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ABSTRACT

Background: Overlap among disorders of gut-brain interaction (DGBI) is common, with many patients experiencing concomi-
tant non-gastrointestinal symptoms. Fatigue is frequently reported, yet population-based prevalence estimates across DGBI are
limited.

Aims: To examine the prevalence and burden of fatigue among DGBI.

Methods: Data were derived from the Rome Foundation Global Epidemiology Study's internet-based survey, conducted in 26
countries using the Rome I'V Adult Diagnostic Questionnaire. Fatigue was assessed with single items from the Patient-Reported
Outcomes Measurement Information System (PROMIS) Global-10 and the Patient Health Questionnaire-12 (PHQ-12). Prevalence
of fatigue was compared across three groups, including no DGBI, one DGBI and multiple DGBI, with potential associated factors
examined using logistic regression.

Results: Among 54,127 participants (49% female; mean age 44years), 59.9% had no DGBI, 26.6% had one DGBI and 13.5%
had multiple DGBI. Fatigue prevalence was higher with more DGBI overlap: PROMIS 7.7% (95% CI1:7.46-8.04), 16.4% (95% CI:
15.79-17.00), 30.2% (95% CI: 29.16-31.26); PHQ-12 12.6% (95% CI: 12.24-12.96), 25.8% (95% CI: 25.06-26.49), 42.0% (95% CI:
40.83-43.09) for no, one, and multiple DGBI. Fatigue was most common in reflux hypersensitivity (PROMIS 46%, PHQ-12 58%)
and irritable bowel syndrome (PROMIS 39%, PHQ-12 53%). Among individuals with DGBI, fatigue was consistently associated
across both definitions with female sex, age, BMI, sleep disturbance, higher anxiety and depression scores, greater somatic symp-
tom burden, lower psychological well-being, antidepressant use, and satiety, abdominal pain, and bloating.

Conclusions: Fatigue is common and burdensome in DGBI, particularly with overlapping diagnoses. Given the cross-sectional
design, directionality between fatigue and DGBI symptom burden remains unclear. Future research should employ longitudinal
fatigue assessments to inform targeted management.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2026 The Author(s). Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.
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1 | Introduction

Disorders of gut-brain interaction (DGBI) are highly prevalent
conditions, with a global prevalence of 40.3% among adults [1].
These disorders are primarily characterized by gastrointestinal
(GI) symptoms and can be categorized into anatomical groups
based on the presumed origin of symptoms [1, 2]. Overlap be-
tween DGBI categories is frequently observed, with the num-
ber of affected gastrointestinal regions being related to greater
symptom severity, psychological comorbidity, and reduced
quality of life [2]. Many patients also report concomitant non-GI
complaints, underscoring the complex and multidimensional
impact of DGBI |2, 3].

Fatigue is one such symptom, defined as a persistent feeling of
mental or physical tiredness or weakness that is disproportion-
ate to or independent of activity, and that is not alleviated by rest
[4, 5]. It has been reported as one of the most bothersome non-GI
symptoms in patients with irritable bowel syndrome (IBS), a
prototypical DGBI [4, 6]. In some cases, it is perceived as equally
distressing as the GI symptoms themselves [4, 7]. Furthermore,
fatigue has been shown to exert a multidimensional impact on
patient outcomes, including increased symptom severity, im-
paired quality of life, reduced work productivity, and greater
healthcare utilization and costs, underscoring the impor-
tance of recognizing and addressing this symptom [4, 6, 8, 9].
Importantly, although fatigue is recognized as a distressing and
highly prevalent symptom in IBS, robust prevalence estimates
for the broader DGBI population are lacking. Consequently, it
remains unclear whether fatigue is underrecognized across
DGBI as a whole and to what extent it contributes to overall pa-
tient burden.

Efforts to effectively recognize and manage fatigue in DGBI are
hindered by a limited understanding of its underlying mecha-
nisms. The overlap with GI symptoms may be partially explained
by shared pathophysiological pathways, including dysregulation
of the hypothalamic—pituitary-adrenal axis, abnormalities in
serotonin neurotransmission and alterations in immune acti-
vation with low-grade inflammation [7, 10, 11]. Similar mech-
anisms have been implicated in fatigue among patients with
inflammatory bowel disease (IBD) in remission, suggesting a
role for altered gut-brain signalling [5]. Multiple individual and
health-related factors may influence the occurrence of fatigue,
including sex, BMI, sleep disturbance and psychological comor-
bidity [4, 6, 7, 12]. Furthermore, it remains uncertain whether
fatigue represents a distinct non-GI symptom or is secondary to
comorbid conditions, such as depression, in which fatigue and
loss of energy are central features [8]. Notably, many patients
with IBS and functional dyspepsia (FD), another DGBI, meet the
criteria for chronic fatigue syndrome, yet the mechanisms driv-
ing this overlap remain to be elucidated [2, 12].

Together, these uncertainties underscore the unmet need for a
comprehensive understanding of fatigue in DGBI to improve
clinical recognition and management. The Rome Foundation
Global Epidemiology Study (RFGES), a multinational in-
vestigation assessing the prevalence and determinants of 22
distinct DGBI in the global population, provides a unique op-
portunity to reliably assess the prevalence and burden of fa-
tigue across three groups: (I) individuals without any DGBI;

(IT) individuals with one Rome-IV defined DGBI diagnosis;
and (IT) individuals with two or more Rome I'V-defined DGBI
diagnoses.

Therefore, the present study aimed to examine fatigue in DGBI
and its contribution to overall patient burden. It was hypoth-
esized that fatigue prevalence would increase progressively
across these three groups, reflecting the greater disease burden
among patients with overlapping DGBI [2, 3].

2 | Materials and Methods

This study was conducted under the auspices of the Rome
Foundation Research Institute and forms part of the RFGES.
Data in the RFGES were obtained from 33 countries across six
continents using internet-based surveys, face-to-face interviews,
or both approaches. A full account of the RFGES methodology
has been published previously [1].

2.1 | Participants

This study includes respondents from the 26 countries
within the RFGES that used internet-based survey meth-
ods. Participants were recruited through a professional
survey panel provider (Qualtrics LLC, Provo, Utah, USA)
who provided respondents with points redeemable for gifts.
Prespecified demographic criteria ensured a minimum of
2000 respondents per country, with 50% male and 50% female,
and an age distribution of 40% aged 18-39years, 40% aged
40-64years and 20% aged 65 or older [1].

