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Abstract (260 words)  

 

Background: Irritable bowel syndrome (IBS) is a pain disorder classified by bowel habits, 

disregarding other factors that may influence the clinical course. The aim of this study was to 

determine if IBS patients can be clustered based on clinical, dietary, lifestyle, and psychosocial 

factors. 

 

Methods: Between 2013-20, Mayo Clinic Biobank surveyed and received 40,291 responses to a 

questionnaire incorporating Rome III criteria. Factors associated with IBS were determined and, 

latent class analysis, a model-based clustering, was performed on IBS cases.  

 

Results: We identified 4,021 IBS patients (mean 64 years; 75% female) and 12,063 controls. 

Using 26 variables separating cases from controls, the optimal clustering revealed seven latent 

clusters. These were characterized by perceived health impairment (moderate or severe), 

psychoneurological factors, and bowel dysfunction (diarrhea or constipation predominance). 

Health impairment clusters demonstrated more pain, with “severe” cluster also having more 

psychiatric comorbidities. The next three clusters had unique enrichment of psychiatric, 

neurological or both comorbidities. The bowel dysfunction clusters demonstrated less abdominal 

pain, with diarrhea cluster most likely to report pain improvement with defecation. Constipation 

cluster had the highest exercise score, consumption of fruits, vegetables, and alcohol. The 

distribution of clusters remained similar when Rome IV criteria were applied. Physiologic tests 

were available on a limited subset (6%), and there were no significant differences between 

clusters. 

 

Conclusions: In this cohort of older IBS patients, seven distinct clusters were identified 

demonstrating varying degrees of GI symptoms, comorbidities, dietary, and lifestyle factors. 

Further research is required to assess whether these unique clusters could be used to direct 

clinical trials and individualize patient management.  

 

Keywords: severity; psychosocial; disorders of gut-brain interaction; pain; comorbidities 
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Introduction 

Irritable bowel syndrome (IBS) is a disorder of gut-brain interaction characterized by abdominal 

pain related to defecation and changes in the consistency and/or frequency of bowel movements. 

IBS has a high global prevalence (7-21%); and peripheral (increased intestinal permeability, 

visceral hypersensitivity, dysmotility) and central (altered brain signaling, disrupted coping) 

mechanisms play a role in its pathophysiology.1 While co-morbidities, diet, and lifestyle 

influence the mechanisms and clinical course, these factors are overlooked in the current 

classification paradigm.2 The Rome Foundation created the concept of Multi-Dimensional 

Clinical Profile (MDCP) to help capture the clinical spectrum of IBS but it has not gained broad 

clinical or research utility.3  

 

The IBS-symptom severity scale (IBS-SSS), the most widely used scoring system for severity, 

captures abdominal pain, distension, bowel dysfunction, and quality of life/global well-being.4 A 

study found that the IBS-SSS is not unidimensional and subgroups of IBS patients were variably 

influenced by components of IBS-SSS.5 In addition to psychiatric conditions, musculoskeletal 

and neurological comorbidities are common in IBS.6, 7 Additionally, there is an expanding 

understanding for the role of diet in the pathophysiology of IBS.8 A recent study showed that 

27% of IBS patients were following restrictive diets, which was associated with greater IBS 

symptom severity.9 Lastly, a few studies have inversely associated physical activity with IBS 

symptom severity.10, 11 There is a paucity of large studies that incorporate complex dimensions of 

diet, exercise, and comorbidities noted in IBS patients. We hypothesized that IBS patients can be 

segregated into subsets that go beyond the conventional categories driven by predominant bowel 

habits.  

 

The aims of this study were to determine (a) clinical, dietary, lifestyle, and psychosocial factors 

associated with IBS, (b) whether latent-class analysis can predict clusters within IBS, based on 

these factors, and (c) if sensory-motor testing provides mechanistic insight of patients 

characterized by the clusters. 

