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ABSTRACT
Background: The low fermentable oligo‐, di‐, monosaccharide and polyol (FODMAP) diet (LFD) effectively manages irritable 
bowel syndrome (IBS), but predictors of treatment response remain unknown.
Objective: This study investigated whether psychological factors predict symptom improvement and quality of life (QoL) 
outcomes following a LFD intervention.
Methods: Adults with Rome IV‐defined IBS underwent a three‐phase LFD over 6 months. Primary outcomes were IBS 
symptom severity and QoL. Validated questionnaires assessed depressive, gastrointestinal‐specific anxiety (GSA), and somatic 
symptoms, illness perceptions, and treatment expectations. Latent class growth analysis (LCGA) and cross‐lagged panel models 
(CLPM) were used to identify symptom trajectories and examine directional relationships between psychological factors and 
outcomes, respectively.
Results: 112 participants (89% female, median age 30 ± 17 years) completed the study. LCGA identified distinct IBS symptom 

severity and QoL trajectories during the LFD. Higher baseline treatment credibility and expectancy predicted favourable 
symptom improvements but were unrelated to membership in the QoL trajectory. Elevated GSA, psychological distress 
(depression, anxiety, stress), and negative illness perceptions increased the likelihood of poorer outcomes. CLPM revealed that 
lower GSA and higher personal control preceded subsequent symptom reductions. Higher treatment expectancy predicted 
improved QoL and symptom outcomes over time, while QoL improvements reduced stress and GSA.
Conclusion: Lower baseline GSA anxiety and higher treatment expectations consistently predict better response to all phases of 
the LFD. These findings will help clinicians identify optimal candidates for dietary intervention versus alternative treatments.

The first two authors contributed equally to this article. 

The last two authors share senior authorship.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly 

cited.

© 2026 The Author(s). United European Gastroenterology Journal published by Wiley Periodicals LLC on behalf of United European Gastroenterology.

United European Gastroenterology Journal, 2026; 14:e70204 1 of 15
https://doi.org/10.1002/ueg2.70204

https://doi.org/10.1002/ueg2.70204
https://orcid.org/0000-0003-0422-9905
https://orcid.org/0000-0002-5343-7842
https://orcid.org/0000-0002-6175-6325
mailto:jessica.biesiekierski@unimelb.edu.au
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/ueg2.70204


1 | Introduction

Irritable bowel syndrome (IBS) is a chronic disorder of gut‐brain 
interaction (DGBI), affecting approximately 4.1% of the global 
population [1, 2]. Recurrent abdominal pain and altered bowel 
habits substantially impair quality of life (QoL) [3]. Psycholog-
ical comorbidity is common, with meta‐analyses confirming 
elevated rates of depressive and anxiety symptoms in IBS pa-
tients [4, 5] with psychological distress correlating with 
increased gastrointestinal symptom severity [6, 7]. Effective 
strategies that target both symptoms [8–11] and psychosocial 
contributors are therefore crucial.

The low fermentable oligosaccharide, disaccharide, mono-
saccharide, and polyol (FODMAP) diet (LFD) is an evidence‐ 
based structured dietary approach that improves symptoms 
for many people with IBS [12–14], although 20%–50% do not 
respond [15] and many discontinue the protocol. Under-
standing which patients benefit most remains a major clinical 
need [16].

Psychological factors influence symptom perception and adher-
ence [9]. Yet, their role in dietary treatment response remains 
underexplored. Prior work suggests that higher psychological 
distress predicts less favourable outcomes [10, 11]. However, 
these studies have not examined dynamic relationships (between 
gastrointestinal symptoms, QoL, and psychological symptoms) 
over time and often focus on general anxiety rather than

gastrointestinal‐specific anxiety (GSA) and rarely evaluate cogni-
tive predictors such as expectations or illness perceptions.

Cognitive factors such as treatment expectancy, treatment 
credibility, and illness perceptions are well‐established pre-
dictors of outcomes across chronic symptom conditions and are 
likely relevant to treatment response in IBS [17–23]. Expectancy 
and credibility reflect how convincing and personally beneficial 
patients perceive an intervention to be [18], while illness per-
ceptions shape how individuals interpret and manage their 
condition [22]. These cognitive factors influence treatment 
engagement, coping, and symptom reporting across chronic 
conditions [17–23]. Despite their established importance, they 
have not been investigated as predictors of response to the LFD 
in IBS. Given the heterogeneity of IBS in psychological comor-
bidity, symptom presentation, and treatment response patterns, 
understanding how cognitive factors shape dietary outcomes is 
particularly important.

To address these gaps, this clinical trial aimed to assess psy-
chological and cognitive predictors of response to a three‐phase 
LFD in IBS. Objective 1 was to determine whether baseline (1) 
treatment credibility and treatment expectancy, (2) illness per-
ceptions, and (3) psychological symptoms (depression, general 
anxiety, GSA, somatic symptom severity, and stress) predicted 
changes in gastrointestinal symptoms and QoL improvement 
across the LFD. Objective 2 was to examine dynamic, direc-
tional relationships between changes in these psychological 
factors and clinical outcomes over time.

2 | Methods

2.1 | Study Design

This study utilised a prospective, uncontrolled longitudinal 
cohort design to evaluate clinical and psychological changes 
during routine delivery of the LFD. Participants were recruited 
between August 2018 and April 2022. Dietitian consultations 
occurred at week 1 (Phase 1: Restriction), week 5 (Phase 2: 
Reintroduction), and 3 months (Phase 3: Personalisation). 
Questionnaires were completed at 5 time points over a 6‐month 
period: pre‐dietitian/baseline (week 0), post‐dietitian (week 1), 
and then at 4 weeks, three months, and 6 months after the 
initial dietitian appointment (weeks 5, 13, and 25, respectively) 
(Figure 1). Consultations initially took place in‐person and later 
transitioned online due to COVID‐19 restrictions, with most 
consultations ultimately occurring virtually.

2.2 | Participants

Adults who had not yet seen a dietitian for IBS management, 
met the Rome IV criteria for IBS, displayed good English liter-
acy skills, and were able to provide informed consent were 
eligible. Participants were included if medications or psycho-
logical therapies were stable for > 12 weeks. Exclusion criteria 
were: pregnancy; gastrointestinal conditions other than IBS (e. 
g., inflammatory bowel disease, celiac disease, or dyspepsia), 
probiotic use, and age < 18 years. Recruitment occurred through

Key Summary

• Summarise the established knowledge on this subject
◦ The low FODMAP diet benefits many with IBS, but 

non‐response is common.
◦ IBS frequently involves psychological distress, which 

is linked to greater gastrointestinal symptom severity.
◦ Expectancy, credibility and illness perceptions influ-

ence outcomes in other chronic conditions but are 
understudied in dietary IBS management.

◦ Longitudinal, phase‐specific interactions between 
psychological factors, symptoms and quality of life 
during the 3‐phase low FODMAP diet have not pre-
viously been examined.

• What are the significant and/or new findings of this 
study?
◦ Higher baseline expectancy, credibility, personal 

control and more positive illness perceptions pre-
dicted more favourable symptom and quality of life 
trajectories.

◦ Gastrointestinal‐specific anxiety strongly predicted 
poorer symptom response; reductions in gastr-
ointestinal‐specific anxiety preceded later symptom 
improvement.

◦ Expectancy showed bidirectional effects with symp-
toms and quality of life, while quality of life im-
provements preceded reductions in stress and 
gastrointestinal‐specific anxiety.

◦ Brief psychological screening (using tools such as 
VSI, CEQ, IPQ‐R) may guide personalised treatment 
selection between dietary and psychological 
therapies.

