fact that the people who took part believed that they had IBS as a means of confirming
a diagnosis. This may have led to us including some people with disorders other than IBS,
which may have different symptom profiles, and this may have affected the extent to which
the results of our LCA are indicative of true IBS subgroups. However, given that almost 80%
of those who responded did meet the Rome III criteria for IBS, more than 95% had
previously seen a primary care physician with their IBS, and almost 60% had seen a
gastroenterologist, we do not feel this is likely to have affected our results to any great
degree. As the questionnaire we used was completed online, after visiting a website, we are
unable to assess how many individuals visited the website but chose not to complete the
questionnaire, or whether those who responded are broadly representative of all the people
with IBS registered with these three organizations. In addition, because of the setting in
which our study was conducted, and the fact that participants had to have internet access and
be motivated to participate, they may not be generalizable to patients consulting with a
gastroenterologist in secondary or tertiary care. However, given that almost 60% had

previously consulted in this setting, we feel this is unlikely. Whether these subgroups are
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stable, or fluctuate naturally, or with treatment, cannot be addressed in a cross-sectional
survey such as this. Finally, we did not collect data to measure impact of symptoms, either
gastrointestinal or psychological, on quality of life, so although it could be assumed that those
in the groups with a higher psychological burden had worse quality of life, this is speculative.
To our knowledge, there have been only three previous studies examining approaches
other than stool pattern to subgrouping people with IBS. 3!~ In the first of these studies,
there appeared to be six distinct subgroups of people with Rome IlI-defined IBS; those whose
symptoms were predominantly intestinal, including diarrhea, constipation, or abdominal pain,
and who had only minimal psychological distress, and those for whom IBS symptoms were
part of a broader picture, which included anxiety, depression, and extra-intestinal symptom
reporting. *' This Swedish study, however, included only 172 patients in tertiary care, so the
findings may not be generalizable to the majority of people with IBS, who are seen in a
primary or secondary care setting. In a second study conducted by the same group, again IBS
subgroups characterized by a combination of gastrointestinal and extra-intestinal symptoms
were identified, but these were not consistent between Rome ITI and Rome IV criteria. 3> The
authors identified seven subgroups for Rome III-defined IBS, but only five with Rome IV.
The latter were less distinct, with a preponderance of mixed-symptom profiles. Moreover,
and in contrast to our study, this was a population-based cross-sectional survey, which
classified participants as having IBS solely based on whether their responses fulfilled the
Rome criteria, rather being included because they reported having IBS, or had received a
diagnosis of IBS. The final study used an advertisement to recruit 332 patients who had
received a diagnosis of IBS, and analysis of data concerning gastrointestinal symptoms,
extra-intestinal symptoms, and IBS-related QoL identified four subgroups. ** Two subgroups
had low overall symptoms and were differentiated based on having either good or moderate

QoL. The other two subgroups had high overall symptoms, with or without diarrhea, and
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were further differentiated based on having poor or moderate QoL. This study defined IBS
according to either the Rome II or Rome III criteria, but combined all participants together
for analysis, so it is unclear how use of these different symptom-based definitions of IBS
might have affected the characteristics of the subgroups.

Despite differences in their patient populations, and the variables used to define
symptoms, all the studies conducted thus far have demonstrated that people with IBS appear
to separate into distinct subgroups based on more than just stool form or frequency. The
number of subgroups, however, and their precise characteristics, differs between studies. In
part, this reflects differences in the choice of variables to be included in the model. Choosing
different variables will change the results, a limitation of any such modelling analysis, which
is why it is important to select relevant variables with a clear rationale. Although distinct IBS
subgroups constructed using clinical symptoms, symptom severity, and psychological
symptoms appear to exist, whether they are reproducible in other patient cohorts is unknown.
This study is the first to demonstrate that the same IBS subgroups are reproducible
irrespective of whether IBS is defined according to the Rome III or Rome IV criteria. This
might partly reflect the overlap between the Rome III and Rome IV cohorts. However,
previous studies, which also had similarly overlapping groups, failed to demonstrate this
consistency. 3> Moreover, we validated the subgrouping model, demonstrating it could be
expected to perform similarly if it were applied to a different cohort of patients with IBS.
This is important because it suggests that we have not derived a model that is too specific and
“overfitted” to the data, a risk in previous studies where model validation has not been
undertaken. 3!33

As all of these studies are cross-sectional in design, and in the absence of follow-up
data, whether these subgroups can be used to guide treatment for the individual patient with

