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Summary

Background: The Rome Foundation Global Epidemiology Study (RFGES) found that
40.3% of adults in 26 internet-surveyed countries met Rome |V criteria for disorders
of gut-brain interaction (DGBI). However, additional people not meeting DGBI crite-
ria may also be burdened by frequent gastrointestinal symptoms.

Aims: To explore the prevalence and demographic distribution of sub-diagnostic gas-
trointestinal symptoms, and the hypothesised associated effects on quality of life
(Qol), life functioning and healthcare needs.

Methods: We analysed data from the RFGES survey, which included the Rome IV
diagnostic questionnaire and Qol, psychological, work productivity and healthcare
questions.

Results: Of the 50,033 people without a history of organic gastrointestinal disor-
ders, 25.3% classified in the sub-diagnostic group (no DGBI but one or more frequent
gastrointestinal symptoms), 41.4% had DGBI and 33.4% had no frequent gastroin-
testinal symptoms (non-Gl group). Sub-diagnostic prevalence in different world re-
gions ranged from 22.2% (North America) to 30.5% (Middle East), was slightly higher
among males than females and decreased with age. The sub-diagnostic group was
intermediate between the non-Gl and DGBI groups, and significantly different from
both of them on QolL, anxiety, depression, somatisation, healthcare utilisation and
life and work impairment.

Conclusions: One in four adults without organic gastrointestinal disorders or DGBI
report frequent gastrointestinal symptoms. This sub-diagnostic group has reduced
Qol, greater psychological and non-Gl bodily symptoms, impaired work productivity
and life activities and greater healthcare use compared to non-Gl individuals. This
suggests that many in this sub-diagnostic group might benefit from healthcare ser-

vices or symptom self-management advice.

‘[Correction added on 12 February 2024, after first online publication: The copyright line was changed.]’
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1 | INTRODUCTION

The disorders of gut-brain interaction (DGBI), formerly known as
functional gastrointestinal (Gl) disorders (FGID), are a large class
of digestive health problems characterised by chronic or recurrent
Gl symptoms that are not fully explained by objective findings on
standard investigations or tests.! Diagnostic symptom criteria de-
fine these disorders, the latest being the Rome IV criteria, based
on the chronic presence of either a single Gl symptom or a com-
bination of Gl symptoms that exceed pre-defined minimum fre-
quency and duration thresholds? that have been partly determined
based on data on their occurrence in the general population.® In
addition to meeting the minimum symptom frequency thresholds,
qualifying for a DGBI diagnosis requires the symptoms to both be
currently present (i.e. during the last 3months) and show signs of
chronicity (i.e. first onset reported to be at least 6 months before
diagnosis).

DGBI are very common in the general population. In the Rome
Foundation Global Epidemiology Study (RFGES), 40.3% of Internet-
surveyed adults in 26 national populations collectively fulfilled crite-
ria for at least one DGBIL.* Most DGBI are female predominant, and
having a DGBI is frequently associated with substantial adverse im-
pact for the individual, including the suffering directly related to the
Gl symptoms, associated psychological and non-Gl body symptoms,
reduced quality of life, impaired work functioning and increased
healthcare utilisation.>¢

Past surveys that focused on symptoms in the general adult
population rather than formal diagnosable Gl disorders have found
that up to 60% of people report troublesome GI symptoms.”®
Therefore, it seems likely that a substantial additional proportion
of adults who do not meet the diagnostic criteria for a DGBI by
current definitions have what can be called ‘sub-diagnostic’ Gl
symptoms. This is supported by a recent survey assessing what
the investigators termed ‘minor digestive symptoms’. In 1924 ran-
domly selected French adults without a confirmed DGBI or any
other GI disease, these symptoms occurred in 66.5% of women
and 47.7% of men, and they had a marked impact on vitality and
self-image as well as emotional, social and physical weII-being.9
However, apart from this single-country survey, little is known
about the importance of having Gl symptoms not meeting diag-
nostic criteria for DGBI or organic Gl disorders. It is unknown
whether these sub-diagnostic symptoms are more common in spe-
cific sociodemographic segments, countries or geographic regions
or what characteristics distinguish people who have troublesome
sub-diagnostic Gl symptoms from those without such symptoms
or set them apart from those who have formally diagnosable Gl
disorders.