2 of 15 United European Gastroenterology Journal, 2026

 20506414, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.70204 by U

niversiteit H
asselt, W

iley O
nline L

ibrary on [18/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



dietetic clinics within Melbourne, Australia, social media, and 
an online low‐FODMAP product retailer (FodShop).

2.3 | Measures

2.3.1 | Demographic Variables

Information on participants' age, gender, education, employ-
ment, country of birth, ethnicity, geographic location, medica-
tion use, and complementary therapy use was collected at 
baseline, week 5, 3 and 6 months.

2.3.2 | Psychological and Cognitive Measures 
(Predictors)

The Credibility and Expectancy Questionnaire (CEQ) [24] 
assessed treatment credibility and treatment expectancy. 
Visceral Sensitivity Index (VSI) [25, 26] assessed GSA. Illness 
perceptions were measured using the Illness Perception 
Questionnaire‐Revised (IPQ‐R) [27]. The Patient Health 
Questionnaire‐9 (PHQ‐9) [28], Generalised Anxiety Disorder 7‐ 
Item Scale (GAD‐7) [29], and PHQ‐12 [30] assessed depressive, 
anxiety, and somatic symptom severity, respectively. The 
Perceived Stress Scale (PSS) [31] measures psychological stress.

2.3.3 | Outcome Measures

Symptom severity (IBS Symptom Severity Score; IBS‐SSS) [32] 
and quality of life (IBS Quality of Life scale; IBS‐QoL) [33, 34] 
were the primary outcomes. Full questionnaire details are pro-
vided in the Supporting Information S1: Materials S1.

2.4 | Treatment ‐ The Low FODMAP Diet

Participants received up to three consultations with dietitians 
trained in the LFD following established guidelines [16, 35]. 
After each appointment, participants received discount codes 
for access to low‐FODMAP speciality products to support 
adherence. Further intervention details are in the Supporting 
Information S1: Materials S2.

2.5 | Bias

Dietitians were blinded to the questionnaires and participant 
responses to avoid influencing participant reporting. Stand-
ardised education materials and a consultation structure were 
used to minimise variability in dietary counselling.

2.6 | Statistical Analysis

Analysis was performed using Statistical Analysis System (SAS) 
version 9.4 [36]. Demographic data are presented using 
mean ± standard deviation (SD) for normally distributed data or 
median and interquartile range (IQR) for non‐normally 
distributed data.

2.6.1 | Objective 1: Baseline Predictors of Response

To investigate whether baseline cognitive factors and psycho-
logical symptoms were related to response patterns (symptoms 
and QoL) to the LFD, latent class growth analysis (LCGA) was 
used. LGCA identifies distinct response trajectory classes by 
clustering combinations of intercepts (values at baseline) and 
(linear and higher order) slopes (the rate and direction of 
change) [37, 38]. Baseline psychological and cognitive variables

FIGURE 1 | Timeline of participant appointments and data collection.
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were used to predict class membership to symptom and QoL 
response trajectories. Details of the LCGA modelling are out-
lined in the Supporting Information S1: Materials S3.

2.6.2 | Objective 2: Dynamic Relationships Over Time

First, linear mixed models (LMM) analysis was used to test 
whether psychological and cognitive predictor variables 
changed over time. If there was a significant change in a vari-
able indicated by significant linear, quadratic or cubic effects of 
time it was used in a subsequent analysis to determine the 
directional relationship between that variable and gastrointes-
tinal and QoL symptoms.

Cross‐lagged panel models (CLPM) were used to evaluate 
directional relationships between cognitive factors and psycho-
logical symptoms (X) and outcomes (gastrointestinal symptoms 
or QoL; Y) across consecutive time points [39]. CLPMs esti-
mated whether X at time T predicted Y at time T + 1, and vice 
versa (Figure 2). Details of the development of the CLPMs are 
outlined in S3.

2.7 | Sample Size

A priori sample size calculation was undertaken during study 
planning. The calculation was informed by published data 
examining treatment expectancy and symptom improvement 
[40], using the reported between group difference (placebo 
intervention vs. placebo intervention with meaningful 
healthcare practitioner relationship) and variability at the 3‐ 
week time point to estimate the detectable effect size. Based 
on these parameters, a minimum of 48 participants was 
required to achieve 80% power (two‐sided independent sam-
ples t‐test), and the recruitment target was increased to 65 
participants to achieve 90% power, allowing for potential 
attrition.

2.8 | Missing Data

All analyses used all available participant data, including those 
who did not complete all follow‐up assessments. CLPMs used 
full‐information maximum likelihood (FIML), which accom-
modates missing data without listwise deletion. LCGAs used 
maximum likelihood estimation, allowing participants with 
incomplete follow‐up to contribute to model estimation.

2.9 | Ethics

Ethics approval was provided by the La Trobe Human Ethics 
Council (HEC18260) on August 3 rd , 2018. The trial was regis-
tered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12624000514505). Written informed consent was ob-
tained from all participants.

3 | Results

3.1 | Participants

Of 278 individuals screened, 112 met inclusion criteria and 
enrolled (median age 30.5 ± 17 years, range 18–73; 89% female). 
All completed their initial dietitian visit (week 1). Retention 
declined over time, with 75% (n = 84) at week 5, 54% (n = 60) at 
3 months, and 38% (n = 42) at 6 month (Figure 3). Baseline 
demographics are presented in Table 1.

3.2 | Objective 1: Predictors of Response (LCGA)

3.2.1 | IBS Symptom Severity

LCGA identified three distinct IBS‐SSS trajectories (Supporting 
Information S2: Table 1). Class 1 (22.5%) and class 2 (56.2%) 
showed steep initial symptom reductions during Phase 1, fol-
lowed by more gradual changes in later phases (Figure 4a).

FIGURE 2 | A cross‐lagged panel model showing the predictive pathways between the independent and dependent variables at each time point. 
Pathway (a) shows the predictive pathway between the predictor variable (T = 0) and the outcome variable (Y = 1); pathway (b) shows the predictive 
pathway between the outcome variable (Y = 0) and the predictor variable (T = 1); pathway (c) shows if the predictor variable at T = 0 predicts the 
score at T = 1; pathway (d) shows if the outcome variable at Y = 0 predicts the outcome variable score at Y = 1.

4 of 15 United European Gastroenterology Journal, 2026
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Classes 1 and 2 differed only in baseline symptom severity: 
196 ± 10.1 for class 1 (hereafter called improvement ‐ low symptom 

severity class) and 284 ± 17.6 for class 2 (hereafter called 
improvement ‐ moderate symptom severity class). Class 3 (21.3%) 
was characterised by very high baseline severity (352 ± 8.7) with 
minimal improvement (hereafter called non‐improvement class).

The improvement ‐ low symptom severity class served as the 
reference for predictor analyses (see Table 2). Compared to the 
improvement‐low class, higher baseline treatment credibility, 
and expectancy predicted a lower likelihood of belonging to the 
other two trajectory classes. More negative illness perceptions ‐ 
including stronger symptom attribution, longer perceived illness 
duration, lower treatment control, greater perceived conse-
quences, and stronger emotional representations ‐ increased the 
likelihood of belonging to a higher baseline symptom severity 
class (all p < 0.05). Higher baseline depressive symptoms, GSA,

somatic symptoms, and perceived stress also increased the 
likelihood of allocation to a higher baseline symptom severity 
class (all p < 0.05). Elevated generalised anxiety predicted 
membership in the non‐improvement class only (p = 0.0031).

3.2.2 | Quality of Life

LCGA identified three distinct QoL trajectories (Supporting 
Information S2: Table 2): Class C (17%) maintained consistently 
high QoL throughout the trial (high QoL). Class A (30.6%) began 
with low QoL and improved steadily with a slowing rate of 
change in later phases of the diet (improvement—low QoL), 
while Class B (52.4%) showed moderate baseline QoL with a 
steep early increase, temporary stabilisation during Phase 2, and 
renewed improvement after Phase 3 (improvement ‐ moderate 
QoL, Figure 4b).