 

Methods 

Study design and population 
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Data collection  

The Biobank recruited adult patients scheduled for appointments between 2009-2015.12, 13 This 

study utilized responses from the first follow-up survey administered via mail 4 years post-

enrollment. A total of 40,291 individuals (of 54,584 eligible) responded to the survey (74% 

response rate). Non-responders were mailed a follow-up packet at one and two months after first 

mailing. The questionnaire recorded demographic information; perceptions of general, mental, 

and social health; diagnoses of any mental, neurologic, rheumatologic, gastrointestinal (GI), or 

gynecologic disorders; dietary and lifestyle practices; and Rome III IBS. The data were collected 

under Biobank IRB #08-007049 and study IRB #21-008816. All participants provided informed 

consent.  

 

Identification of IBS cases and controls  

The Rome III criteria was used to define IBS cases and those with diagnosed or self-reported 

disorders that may mimic IBS symptoms were excluded. These are detailed in the 

supplementary methods. Gender and age-matched (± 5 years) controls (3 per case) without any 

of the Rome III criteria were identified. 

 

Factors associated with IBS 

Variables were chosen to explore specific lifestyle/dietary behaviors (e.g., smoking, alcohol, 

high-fat diet, fruits, vegetables, regular and diet soft-drink consumption, and weekly leisure 

activity score (WLAS)) and co-morbid conditions (e.g., migraine and endometriosis). 

Furthermore, the six Rome III variables (abdominal pain frequency, abdominal pain that 

decreased with defecation, frequent bowel movements, loose stools, less frequent bowel 

movements, hard stools) were also included. 

 

Physiologic tests 

Electronic medical records were searched to abstract GI transit studies and/or anorectal 

manometry (ARM) with rectal sensitivity testing on the IBS subjects. 

 

Statistical analysis  
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We performed latent class analysis (LCA) using the poLCA package14 in RStudio (version 4.1.2 

(2021-11-01) R Foundation for Statistical Computing, Vienna, Austria) to identify clusters of 

subjects within the IBS cohort.15 LCA is a mixture model that assumes a population can be 

divided into mutually exclusive and exhaustive latent classes based on probability distributions 

of one or more underlying variables. Multiple solutions are tested for any given number of 

clusters and statistically evaluated to determine the best fit of the model and the optimal number 

of clusters16. Conditional logistic regression was used to determine factors significantly 

associated with the IBS status. These and other clinically relevant variables were included in the 

LCA. All observations were included in the LCA regardless of missing values in manifest 

variables. The proportion of individuals with missing data for each variable is presented in 

Supplementary Table 1. In order to analyze the data structure with the least number of classes, 

LCA was conducted from two (most parsimonious) to 11 clusters. Because the estimated models 

were non-nested, the Bayesian Information Criterion (BIC) model selection strategy was 

adopted, with the optimal model being the one with lowest BIC. 

 

Subjects were grouped into "clusters" using the vector assignment of predicted class 

memberships. After determining the optimal number of latent clusters, z-scores for each variable 

were calculated, which represents the distance from the cohort mean for that variable. These 

were calculated by adjusting each variable's cluster mean to the cohort mean and standard 

deviation. Comparison of clusters with respect to characteristics and variables was done using 

analysis of variance followed by Tukey post-hoc testing. χ2 was used for comparing the 

categorical variables.  

 

Results 

Study cohort  

Of 40,291 respondents to the Biobank questionnaire, 5,005 subjects met Rome III criteria for 

IBS. After applying exclusion criteria, 4,021 IBS subjects (9.9% prevalence among survey 

responders) were eligible for analysis and were compared with 12,063 matched controls. The 

mean age of cases was 63.6 years (18–86 years), and 3,011 (75%) were female. The cohort 

consisted of 1,280 patients with IBS-D (32%), 1,021 with IBS-C (25%), 1,597 with IBS-M 

(40%) and 81 with IBS-U (2%). 1% IBS subjects could not be subtyped due to incomplete data.   
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Factors associated with IBS status 

The IBS patients had greater perceived health impairment, greater psychiatric diagnoses, and 

comorbidities like fibromyalgia, endometriosis, migraines, and other neurological disorders. 