2.2 | Internet Survey

A secure, anonymous online survey was conducted in each of the
26 countries. Surveys underwent translatability assessment by
a professional company (TransPerfect Inc., New York, NY) and
were translated into 21 languages, ensuring both linguistic valida-
tion and cultural adaptation [1, 13]. Quality-assurance procedures
were implemented to exclude unreliable responders, including
attention-check items, completion time thresholds, and repeated
questions to identify inconsistent responses. The survey guaran-
teed that all mandatory questions were answered and incorpo-
rated automated skip patterns, resulting in comprehensive and
accurate data on participants' symptom profiles [1]. Institutional
Review Boards (IRBs) and ethics committees in each participat-
ing country reviewed the study and deemed it exempt from ethics
oversight due to anonymous data collection. Electronic informed
consent was nonetheless obtained from all respondents.

2.3 | Study Questionnaires

The internet survey comprised up to 160 questions, including
the Rome IV Adult Diagnostic Questionnaire, the Rome III IBS
Questionnaire for comparison with Rome IV, and an additional
80 items to identify DGBI-related associations. The exact number
of questions varied based on participants’ responses. The Rome
IV Adult Diagnostic Questionnaire included 86 items assessing
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gastrointestinal symptoms to identify participants with a DGBI.
Symptoms were classified into 22 distinct DGBI types within six
Rome classification categories: oesophageal disorders, gastroduo-
denal disorders, bowel disorders, anorectal disorders, biliary dis-
orders and centrally mediated abdominal pain syndrome (CAPS).
Individuals with self-reported organic diseases potentially ex-
plaining their symptoms (e.g., celiac disease, inflammatory bowel
disease) were excluded from DGBI classification, but remained
in the denominator. Additional survey items assessed sociode-
mographic characteristics and factors potentially associated with
DGBI, including psychosocial determinants, healthcare access,
medication use, and quality of life, utilizing validated instruments
(e.g., the PHQ-4 for anxiety and depression and the PHQ-12 for so-
matic symptom burden). In accordance with the Rome Foundation
scoring algorithm, the gastrointestinal and menstruation-related
items were excluded from the PHQ-15 total score, leaving 11 items
representing PHQ-12. The fatigue item was additionally omitted
in this study, as fatigue was analysed as the primary outcome. The
IBS Severity Scoring System (IBS-SSS) was used to assess the se-
verity of IBS symptoms. Scores were categorized as none/minimal
symptoms (0-74), mild (75-174), moderate (175-299) and severe
(>300), consistent with established cut-offs [14].

2.4 | Fatigue Assessment

Fatigue was assessed using individual items from the Patient-
Reported Outcomes Measurement Information System (PROMIS)
Global-10 and the Patient Health Questionnaire-12 (PHQ-12).
Although these individual items have not been formally validated
as standalone measures of fatigue, the survey was pre-specified
and a validated fatigue instrument could not be incorporated;
these items were therefore used as a pragmatic estimate of fatigue
and to allow sensitivity analyses. On the PROMIS Global-10, a
patient-reported outcome measure assessing overall health and
quality of life, fatigue was defined as reporting ‘severe’ or ‘very se-
vere’ on the item ‘How would you rate your fatigue on average?’
[15]. On the PHQ-12, which evaluates somatic symptom severity
over the past 4weeks, fatigue was defined as being ‘bothered a lot’
by the item ‘feeling tired or having low energy’ [16]. Cut-offs were
chosen pragmatically based on response options.

2.5 | Statistical Analyses

Given that the primary objective was to estimate the global prev-
alence of fatigue in patients with DGBI, the sample size was ex-
pected to yield a prevalence estimate with an acceptably narrow
95% confidence interval (CI). Based on the RFGES, 40.3% of par-
ticipants who completed the internet survey (n=54,127) had at
least one DGBI diagnosis, corresponding to an estimated 21,813
individuals across the 26 participating countries [1]. Assuming a
fatigue prevalence of 50%, the 95% CI around the global preva-
lence estimate among individuals with a DGBI had a margin of
error of approximately 0.7%. For prevalence estimates lower or
higher than 50%, the margin of error would be smaller.

Data analyses were conducted using R (Version 4.4.3) [17].
Baseline characteristics are reported as means with standard
deviation for continuous variables, while categorical variables
are reported as frequencies and percentages.

For the primary analyses, prevalences with 95% CIs were cal-
culated for both fatigue definitions (i.e., PROMIS global-10
and PHQ-12) across the three groups, at both the global and
country-specific levels, using the Wilson-method [18]. The
groups were defined as follows: (I) individuals without a
DGBI, (II) individuals with one DGBI, and (IIT) individuals
with two or more DGBI. Additionally, the prevalence of fa-
tigue was assessed for each Rome DGBI classification group
and subtype (e.g., FD, IBS) at both the global and country-
specific levels, where appropriate.

Determinants of fatigue in DGBI were examined using a logis-
tic regression model with country-level dummy variables to ac-
count for the hierarchical structure of the data, with individuals
nested within countries. This fixed-effects approach reduces the
risk of omitting country-level confounders and avoids making
distributional assumptions about the country effects [19]. A full-
model approach was employed, with fatigue, defined either by
PROMIS Global-10 or PHQ-12, as the dependent variable, and a
priori-selected predictors, including demographic characteristics,
health-related variables and gastrointestinal symptoms, as inde-
pendent variables [20]. No causal interpretations should be made
based on the reported estimates. Model assumptions were as-
sessed and addressed when violated. Continuous predictors were
examined for non-linear associations and, when appropriate, were
modelled using restricted cubic splines with three knots. Adjusted
odds ratios (aORs) with 95% CIs were reported. For continuous
variables, aORs comparing the 75th vs. the 25th percentile (in-
terquartile range) were calculated to aid interpretation. p-values
were derived from likelihood ratio tests (LRTs) comparing the full
model with a reduced model excluding the corresponding vari-
able. A p<0.05 was considered statistically significant. Predicted
probability plots were generated to illustrate the functional form of
non-linear associations, holding other covariates at representative
values. Nomograms were constructed to provide a graphical rep-
resentation of the multivariable models. The discriminative abil-
ity of the models was assessed using ROC and AUROC analyses.

Fatigue prevalence was additionally examined, for exploratory
purposes, in relation to IBS symptom severity, with prevalence
assessed across IBS-SSS severity categories using the Wilson
method for calculating 95% CIs. Fatigue prevalence was also
calculated separately for patients with painful DGBI, non-
painful DGBI, and those with both, based on a previously re-
ported classification (Supporting Information, Methods) [21].

Missing data were minimal overall. Only BMI had missing values
with approximately 10% of BMI values missing. Factors associated
with BMI missingness were examined, using logistic regression
and included in the model with fatigue as the outcome (Supporting
Information, Methods). A complete-case analysis approach was
followed, as BMI was included only in secondary analyses.

3 | Results
3.1 | Participants
A total of 54,127 participants completed the internet survey

across 26 countries. Participants were 49.1% female, with a
mean age of 44.34+16.19years. Among them, 32,412 (59.9%)
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TABLE1 | Baseline Characteristics of Participants by DGBI Status.