FIGURE 3 | Participant flow diagram of screening, enrolment and attrition at each time point.

United European Gastroenterology Journal, 2026 5 of 15
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The high QoL class served as the reference group when 
exploring baseline predictors of QoL class allocation (see 
Table 3). Baseline treatment credibility and expectancy were

unrelated to QoL class allocation. Lower baseline illness 
coherence, personal control and treatment control predicted 
membership in the improvement ‐ low QoL class relative to the 
high QoL class (all p < 0.05). More negative illness perceptions ‐ 
specifically higher baseline scores on the timeline, conse-
quences, and emotional representation domains ‐ and higher 
baseline psychological symptom severity (scores on the PHQ‐9, 
GAD‐7, VSI, PHQ‐12, and PSS) increased the likelihood of 
belonging to the improvement ‐ low QoL and the improvement ‐ 
moderate QoL classes relative to the high QoL class (all p < 0.05).

3.3 | Objective 2: Dynamic Relationships Over 
Time (CLPM)

Only predictor variables that significantly changed during the 
LFD were used in the CLPM. LMM analysis revealed general 
increases in treatment credibility and expectancy, and positive 
illness perceptions (personal control, illness coherence), and 
decreases in negative illness perceptions (IPQ‐R cyclical time-
line and emotional representations), and psychological symp-
toms (PHQ‐9, GAD‐7, PHQ‐12, VSI, PSS; Supporting 
Information S2: Table 3) showing phase‐specific patterns of 
change over time (see Figure S1). Therefore, we explored the 
dynamic interrelationships between these variables and gastro-
intestinal symptom severity (Figure 5) and QoL (Figure 6) over 
time.

CLPM analyses identified directional associations between 
psychological factors and gastrointestinal symptom severity 
(Figure 5). After controlling for within‐variable stabilities over 
time and between‐variable correlations within time points, 
treatment credibility, depression, perceived stress, and illness 
coherence did not predict changes in gastrointestinal symptom 

severity or vice versa (i.e., cross‐lagged paths were insignifi-
cant). However, treatment expectancy and gastrointestinal 
symptoms showed bidirectional cross‐lagged effects: higher 
expectancy at time T consistently predicted greater reductions 
in gastrointestinal symptom severity at time T + 1, while lower 
symptom severity predicted greater increases in treatment ex-
pectancy at the subsequent time point (p < 0.05). Lower 
generalised anxiety at week 1 predicted symptom improvement 
at week 5 (p = 0.003), and vice versa (p = 0.031). Unidirec-
tional effects emerged for GSA, somatic symptom severity, and 
personal control: lower levels at time T predicted greater 
symptom improvement at T + 1 (p 0 < 0.05), but not vice 
versa.

Cross‐lagged paths between QoL and psychological variables are 
shown in Figure 6. After controlling for within‐variable stabil-
ities over time and between‐variable correlations within time 
points, treatment credibility, depression, and generalized anxi-
ety did not predict changes in QoL or vice versa Higher treat-
ment expectancy from week 1 onwards consistently predicted 
improved QoL at subsequent assessments (p < 0.010). 
Conversely, higher QoL predicted reduced GSA (p < 0.05) and 
perceived stress (p < 0.047) at the following assessments. Several 
additional unidirectional effects emerged: lower baseline so-
matic symptoms predicted higher QoL at week 1 (p = 0.020);

TABLE 1 | Baseline participant characteristics.

Age (median ± IQR) 30.5 ± 17.0 (18–73)

Gender, n (%)

Female 100 (89%)

Male 11 (10%)

Not stated 1 (1%)

Education, n (%)

No schooling 2 (2%)

Secondary school 11 (10%)

Diploma 17 (15%)

Higher education 82 (73%)

Geographic location, n (%) 

Metropolitan 91 (81%)

Regional 15 (14%)

Rural 6 (6%)

Work, n (%)

Unemployed 11 (10%)

Casual 16 (14%)

Part‐time 24 (21%)

Full‐time 57 (51%)

Retired 4 (4%)

Baseline psychological variables (mean ± SD or 
median ± IQR a , range)

CEQ‐credibility a 19.0 ± 6.0 (8–26)

CEQ‐expectancy a 20.0 ± 5.0 (9–27)

PHQ‐9 a 6.5 ± 6 (0–22)

GAD‐7 a 5 ± 5 (0–20)

PHQ‐12 8 ± 3 (0–18)

PSS 16 ± 7 (1–34)

VSI 49 ± 15 (8–75)

IBS‐SSS 277 ± 74 (25–492)

IBS QoL 59 ± 19 (13–99)

IPQ‐R identity a 4 ± 3 (1–12)

IPQ‐R time (acute/chronic) a 24 ± 4 (6–30)

IPQ‐R consequences 18 ± 5 (6–30)

IPQ‐R personal control a 23 ± 5 (5–30)

IPQ‐R treatment control a 19 ± 3 (5–25)

IPQ‐R illness coherence 14 ± 5 (5–25)

IPQ‐R time (cyclical) 15 ± 3 (4–20)

IPQ‐R emotional representations 19 ± 5 (6–30)
a IQR: Interquartile range; CEQ: Credibility and Expectancy Questionnaire; 
PHQ‐9: Patient Health Questionnaire 9; GAD: Generalised Anxiety Disorder 
Scale 7; PHQ: Patient Health Questionnaire 12; PSS: Perceived Stress Scale; VSI: 
Visceral Sensitivity Index; IBS‐SSS: Irritable Bowel Syndrome Symptom Severity 
Score; IBS QoL: Irritable Bowel Syndrome Quality of Life; IPQ: Illness 
Perception Questionnaire.

6 of 15 United European Gastroenterology Journal, 2026
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higher personal control at week 1 predicted higher QoL at week 
5 (p = 0.0003); and greater illness coherence at week 5 predicted 
improved QoL at week 13 (p = 0.009).

4 | Discussion

This study provides the first comprehensive investigation of 
psychological predictors of response to a three‐phase LFD in 
adults with IBS. Our findings show consistent associations be-
tween higher treatment credibility and expectancy, more posi-
tive illness perceptions, lower baseline stress, depressive 
symptoms, GSA and somatic symptoms with greater symptom 

improvement trajectories. Cross‐lagged models also revealed 
bidirectional relationships between psychological factors and 
treatment outcomes. Notably, improvements in QoL preceded 
reductions in stress and GSA, suggesting that enhancing QoL 
may play a more central mechanistic role than previously 
assumed. These findings have important implications for patient 
selection and personalised IBS management.

Higher baseline treatment credibility and expectancy were 
associated with lower initial symptom severity and greater 
subsequent symptom improvement. This aligns with Expec-
tancy Theory, which proposes that treatment expectations in-
fluence outcomes through psychological and neurobiological 
mechanisms [41]. Higher expectancy predicted both symptom 

reduction and improved QoL, while symptom improvement, 
in turn, reinforced expectancy. This pattern reflects a recip-
rocal relationship between expectations and symptoms, where 
early improvements may reinforce engagement and perceived 
treatment credibility. These findings highlight treatment ex-
pectancy as a modifiable factor to enhance dietary in-
terventions. Clinicians can strengthen expectancy by providing 
clear education about the diet's rationale, evidence, and 
anticipated benefits.