The RFGES study, which collected gastrointestinal symptom
data reported with the frequency scales of the Rome IV diagnos-
tic questionnaire® from populations in countries around the world,
constitutes a unique opportunity not only for assessing DGBI on
a global population level but also for evaluating how common it is

to have no DGBI but still have Gl symptoms frequent enough for
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them to be considered as clinical significance by DGBI experts; that
is, sub-diagnostic Gl symptoms. Furthermore, additional information
collected in the RFGES survey along with Gl symptom reporting
makes it possible to assess the relevance of the symptoms in terms
of healthcare needs, impairment in quality of life and emotional well-
being, as well as potential effects on work and life activities.

Hence, the present study aimed to use the data from the RFGES
to:

1. Characterise the worldwide population prevalence and socio-
demographic characteristics of people with sub-diagnostic Gl
symptoms.

2. Assess the impact of sub-diagnostic Gl symptoms on quality of
life, healthcare and medication use, work and life activities, psy-
chological well-being and Gl concerns.

3. Evaluate the association of sub-diagnostic Gl symptoms with
non-Gl symptoms and self-reported family history of organic Gl

disorders.

2 | MATERIALS AND METHODS
2.1 | Dataset

The data analysed in this study were the combined RFGES sur-
vey responses from 54,127 adults in the general population of 26
countries on six continents, who were surveyed in a uniform man-
ner using the Internet between March 2017 and January 2018.
The study aimed to determine the global prevalence of the various
DGBI and examine associated factors of potential importance.4
The Rome IV diagnostic questionnaire3 used in that study col-
lects information on the presence and frequency of a wide range
of Gl symptoms that define the various DGBI. The symptoms are
reported on frequency scales and have established frequency
thresholds delineating what is considered abnormal by the Rome
Foundation DGBI experts based on frequency data in a population
survey.3 The main findings regarding the global DGBI prevalence
have been previously presented.* The survey participants were
individuals who had already registered in large online panels to
complete a variety of surveys. They were invited via e-mail and
enrolled in the study with the help of Qualtrics, Inc. (Provo, Utah,
USA), a large global market research company, solely based on their
demographic characteristics. They completed an online consent
and then completed the survey in a manner that was anonymous
to the investigators. To avoid possible self-selection bias regard-
ing gastrointestinal symptoms, the participants were unaware that
the survey concerned gastrointestinal symptoms when they en-
rolled. It was described only as a ‘health survey’ in the consent
form. The survey contained several quality assurance methods to
help ensure a high quality of responses, including two attention
check questions, two repeated Gl symptom questions to detect
excessively inconsistent responders and automated monitoring

of unusually quick survey responding. Persons with poor-quality
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responses detected by any of these methods were eliminated au-
tomatically from the dataset during surveying. The survey was
quota controlled to ensure comparable distribution of participants
in all countries in regard to sex (50% female, 50% male) and age
groups (40% of ages 18-39 years, 40% ages 40-64 years and 20%
ages 65years and older). The survey data collection was man-
aged at the University of North Carolina at Chapel Hill (UNC-CH),
which served as the data coordination centre of the project. The
study was reviewed by the biomedical institutional review board
at UNC-CH as well as by human ethics boards in the various sur-
veyed countries. It was deemed exempt from ethical oversight due

to the anonymity of the online survey method.

2.2 | Measures

The RFGES dataset contains survey responses to more than 160
questions, including several validated research questionnaires. The
survey contents used in the present analyses were the following:

a. Demographics: age, sex, total years of education, community size
and country of residence.

b. The Rome IV Diagnostic Questionnaire for Adults, consisting of
86 diagnostic questions about gastrointestinal symptoms, plus
three additional red-flag symptom questions‘3

c. The Patient-Reported Outcomes Measurement Information Systems
(PROMIS) Global-10 general quality-of-life questionnaire.°

d. Anxiety and depression scores from the four-question Patient
Health Questionnaire-4 (PHQ-4).1!

e. The Patient Health Questionnaire-15 (PHQ-15) somatisation
scale.’ We used 11 of the 15 symptoms (3 Gl symptoms and a
menstruation-related symptom excluded) to assess amounts of
general non-gastrointestinal bodily symptoms in the past 4 weeks.

f. A questionnaire about medications used regularly by the respon-
dents, that is, at least once a week, assessed with yes/no check-
list responses for 10 different medication categories.

g. Two healthcare use questions asked about typical frequency of
doctor visits per year for any health problem and whether the
respondents had ever visited a doctor for a bowel problem.