Total population No DGBI 1 DGBI >2DGBI
Characteristic (N=54,127) (N=32,412) (N=14,403) (N=7,312)
Age, years, mean (SD) 44.34 (16.19) 45.49 (16.47) 42.75 (15.82) 42.33(15.12)
Female sex, n (%) 26,578 (49.1) 14,253 (44.0) 8069 (56.0) 4256 (58.2)
Region, n (%)
Africa 4041 (7.5) 2165 (6.7) 1178 (8.2) 698 (9.6)
Asia 9487 (17.5) 6066 (18.7) 2475 (17.2) 946 (12.9)
Europe 22,420 (41.4) 13,378 (41.3) 5970 (41.5) 3072 (42.0)
Latin America 8069 (14.9) 4634 (14.3) 2173 (15.1) 1262 (17.3)
Middle East 4022 (7.4) 2490 (7.7) 1104 (7.7) 428 (5.9)
North America 4052 (7.5) 2408 (7.4) 987 (6.9) 657 (9.0)
Oceania 2036 (3.8) 1271 (3.9) 516 (3.6) 249 (3.4)
BMI, kg/m?2, mean (SD) 25.59 (5.41) 25.47 (5.16) 25.60 (5.58) 26.09 (6.10)
Education, years, mean (SD) 14.13 (4.55) 14.11 (4.52) 14.19 (4.55) 14.06 (4.68)
Healthcare access, n (%)
No access 305 (0.6) 185 (0.6) 68 (0.5) 52(0.7)
Limited access 4369 (8.1) 2120 (6.5) 1292 (9.0) 957 (13.1)
Full access 49,453 (91.4) 30,107 (92.9) 13,043 (90.6) 6303 (86.2)
PHQ-4 score, mean (SD) 2.75(2.95) 2.02 (2.50) 3.34(3.00) 4.79 (3.40)
PHQ-12 score, mean (SD) 4.25(3.21) 3.42(2.85) 4.82 (3.00) 6.79 (3.51)
PROMIS Global Mental Health score, mean (SD) 13.55(3.32) 14.23 (3.13) 12.91 (3.25) 11.80 (3.37)
Trouble sleeping, n (%) 8422 (15.6) 3272 (10.1) 2763 (19.2) 2387 (32.6)
Pain medication prescribed, n (%) 9390 (17.4) 4437 (13.7) 2643 (18.4) 2310 (31.6)
Anxiety medication, n (%) 4827 (8.9) 1896 (5.9) 1470 (10.2) 1461 (20.0)
Antidepressant medication, n (%) 4677 (8.6) 1921 (5.9) 1439 (10.0) 1317 (18.0)
Sleeping medication, n (%) 5140 (9.5) 2244 (6.9) 1446 (10.0) 1450 (19.8)

Note: Values are presented as means (standard deviations) or frequencies (%), as appropriate. Regions were classified using predefined geographic groupings. Trouble

sleeping was assessed using an individual item from the PHQ-12 questionnaire.

participants were classified as not having a DGBI, 14,403 (26.6%)
had one DGBI, and 7312 (13.5%) had two or more DGBI (range
2-10). Anxiety and depression scores (PHQ-4), somatic symp-
tom scores (PHQ-12), trouble sleeping, and use of prescribed
medications for pain, anxiety, depression and sleep gradually in-
creased across groups, whereas overall psychological well-being
scores (PROMIS Global Mental Health) decreased. Detailed
characteristics are presented in Table 1.

3.2 | Global Prevalence of Fatigue

The global prevalence of fatigue was 13.1% (95% CI: 12.80-
13.36) based on the PROMIS Global-10 and 20.1% (95% CI:
19.73-20.41) based on the PHQ-12; see Table 2. A substan-
tial increase in fatigue prevalence was observed across the
three DGBI groups for both instruments. Using the PROMIS
Global-10, prevalence was 7.7% (95% CI: 7.46-8.04) in

participants without a DGBI, 16.4% (95% CI: 15.79-17.00) in
those with one DGBI, and 30.2% (95% CI:29.16-31.26) in those
with two or more DGBI. Using the PHQ-12, prevalence was
12.6% (95% CI: 12.24-12.96) in participants without a DGBI,
25.8% (95% CI: 25.06-26.49) in those with one DGBI, and
42.0% (95% CI: 40.83-43.09) in those with two or more DGBI.
Moderate agreement was observed between fatigue defined by
the PROMIS Global-10 and the PHQ-12 (Cohen's x =0.43, 95%
CI: 0.42-0.44).

3.3 | Country-Specific Prevalence of Fatigue

Country-specific prevalence of fatigue varied considerably
among the DGBI groups (Figures 1 and 2, Tables S7 and S8).
Prevalence consistently increased across DGBI groups, with
participants having no DGBI showing the lowest prevalence
(PROMIS Global-10: 2.6%, 95% CI [1.94-3.37] in China; PHQ-12:

4
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o 7.3%, 95% CI [6.11-8.74] in Japan) and those with multiple DGBI
—_ 3 3 < showing the highest prevalence (PROMIS Global-10: up to
; al N E 50.6%, 95% CI [44.54-56.59] in Korea; PHQ-12: up to 53.0%, 95%
mlS x| & CI [47.63-58.09] in South Africa). This pattern was observed for
=y = g both instruments and across all countries.
Q
%
Tls & § 3.4 | Prevalence of Fatigue in DGBI Rome
= i’/ % & Classification Groups and Subtypes
Bl = — K
O R R & .
Alxs < g Among participants with oesophageal disorders, fatigue prev-
] S| = alence was 31.4% (95% CI: 29.81-33.01) using the PROMIS
AR R 2 &
%“3 Global-10 and 43.5% (95% CI: 41.75-45.17) using the PHQ-12.
o o 2 Corresponding prevalences were 29.7% (95% CI: 28.55-30.91)
5 2 f.f- S and 42.7% (95% CI: 41.43-43.98) for gastroduodenal disorders,
=T 1] z 27.3% (95% CI: 26.00-28.70) and 37.4% (95% CI: 35.94-38.87) for
S = a b anorectal disorders and 21.1% (95% CI: 20.51-21.70) and 30.8%
- g (95% CI: 30.09-31.43) for bowel disorders, respectively (Table 3).
o % Prevalence estimates for functional biliary pain and CAPS were
~a NN ii based on small sample sizes, resulting in confidence intervals
e g 4 5 that were too broad. Detailed country-specific prevalence of
2 5 \é/ 5 fatigue among the DGBI classification groups is shown in the
BT = % Tables S9 and S10.
0] <t < <]
a5 3| 2
-|g = % Across specific DGBI, the lowest prevalence estimates were
ao & observed for functional bowel disorder, unspecified (PROMIS
© 2 Global-10: 15.4%, 95% CI: 14.38-16.44; PHQ-12: 24.3%, 95% CI
- g : % 23.12-25.57), whereas the highest estimates were observed
;: 075 in g for reflux hypersensitivity (PROMIS Global-10: 45.7%, 95%
e I 3 CIL: 41.19-50.31; PHQ-12: 58.2%, 95% CI: 53.66-62.69) and IBS
=9 8 (PROMIS Global-10: 39.0%, 95% CI: 36.98-41.05; PHQ-12: 53.1%,
% 95% CI: 50.98-55.16) (Table 3). Estimates for rare DGBI, such as
Sle IS s cannabinoid hyperemesis syndrome, functional biliary pain and
o g & 2 g CAPS, should be interpreted with caution.
ot 5| <
E - = 2 o
s B S| 2
= 8 o d| E 3.5 | Factors Associated With Fatigue in DGBI
Elel2 2| &
zZ| &4 o S . .
= N F 5 A full-model approach was applied to assess determinants po-
E f:: tentially associated with fatigue in DGBI. Two separate models
% S g = were created: one for fatigue defined by the PROMIS Global-10
20|« S| E and one for fatigue defined by the PHQ-12. Linearity assump-
ZIR|s 8% ti iolated f i di d addressed
Sl lm|lg 2|£3 ion was violated for some continuous predictors and addresse
SR a9 g s by using restricted cubic splines (see Tables S36 and S61). No
% é 3 other model violations were identified (i.e., collinearity, influ-
5 - & £ 3 ential outliers). Both models demonstrated good discrimination,
ERNE = 4= with AUCs of 0.84 (95% CI: 0.83-0.85) for the PROMIS-defined
& qla g %DE fatigue model and 0.83 (95% CI: 0.82-0.83) for the PHQ-12-
SIS §|2= i i
ED s 5 Sz e defined fatigue model.
ElR| < 3|22
wn S g .
= |8 g E <5 In the PROMIS Global-10 fatigue model, female sex was asso-
§ a 5 % 5 ciated with increased odds of fatigue in DGBI (OR=1.24, 95%
[
= == 52 CI [1.14-1.36]) (Table 4). Additional factors associated with
é g g higher odds included having multiple DGBI (OR=1.19, 95% CI
DT; g 9, 23 [1.08-1.30]), trouble sleeping (OR=1.56, 95% CI [1.42-1.72]),
S 5 E 8 g use of pain medication (OR=1.15, 95% CI [1.04-1.28]), or an-
© g é’ 58 tidepressant medication (OR=1.25, 95% CI [1.09-1.45]), and
; 0| | EE GI symptoms, including satiety (OR=1.13, 95% CI [1.02-1.25]),
2 go % 5 R ‘§ nausea (OR=1.24, 95% CI [1.07-1.45]), abdominal pain
) 5 ﬁ E :E (OR=1.19, 95% CI [1.07-1.33]) and bloating (OR=1.27, 95%
5 2 CI [1.17-1.39]). Use of anxiety medication was associated with
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FIGURE1 | Prevalence of Fatigue (based on the PROMIS Global-10) by Country and DGBI Group. Country-specific fatigue prevalence is shown
by DGBI group: No DGBI, one DGBI, and >2 DGBI. Fatigue prevalence is colour-coded, with green indicating the lowest prevalence and red the

highest.

lower odds (OR=0.86, 95% CI [0.75-0.99]). Age, BMI, PHQ-4
score, PHQ-12-score and the PROMIS Global Mental Health
score showed non-linear associations with the odds of fatigue
(Table S36). Corresponding aORs comparing differences in the
predictors across the interquartile range (IQR) are presented

in Table 4. Predicted probability plots illustrated distinct non-
linear patterns, including increasing fatigue probability with
higher PHQ-4 scores and lower PROMIS Global Mental Health
scores, as well as non-monotonic associations with age, BMI and
PHQ-12 score (Figure 3).
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FIGURE 2 | Prevalence of Fatigue (based on the PHQ-12) by Country and DGBI Group. Country-specific fatigue prevalence is shown by DGBI
group: No DGBI, one DGBI, and >2 DGBI. Fatigue prevalence is colour-coded, with green indicating the lowest prevalence and red the highest.

In the PHQ-12 fatigue model, factors associated with higher
odds of fatigue in DGBI included female sex (OR=1.43, 95% CI
[1.32-1.54]), trouble sleeping (OR =2.64, 95% CI [2.42-2.88]), use of
antidepressant medication (OR=1.21, 95% CI [1.05-1.38]), satiety
(OR=1.24,95% CI [1.13-1.35]), abdominal pain (OR=1.26, 95% CI

[1.14-1.40]) and bloating (OR=1.13, 95% CI [1.04-1.22]). Age (30
vs. 54years: OR=0.67,95% CI [0.63-0.71]) and use of sleeping med-
ication (OR=0.78, 95% CI [0.69-0.87]) were associated with lower
odds of fatigue (Table 5). BMI, PHQ-4 score, PHQ-12 score, and
the PROMIS Global Mental Health score demonstrated non-linear
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TABLE 3 | Global Prevalence of Fatigue Among DGBI Subtypes.