Consistent with earlier studies, higher baseline anxiety, 
depressive and extraintestinal somatic symptoms, and perceived 
stress were associated with worse initial symptom severity and 
lower likelihood of improvement during the LFD [11]. 
Extending earlier work focused on general psychological

FIGURE 4 | Estimated symptom trajectories based on the intercept and slopes of the LCGA solutions for (a) symptom severity and (b) quality of 
life. IBS‐SSS: Irritable Bowel Syndrome Symptom Severity Score; IBS‐QoL: Irritable Bowel Syndrome Quality of Life; LCGA: Latent Class Growth 
Analysis.
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TABLE 2 | Predictive symptom class allocation per baseline treatment expectancy and credibility, psychological symptoms and illness perception 
questionnaire scores at baseline.

Class membership
Reference class: Improvement ‐ low symptom severity

Estimate (ß) þ SE p

CEQ ‐ credibility

Improvement ‐ moderate symptom severity −0.240 ± 0.098 0.014

Non‐improvement −0.216 ± 0.104 0.016

CEQ ‐ expectancy

Improvement ‐ moderate symptom severity −0.182 ± 0.089 0.040

Non‐improvement −0.178 ± 0.099 0.073

VSI

Improvement ‐ moderate symptom severity 0.073 ± 0.024 0.002

Non‐improvement 0.171 ± 0.038 < 0.0001

PHQ‐9

Improvement ‐ moderate symptom severity 0.252 ± 0.096 0.009

Non‐improvement 0.354 ± 0.106 0.0009

GAD‐7

Improvement ‐ moderate symptom severity 0.132 ± 0.087 0.13

Non‐improvement 0.296 ± 0.100 0.003

PHQ‐12

Improvement ‐ moderate symptom severity 0.200 ± 0.088 0.023

Non‐improvement 0.361 ± 0.108 0.0009

PSS

Improvement ‐ moderate symptom severity 0.128 ± 0.050 0.010

Non‐improvement 0.157 ± 0.059 0.008

IPQ‐R identity

Improvement ‐ moderate symptom severity 0.312 ± 0.170 0.067

Non‐improvement 0.613 ± 0.188 0.001

IPQ‐R time (acute/chronic)

Improvement ‐ moderate symptom severity 0.214 ± 0.075 0.005

Non‐improvement 0.306 ± 0.099 0.002

IPQ‐R personal control

Improvement ‐ moderate symptom severity −0.098 ± 0.074 0.19

Non‐improvement −0.150 ± 0.08 0.074

IPQ‐R ‐ treatment control

Improvement ‐ moderate symptom severity −0.226 ± 0.101 0.010

Non‐improvement −0.271 ± 0.115 0.019

IPQ‐R‐ illness coherence

Improvement ‐ moderate symptom severity −0.095 ± 0.056 0.093

Non‐improvement −0.064 ± 0.065 0.32

IPQ‐R‐ consequences

Improvement ‐ moderate symptom severity 0.212 ± 0.080 0.008

Non‐improvement 0.375 ± 0.102 0.0003

IPQ‐R—Time (cyclical)

Improvement ‐ moderate symptom severity 0.071 ± 0.088 0.42

Non‐improvement −0.008 ± 0.098 0.93

IPQ‐R‐ emotional representations 

Improvement ‐ moderate symptom severity 0.159 ± 0.074 0.031

Non‐improvement 0.300 ± 0.090 0.0009

Abbreviations: CEQ: Credibility and Expectancy Questionnaire; GAD: Generalised Anxiety Disorder Scale 7; IPQ: Illness Perception Questionnaire; PHQ: Patient Health 
Questionnaire 12; PHQ‐9: Patient Health Questionnaire 9; PSS: Perceived Stress Scale; VSI: Visceral Sensitivity Index.
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TABLE 3 | Predictive quality of life class allocation per baseline treatment expectancy and credibility, psychological symptoms and illness 
perception questionnaire scores at week zero.

Class membership
Reference class ‐ high QoL 

Estimate (ß) þ SE p

CEQ‐ credibility

Improvement ‐ low QoL −0.113 ± 0.852 0.18

Improvement ‐ moderate QoL −0.063 ± 0.084 0.45

CEQ‐expectancy

Improvement ‐ low QoL −0.082 ± 0.089 0.36

Improvement ‐ moderate QoL −0.033 ± 0.090 0.72

VSI

Improvement ‐ low QoL 0.325 ± 0.080 0.0001

Improvement ‐ moderate QoL 0.228 ± 0.074 0.002

PHQ‐9

Improvement ‐ low QoL 0.685 ± 0.209 0.001

Improvement ‐ moderate QoL 0.604 ± 0.203 0.003

GAD‐7

Improvement ‐ low QoL 0.509 ± 0.133 0.0002

Improvement ‐ moderate QoL 0.460 ± 0.131 0.0005

PHQ‐12

Improvement ‐ low QoL 0.310 ± 0.099 0.002

Improvement ‐ moderate QoL 0.193 ± 0.090 0.033

PSS

Improvement ‐ low QoL 0.282 ± 0.069 0.0001

Improvement ‐ moderate QoL 0.244 ± 0.645 0.0002

IPQ‐R identity

Improvement ‐ low QoL 0.269 ± 0.152 0.079

Improvement ‐ moderate QoL 0.109 ± 0.155 0.48

IPQ‐R time (acute/chronic) 

Improvement ‐ low QoL 0.393 ± 0.112 0.0005

Improvement ‐ moderate QoL 0.285 ± 0.100 0.005

IPQ‐R personal control 

Improvement ‐ low QoL −0.186 ± 0.085 0.029

Improvement ‐ moderate QoL 0.010 ± 0.081 0.90

IPQ‐R ‐ treatment control 

Improvement ‐ low QoL −0.260 ± 0.116 0.025

Improvement ‐ moderate QoL −0.118 ± 0.111 0.28

IPQ‐R ‐ illness coherence 

Improvement ‐ low QoL −0.142 ± 0.064 0.029

Improvement ‐ moderate QoL −0.105 ± 0.062 0.091

IPQ‐R‐ consequences 

Improvement ‐ low QoL 0.759 ± 0.158 < 0.0001

Improvement ‐ moderate QoL 0.404 ± 0.123 0.001

IPQ‐R—Time (cyclical) 

Improvement ‐ low QoL 0.140 ± 0.095 0.14

(Continues)
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distress, our analyses identified high GSA as a novel modifiable 
predictor of symptom persistence throughout the LFD. CLPM 

analysis revealed that decreases in GSA preceded reductions in 
gastrointestinal symptoms, whereas increases in QoL preceded 
improvements in psychological symptoms (stress and GSA) 
during the LFD. This challenges the assumption that reducing 
psychological symptoms is the primary pathway to improving 
QoL; instead, interventions primarily targeting QoL improve-
ments may offer an alternative approach to breaking the 
symptom‐distress cycle. Lower GSA predicted better dietary 
response, whereas higher GSA has previously been shown to 
predict stronger responses to exposure‐based cognitive behav-
ioural therapy (CBT) [42, 43]. Brief psychological screening 
using validated questionnaires, such as the VSI, CEQ, and IPQ‐ 
R, could guide treatment allocation. At present, these in-
struments do not have established clinical cut‐offs to categorise 
‘low’ or ‘high’ scores; however, defining clinically meaningful 
thresholds may improve their practical utility for treatment se-
lection in clinical practice. Patients with low VSI scores, high 
treatment expectations, and strong personal control beliefs may 
benefit most from dietary interventions, whereas those with 
higher GSA, lower expectations, or maladaptive illness beliefs 
may benefit more from psychological therapy. For instance, 
exposure‐based CBT aims to reduce symptom‐related fear and 
avoidance through gradual exposure to feared GI sensations and 
situations, thereby increasing tolerance of GI discomfort and 
reducing avoidance behaviours [42, 43].