h. The Work Productivity and Activity Impairment Questionnaire -
General Health (WPAI-GH), a validated six-question measure
that assesses the degree of impairment in work and life activities
from il health in the past 7 days.*®* The WPAI-GH data were col-
lected in only eight countries in the survey: Germany, Israel, Italy,
Japan, Netherlands, Poland, Spain and Sweden.

i. Three questions about concern, embarrassment and stress asso-
ciated with bowel functioning were created specifically for the
RFGES survey.

j. History of selected Gl-relevant medical diagnoses and surgeries
for identifying individuals with potential organic contributing
factors to their gastrointestinal symptoms.

k. Height and weight questions were used to calculate body mass
index (BMI).

3
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2.3 | Defining sub-diagnostic symptoms

For the analyses in this paper, we were specifically interested in
non-organic Gl symptoms that might occur frequently enough to be
troublesome to the person and potentially of clinical concern but
which nonetheless do not meet the criteria for any DGBI diagnosis.
The Rome IV Diagnostic Questionnaire administered in the RFGES
provided an opportunity to evaluate this, as it identifies 22 different
DGBI while at the same time providing information about the fre-
quency of 24 key gastrointestinal symptoms throughout the entire
digestive tract.

Our analyses required consistent and reliable rules for de-
termining the minimum amount of symptoms that are of poten-
tial clinical concern among people with no Gl diagnosis and may
therefore be viewed as sub-diagnostic rather than normal. For this
purpose, we decided to use the diagnostic frequency thresholds
established by the Rome Foundation working teams of experts for
the symptoms of the various DGBI. These published cut-offs are
incorporated in the Rome IV diagnostic criteria for DGBI and used
in the Rome |V Diagnostic Questionnaire scoring.3 The 24 key Gl
symptoms in the Rome IV questionnaire and their minimum fre-
quency threshold for diagnosing one or more DGBI are presented
in Table 1. In our analyses, we defined individuals in the survey
sample as having sub-diagnostic Gl symptoms if they reported any
of those 24 symptoms with a frequency at or above the threshold
listed in the table. They also must not have a history of organic
Gl diagnosis by self-report (inflammatory bowel disease, coeliac
disease, Gl cancer, peptic ulcer disease, diverticulitis or a history
of bowel resection) or meet diagnostic criteria for any DGBI. After
4094 individuals with self-reported organic conditions were re-
moved from the total survey sample of 54,127 people, 50,033 par-
ticipants remained for analysis.

2.4 | Group classification of the study sample

The 50,033 subjects retained for analysis were divided into three
mutually exclusive study groups based on their level of self-reported

Gl symptoms in the survey:

a. Sub-diagnostic Gl group. People with one or more of the 24
key diagnostic DGBI symptoms on the Rome IV Diagnostic
Questionnaire (see Table 1) at or above the frequency thresh-
old used for DGBI diagnosis in the past 3months, but not meet-
ing criteria for any of the 22 DGBI assessed by the Rome IV
Diagnostic Questionnaire. Six-month duration of the symptoms
(which is required for DGBI diagnoses to ensure chronicity) was
not required for this sub-diagnostic Gl group.

b. DGBI group. People who fulfilled Rome IV diagnostic criteria for
one or more of the 22 DGBI as assessed with the Rome IV diag-
nostic questionnaire.

c. Non-GlI group. Individuals who (a) did not report any of the 24

key Gl diagnostic symptoms in the past 3months at or above
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Symptom

Lump in throat

Pain in middle of chest (non-cardiac)

Heartburn

Dysphagia - food sticking

Uncomfortable fullness after meals

Early satiety

Epigastric pain/burning

Nausea

Vomiting

Regurgitation

Belching

Abdominal pain

Hard/lumpy stools

<3 Bowel movements (BMs)/week

Straining with BMs

Feeling of incomplete emptying after BM

Sensation of blocked passage of stool

Digital facilitation of BM

Mushy/watery stools

Urgency - rushing to toilet

Bloating/distention

Biliary (upper middle or right abdominal)
pain

Accidental leakage of stool

Aching pain or pressure in rectum

Minimum frequency for sub-diagnostic Gl
group status (equals DGBI diagnostic frequency

threshold)

Once a week
Once a week
2-3days/week
Once a week
2-3days/week
2-3days/week
Once a week
Once a week
Once a week
2-3days/month
Most days
Once a week
30%+ of BMs
>50% of weeks
30%+ of BMs
30%+ of BMs
30%+ of BMs
30%+ of BMs
30%+ of BMs
30%+ of BMs
Once a week

2-3days/month

2-3days/month
1day/month

PALSSON ET AL.

