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Abstract

Introduction: Irritable bowel syndrome (IBS) is a common disorder of gut-brain interaction, 

characterized by symptoms of abdominal pain and changes in bowel habits. It often co-occurs 

with extra-intestinal somatic and psychological symptoms. However, the nature of the inter-

relationships among these symptoms is unclear. Although prior studies have noted age differences 

in IBS prevalence and specific symptom severity, it remains unknown whether specific symptoms 

and symptom relationships may differ by age.

Methods: Symptom data were collected in 355 adults with IBS (mean age 41.4 years, 86.2% 

female). Network analysis was used to examine the inter-relationships among 28 symptoms and 

to identify the core symptoms driving the symptom structure between young (≤ 45 years) versus 

older (> 45 years) adults with IBS. We evaluated three network properties between the two age 

groups: network structure, edge (connection) strength, and global strength.

Results: In both age groups, fatigue was the top core symptom. Anxiety was a second core 

symptom in the younger but not the older age group. Intestinal gas and/or bloating symptoms 

also exerted considerable influences in both age groups. The overall symptom structure and 

connectivity were found to be similar regardless of age.

Conclusion: Network analysis suggests fatigue is a critical target for symptom management in 

adults with IBS, regardless of age. Comorbid anxiety is likely an important treatment focus for 

young adults with IBS. Rome V Criteria update could consider the importance of intestinal gas 
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and bloating symptoms. Additional replication with larger diverse IBS cohorts is warranted to 

verify our results.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a common disorder of gut-brain interaction (DGBI), 

characterized by chronic, recurrent abdominal pain/discomfort associated with defecation 

or a change in bowel habits (1). Currently, the pathophysiology of IBS is considered 

heterogeneous with interacting biological, psychological and environmental factors 

contributing to fluctuations in symptoms and their severity. A significant subgroup of 

individuals with IBS also experience a variety of co-morbid symptoms some of which are 

considered gastrointestinal (e.g., nausea, bloating) but others such as fatigue, anxiety, poor 

sleep, headache, and backache may represent a more systemic pathophysiology, that may 

be related to hypervigilance, increased pain sensitivity and/or mood (2). Unmasking the 

inter-relationships among the full range of symptoms profiles in persons with IBS may assist 

in the development of precision interventions.

Although the overlap between IBS abdominal pain and bowel symptoms and other 

symptoms in individuals with IBS is acknowledged, the nature of these relationships (i.e., 

unidirectional or bidirectional) is not well understood. Cluster analysis, factor analysis and 

principal component analysis are common analytic methods used to classify “clustering” 

symptoms, that is, certain symptoms cluster together due to a shared underlying mechanism 

(3). Han et al. (4) used an exploratory factor analysis to classify 26 symptoms in people with 

IBS; 6 symptom clusters (abdominal pain/gas, extra‐intestinal somatic pain, psychological 

distress, upper gastrointestinal, fatigue/miscellaneous, and diarrhea/urgency) were identified. 

While these analytic methods provide an understanding of how IBS symptoms may cluster 

together, whether these symptoms interconnect and which symptoms are most influential 

remains unanswered.

A novel method to assess the complex phenomena of a symptom-based condition is 

network analysis which is a graphical statistical approach to visualize the relationships 

among multiple variables (5, 6). This approach provides an alternative way to visualize 

symptom relationships and determine central (core) symptoms which are hypothesized to 

drive or maintain the network (3, 6). Investigating symptom networks in IBS can help 

elucidate which symptoms are most influential and potentially provide a new avenue for the 

development and/or refinement of symptom management strategies. Furthermore, there is 

the potential that age-related differences may contribute to differences in symptom reports. 

For instance, age-related changes occur in motility, visceral sensitivity, and gut microbiota 

composition, perhaps driven (in women) by decreases in ovarian hormones (7–10). Prior 

studies also have noted age-related differences in IBS prevalence and specific symptom 

severity (11–14). When using an age cutoff of 45 years, it was found that postmenopausal 

women had greater symptom severity and poorer quality of life compared to premenopausal 
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women (11). Thus, there is a need to examine the impact of symptom network structures 

based on age.

Therefore, the first aim of the study was to investigate through network visualization the 

relationships among IBS abdominal pain and bowel symptoms, extra-intestinal somatic, and 

psychological symptoms and to determine core symptoms of persons with IBS. The second 

aim was to examine whether core symptoms and symptom relationships vary by age. Better 

understanding of age differences in core symptoms and symptom relationships potentially 

can provide insight into age-specific symptom interventions.