Our findings also indicated that more positive illness perceptions ‐ 
specifically lower illness identification, fewer perceived conse-
quences, and lower emotional representations ‐ were associated 
with greater symptom and QoL improvement. This aligns with 
the Common‐Sense Model of self‐regulation, which posits that 
individuals who view their illness as less threatening and less 
disruptive are more likely to adopt adaptive coping strategies and 
adhere to treatment [44]. Targeting maladaptive illness beliefs, 
including through psychological interventions, may therefore 
enhance dietary adherence and improve outcomes in IBS [45]. 
Moreover, brief psychological screening is practical, low‐cost, and 
less resource‐intensive than biological profiling approaches (e. 
g., stool microbiome [46] or volatile organic compound analysis 
[47]), suggesting that pre‐treatment psychological screening is a 
feasible method to establish whether dietary or psychological 
interventions are indicated.

To our knowledge, this is the first study investigating psycho-
logical predictors of distinct symptom trajectories following a low

FODMAP diet using LCGA. Several earlier studies have attemp-
ted to identify IBS patient subgroups based on combinations of 
symptom severity, QoL, psychological distress, and cognitive 
illness appraisal using latent class analysis. For example, Han 
et al. (2018) [48] reported four subgroups of individuals with IBS, 
largely differentiated by symptom severity, subtype, and QoL, 
with psychological distress and cognitive beliefs closely aligned 
with QoL. In contrast, Black et al. (2021, 2024) [49, 50] reported 
seven clusters in a large IBS cohort, driven not only by symptom 

type and severity but also by differences in burden of psycholog-
ical distress, highlighting the importance of patient profiles. 
Extending beyond these primarily cross‐sectional findings, the 
present study examines the longitudinal interplay between psy-
chological burden and symptoms and QoL trajectories across the 
low FODMAP diet. A further strength is the assessment of these 
relationships across all three phases of the diet, advancing prior 
research that has largely focused on the restriction phase alone. 
CLPMs enabled the identification of directional relationships 
between psychological factors and treatment outcomes over time, 
offering insight into potential mechanisms of change. Additional 
methodological strengths include blinding dietitians to psycho-
logical assessment and standardised intervention delivery by 
FODMAP‐trained (Monash University) dietitians.

Several limitations warrant consideration. The absence of a 
control group limits causal inference, as symptom changes over 
time cannot be solely attributed to the LFD and may reflect 
expectancy effects or regression to the mean or natural symptom 

fluctuations. However, this prospective design reflects routine 
clinical practice, and the analytic methods allow examination of 
trajectories and directional pathways that would not be feasible 
in a more constrained trial. Attrition increased across phases of 
the diet (63% by study completion), a pattern that is well‐ 
recognised in real‐world LFD implementation, where engage-
ment typically declines after the restriction phase. Although this 
reduces the generalisability of later‐phase findings, it does not 
compromise the early‐phase analyses where retention remained 
high. Moreover, because attrition is expected in multi‐phase 
dietary protocols, our use of LMM and FIML approaches en-
sures that all available data contribute to estimation, reducing 
the risk of biased inferences. While those with greater burden or 
lower early benefit may have been less likely to complete follow‐ 
up, key psychological predictors were identified early, when the 
sample was largest and most representative. The predominantly 
female sample (89%) may restrict applicability, given potential 
sex differences in psychological responses to chronic GI symp-
toms [51], although this distribution reflects typical IBS clinic

TABLE 3 | (Continued)

Class membership
Reference class ‐ high QoL 

Estimate (ß) þ SE p 
Improvement ‐ moderate QoL 0.087 ± 0.088 0.32 

IPQ‐R‐ emotional representations 

Improvement ‐ low QoL 0.684 ± 0.158 < 0.0001 

Improvement ‐ moderate QoL 0.473 ± 0.141 0.0009
Abbreviations: CEQ: Credibility and Expectancy Questionnaire; GAD: Generalised Anxiety Disorder Scale 7; IPQ: Illness Perception Questionnaire; PHQ: Patient Health 
Questionnaire 12; PHQ‐9: Patient Health Questionnaire 9; PSS: Perceived Stress Scale; VSI: Visceral Sensitivity Index.
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FIGURE 5 | Cross‐lagged panel models showing directional relationships between gastro‐intestinal symptom severity (IBS‐SSS) and (a) treatment 
expectancy (CEQ), (b) generalised anxiety (GAD‐7), (c) gastrointestinal specific anxiety (VSI), (d) somatic symptom severity (PHQ‐12), and 
(e) personal control (IPQ‐R). Beta values represent standardised path coefficients. *Denotes significance (p < 0.05). CEQ: Credibility and 
Expectancy; GAD‐7: Generalised Anxiety Disorder Scale 7; GI: Gastrointestinal; IPQ‐R: Illness Perception Questionnaire‐Revised PHQ‐12: Patient 
Health Questionnaire 12; VSI: Visceral Sensitivity Index.
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FIGURE 6 | Cross‐lagged panel models showing directional relationships between quality of life (IBS‐QoL) and (a) treatment expectancy (CEQ), 
(b) gastrointestinal specific anxiety (VSI), (c) perceived stress (PSS), (d) somatic symptom severity (PHQ‐12), (e) personal control (IPQ‐R), and 
(f) illness coherence (IPQ‐R). Beta values represent standardised path coefficients. *Denotes significance (p < 0.05). CEQ: Credibility and 
Expectancy; GI: Gastrointestinal; IPQ‐R: Illness Perception Questionnaire‐Revised PSS: Perceived Stress Scale; PHQ‐12: Patient Health 
Questionnaire 12; VSI: Visceral Sensitivity Index.
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populations. Similarly, the single‐centre urban setting may limit 
generalisability to more diverse sociodemographic groups. 
Moreover, the predominantly female sample reflects the known 
gender distribution of IBS, but limits its applicability to males 
[1]. Participants also had facilitated access to low FODMAP 
foods and received intensive dietetic support, which may not 
reflect real‐world clinical settings and therefore may reduce 
generalisability. Although formal power calculations are not 
established for latent class growth analysis or cross‐lagged panel 
models, general guidance suggests larger sample sizes than that 
included here [38, 39], which would have also enabled exami-
nation of multivariate pre‐treatment psychological profiles 
rather than individual psychological factors separately. Future 
studies should therefore recruit larger and more diverse pop-
ulations and embed engagement strategies across all phases of 
the diet to minimise expected drop‐off.

Our findings point to three key priorities for future research. 
First, a randomised controlled trial directly comparing the LFD 
and CBT, stratified by baseline GSA, is needed to test whether 
GSA reliably guides treatment selection. Second, factorial de-
signs comparing single‐modality interventions (diet alone or 
psychological therapy alone) with combined approaches would 
clarify whether integrated treatments offer added benefit and 
help identify mediating mechanisms such as changes in anx-
iety or illness perceptions. Third, long‐term studies (12–24 
months) comparing a range of IBS interventions including 
psychological therapies [52], stress management [53] and 
hypnotherapy [54] with dietary interventions should prioritise 
QoL as the primary endpoint and use frequent assessments to 
confirm the temporal pathways linking QoL and psychological 
change.

In conclusion, this study supports a precision approach to IBS 
management that aligns treatment with patient's psychological 
profiles, based on psychological predictors of response to a 
three‐phase LFD in IBS. The findings support a more person-
alised model of care in which treatment selection is informed by 
psychological profiles rather than symptom presentation alone. 
Identifying patients most likely to benefit from dietary versus 
psychological interventions may help clinicians optimise out-
comes and avoid unnecessary or prolonged dietary restriction. 
Future work should validate these predictors in diverse clinical 
settings and establish evidence‐based thresholds that can be 
used to guide treatment decisions in clinical practice.