They were more likely to be current smokers, consume high-fat food, and soft-drinks but less 

likely to consume fruits, vegetable, and alcohol (Supplementary Table 2). The top ten variables 

with strongest association with IBS status (by smallest P-value) were identified. Any pain in the 

last seven days (OR=1.41) and perceived impairment overall health (OR=2.42) were found to be 

most significantly associated (P<0.001 for both). These were followed by perceived impairment 

in social health, mental health, reported diagnosis of fibromyalgia, any rheumatologic disorder, 

any mental health disorder, anxiety, depression, and any neurologic disorder (P<0.001 for all). 

The three IBS subtypes were compared (Supplementary Table 3).  

 

IBS clustering using latent class analysis 

In addition to the top ten significant variables identified, 16 additional variables were selected for 

their relevance to the clinical course of IBS. The variables that were included in model along 

with their ORs are listed in Table 1. The LCA included a total of 4,015 IBS subjects because six 

were lost to an update of their medical record number. The best LCA solution was achieved with 

seven clusters (BIC=210204.1) (Supplementary Figure 1). The seven clusters were 

distinguished by GI symptoms, lifestyle behaviors, and prevalence of extra-intestinal somatic 

and psychological comorbidities. Figure 1 shows radar plots demonstrating the z-scores of each 

variable for each cluster. 

 

Clusters with greater perceived impairment in overall health 

 

Cluster 1 (Moderate impairment in health): This cluster comprised 17% (n=689) of the IBS 

cohort and had the lowest proportion of females (62%). The cluster most closely approximated 

the z-score means for the overall IBS cohort (Table 2, Figure 1A). These patients had moderate 

perceived impairment in overall and social health. They had slightly above average scores for 

any pain in the last seven days (mean 4.1, SD 2.1, P<0.05 compared to last five clusters). This 
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cluster had much lower psychiatric comorbidities, migraines, and neurological disorders than the 

average for the IBS cohort. Vegetable, fruit, and alcohol consumption was lower while 

consumption of high-fat foods was higher. Lastly, WLAS of this cluster was below the IBS 

cohort mean.  

Cluster 2 (Severe impairment in health): This cluster comprised 16% (n=665) of the IBS 

cohort and was characterized by severe perceived impairment in overall, mental, and social 

health. These patients also reported highest scores for any pain in last seven days (mean 5.8, SD 

2.0, P<0.05 compared to other six clusters) (Figure 1A). Moreover, anxiety, depression, any 

mental health disorder, endometriosis, fibromyalgia, and any rheumatologic disorder were more 

prevalent. This cluster had above average scores for regular soft drink consumption and highest 

smoking prevalence. Abdominal pain was also highest (mean 4.6, SD 1.1) and least likely to 

improve with defecation (mean 1.6, SD 1.1), P<0.05 compared to other clusters for both. 

Vegetable, fruit, alcohol consumption, and WLAS were the lowest for this cluster. 

Clusters with greater prevalence of psycho-neurological diagnoses 

Cluster 3 (Increased psychoneurological burden): This cluster comprised 10% (n=428) of the 

IBS cohort and was defined by above-average scores for psychiatric diagnoses: anxiety, 

depression, or any other mental health disorder as well as migraine and any neurologic disorder 

(Figure 1B). This cluster contained a significantly higher proportion of women (91%, P<0.05 

compared to other six clusters) and was the youngest of all the clusters (58 years). The remaining 

variables were close to the IBS cohort means.  

Cluster 4 (Increased psychiatric burden): This cluster was the largest by proportion (20%, 

n=793) and was defined by above-average scores for psychiatric diagnoses: anxiety, depression, 

or any other mental health disorder but below average scores for migraine and any neurologic 

disorder (Figure 1B).  