DGBI Fatigue, PROMIS Global-10 95% CI Fatigue, PHQ-12 95% CI

Oesophageal disorders 1012/3224 (31.4%) 29.81-33.01 1401/3224 (43.5%) 41.75-45.17
Functional Heartburn 215/613 (35.1%) 31.40-38.93 297/613 (48.5%) 44.52-52.40
Functional Chest Pain 236/741 (31.9%) 28.60-35.29 315/741 (42.5%) 39.00-46.10
Reflux Hypersensitivity 208/455 (45.7%) 41.19-50.31 265/455 (58.2%) 53.66-62.69
Globus 108/408 (26.5%) 22.42-30.96 159/408 (39.0%) 34.36-43.78
Dysphagia 539/1712 (31.5%) 29.33-3372  764/1712 (44.6%)  42.29-46.99
Gastroduodenal disorders 1708/5747 (29.7%) 28.55-30.91 2454/5747 (42.7%) 41.43-43.98
Functional Dyspepsia 1296/3910 (33.2%) 31.69-34.64 1819/3910 (46.5%) 44.96-48.09
PDS 1098/3313 (33.1%) 31.56-34.76 1577/3313 (47.6%) 45.90-49.30
EPS 508/1306 (38.9%) 36.29-41.57 665/1306 (50.9%) 48.21-53.62
Belching 179/525 (34.1%) 30.17-38.25 263/525 (50.1%) 45.83-54.36
Rumination 363/1511 (24.0%) 21.94-26.24  560/1511 (37.1%)  34.66-39.53
CNVS 193/503 (38.4%) 34.22-42.69 265/503 (52.7%) 48.32-57.01
Cyclic Vomiting 202/649 (31.1%) 27.68-34.79 269/649 (41.5%) 37.72-45.28
Cannabinoid Hyperemesis Syndrome 14/28 (50.0%) 32.63-67.37 12/28 (42.9%) 26.51-60.93
Bowel disorders 3794/17,980 (21.1%) 20.51-21.70 5530/17,980 (30.8%)  30.09-31.43
IBS 856/2195 (39.0%) 36.98-41.06 1165/2195 (53.1%) 50.98-55.16
Functional Constipation 1230/6333 (19.4%) 18.47-20.41 1859/6333 (29.4%) 28.25-30.49
Opioid Induced Constipation 222/846 (26.2%) 23.39-29.31 316/846 (37.4%) 34.16-40.66
Functional Diarrhoea 514/2547 (20.2%) 18.67-21.78 681/2547 (26.7%) 25.05-28.49
Functional Bloating 348/1658 (21.0%) 19.10-23.02 503/1658 (30.3%) 28.17-32.59
Functional Bowel Disorder, Unspecified 728/4732 (15.4%) 14.38-16.44 1151/4732 (24.3%) 23.12-25.57
Anorectal disorders 1143/4183 (27.3%) 26.00-28.70 1564/4183 (37.4%) 35.94-38.87
Faecal incontinence 239/851 (28.1%) 25.17-31.20 320/851 (37.6%) 34.41-40.91
Levator Ani 239/622 (38.4%) 34.68-42.31 291/622 (46.8%) 42.90-50.71
Proctalgia Fugax 784/3013 (26.0%) 24.49-27.62 1092/3013 (36.2%) 34.55-37.98
Functional Biliary Pain 16/44 (36.4%) 23.78-51.13 24/44 (54.6%) 40.07-68.29
CAPS 2/11 (18.2%) 5.14-47.70 6/11 (54.6%) 28.01-78.73

Abbreviations: 95% CI, 95% confidence interval; CAPS, centrally mediated abdominal pain syndrome; CNVS, chronic nausea and vomiting syndrome; DGBI,
disorder of gut-brain interaction; EPS, epigastric pain syndrome; IBS, irritable bowel syndrome; PDS, postprandial distress syndrome; PHQ-12, Patient Health

Questionnaire-12; PROMIS Global-10, Patient-Reported Outcomes Measurement Information System Global-10.

associations with the odds of fatigue (Table S61). Predicted prob-
ability plots illustrated increasing fatigue probability at higher
BMI, PHQ-4 scores and PHQ-12 scores and lower PROMIS Global
Mental Health scores (Figure 4). Nomograms summarizing the
multivariable models are shown in, Figures S2 and S3.

3.6 | Fatigue in Relation to IBS Symptom Severity

Among 2195 participants meeting Rome IV criteria for IBS,
2183 had complete IBS-SSS data and were included in the

analysis. Fatigue prevalence increased with IBS symptom se-
verity. Using the PROMIS fatigue definition, fatigue was re-
ported by 35.8% (95% CI: 27.41-45.12; n=109) of participants
with none/minimal symptoms, 29.7% (95% CI: 25.67-34.14;
n=444) with mild symptoms, 35.0% (95% CI: 31.99-38.18;
n=908) with moderate symptoms, and 50.4% (95% CI: 46.78-
54.05; n=722) with severe symptoms. Using the PHQ-12 fa-
tigue definition, corresponding prevalences were 43.1% (95%
CI: 34.21-52.49), 41.9% (95% CI: 37.39-46.53), 52.3% (95% CI:
49.06-55.54) and 62.6% (95% CI: 59.02-66.06), respectively
(Table S63).
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TABLE 4 | Multivariable Logistic Regression Model for Fatigue
Defined by the PROMIS Global-10.

Global LRT p
aOR 95% C1 of association

Country <0.001

Argentina 0.96  0.68-1.35

Australia 0.74  0.52-1.06

Belgium 248  1.77-3.49

Brazil 0.88  0.63-1.24

Canada 0.87  0.60-1.27

China 0.77  0.54-1.11

Colombia 0.67  0.46-0.97

Egypt 0.50  0.35-0.70

France 2.31 1.68-3.20

Germany 2.78  1.99-3.89

Netherlands 2.64  1.86-3.75

Israel 1.55 1.08-2.21

Italy 0.58  0.41-0.83

Japan 0.73 0.51-1.04

Korea 345 2.48-4.82

Mexico 0.80 0.56-1.14

Poland 2.42 1.76-3.36

Romania 0.97 0.69-1.38

Russia 1.52 1.10-2.11

Singapore 1.02  0.70-1.48

South Africa 098  0.70-1.38

Spain 0.77  0.55-1.10

Sweden 193  1.38-2.72

Turkey 1.51  1.09-2.11

USA 0.82 0.57-1.17
Age (30 vs. 54years) 0.78  0.72-0.84 <0.001
Sex

Female 1.24 1.14-1.36 <0.001
BMI (21.67 vs 28.65 1.20 1.12-1.29 <0.001
kg/m?)
Healthcare access

Limited access 1.08 0.95-1.22 0.486

No access 1.06  0.60-1.84
DGBI group

>2 DGBI 1.19  1.08-1.30 0.001
PHQ-4 score (1 vs. 6) 2.59  2.27-2.96 <0.001
PHQ-12score 3vs.7) 1.70  1.55-1.87 <0.001

(Continues)

TABLE4 | (Continued)

Global LRT p

aOR 95% CI of association
PROMIS Global Mental 0.51 0.47-0.56 <0.001
Health score (10 vs. 15)
Trouble Sleeping 1.56  1.42-1.72 <0.001
Pain medication 1.15 1.04-1.28 0.004
Anxiety medication 0.86  0.75-0.99 0.03
Antidepressant 1.25  1.09-1.45 0.002
medication
Sleeping medication 096  0.85-1.09 0.509
Satiety 1.13 1.02-1.25 0.014
Nausea 1.24 1.07-1.45 0.006
Epigastric Pain 096  0.83-1.12 0.548
Vomiting 0.99  0.80-1.23 0.878
Regurgitation 1.05  0.90-1.22 0.514
Belching 0.88  0.76-1.02 0.075
Abdominal Pain 1.19  1.07-1.33 0.002
Constipation 1.06  0.97-1.15 0.182
Diarrhoea 1.08 0.99-1.17 0.073
Bloating 1.27 1.17-1.39 <0.001