Acknowledgements

We want to thank FodShop for their generosity in providing participants 
in this trial with discounts and access to low‐FODMAP products. Open 
access publishing facilitated by The University of Melbourne, as part of 
the Wiley ‐ The University of Melbourne agreement via the Council of 
Australasian University Librarians

Funding

Maaike Van Den Houte is a postdoctoral research fellow at the Research 
Foundation Flanders (FWO, 12A7U26N). Jessica Biesiekierski is sup-
ported by an Australian National Health and Medical Research Council 
Emerging Leadership fellowship (APP2025943).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. A. D. Sperber, S. I. Bangdiwala, D. A. Drossman, et al., “Worldwide 
Prevalence and Burden of Functional Gastrointestinal Disorders, Re-
sults of Rome Foundation Global Study,” Gastroenterology 160, no. 1 
(2021): 99–114.e3, https://doi.org/10.1053/j.gastro.2020.04.014.

2. B. E. Lacy, M. Pimentel, D. M. Brenner, et al., “ACG Clinical 
Guideline: Management of Irritable Bowel Syndrome,” American Jour-
nal of Gastroenterology 116, no. 1 (2021): 17–44, https://doi.org/10. 
14309/ajg.0000000000001036.

3. S. Shorey, A. Demutska, V. Chan, and K. T. H. Siah, “Adults Living 
With Irritable Bowel Syndrome (IBS): A Qualitative Systematic Review,” 
Journal of Psychosomatic Research 140 (2021): 110289, https://doi.org/ 
10.1016/j.jpsychores.2020.110289.

4. Z. Hu, M. Li, L. Yao, et al., “The Level and Prevalence of Depression 
and Anxiety Among Patients With Different Subtypes of Irritable Bowel 
Syndrome: A Network Meta‐Analysis,” BMC Gastroenterology 21, no. 1 
(2021): 23–41, https://doi.org/10.1186/s12876‐020‐01593‐5.

5. M. Zamani, S. Alizadeh‐Tabari, and V. Zamani, “Systematic Review 
With Meta‐Analysis: The Prevalence of Anxiety and Depression in Pa-
tients With Irritable Bowel Syndrome,” Alimentary Pharmacology & 

Therapeutics 50, no. 2 (2019): 132–143, https://doi.org/10.1111/apt. 
15325.

6. I. Midenfjord, A. Polster, H. Sjövall, H. Törnblom, and M. Simrén, 
“Anxiety and Depression in Irritable Bowel Syndrome: Exploring the 
Interaction With Other Symptoms and Pathophysiology Using Multi-
variate Analyses,” Neuro‐Gastroenterology and Motility 31, no. 8 (2019): 
1–14, https://doi.org/10.1111/nmo.13619.

7. I. Midenfjord, A. Borg, H. Tornblom, et al., “Cumulative Effect of 
Psychological Alterations on Gastrointestinal Symptom Severity in Ir-
ritable Bowel Syndrome,” American Journal of Gastroenterology 116, no. 
4 (2021): 769–779, https://doi.org/10.14309/ajg.0000000000001038.

8. L. P. Manning, C. J. Tuck, and J. R. Biesiekierski, “Predicting 
Response to the Low FODMAP Diet in Irritable Bowel Syndrome: 
Current Evidence and Clinical Considerations,” Asia Pacific Journal of 
Clinical Nutrition 34, no. 3 (2025): 373–385, https://doi.org/10.6133/a 
pjcn.202506_34(3).0012.

9. M. R. A. Muscatello, A. Bruno, C. Mento, G. Pandolfo, and R. A. 
Zoccali, “Personality Traits and Emotional Patterns in Irritable Bowel 
Syndrome,” World Journal of Gastroenterology 22, no. 28 (2016): 
6402–6415, https://doi.org/10.3748/wjg.v22.i28.6402.

10. A. O'Connor, S. Gill, E. Neary, S. White, and A. C. Ford, “Impact of 
HADS Anxiety and Depression Scores on the Efficacy of Dietary In-
terventions for Irritable Bowel Syndrome,” Alimentary Pharmacology & 
Therapeutics 61, no. 1 (2025): 177–185, https://doi.org/10.1111/apt. 
18337.

11. E. Colomier E, L. Van Oudenhove L, J. Tack J, et al., “Predictors of 
Symptom‐Specific Treatment Response to Dietary Interventions in Ir-
ritable Bowel Syndrome,” Nutrients 14, no. 2 (2022): 397, https://doi.org/ 
10.3390/nu14020397.

12. C. J. Black, H. M. Staudacher, and A. C. Ford, “Efficacy of a Low 
FODMAP Diet in Irritable Bowel Syndrome: Systematic Review and 
Network Meta‐Analysis,” Gut 71, no. 6 (2022): 1117–1126, https://doi. 
org/10.1136/gutjnl‐2021‐325214.

United European Gastroenterology Journal, 2026 13 of 15

 20506414, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.70204 by U

niversiteit H
asselt, W

iley O
nline L

ibrary on [18/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.14309/ajg.0000000000001036
https://doi.org/10.14309/ajg.0000000000001036
https://doi.org/10.1016/j.jpsychores.2020.110289
https://doi.org/10.1016/j.jpsychores.2020.110289
https://doi.org/10.1186/s12876-020-01593-5
https://doi.org/10.1111/apt.15325
https://doi.org/10.1111/apt.15325
https://doi.org/10.1111/nmo.13619
https://doi.org/10.14309/ajg.0000000000001038
https://doi.org/10.6133/apjcn.202506_34(3).0012
https://doi.org/10.6133/apjcn.202506_34(3).0012
https://doi.org/10.3748/wjg.v22.i28.6402
https://doi.org/10.1111/apt.18337
https://doi.org/10.1111/apt.18337
https://doi.org/10.3390/nu14020397
https://doi.org/10.3390/nu14020397
https://doi.org/10.1136/gutjnl-2021-325214
https://doi.org/10.1136/gutjnl-2021-325214


13. S. J. Yu, H. S. Lee, H. J. Gung, et al., “Efficacy of a Restrictive Diet in 
Irritable Bowel Syndrome: A Systematic Review and Network Meta‐ 
Analysis,” Korean Journal of Gastroenterology 80, no. 1 (2022): 6–16, 
https://doi.org/10.4166/kjg.2022.014.

14. A. S. van Lanen, A. de Bree, and A. Greyling, “Efficacy of a Low‐ 
FODMAP Diet in Adult Irritable Bowel Syndrome: A Systematic Re-
view and Meta‐Analysis,” European Journal of Nutrition 60, no. 6 (2021): 
3505–3522, https://doi.org/10.1007/s00394‐020‐02473‐0.

15. B. Wilson, S. R. Cox, and K. Whelan, “Challenges of the Low FOD-
MAP Diet for Managing Irritable Bowel Syndrome and Approaches to 
Their Minimisation and Mitigation,” Proceedings of the Nutrition Society 
80, no. 1 (2021): 19–28, https://doi.org/10.1017/S0029665120006990.

16. K. Whelan, L. D. Martin, H. M. Staudacher, and M. C. E. Lomer, 
“The Low FODMAP Diet in the Management of Irritable Bowel Syn-
drome: An Evidence‐Based Review of FODMAP Restriction, Reintro-
duction and Personalisation in Clinical Practice,” Journal of Human 
Nutrition and Dietetics 31, no. 2 (2018): 239–255, https://doi.org/10. 
1111/jhn.12530.

17. E. A. Mayer, H. J. Ryu, and R. R. Bhatt, “The Neurobiology of Ir-
ritable Bowel Syndrome,” Molecular Psychiatry 28, no. 4 (2023): 
1451–1465, https://doi.org/10.1038/s41380‐023‐01972‐w.