Cluster 5 (Increased neurological burden): This cluster comprised 11% (n=451) of the cohort 

and had the second highest proportion of women (86%).  This cluster had higher prevalence of 

migraine and any neurologic disorder but, below-average scores for psychiatric diagnoses 

(anxiety, depression, or any other mental health disorder) (Figure 1B).  
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Clusters with predominant bowel dysfunction 

Cluster 6 (Diarrhea predominance): Twelve percent (n=493) of the IBS cohort was classified 

into this cluster, characterized by a higher proportion of patients with loose and frequent bowel 

movements (Figure 1C). Abdominal pain was lower in this cluster than the IBS cohort mean 

(mean 3.9, SD 0.9 vs 4.2, 1.1, P<0.05). However, abdominal pain improvement with defecation 

was more likely in this cluster (mean 2.3, SD 1.2, P<0.05 compared to the prior five clusters).  

Seventy five percent (n=370) of individuals in this cluster met Rome III criteria of IBS-D. The 

cluster had above-average WLAS mean whereas, the scores for co-morbidities like 

endometriosis, migraine, any neurologic disorder, and fibromyalgia were very low in this cluster 

(Table 2).  

Cluster 7 (Constipation predominance): The seventh cluster (12% of the cohort, n=487) was 

characterized by a higher proportion of patients with hard and a less frequent bowel movements 

(Figure 1C). Similar to the diarrhea cluster, abdominal pain was lower than the IBS cohort mean 

in this cluster (mean 3.8, SD 1.0 vs 4.2, 1.1, P<0.05). Also, this cluster perceived a significantly 

lower impairment of overall, social, or mental health and a lower prevalence of neuropsychiatric 

diagnoses. Only 56% (n=274) of individuals in this cohort met Rome III criteria of IBS-C. These 

patients had the highest WLAS in relation to other clusters (mean 2.6, SD 0.7, P<0.05 compared 

to other six clusters). The cluster had high scores for fruit, vegetable, and alcohol consumption. 

Similar to the diarrhea predominance cluster, the scores for co-morbidities were very low.  

Figure 2 provides a visual path to compare the cluster-specific symptom profiles and co-morbid 

conditions. 

 

Distribution of IBS symptoms in the seven clusters 

We compared the Rome III IBS symptoms among the seven clusters (Figure 3). In clusters with 

moderate impairment and severe impairment in health, 37% and 38%, respectively, reported 

abdominal pain 1 day/week, while for the remaining five clusters, the most common response 

was 2-3 days/month. For the abdominal pain improvement with defecation variable, the first five 

clusters had 35-47% individuals responding as “sometimes” making it the most common 

response. However, for the diarrhea and constipation predominant clusters, ~33% individuals 
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responded as “most of the time”, making it the most common response. In diarrhea predominant 

cluster, frequent and loose stools variables was “most of the time” in 31% and 35%, respectively. 

For constipation predominant cluster, the most common response for infrequent and hard stools 

variables was “sometimes” (40% and 48%, respectively).  

 

Subset analysis of sensorimotor profiles of the 7 clusters 

Within the IBS cohort, 246 underwent ARM (6%), 217 gastric emptying (5.4%), 108 small 

bowel transit (2.7%), and 91 colonic transit studies (2.3%). The severe perceived impairment 

cluster was much more likely to undergo testing compared to the other 6 clusters (11% vs 3-6%). 

The ARM or the GI transit variables showed no significant difference between the clusters 

(P>0.05 for all) (Table 3).  

 

Putative classification using Rome IV  

One of the key changes in the Rome IV criteria is threshold for frequency of abdominal pain (1 

day/week vs 2-3 days/month with Rome III). Sixty percent (n=2,402) would have met Rome IV 

pain criteria along with the bowel criteria. The mean age for this cohort was 63 years and 75% 

were female. Furthermore, the distribution of IBS subtypes was comparable to the Rome III 

cohort (32% were IBS-D; 24% IBS-C; 41% IBS-M and 3% IBS-U). Lastly, the distribution of 

Rome IV characterized patients in the seven identified clusters also remained broadly the same 

as the presented Rome III (cluster 1:19%, 2:20%, 3:10%, 4:19%, 5:11%, 6:11% and 7:9%).   