Note: This table presents the multivariable model examining factors associated
with the presence of fatigue in DGBI. Country was included as a fixed effect.
Odds ratios (ORs) with 95% confidence intervals are shown. For continuous
variables, ORs correspond to an increase from the 25th to the 75th percentile
(interquartile range). p-values are derived from likelihood ratio tests (LRT)
comparing the full model with a reduced model excluding the corresponding
variable. The “Global LRT p-value of association” represents the overall
association between the variable and the outcome and is also illustrated in the
predicted probability curves. For variables modelled using restricted cubic splines,
this overall test includes both linear and non-linear effects and may therefore
differ from the odds ratio and confidence interval shown for a specific contrast.
Bold values indicate statistical significance at p < 0.05. Model fit: AIC=14850.23.
BIC=15362.65. AUROC =0.84 (95% CI: 0.84-0.85). References: country (UK),
sex (male), healthcare access (full healthcare access), DGBI group (having one
DGBI), trouble sleeping (having no trouble sleeping), pain medication (not taking
prescribed pain medication), anxiety medication (not taking prescribed anxiety
medication), depression medication (not taking depression medication), sleeping
medication (not taking sleeping medication), satiety (not having satiety), nausea
(not having satiety), epigastric pain (not having epigastric pain), vomiting (not
having to vomit), regurgitation (not having regurgitation), belching (not having
belching), abdominal pain (not having abdominal pain), constipation (not having
constipation), diarrhoea (not having diarrhoea), bloating (not having bloating).
Abbreviations: 95% CI, 95% confidence interval; aOR, adjusted Odds Ratio; BMI,
body mass index; DGBI, disorder of gut-brain interaction; PHQ, patient health
questionnaire.

3.7 | Fatigue Prevalence Across Painful
and Non-Painful DGBI Categories

Based on the PROMIS Global-10, fatigue prevalence was 18.6%
(95% CI: 17.92-19.32) among participants with non-painful
DGBI, 23.5% (95% CI: 21.68-25.36) in painful DGBI, and 33.3%
(95% CI: 31.90-34.70) in overlapping painful and non-painful
DGBI. Corresponding prevalences using the PHQ-12 were 28.5%
(95% CI: 27.64%-29.27%), 35.8% (95% CI: 33.73-37.89) and 44.7%
(95% CI: 43.25-46.20), respectively (Table S64).
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Predicted Probability of PROMIS-Defined Fatigue across Continuous Predictors in DGBI

A. Predicted probability of fatigue in DGBI by age B. Predicted probability of fatigue in DGBI by BMI
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FIGURE 3 | Predicted Probability of PROMIS-Defined Fatigue across Continuous Predictors in DGBI. Plots show the estimated probability of
fatigue for age, BMI, PHQ-4 score, PHQ-12 score and PROMIS Global Mental Health score, derived from the multivariable model. Shaded areas rep-
resent 95% confidence intervals. References: Country (UK), sex (female), healthcare access (full healthcare access), DGBI group (having one DGBI),
trouble sleeping (having no trouble sleeping), pain medication (not taking prescribed pain medication), anxiety medication (not taking prescribed
anxiety medication), depression medication (not taking depression medication), sleeping medication (not taking sleeping medication), satiety (not
having satiety), nausea (not having satiety), epigastric pain (not having epigastric pain), vomiting (not having to vomit), regurgitation (not having
regurgitation), belching (not having belching), abdominal pain (not having abdominal pain), constipation (not having constipation), diarrhoea (not
having diarrhoea), bloating (not having bloating).

4 | Discussion

In this multinational population-based study, fatigue prevalence
increased with DGBI burden (i.e., none, one or multiple DGBI),
a pattern that was consistent across all 26 countries. Among the
more prevalent Rome IV DGBI diagnoses, oesophageal disor-
ders, particularly reflux hypersensitivity, and IBS showed a high

prevalence of fatigue. Within IBS, fatigue prevalence increased
progressively with greater symptom severity. Fatigue preva-
lence also differed by DGBI pain classification, increasing pro-
gressively from non-painful to painful DGBI and being highest
among participants with overlapping painful and non-painful
DGBI. Factors consistently associated with fatigue across both
definitions included age, female sex, BMI, sleep disturbance,

10
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TABLE 5 | Multivariable Logistic Regression Model for Fatigue

Defined by the PHQ-12.

Global LRT p
aOR 95%CI  of association

Country <0.001

Argentina 0.63  0.47-0.85

Australia 1.01  0.75-1.36

Belgium 099 0.73-1.33

Brazil 0.57 0.42-0.76

Canada 0.94 0.68-1.29

China 0.63  0.47-0.84

Colombia 0.73  0.54-0.97

Egypt 0.47  0.35-0.63

France 0.72  0.54-0.96

Germany 0.87 0.64-1.17

Netherlands 1.10 0.81-1.49

Israel 1.31  0.97-1.76

Italy 0.45 0.33-0.60

Japan 0.64 0.47-0.87

Korea 0.83  0.62-1.13

Mexico 0.62 0.46-0.84

Poland 0.85 0.64-1.12

Romania 0.87  0.65-1.17

Russia 0.75 0.57-1.00

Singapore 0.66  0.49-0.91

South Africa 1.00 0.75-1.33

Spain 0.56  0.42-0.75

Sweden 1.24  0.93-1.67

Turkey 0.88 0.66-1.18

USA 0.89 0.66-1.20
Age (30 vs. 54years) 0.67 0.63-0.71 <0.001
Sex

Female 1.43  1.32-1.54 <0.001
BMI (21.67 vs. 1.01  0.95-1.07 <0.001
28.65kg/m?)
Healthcare access 0.328

Limited access 098 0.87-1.11

No access 0.65 0.38-1.12
DGBI group

>2 DGBI 1.06  0.98-1.15 0.135
PHQ-4 score (1 vs. 6) 1.80 1.62-2.01 <0.001

(Continues)

TABLE5 | (Continued)

Global LRT p

aOR 95% CI  of association
PHQ-12 score (3 vs. 7) 3.01 2.76-3.27 <0.001
PROMIS Global Mental 0.81  0.75-0.88 <0.001
Health score (10 vs. 15)
Trouble Sleeping 2.64 2.42-2.88 <0.001
Pain medication 1.06  0.97-1.16 0.182
Anxiety medication 1.05 0.93-1.20 0.396
Antidepressant 1.21  1.05-1.38 0.006
medication
Sleeping medication 0.78  0.69-0.87 <0.001
Satiety 1.24  1.13-1.35 <0.001
Nausea 1.01  0.88-1.17 0.821
Epigastric Pain 097 0.84-1.11 0.596
Vomiting 1.00  0.81-1.22 0.889
Regurgitation 1.03  0.89-1.19 0.695
Belching 096 0.84-1.10 0.581
Abdominal Pain 1.26  1.14-1.40 <0.001
Constipation 0.99 0.92-1.07 0.792
Diarrhoea 1.00  0.92-1.07 0.897
Bloating 113  1.04-1.22 0.003