18. R. J. E. M Smeets, S. Beelen, M. E. J. B. Goossens, E. G. W. 
Schouten, J. A. Knottnerus, and J. W. S. Vlaeyen, “Treatment Expec-
tancy and Credibility Are Associated With the Outcome of Both Physical 
and Cognitive‐Behavioral Treatment in Chronic Low Back Pain,” Clin-
ical Journal of Pain 24, no. 4 (2008): 305–315, https://doi.org/10.1097/ 
AJP.0b013e318164aa75.

19. N. Gasslander, S. Alfonsson, A. Jackalin, et al., “Predictors of 
Adherence to an Internet‐Based Cognitive Behavioral Therapy Program 

for Individuals With Chronic Pain and Comorbid Psychological 
Distress,” BMC Psychology 9, no. 1 (2021): 1–156, https://doi.org/10. 
1186/s40359‐021‐00663‐x.

20. S. Cormier, G. L. Lavigne, M. Choinière M, and P. Rainville, “Ex-
pectations Predict Chronic Pain Treatment Outcomes,” Pain 157, no. 2 
(2016): 329–338, https://doi.org/10.1097/j.pain.0000000000000379.

21. H. Leventhal, E. A. Leventhal, and R. J. Contrada, “Self‐Regulation, 
Health, and Behavior: A Perceptual‐Cognitive Approach,” Psychology and 
Health 14, no. 4 (1998): 717–733, https://doi.org/10.1080/08870449808 
407425.

22. H. Leventhal, L. A. Phillips, and E. Burns, “The Common‐Sense 
Model of Self‐Regulation (CSM): A Dynamic Framework for Under-
standing Illness Self‐Management,” Journal of Behavioral Medicine 39, 
no. 6 (2016): 935–946, https://doi.org/10.1007/s10865‐016‐9782‐2.

23. M. Fors, B. Öberg, P. Enthoven, K. Schröder, and A. Abbott, “The 
Association Between Patients' Illness Perceptions and Longitudinal 
Clinical Outcome in Patients With Low Back Pain,” Pain Reports 7, no. 1 
(2022): E1004, https://doi.org/10.1097/PR9.0000000000001004.

24. G. J. Devilly and T. D. Borkovec, “Psychometric Properties of the 
Credibility/Expectancy Questionnaire,” Journal of Behavior Therapy 
and Experimental Psychiatry 31, no. 2 (2000): 73–86, https://doi.org/10. 
1016/S0005‐7916(00)00012‐4.

25. J. S. Labus, R. Bolus, L. Chang, et al., “The Visceral Sensitivity In-
dex: Development and Validation of a Gastrointestinal Symptom‐ 
Specific Anxiety Scale,” Alimentary Pharmacology & Therapeutics 20, 
no. 1 (2004): 89–97, https://doi.org/10.1111/j.1365‐2036.2004.02007.x.

26. J. S. Labus, E. A. Mayer, L. Chang, R. Bolus, and B. D. Naliboff, “The 
Central Role of Gastrointestinal‐Specific Anxiety in Irritable Bowel 
Syndrome: Further Validation of the Visceral Sensitivity Index,” Psy-
chosomatic Medicine 69, no. 1 (2007): 89–98, https://doi.org/10.1097/ 
PSY.0b013e31802e2f24.

27. R. Moss‐Morris, J. Weinman, K. Petrie, R. Horne, L. Cameron, and
D. Buick, “The Revised Illness Perception Questionnaire (IPQ‐R),”

Psychology and Health 17, no. 1 (2002): 1–16, https://doi.org/10.1080/ 
08870440290001494.

28. K. Kroenke, R. L. Spitzer, and J. B. W. Williams, “The PHQ‐9: 
Validity of a Brief Depression Severity Measure,” Journal of General 
Internal Medicine 16, no. 9 (2001): 606–613, https://doi.org/10.1046/j. 
1525‐1497.2001.016009606.x.

29. L. Bernd, D. Oliver, M. Stefanie, et al., “Validation and Standardi-
zation of the Generalized Anxiety Disorder Screener (GAD‐7) in the 
General Population,” Medical Care 46, no. 3 (2008): 266–274, https://doi. 
org/10.1097/MLR.0b013e318160d093.

30. R. C. Spiller, D. J. Humes, E. Campbell, et al., “The Patient Health 
Questionnaire 12 Somatic Symptom Scale as a Predictor of Symptom 

Severity and Consulting Behaviour in Patients With Irritable Bowel 
Syndrome and Symptomatic Diverticular Disease,” Alimentary Phar-
macology & Therapeutics 32, no. 6 (2010): 811–820, https://doi.org/10. 
1111/j.1365‐2036.2010.04402.x.

31. S. Cohen, T. Kamarck, and R. Mermelstein, “R and Mermelstein., 
“A Global Measure of Perceived Stress,”,” Journal of Health and Social 
Behavior 24, no. 4 (1983): 385–396, https://doi.org/10.2307/2136404.

32. C. Y. Francis, J. Morris, and P. J. Whorwell, “The Irritable Bowel 
Severity Scoring System: A Simple Method of Monitoring Irritable 
Bowel Syndrome and Its Progress,” Alimentary Pharmacology & Ther-
apeutics 11, no. 2 (1997): 395–402, https://doi.org/10.1046/j.1365‐2036. 
1997.142318000.x.

33. D. L. Patrick, D. A. Drossman, I. O. Frederick, J. Dicesare, and K. L. 
Puder, “Quality of Life in Persons With Irritable Bowel Syndrome: 
Development and Validation of a New Measure,” Digestive Diseases and 
Sciences 43, no. 2 (1998): 400–411, https://doi.org/10.1023/a:10188311 
27942.

34. D. A. Drossman, D. L. Patrick, W. E. Whitehead, et al., “Further 
Validation of the IBS‐QOL: A Disease‐Specific Quality‐of‐life Ques-
tionnaire,” American Journal of Gastroenterology 95, no. 4 (2000): 
999–1007, https://doi.org/10.1016/S0002‐9270(00)00733‐4.

35. C. J. Tuck and J. Barrett, “Re‐Challenging FODMAPs: The Low 
FODMAP Diet Phase Two,” supplement, Journal of Gastroenterology 
and Hepatology 31, no. S1 (2017): 11–15, https://doi.org/10.1111/jgh. 
13687.

36. SAS 9.4. SAS Institue Inc.

37. E. Clevers, J. Tack, H. Törnblom, et al., “Development of Irritable 
Bowel Syndrome Features Over a 5‐Year Period,” Clinical Gastroenter-
ology and Hepatology 16, no. 8 (2018): 1244–1251, https://doi.org/10. 
1016/j.cgh.2018.02.043.

38. A. Kongsted and A. M. Nielsen, “Latent Class Analysis in Health 
Research,” Journal of Physiotherapy 63, no. 1 (2017): 55–58, https://doi. 
org/10.1016/j.jphys.2016.05.018.

39. D. Kenny, “Cross‐Lagged Panel Correlation: A Test for Spurious-
ness,” Psychological Bulletin 82, no. 6 (1975): 887–903, https://doi.org/ 
10.1037/0033‐2909.82.6.887.

40. T. J. Kaptchuk, J. M. Kelley, L. A. Conboy, et al., “Components of 
Placebo Effect: Randomised Controlled Trial in Patients With Irritable 
Bowel Syndrome,” BMJ 336, no. 7651 (2008): 999–1003, https://doi.org/ 
10.1136/bmj.39524.439618.25.

41. F. L. Bishop, L. Yardley, P. Prescott, C. Cooper, P. Little, and G. T. 
Lewith, “Psychological Covariates of Longitudinal Changes in Back‐ 
Related Disability in Patients Undergoing Acupuncture,” Clinical 
Journal of Pain 31, no. 3 (2015): 254–264, https://doi.org/10.1097/AJP. 
0000000000000108.