METHODS

Design and participants

This secondary data analysis used symptom diary data over 28 consecutive days from 

baseline data collection from two randomized controlled trials (Cohort I and II) and a 

cross-sectional study (Cohort III) among adults with IBS who were recruited through 

both community-based advertisements and mailings to patients in a university-based 

gastroenterology practice in the pacific northwest (United States). The procedures and 

methods of these studies are reported in detail elsewhere (15–17). The current analysis 

included a total sample of 355 adults with a healthcare provider diagnosis of IBS (Cohort I 

= 224, Cohort II = 108, Cohort III = 23). Further details are provided in the Supplementary 

Methods.

Measures

The daily symptom diary was initially based on the Washington Women’s Health Diary 

(18). Symptoms were modified to include gastrointestinal symptoms. The daily diary listed 

28 symptoms, i.e., IBS (abdominal pain, diarrhea, constipation), other gastrointestinal (pain 

after eating, abdominal distension, bloating, intestinal gas, flatulence, urgency, cramping, 

nausea, heartburn, stomach pain), somatic (fatigue, sleepiness, diminished sleep quality, 

unrefreshed sleep, hard to concentrate, backache, headache, joint/muscle pain) and mood 

(anxiety, depressive mood, stress, anger, decreased talk and/or move, panic). Every evening, 

participants recorded the severity of symptoms over the past 24 hours for 28 days (over one 

menstrual cycle for women, 4 weeks for men). Symptoms were aggregated as the percent 

of symptomatic days during 28-day diary data collection and higher scores representing 

greater symptom severity and frequency (4, 19–21). Further details are provided in the 

Supplementary Methods.

Statistical analyses

We used RStudio version 3.6.1 to conduct the statistical analyses in four phases: network 

estimation, network inference, network stability and network comparison. All p-values were 

two-tailed and < 0.05 were considered statistically significant.

Networks estimation and visualization—Regularized partial correlation networks 

were used through the application of graphical least absolute shrinkage and selection 

operator (LASSO) algorithm to estimate and visualize IBS symptom networks under the 
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RStudio qgraph package (22). The components of network models include the nodes (i.e., 

symptoms included in the analysis) and edges (i.e., links/connections between nodes). Each 

edge reflects a weighted correlation between two nodes after conditioning all of the other 

nodes in the network, ranging from −1 to 1. We used the graphical LASSO algorithm in 

combination with the Extended Bayesian Information Criterion (EBIC) to remove spurious 

or false positive correlations (edges) from the models in order to make the estimated network 

models more robust and interpretable. In the network model graph, thicker and more 

saturated edges reflect stronger partial correlations between nodes. Furthermore, we chose 

the Fruchterman-Reingold algorithm to layout the networks that places strongly connected 

nodes together, and weakly connected nodes apart (23, 24).

Network inference—We used the RStudio qgraph package to estimate the strength 
centrality to gain the insight into the extent of a node’s connection to other nodes, as 

highly connected nodes were considered to have high importance in the network. Strength 
centrality is presented as a standardized z-scored index, and reflects how strong a specific 

node is directly connected to other nodes through calculating by the sum of the absolute 

values of the edge weights connecting a specific node (25, 26).

Network stability—We used non-parametric bootstrapping methods to examine network 

stability before interpreting the estimated networks. Specifically, we performed RStudio 

bootnet package with α = 0.05 based on 1,000 bootstrap iterations to calculate correlation 

stability (CS) coefficients of strength centrality which range between 0 and 1 and higher 

values indicate greater stability. To interpret a symptom network, CS coefficients above 

0.5 are preferred, while the values below 0.25 are unstable and error-prone (27). Further, 

we performed bootstrapped difference tests to evaluate statistical significances between two 

node strength or edge weights.

Network comparisons—We used the network comparison test (NCT) with 1,000 

replications under the RStudio NetworkComparisonTest package (28) to compare IBS 

symptom network properties those aged > 45 years compared to those aged ≤ 45 years. 

Age > 45 years was selected as the cut-off because it is considered the time at onset 

of menopausal transition for many women (29) and previous IBS literature indicating 

symptom differences between pre and postmenopausal women (11). The NCT is a two-tailed 

permutation test to examine whether significant differences exist between two network 

structures on the three aspects: network structure, edge (connection) strength, and global 

strength (28). Further details are provided in the Supplementary Methods.