Note: This table presents the multivariable model examining factors associated
with the presence of fatigue in DGBI. Country was included as a fixed effect.
Odds ratios (ORs) with 95% confidence intervals are shown. For continuous
variables, ORs correspond to an increase from the 25th to the 75th percentile
(interquartile range). p-values are derived from likelihood ratio tests (LRT)
comparing the full model with a reduced model excluding the corresponding
variable. The “Global LRT p-value of association” represents the overall
association between the variable and the outcome and is also illustrated in

the predicted probability curves. For variables modelled using restricted cubic
splines, this overall test includes both linear and non-linear effects and may
therefore differ from the odds ratio and confidence interval shown for a specific
contrast. Bold values indicate statistical significance at p < 0.05. Model fit:
AIC=18209.88. BIC=18698.65. AUROC=0.83 (95% CI: 0.82-0.83). References:
country (UK), sex (male), healthcare access (full healthcare access), DGBI
group (having one DGBI), trouble sleeping (having no trouble sleeping), pain
medication (not taking prescribed pain medication), anxiety medication (not
taking prescribed anxiety medication), depression medication (not taking
depression medication), sleeping medication (not taking sleeping medication),
satiety (not having satiety), nausea (not having satiety), epigastric pain (not
having epigastric pain), vomiting (not having to vomit), regurgitation (not
having regurgitation), belching (not having belching), abdominal pain (not
having abdominal pain), constipation (not having constipation), diarrhoea (not
having diarrhoea), bloating (not having bloating).

Abbreviations: 95% CI, 95% confidence interval; aOR, adjusted Odds Ratio; BMI,
body mass index; DGBI, disorder of gut-brain interaction; PHQ, patient health
questionnaire.

higher anxiety and depression scores (PHQ-4), higher PHQ-12
somatic symptom scale scores, lower psychological well-being
(PROMIS Global Mental Health), antidepressant use, and the
presence of satiety, abdominal pain, and bloating.

Fatigue prevalence increased progressively with DGBI over-
lap, supporting our hypothesis that greater diagnostic over-
lap reflects a higher disease burden. Previous research has
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Predicted Probability of PHQ-12-Defined Fatigue across Continuous Predictors in DGBI
A. Predicted probability of fatigue in DGBI by BMI B. Predicted probability of fatigue in DGBI by PHQ-4
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FIGURE 4 | Predicted Probability of PHQ-12-Defined Fatigue across Continuous Predictors in DGBI. Plots show the estimated probability of fa-
tigue for BMI, PHQ-4 score, PHQ-12 score and PROMIS Global Mental Health score, derived from the multivariable model. Shaded areas represent
95% confidence intervals. References: Country (UK), sex (female), healthcare access (full healthcare access), DGBI group (having one DGBI), trouble
sleeping (having no trouble sleeping), pain medication (not taking prescribed pain medication), anxiety medication (not taking prescribed anxiety
medication), depression medication (not taking depression medication), sleeping medication (not taking sleeping medication), satiety (not having
satiety), nausea (not having satiety), epigastric pain (not having epigastric pain), vomiting (not having to vomit), regurgitation (not having regurgi-
tation), belching (not having belching), abdominal pain (not having abdominal pain), constipation (not having constipation), diarrhoea (not having
diarrhoea), bloating (not having bloating).

demonstrated that overlap across GI anatomical regions is com- DGBI diagnoses directly reflects cumulative symptom-burden
mon in DGBI and may reflect shared clinical features and un- complexity, which is more likely to relate to fatigue than the
derlying pathophysiological mechanisms [3, 11]. Of note is that number of anatomical regions involved. Consistent with this,
our primary research question was whether fatigue prevalence the presence of multiple DGBI has been associated with greater
increases with DGBI diagnostic load, rather than with GI ana- symptom severity, increased psychosocial comorbidities, higher
tomical spread per se. For this reason, we defined overlap at the healthcare utilization, and reduced quality of life [2, 11, 22].
level of individual DGBI diagnoses. The number of coexisting This burden poses clinical challenges, as current Rome-based
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diagnostic and therapeutic frameworks largely focus on single
disease entities, underscoring the importance of comprehensive
history taking that accounts for symptom timing, overlap, and
coherence [23].

The co-existence of non-GI symptoms such as fatigue warrants
explicit consideration in DGBI care [2]. Our findings confirm
that fatigue is a globally relevant and distressing symptom in
this population, with particularly high prevalence in reflux hy-
persensitivity and IBS. Reflux hypersensitivity is, unlike most
symptom-defined DGBI, characterized by a positive symptom
association on objective reflux testing despite normal oesoph-
ageal acid exposure [24]. Amplification of oesophageal sensory
signalling may promote central sensitization, potentially influ-
enced by heightened autonomic arousal, psychological comor-
bidity and poor sleep, thereby potentially contributing to fatigue
[25, 26]. Physiological nocturnal reflux events or reflux-related
sleep disruption may further contribute to daytime fatigue [25].
Within IBS, fatigue prevalence increased with symptom sever-
ity, suggesting an association between fatigue and GI symptom
burden. Fatigue was also more prevalent in patients with pain-
ful DGBI than in those with non-painful DGBI, and highest
among individuals with overlapping painful and non-painful
DGBI, further supporting a specific association between chronic
pain and fatigue [27]. Notably, however, substantial fatigue prev-
alence was also observed among individuals in IBS remission,
indicating that fatigue cannot be fully explained by current GI
symptoms. Meta-analytic data similarly identified fatigue as a
major somatic complaint in IBS, with a pooled prevalence of
54.2%, and demonstrated associations with greater symptom
severity and psychological distress [6, 8]. Despite this burden,
fatigue is often overlooked due to its subjective and non-specific
nature and its frequent attribution to comorbid organic (e.g.,
IBD) or mental disorders (e.g., depression) [8]. Shared complex
mechanisms, including alterations in the hypothalamic-pitu-
itary—adrenal axis, serotonin neurotransmission, and immune
activation with low-grade inflammation, are implicated in over-
lapping symptom expression and may obscure the clinical rele-
vance of fatigue [7, 10, 11]. This reinforces the need for greater
awareness, systematic screening and integration of fatigue into
DGBI care pathways [5].

Importantly, the way fatigue is measured influences the ob-
served burden. In our study, prevalence patterns were consistent
across PROMIS and PHQ-12 definitions, but absolute prevalence
estimates differed, with only moderate agreement between
measures (Cohen's k=0.43). While both instruments capture
subjective fatigue burden, they differ in measurement intent
and severity thresholds. The PROMIS fatigue item, anchored in
quality-of-life assessment, captures only severe or very severe
fatigue and reflects the degree to which fatigue impairs the par-
ticipant [28]. In contrast, the PHQ-12 item screens for somatic
symptom burden, defining fatigue as being ‘bothered a lot” by
feeling tired or having low energy [29]. This broader response
category may include individuals with moderate fatigue as cap-
tured by the PROMIS, explaining the differing prevalence esti-
mates despite similar associations with DGBI burden.