Discussion 

Amongst 4,015 well-characterized IBS patients, seven unique latent clusters were identified. 

Two clusters (constituting 34% of patients) had greater perceived impairment in health, moderate 

in one and severe in the other. These patients had greater pain but not significant bowel 

dysfunction. Three clusters (42% of patients) were predominated by neuropsychological 

complaints but not enriched for pain, bowel dysfunction or perceived impairment in health. Last 

two clusters (24% of patients) showed enrichment for bowel dysfunction with lower than 

average perceived health impairment and other comorbidities. These findings provide novel 
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insight into the IBS symptom experience beyond the subtyping based on bowel habits or IBS-

SSS.  

There is a knowledge gap in the precise understanding of GI symptom variability, perceived 

health impairment, and how these factors relate to specific comorbidities, diet, and exercise 

patterns in IBS patients. Our current paradigms for clinical trial design capture a limited 

spectrum of disease experience. The clusters identified demonstrate features that help understand 

disease heterogeneity and optimize clinical care for IBS. The first two clusters have greatest 

abdominal pain, highest perceived health impairment, and least bowel dysfunction; however, a 

diverse spectrum for the remaining variables. The severe impairment cluster had significantly 

more psychiatric comorbidities, and pain beyond abdominal pain (migraines, fibromyalgia and 

“any pain”). It also reported the least improvement in pain with defecation. Thus, it likely 

represents the tertiary care group of patients with chronic and disabling pain with an overlap of 

psychiatric comorbidities. The next three clusters pivoted towards variable representation of five 

diagnoses (anxiety, depression, any mental disorder, migraines, and any neurological disorder), 

while having similar bowel symptomatology. Despite the high prevalence of psychiatric 

comorbidities, the perceived impairment of health and pain was less than the IBS cohort mean. 

The last two clusters were clearly dominated by bowel habits (diarrhea or constipation). 

Interestingly, the perceived health impairment, psychiatric, and other comorbidities were 

significantly lower in these two clusters. Both clusters had higher alcohol consumption and 

exercise frequency than the rest, particularly the constipation cluster. The constipation cluster 

had the highest fruit and vegetable consumption of all clusters and one of the lowest 

consumptions of high-fat foods and soda. It is possible that patients in this cluster modified their 

diet to help alleviate the constipation symptoms. These bowel dysfunction clusters likely reflect 

the primary/secondary care IBS patients with less pain, lower comorbidities, and greater 

engagement with dietary changes and exercise.  

Some previous studies have investigated methods of subgrouping IBS patients beyond the stool 

pattern.17-19 Using 172 tertiary care IBS patients Polster et al., identified six subgroups based on 

GI, psychiatric, somatic, and cardiovascular symptoms.17 Another study by the same group using 

psychiatric and GI symptoms, identified seven clusters for Rome III (n=637), and five for Rome 

IV IBS (n=341).18 They found that subgroups with a high prevalence of extra-intestinal and 
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psychological symptoms used healthcare and medications frequently. This was also observed in 

our second cluster, which had the largest proportion of patients undergoing physiological testing. 

In a recent larger study by Black et al., self-identified IBS subjects from the community also 

fitted into a seven-cluster model.19 These were diarrhea/urgency or constipation/bloating each 

with low and high psychological burden, less GI symptoms with low or high psychological 

burden and more GI symptoms along with higher psychological comorbidity. These studies have 

limitations of smaller cohorts of patients, lack of assessment of important medical comorbidities 

(neurological, gynecological, rheumatological), diet, and lifestyle variables which are known to 

affect the clinical course of IBS. For example, our study reveals two clusters uniquely 

differentiated by having migraines and neurological diagnoses, one with and one without added 

psychiatric diagnoses. The patients in these clusters are best suited for neurological work-up and 

potentially benefit from treatments suited for abdominal migraines.20, 21 Our study also reveals 

that contrary to general belief, only 46% of IBS patients have a high burden of psychiatric 

diagnoses and only 16% had significant abdominal and overlapping pain. These groups may 

need targeted interventions with neuromodulators or psychotherapy. The bowel dysfunction 

predominant clusters (24% patients) have less abdominal pain and more likely to have pain 

improvement with defecation compared to the other five clusters, which questions the paradigm 

suggested by the FDA in which a target drug must meet the pain and bowel dysfunction criteria. 