RESULTS

Participant and symptom characteristics

A sample of 355 adults with IBS were included for these analyses. The mean age of the 

total sample was 41.4 ± 14.5 years and 86.2% were females. Of these participants, 147 

participants were aged > 45 years (41.4%), and 208 participants were aged ≤ 45 years 

(58.6%). As shown in Table 1, the older subgroup reported a greater symptom severity on 

intestinal gas, joint pain, muscle pain and diminished sleep quality, while a lower symptom 
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severity on nausea, stomach pain and decreased desire to talk/move than those in the young 

subgroup.

Network models and centrality

Supplementary Figure S1 shows the estimated networks of 28 symptoms in the combined 

sample (A), in the young (B) and older subgroups (C), respectively. Strength CS coefficient 

was 0.67, 0.29, and 0.44 for the combined sample, and the older and young subgroups, 

respectively. All of strength CS coefficients in the three networks were above the acceptable 

threshold of 0.25, suggesting strength index was relatively stable in all networks.

Core symptoms between young and older adults with IBS

Figure 1 shows the standardized values of strength centrality in the combined sample (A), 

in young (B) and older (C) subgroups, respectively. In the combined sample, the top five 

symptoms with strength centrality were: fatigue, anxiety, abdominal pain, intestinal gas and 

hard to concentrate (Figure 1A). As shown in Figure 2A, when comparing the values of 

strength centrality between symptoms in the combined sample, fatigue and anxiety did not 

significantly differ, but the strength centrality of fatigue was significantly higher than the 

other symptoms.

For the young subgroup, the top five symptoms with the greatest strength centrality were: 

fatigue, anxiety, abdominal pain, bloating, and intestinal gas (Figure 1B). As shown in 

Figure 2B, when comparing the values of strength centrality between symptoms in the 

young subgroup, fatigue, anxiety, abdominal pain, bloating, and intestinal gas did not 

significantly differ from one another; but in addition to fatigue, anxiety was significantly 

higher than the other symptoms.

For the older subgroup, the top five symptoms with the greatest strength centrality in were: 

fatigue, hard to concentrate, abdominal pain, intestinal gas and anxiety (Figure 1C). As 

shown in Figure 2C, when comparing the values of strength centrality between symptoms in 

the older subgroup, fatigue, hard to concentrate, abdominal pain, intestinal gas, anxiety and 

stress did not significantly differ from one another, but the strength centrality of fatigue was 

significantly higher than the other symptoms.

Network comparison

We examined the differences between older and young subgroups regarding the network 

structure of symptoms and its global strength. As shown in Table 2, the omnibus test of 

network structure invariance revealed that the overall networks were not different across 

the two age groups (all p-values > 0.05). The network comparison test for global strength 
invariance also showed no significant age group difference in global strength of the network 

connectivity (all p-values > 0.05). These results suggest that the global connections and the 

overall relationships among IBS symptoms seemed to be similar between older and young 

participants with IBS.
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Subgroup Analysis

We also considered the potential role of gender by comparing the core symptoms and the 

network structure among women only versus all participants that included both women and 

men. Results are presented in the Supplemental Table and do not significantly differ from 

the core symptoms and the network structure among all participants.

DISCUSSION

To the best of our knowledge, this is the first study using network analysis to visualize 

symptoms among individuals with IBS and test core symptoms and symptom relationships 

between young versus older adults with IBS based on 28-day diary data. In both young 

(aged ≤ 45 years) and older adults (aged > 45 years) with IBS, fatigue was the top core 

symptom (quantitatively assessed by strength centrality) among the 28 symptoms including 

IBS symptoms of abdominal pain, diarrhea and constipation, other gastrointestinal, extra-

intestinal somatic and psychological symptoms. However, for young adults with IBS, not 

only fatigue but also anxiety exhibited greater influence than other symptoms in the network 

structure. In addition, our network analysis suggests the overall symptom structure and the 

connectivity of symptoms remain invariant in adults with IBS, regardless of age.