IBS is uncertain. °' Nonetheless, examining the diverse characteristics of the individuals
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within the seven clusters identified in this study, which look beyond gastrointestinal
symptoms, it becomes easier to understand why response to a drug targeted against a
predominant stool form or frequency is so variable in clinical practice. It also supports the
MDCP approach proposed by the Rome Foundation, but indicates that, rather than simply
acting as a guide to clinicians for managing an individual patient, it could be more effective if
incorporated formally into the stratification of all patients with IBS. This view is supported
by a recent discussion paper, suggesting that conditions such as IBS should be classified as
“functional somatic disorders”, occupying a neutral territory between being considered purely
somatic or purely mental. 32 Such a classification system aligns with the etiological construct
that these disorders reflect the complex interaction between brain and body. Indeed, the
results of our study indicate that some people are likely to respond well to drugs targeting
their most troublesome gastrointestinal symptom, some may benefit from instituting a
psychological therapy early on in their disease course and, in others, a combined approach
targeting both physical and psychological symptoms may be more effective. People in cluster
3 could be provided with education about the condition and lifestyle advice, >3 cluster 1 or 7

55 cluster 2 a

treated with a drug targeting diarrhea or constipation, respectively,
psychological therapy, such as CBT, cluster 4 or 5 a drug targeting diarrhea or constipation,
in combination with a central neuromodulator or psychological therapy to address pain and
mood, 3® and cluster 6 augmentation of a central neuromodulator with a psychological
therapy, a successful strategy in other functional somatic disorders, such as chronic headache
and fibromyalgia. 3 This is supported by a recent observational study, which suggested that
female patients with high somatization and depression should be prioritized for brain-gut
psychological therapies. 3

Overall, therefore, we believe that stratifying patients into these clusters has the

potential to change the management paradigm for IBS, facilitating a more personalized
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approach to treatment, by allowing clinicians to select the best treatment, or treatments, at the
earliest opportunity for any individual patient. We therefore need to understand whether
these clusters predict underlying pathophysiological mechanisms in IBS and, more
importantly, whether they can be used to tailor treatment. The latter could be achieved in
collaboration with other investigators by examining clinical trial datasets retrospectively to
assess whether these subgroups predict response to a particular drug or psychological
therapy. This study also provides guidance for a minimum dataset that future treatment trials
in IBS should collect, to identify subgroups of patients who will respond best to a particular
treatment. Lastly, given that our findings support the Rome Foundation’s MDCP, it may be
that future iterations of the Rome criteria consider incorporating the assessment of mood and
extra-intestinal symptom reporting as part of their approach to subgrouping.

In summary, we show that, irrespective of whether IBS is defined according to the
Rome IIT or Rome 1V criteria, people with IBS could be divided into seven distinct and
reproducible clusters. These were differentiated according to the presence of certain
gastrointestinal symptoms, including stool form or frequency, and abdominal pain that was
not relieved by defecation, as well as by the presence of extra-intestinal symptoms and
abnormal mood. If these novel subgroups are reproducible in other settings, and are shown to
predict response to specific therapies that are available to treat IBS, they could then be
utilized to personalize treatment. This has the potential to change clinical practice by
allowing gastroenterologists and patients to select the right therapy based on these subgroups,
leading to improved symptom control, higher levels of patient satisfaction, better quality of
life, and reduced health service and societal costs of managing IBS. In addition, for people
whose IBS symptoms form part of a broader picture that includes substantial psychological
co-morbidity, the subgroups could be used to prioritize access to psychological therapies, or

to make the decision to institute combined therapy with both a drug and a psychological
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therapy. Earlier use of psychological therapies in these particular subgroups of people, rather

than after pharmacological therapies have failed, as is currently recommended, >* may change

the natural history of the condition.
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FIGURE LEGENDS

Figure 1. Latent Class Analysis in a Cohort of People with Rome IV IBS.

Figure 2. Profiles of the Seven Latent Class Clusters Identified in the Rome IV Cohort.

Cluster 1: Diarrhea and urgency with low psychological burden.

Cluster 2: Low overall gastrointestinal symptom severity with high psychological burden.
Cluster 3: Low overall gastrointestinal symptom severity with low psychological burden.
Cluster 4: Diarrhea, abdominal pain, and urgency with high psychological burden.
Cluster 5: Constipation, abdominal pain, and bloating with high psychological burden.

Cluster 6: High overall gastrointestinal symptom severity with high psychological burden.

0" WO N

Cluster 7: Constipation and bloating with low psychological burden.