Recognizing these measurement nuances highlights that fatigue
is a complex, multidimensional symptom encompassing physi-
cal, cognitive, emotional, motivational and mental components,

which are not fully captured by single-item measures [30].
Ideally, a validated multidimensional fatigue assessment would
be used to capture the full spectrum of fatigue. However, since
the survey had already been constructed, such instruments
could not be added. Additionally, the individual items from the
PROMIS Global-10 and the PHQ-12 have not been formally val-
idated as standalone measures of fatigue. Nevertheless, single-
item measures are commonly used in large population-based
studies, and our sensitivity analysis using both fatigue items
confirmed the robustness of our findings [31].

Building on these robust measures, we examined participant
characteristics associated with fatigue in DGBI. Although cau-
sality cannot be inferred, several factors emerged. Fatigue was
more common in females, consistent with prior findings demon-
strating sex differences in DGBI, with a higher overall burden
and greater comorbidity reported in women [1, 2, 32-34]. Sleep
disturbances were also associated with increased fatigue. Poor
sleep quality, reflected in patients feeling unrefreshed after
sleep, has been strongly linked to greater fatigue severity and
reduced daily functioning in IBS [35]. Notably, Borren et al. re-
ported that disturbed sleep in non-fatigued IBD patients, both
with active disease and in remission, was the strongest predic-
tor of fatigue 6 months later [12, 36]. In this context, circadian
rhythm disruption may represent a biologically plausible con-
tributing factor, given its established influence on gastrointesti-
nal barrier function, motility and immune regulation, and may
offer a useful direction for further research and targeted symp-
tom management [37]. A higher symptomatic symptom burden,
as captured by the PHQ-12, was strongly associated with fa-
tigue, suggesting that fatigue is not solely related to GI symptom
severity but is also linked to broader somatic symptom distress
[38]. Although directionality cannot be determined, this find-
ing aligns with chronic pain literature, where pain and fatigue
frequently co-occur and may share underlying mechanisms
[27]. Higher anxiety and depression scores and lower psycho-
logical well-being (as measured by the PROMIS Global Mental
Health score) were similarly associated with fatigue, consistent
with prior studies highlighting psychosocial comorbidities as
key determinants of symptom severity and overlap in DGBI
[2,8,11,23,39-41]. In IBS specifically, fatigue has likewise been
linked to greater anxiety, depression, and reduced quality of life
compared to non-fatigued patients [6, 8, 12]. Antidepressant use
was also associated, potentially reflecting side effects or residual
fatigue following partial recovery from depression [42]. Among
GI symptoms, bloating and abdominal pain were particularly
associated with fatigue, consistent with prior IBS findings, with
similar patterns observed for satiety [6, 8].

The predicted probability plots and nomograms were devel-
oped solely for illustrative purposes and hypothesis gener-
ation, facilitating interpretation of a complex multivariable
model with many predictors, some exhibiting non-linear ef-
fects [43]. Nevertheless, these findings can inform targeted
fatigue management strategies in DGBI, suggesting that ad-
dressing fatigue as a potentially modifiable factor may help
alleviate overall symptom burden and improve patient func-
tioning. Effective management begins with patient and clini-
cian awareness and systematic screening. Fatigue diaries, for
example, can provide valuable insight into symptom patterns
and triggers [8, 44]. Once identified, general strategies may be
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integrated, including structured daily planning, activity prior-
itization, energy distribution and scheduled rest periods [44].
Discouraging maladaptive coping, such as excessive daytime
napping, all-or-nothing behaviour, and catastrophizing, may
further support patient well-being [45]. Psychological inter-
ventions, including cognitive behavioural therapy, should be
considered early, particularly in patients linking psychological
factors to their symptoms [39, 44]. Given the frequent overlap
between DGBI and non-GI symptoms, these approaches are
best delivered within a comprehensive, multidisciplinary care
model [2].

Despite providing valuable insights into the burden of fatigue
in DGBI, several methodological limitations warrant consider-
ation. First, diagnostic misclassification may have occurred. A
small proportion of participants with >2 DGBI (8.6%) met crite-
ria for multiple DGBI diagnoses that may not fully co-exist under
strict Rome IV diagnostic definitions (e.g., chronic nausea and
vomiting syndrome and cyclic vomiting syndrome) (Table S6).
Because the survey design did not allow assessment of tempo-
ral relationships or causal attribution, such co-occurrence may
have modestly overestimated the number of participants with
multiple DGBI and associated fatigue. Additionally, outcomes
were based on self-reported symptoms rather than clinically
confirmed diagnoses, so organic diseases presenting with sim-
ilar GI symptoms could not be fully excluded. To partially ad-
dress this, participants reporting major organic conditions (e.g.,
inflammatory bowel disease, celiac disease, GI cancer and ab-
dominal or pelvic surgery) were excluded from relevant DGBI
diagnoses. These diagnostic issues affected only a small propor-
tion of participants and are unlikely to have materially affected
the overall results. Second, online participant recruitment may
introduce selection bias, which was partly mitigated using pre-
specified demographic criteria intended to improve representa-
tiveness. Third, despite careful translation, linguistic validation,
and cultural adaptation, the questionnaire may not have been
fully comprehensible to all participants. Finally, missing data
were limited, with 10.6% missing for BMI. As BMI was included
only in secondary analyses, the primary aim was unaffected. To
make the missing at random (MAR) assumption more plausible,
predictors of missingness were included in the logistic regres-
sion models for fatigue (Table S2).

In conclusion, this study underscores the substantial burden
associated with overlapping DGBI and identifies fatigue as a
clinically relevant non-GI symptom that warrants greater rec-
ognition and tailored management. Several factors associated
with fatigue were identified, providing potential targets to
inform such interventions. Recognizing fatigue as a multidi-
mensional construct, future research should account for this
complexity to fully capture its impact and support personal-
ized care.
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gistic regression model. Higher total points correspond to a higher
predicted probability of fatigue. Reference for country: 1=Argentina;
2=Australia; 3=Belgium; 4=Brazil; 5=Canada; 6=China;
7=Colombia; 8=Egypt; 9=France; 10=Germany; 11=Netherlands;
12=Israel; 13=Italy; 14 =Japan; 15=Korea; 16 =Mexico; 17 =Poland;
18=Romania; 19=Russia; 20=Singapore; 21=South Africa;
22=Spain; 23 =Sweden; 24 =Turkey; 25=USA. Table S63: Fatigue in
Relation to IBS Symptom Severity (IBS-SSS). Table S64: Fatigue preva-
lence across painful and non-painful DGBI categories.
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