Core symptoms of IBS in young and older adults

Our study found fatigue to be the most influential symptom among 28 symptoms commonly 

reported by the young and older adults with IBS. This finding aligns with previous studies 

showing fatigue as one of the most common and distressing non-gastrointestinal symptoms 

in adults living with IBS (30–33). For example, Piche et al. (33) reported that almost 

two-thirds of 51 patients with IBS (mean age = 53.7 years, 78.4% female) experience 

fatigue, 51% viewed fatigue as distressing as their gastrointestinal symptoms, and 17.4% 

considered fatigue their worst symptom. Lackner et al. (30) found in a sample of 107 

IBS patients (mean age = 41.0 years, 78.4% female) that fatigue was less severe than 

abdominal pain and more frequent bowel movements. In addition, in a larger sample (n 

= 234, mean age =41 years, 78% female), adjusting for selected demographic (e.g., age, 

gender, education level) and clinical variables (e.g., duration of IBS, IBS subtype), fatigue 

was more strongly associated with patients’ health perceptions than IBS symptom severity 

(34). While it has been repeatedly shown that fatigue is a major symptom for those with 

IBS, its significance in terms of pathophysiology or impact on treatment outcomes remains 

understudied. Inflammatory markers such as cytokines have been hypothesized to be one 

pathophysiologic factor in IBS and also linked fatigue in other populations. However, 

elevations in pro-inflammatory cytokines have not been consistently found in IBS studies 

(35). Fatigue may also be subsequent to pain and toileting efforts. On the other hand, 

IBS may be a consequence of fatigue (36). This current study extends prior work in IBS 

population by examining the statistical index of strength centrality of 28 co-occurring 

symptoms in IBS, and further shows fatigue as a core symptom necessitating further study 

as to whether it is an outcome of IBS or a contributing risk factor.

In addition to fatigue, our results also found anxiety exerted a considerable influence 

driving the symptom network structure of young adults with IBS. Comorbid anxiety and 
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other psychological distress (i.e., stress, depression) have considered as risk factors for 

the presence and persistence of IBS and/or abdominal pain-related DGBI (37, 38). Stress-

induced fluctuations in symptoms and their severity currently are considered to involve the 

bidirectional gut-brain axis (38). Psychological distress, particularly anxiety or gut specific 

anxiety influence visceral perception and gastrointestinal functioning through brain-to-gut 

pathways, which in turn worsen IBS symptoms and other gastrointestinal symptoms (38). 

These brain-to-gut pathways serve as core mechanisms of cognitive behavioral therapy for 

improving IBS symptom severity and psychological distress through modifying gut-specific 

maladaptive cognition, emotions and behaviors (38).

In our sample of persons with Rome II or III diagnoses, anxiety emerged a core symptom 

comparable to fatigue in young adults with IBS, but not in older adults with IBS. 

Several studies have noted age differences in exposure to daily stressors, contributing to 

negative and positive emotional responses (39–42). In particular, young individuals are 

more likely to report more frequent negative affect and anxiety during daily stressor than 

do older adults. Posserud et al. (43) suggested that persons with IBS tend to have more 

hypervigilance to gastrointestinal symptoms and negative emotional states than those with 

organic gastrointestinal diseases. Of note, hard to concentrate emerged as the second core 

symptom in older participants, as opposed to anxiety as the second core symptoms in 

young participants. It may reflect different expression of anxiety in older adults from young 

adult, that is, older adults generally may be more likely to express anxiety symptoms as 

somatic symptoms, including cognitive complaints, rather than psychological distress (44). 

Whether age plays a role in hypervigilance, daily stressor processes and/or anxiety symptom 

expression in IBS populations remains to be answered by future research.

Of note, intestinal gas emerged as one of the top five core symptoms in both young and 

older adults with IBS, and in addition, bloating was another core symptom in young adults 

with IBS. However, based on the Rome IV criteria the report of intestinal gas and/or bloating 

symptoms is not required for a diagnosis of IBS. Given the current findings regarding core 

symptoms in IBS identified through a network analysis approach, the Rome V Criteria 

update may want to consider the importance of intestinal gas and bloating symptoms.

IBS networks in young and older adults

We found similarities in the overall symptom network structure and its global strength 

between young and older adults. In terms of symptom visualizations, in all of the 

estimated symptom network structures, IBS symptoms such as abdominal pain, diarrhea, 

and constipation do not appear to be directly associated with other extra-intestinal somatic 

and psychological symptoms. This lack of a direct relationship underscores the importance 

of a holistic, comprehensive approach to the management of IBS. Extrapolating from this 

network analysis, our results suggest that bowel dysfunction pharmacotherapies alone may 

not directly address the numerous other symptoms that are experienced by individuals with 

IBS. As such, our results support the Rome Foundation Working Team’s recommendation 

that optimal IBS management should include pharmacotherapies in conjunction with 

cognitively focused behavior therapies (e.g., self-management program, cognitive-behavioral 
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theory) that address the modifiable psychological and behavioral factors underlying gut-

brain axis dysregulation (38).