BM: bowel movement; SOB: shortness of breath; TATT: tired all the time.
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Table 1. Comparison of Demographic Data, IBS Symptom Severity, and Psychological

Comorbidity Between the Rome III and Rome IV Cohorts.

Rome III cohort” Rome IV cohort'
P value?
(n =1080) (n =811)
Mean age (SD) 48.4 (15.3) 47.4 (15.2) <0.001
Female (%) 915 (84.7) 697 (85.9) 0.06
IBS after acute enteric infection (%) 147 (13.6) 106 (13.1) 0.40
Seen a primary care physician with IBS (%) 1031 (95.5) 778 (95.9) 0.22
Seen a gastroenterologist with IBS (%) 620 (57.4) 492 (60.7) <0.001
Mean IBS-SSS score (SD) 265 (102) 292 (96) <0.001
Mean PHQ-12 score (SD) 9.6 (4.3) 10.3 (4.3) <0.001
Mean HADS-A score (SD) 10.4 (4.7) 11.0 4.7) <0.001
Mean HADS-D score (SD) 7.1 (4.5) 7.6 (4.5) <0.001
Mean CPSS score (SD) 20.5 (8.3) 21.6 (8.2) <0.001
Mean VSI score (SD) 47.6 (17.5) 50.7 (16.8) <0.001

*Includes 794 individuals who also met the Rome IV criteria for IBS.

+Includes 17 individuals who did not meet Rome III criteria for IBS.

1P value for overlapping samples #-test for continuous data and overlapping samples z-test

for comparison of proportions.
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Table 2. Characteristics of Latent Class Clusters in the Rome IV Cohort.

Cluster 4

Cluster 5

Cluster 2 Cluster 3 Cluster 6
Cluster 1 Diarrhea Constipation Cluster 7
. Low overall GI | Low overall GI L P o High overall L.
Diarrhea and abdominal abdominal Constipation
. symptom symptom . . GI symptom .
urgency with . . . . pain, and pain, and . . and bloating
severity with severity with . . . severity with . *
low . urgency with bloating with . with low P value
sychological high low high high high sychological
psy g psychological psychological g . g . psychological psy g
burden psychological psychological burden
burden burden burden
(n = 161) burden burden (n = 59)
- =17 =1 =71 -
(n=170) (n =165) (n = 154) (n=31) (=71
Mean age (SD) 51.7 (15.5) 44.6 (15.2) 49.3 (16.7) 45.3 (13.1) 40.7 (12.9) 46.9 (13.8) 47.6 (14.3) <0.001
Female (%) 140 (87.0) 141 (82.9) 129 (78.2) 139 (90.3) 31 (100.0) 62 (87.3) 55(93.2) 0.003
Seen a
gastroenterologist 92 (57.1) 104 (61.2) 97 (58.8) 98 (63.6) 18 (58.1) 48 (68.6) 35 (59.3) 0.726
with IBS (%)
High VSI scores (%) 46 (28.6) 80 (47.3) 32 (19.5) 87 (56.5) 23 (74.2) 53 (75.7) 10 (16.9) <0.001
(Pf;g)h CPSS scores 18 (11.2) 81 (47.6) 20 (12.1) 86 (56.2) 18 (58.1) 57 (80.3) 10 (16.9) <0.001
(4
Severe symptoms on
IBS-SSS (%) 63 (39.4) 87 (51.2) 27 (16.4) 90 (58.4) 25 (80.6) 63 (88.7) 24 (40.7) 0.001
Subtype on BSFS
IBS-C (%) 6 (3.7) 37 (21.9) 20 (12.1) 3(1.9) 26 (83.9) 2 (2.8) 48 (81.4)
IBS-D (%) 101 (62.7) 40 (23.7) 58 (35.2) 88 (57.1) 2 (6.5) 19 (26.8) 3(5.D)
IBS-M (%) 50 (31.1) 87 (51.5) 77 (46.7) 61 (39.6) 3(9.7) 46 (64.8) 7 (11.9)
IBS-U (%) 4(2.5) 53.0) 10 (6.1) 2 (1.3) 0 (0.0) 4 (5.6) 1(1.7) <0.001
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IBS after acute
enteric infection (%)

21 (13.0)

19 (11.2)

30 (18.2)

15 (9.7)

6 (19.4)

12 (17.1)

3(6.1)

0.083

BSEFS: Bristol stool form scale; GI: gastrointestinal; IBS-SSS: irritable bowel syndrome symptom severity score; CPSS: Cohen

perceived stress scale; VSI: visceral sensitivity index.

*P value for Pearson > for comparison of categorical data and one-way ANOVA for comparison of means.