42. B. Ljótsson, H. Hesser, E. Andersson, et al., “Mechanisms of Change 
in an Exposure‐Based Treatment for Irritable Bowel Syndrome,” Journal 
of Consulting and Clinical Psychology 81, no. 6 (2013): 1113–1126, 
https://doi.org/10.1037/a0033439.

14 of 15 United European Gastroenterology Journal, 2026

 20506414, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.70204 by U

niversiteit H
asselt, W

iley O
nline L

ibrary on [18/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.4166/kjg.2022.014
https://doi.org/10.1007/s00394-020-02473-0
https://doi.org/10.1017/S0029665120006990
https://doi.org/10.1111/jhn.12530
https://doi.org/10.1111/jhn.12530
https://doi.org/10.1038/s41380-023-01972-w
https://doi.org/10.1097/AJP.0b013e318164aa75
https://doi.org/10.1097/AJP.0b013e318164aa75
https://doi.org/10.1186/s40359-021-00663-x
https://doi.org/10.1186/s40359-021-00663-x
https://doi.org/10.1097/j.pain.0000000000000379
https://doi.org/10.1080/08870449808407425
https://doi.org/10.1080/08870449808407425
https://doi.org/10.1007/s10865-016-9782-2
https://doi.org/10.1097/PR9.0000000000001004
https://doi.org/10.1016/S0005-7916(00)00012-4
https://doi.org/10.1016/S0005-7916(00)00012-4
https://doi.org/10.1111/j.1365-2036.2004.02007.x
https://doi.org/10.1097/PSY.0b013e31802e2f24
https://doi.org/10.1097/PSY.0b013e31802e2f24
https://doi.org/10.1080/08870440290001494
https://doi.org/10.1080/08870440290001494
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1111/j.1365-2036.2010.04402.x
https://doi.org/10.1111/j.1365-2036.2010.04402.x
https://doi.org/10.2307/2136404
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1023/a:1018831127942
https://doi.org/10.1023/a:1018831127942
https://doi.org/10.1016/S0002-9270(00)00733-4
https://doi.org/10.1111/jgh.13687
https://doi.org/10.1111/jgh.13687
https://doi.org/10.1016/j.cgh.2018.02.043
https://doi.org/10.1016/j.cgh.2018.02.043
https://doi.org/10.1016/j.jphys.2016.05.018
https://doi.org/10.1016/j.jphys.2016.05.018
https://doi.org/10.1037/0033-2909.82.6.887
https://doi.org/10.1037/0033-2909.82.6.887
https://doi.org/10.1136/bmj.39524.439618.25
https://doi.org/10.1136/bmj.39524.439618.25
https://doi.org/10.1097/AJP.0000000000000108
https://doi.org/10.1097/AJP.0000000000000108
https://doi.org/10.1037/a0033439


43. C. J. Black, E. R. Thakur, L. A. Houghton, E. M. M. Quigley, P. 
Moayyedi, and A. C. Ford, “Efficacy of Psychological Therapies for Ir-
ritable Bowel Syndrome: Systematic Review and Network Meta‐ 
Analysis,” Gut 69, no. 8 (2020): 1441–1451, https://doi.org/10.1136/gu 
tjnl‐2020‐321191.

44. H. Leventhal, D. Meyer, and D. Nerenz, The Common Sense Model 
of Illness Danger (Pergamon, 1980).

45. S. R. Knowles, D. W Austin, and S. Sivanesanet al, “Relations Between 
Symptom Severity, Illness Perceptions, Visceral Sensitivity, Coping Stra-
tegies and Well‐Being in Irritable Bowel Syndrome Guided by the Com-
mon Sense Model of Illness,” Psychology Health & Medicine 22, no. 5 
(2017): 524–534, https://doi.org/10.1080/13548506.2016.1168932.

46. S. M. P. Bennet, L. Böhn L, S. Störsrud, et al., “Multivariate 
Modelling of Faecal Bacterial Profiles of Patients With IBS Predicts 
Responsiveness to a Diet Low in FODMAPs,” Gut 67, no. 5 (2018): 
872–881, https://doi.org/10.1136/gutjnl‐2016‐313128.

47. M. Rossi, R. Aggio, H. M. Staudacher, et al., “Volatile Organic 
Compounds in Feces Associate With Response to Dietary Intervention 
in Patients With Irritable Bowel Syndrome,” Clinical Gastroenterology 
and Hepatology 16, no. 3 (2018): 385–391, https://doi.org/10.1016/j.cgh. 
2017.09.055.

48. C. J. Han, K. Pike, M. E. Jarrett, and M. M. Heitkemper, “Symptom‐ 
Based Latent Classes of Persons With Irritable Bowel Syndrome,” 
Research in Nursing & Health 42, no. 5 (2019): 382–391, https://doi.org/ 
10.1002/nur.21974.

49. C. J. Black, Y. Yiannakou, E. A. Guthrie, R. West, L. A. Houghton, 
and A. C. Ford, “A Novel Method to Classify and Subgroup Patients 
With IBS Based on Gastrointestinal Symptoms and Psychological Pro-
files,” Journal of the American College of Gastroenterology | ACG 116, no. 
2 (2021): 372–381, https://doi.org/10.14309/ajg.0000000000000975.

50. C. J. Black, C. E. Ng, V. C. Goodoory, and A. C. Ford, “Novel 
Symptom Subgroups in Individuals With Irritable Bowel Syndrome 
Predict Disease Impact and Burden,” Clinical Gastroenterology and 
Hepatology 22, no. 2 (2024): 386–396, https://doi.org/10.1016/j.cgh.2023. 
02.016.

51. A. Gupta, E. A. Mayer, C. Fling, et al., “Sex‐Based Differences in 
Brain Alterations Across Chronic Pain Conditions,” Journal of Neuro-
science Research 95, no. 1–2 (2017): 604–616, https://doi.org/10.1002/jnr. 
23856.

52. L. Li, L. Xiong, S. Zhang, Q. Yu, and M. Chen, “Cogniti-
ve–Behavioral Therapy for Irritable Bowel Syndrome: A Meta‐Analysis,” 
Journal of Psychosomatic Research 77, no. 1 (2014): 1–12, https://doi.org/ 
10.1016/j.jpsychores.2014.03.006.

53. A. Horn, S. Stangl, S. Parisi, et al., “Systematic Review With Meta‐ 
Analysis: Stress‐Management Interventions for Patients With Irritable 
Bowel Syndrome,” Stress and Health 17 (2023), https://doi.org/10.1002/ 
smi.3226.

54. M. Krouwel, A. Farley, S. Greenfield, T. Ismail, and K. Jolly, 
“Systematic Review, Meta‐Analysis With Subgroup Analysis of Hypno-
therapy for Irritable Bowel Syndrome, Effect of Intervention Charac-
teristics,” Complementary Therapies in Medicine 57, no. 2021 (2021): 
102672, https://doi.org/10.1016/j.ctim.2021.102672.

Supporting Information

Additional supporting information can be found online in the Sup-
porting Information section. 
Supporting Information S1: ueg270204-sup-0001-suppl-data.docx. 
Supporting Information S2: ueg270204-sup-0002-suppl-data.docx. 
Figure S1: Phase‐specific patterns of change over time during the low 
FODMAP diet for treatment credibility and expectancy (CEQ), depres-
sive and anxiety symptoms (GAD‐7), somatic symptoms (PHQ‐12), 
perceived stress (PSS), GI‐specific anxiety (VSI), and domains of illness 
perceptions (IPQ). Numbers represent least square means from mixed

model analysis; error bars represent standard errors. During routine 
delivery of the LFD. Shading represents duration of each phase of the 
low FODMAP diet including Phase 1: Restriction, Phase 2: Reintro-
duction, and Phase 3: Personalisation.
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