Study limitations

There are several limitations in the current study. First, the network stability in terms of 

strength index in the older adults with IBS although acceptable was relatively low resulting 

from our small size of older adults with IBS (27). The majority of our community sample 

of the adults with IBS were females and thus we were not able to examine whether and 

how the core symptoms and symptom relationships in IBS would vary by gender. Therefore, 

additional replication in a larger and more diverse IBS sample including older adults and/or 

more men with IBS is warranted to verify our results. The sample size for each IBS subtype 

in this current study is insufficient to conduct further network analysis by IBS subtypes. 

Future, large IBS cohorts with the most recent IBS Rome criteria is warranted to confirm 

whether the core symptoms and symptom relationships vary by IBS subtypes. In this study, 

anxiety was measured with a diary item, reflecting a severity of worry, nervous or unease 

about a variety of events and situations. As Black et al. (45) suggested gastrointestinal 

symptom-specific anxiety may drive IBS symptom severity, additional network analysis 

is needed to clarify gastrointestinal-specific anxiety in the symptom network structures in 

adults with IBS, particularly for those aged ≤ 45 years. In this study, sleep assessment 

relied on sleep self report. An objective measure such as actigraphy to determine sleep 

duration, and/or the diagnosis of obstructive sleep apnea would provide greater insight into 

whether sleep is a major factor driving fatigue in IBS. The contributors to fatigue in IBS 

is an intriguing question bearing future research. Finally, we used a cross-sectional network 

analysis and the causal inferences between symptoms cannot be confirmed.

In conclusion, this study provides the visualizations of inter-relationships of 28 co-occurring 

symptoms by age. Network analysis results suggest fatigue is a critical target for IBS 

symptom management, regardless of age. Similarly, comorbid anxiety is likely important 

treatment target for young adults with IBS. Our findings add to current knowledge in IBS 

symptom management by identifying age differences in core symptoms, and sheds new 

insight into age-specific symptom interventions for IBS populations. Given our network 

analysis findings, the future Rome V Criteria update could consider the importance of 

intestinal gas and bloating symptoms. Additional replication in a larger sample with more 

men with IBS is warranted to verify our results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights

WHAT IS KNOWN

• IBS is characterized by symptoms of abdominal pain and changes in bowel 

habits, and it often co-occurs with extra-intestinal somatic and psychological 

symptoms.

• Prior studies have also noted age-related differences in IBS prevalence and 

specific symptom severity.

• It remains unknown whether and how specific symptoms and symptom 

relationships in individuals with IBS may by age.

WHAT IS NEW HERE

• Network analysis is a graphical statistical approach to visualize symptom 

relationships and to determine core symptoms driving or maintaining the 

symptom network.

• Network analysis suggests fatigue is the top core symptom in both young 

and older adults with IBS; anxiety is a second core symptom comparable to 

fatigue in young adults with IBS, but not in older adults with IBS.

• Although intestinal gas and bloating are the core symptoms in both young and 

older adults with IBS, their presence is not included in the Rome IV Criteria 

for IBS.

• The overall symptom structure and connectivity of symptoms remain constant 

in adults with IBS, regardless of age.

• This study adds to current knowledge in IBS symptom management by 

investigating symptom network and identifying age differences in core 

symptoms, and it provides a new avenue for the development and/or 

refinement of age-specific symptom management strategies.
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Figure 1. 
Standardized values z-scores of strength centrality for 28 symptoms in all participants 

(1A), young participants (1B) and older participants (1C), respectively. Higher standardized 

strength values indicate greater strength. Gray circles denote the top 5 core symptoms within 

a network. AbdPn = abdominal pain; PnEat = pain after eating; AbdDist = abdominal 

distension; Bloat = bloating; Const = constipation; Gas = intestinal gas; Flatu = flatulence; 

JointPn = joint pain; MusclePn = muscle pain; Anx = anxiety; Depress = depressive 

mood; StomPn = Stomach pain; DecTalk = decreased desire to talk/move; Fatig = fatigue; 

HardConc = hard to concentrate; Diarr = diarrhea; Cramp = cramping; SQ = diminished 

sleep quality; and Refres = unrefreshed sleep.
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Figure 2. 
Bootstrapped strength difference results in all participants (2A), young participants (2B) 

and older participants (2C), respectively. Note. Values on the diagonal indicate the 

unstandardized strength values for each symptom. Black boxes indicate significant strength 

differences, meaning that the bootstrapped strength difference 95 % confidence interval 

does not span 0. Gray boxes indicate nonsignificant strength differences, meaning that the 

bootstrapped strength difference 95 % confidence interval spans 0.
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