The variability in dietary responses between the clusters was less than the other variables; 

however, the severe health impairment cluster endorsed most smoking, use of non-diet soft 

drinks and the least alcohol. It is plausible that high sugar consumption may play a role in 

exacerbating their symptoms and they may be smoking to alleviate their symptoms. In contrast, 

the bowel dysfunction clusters have the most alcohol and vegetable consumption, particularly in 

the constipation cluster. These findings suggest that integration of GI care with neurological, 

psychiatric, dietary and lifestyle care in specific subsets of IBS patients can plausibly result in 

better patient outcomes.  

Our study has some limitations. Compared to the geographic populations, Biobank participants 

tend to be better educated, have lower BMI and were more likely to self-report their race as 

white.12, 13 Our IBS cohort is likely to represent the general population of IBS patients because 

subjects were not chosen for any specific disease or condition or based on GI complaints. The 
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population enrolled was older than the typical large IBS cohorts and IBS was not confirmed by a 

clinician. The cross-sectional nature of the study precludes determination if the associations 

studied influenced GI symptoms or vice versa. Another limitation is the questionnaire did not 

capture complete dietary information, which results in limited interpretation of dietary factors. 

However, it captured exercise data well, allowing us to calculate the validated WLAS.22 Lastly, 

the absence of IBS-SSS data limits contrasting these clusters against established score for 

symptom severity. 

In conclusion, we have demonstrated that a combination of GI symptoms, medical, and 

psychiatric comorbidities, dietary, and lifestyle factors allows clustering of IBS patients into 

distinct subgroups. These findings provide important insights into the heterogeneity of IBS and 

imply that significant bowel dysfunction, the primary input for clinical care and research, may 

only be present in a subset and may not cause remarkable impairment in QoL. Secondly, these 

findings demonstrate the presence of highly specific subgroups, which have comorbidities like 

migraines or fibromyalgia, raising questions about overlapping mechanisms that may underlie 

these disorders in those clusters. Finally, the findings question the paradigm of expecting 

improved QoL for IBS patients by simply targeting bowel dysfunction or abdominal pain. Future 

prospective studies should validate these findings in larger cohorts and investigate the possibility 

of directing clinical trials towards the unique IBS subsets characterized by this clustering. 

Ultimately, these findings emphasize the importance of recognizing clinical profiles that go 

beyond GI symptoms in clinical decision-making and personalizing treatment for IBS patients.23   
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Figure legends 

 

Figure 1. Radar plots showing seven latent clusters (A) Clusters with moderate or severe 

impairment in perceived health (B) Clusters with increased psychoneurological, psychological or 

neurological burden (C) Clusters with diarrhea or constipation predominance. Dark circles 

represent adjusted IBS cohort mean.   

Figure 2. Heatmap contrasting the z-scores for various variables in the seven latent 

clusters. The clusters represent variable influence of perceived impairment in health, psychiatric 

diagnoses, bowel symptoms, dietary and lifestyle behaviors, and comorbidities. Z-scores -0.5 to 

1.5.   

Figure 3. Distribution of responses on the Rome III questions for the seven latent clusters 

(A) Abdominal pain frequency (B) Improvement of abdominal pain with defecation (C) Frequent 

bowel movements (D) Loose stools (E) Less frequent bowel movements (F) Hard stools 

 

 

Table legends 

 

Table 1. Selected variables used in latent class analysis  

Table 2. Comparison of clusters with respect to characteristics and variables input using analysis 

of variance (ANOVA) followed up by pairwise comparisons of all clusters using post hoc t tests 

and Tukey correction for multiple testing  

Table 3. Gastrointestinal transit and anorectal manometry (ARM) assessments in the seven IBS 

clusters  
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