TABLE 1 The 24 key diagnostic
symptoms of the Rome IV diagnostic
criteria that were used in defining the sub-
diagnostic Gl group.

Note: To be included in the sub-diagnostic Gl group, a survey participant must meet the minimum
frequency listed in the right column for one or more symptoms while not qualifying for any DGBI

diagnosis.

DGBI diagnostic frequency thresholds and (b) did not meet crite-

ria for any DGBI.

2.5 | Definition of geographic regions

For the main descriptive prevalence findings, data were analysed
on 3 different population levels: the entire global dataset, 6 distinct
geographical world regions and each of the 26 individual countries.
Division of the global sample into geographical region subsets fol-
lowed a convention in analyses of data from the RFGES dataset that

1415 and is as follows:

has been used in prior published articles,

e North America: Canada and the United States

e Latin America: Argentina, Brazil, Mexico and Colombia

o Western Europe: Belgium, France, Germany, the Netherlands, Italy,
Spain, Sweden and United Kingdom

e Eastern Europe: Poland, Romania and Russia

o Middle East: Israel, Egypt and Turkey

e Asia: China, Japan, South Korea and Singapore

Although South Africa and Australia were also surveyed and in-
cluded in the dataset analysed, these two countries were included
only in the global and country-by-country analyses but not in region
comparisons because they do not logically fit into any of the geo-

graphical region groupings.

2.6 | Data analysis

Data were analysed with SAS version 9.2 and SPSS version 28.0. Data
for groups of participants were summarised as means and standard
deviations for continuous variables and as percent and 95% confi-
dence intervals (Cl) for ordinal and categorical variables. To assess
differences between subgroups on key parameters of interest (i.e.
quality-of-life scores, anxiety and depression scores, healthcare and
medication utilisation, non-Gl bodily symptoms and psychological

aspects of bowel functioning), ANovas or unpaired t-tests were used
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for continuous variables, and Chi-squared tests for comparison of
proportions in subgroups. Wherever this involved multiple compari-
sons, Bonferroni-adjusted pairwise two-sided post hoc tests were
used to determine the significance of difference between individual
subgroups if the overall multigroup test yielded a significant p-value.
To assess the practical or meaningful magnitude of differences be-
tween the three main study groups on quality-of-life and psychologi-
cal symptom scores, Cohen's d effect sizes for subgroup differences
were calculated for those outcomes. The recommended benchmarks
by Cohen'® to consider 0.2 to be small, 0.5 medium and 0.8 and above
large effect sizes, respectively, were followed in interpretation of the

results.

3 | RESULTS
3.1 | Sample characteristics

The general demographic characteristics of the analysis sample are
presented in Table S1. It consisted of approximately equal propor-
tions of males and females and included participants ranging in age
from 18 to 94 years, with a mean age of 43.8 years. The mean educa-
tion level was 14.1years of formal schooling, and two-thirds of the

sample were people living in cities.

3.2 | Prevalence of sub-diagnostic Gl symptoms
in the global sample and demographic subgroups

One in four people (25.3%; n=12,660) in the global analysis sam-
ple were classified in the sub-diagnostic Gl group, whereas 33.4%

Definition of Analysis Subgroups

[:l Non-Gl group: No DGBI, and no Gl symptoms reach
Rome 1V diagnostic frequency threshold of any DGBI

B [

DGBI

Sub-diagnostic Group: No DGBI, but 1+ symptoms at
or above Rome |V diagnostic frequency threshold

DGBI group: Meet criteria for diagnosis of 1 or more

5
AP.T Alimentary Pharmacology & Therapeutics —\W | LEYJ—

(n=16,705) were in the non-Gl group and 41.3% (n=20,668) met the
diagnostic criteria for a DGBI (Figure 1). The relative size of the sub-
diagnostic group varied between geographic world regions (Figure 2
and Table S2), from 22.2% in North America to 30.5% in the Middle
East. For the individual countries, the range was from 19.7% in the
United Kingdom to 36.6% in Turkey (Table S3). The 95% confidence
intervals for all prevalence estimates for the sub-diagnostic group
and the other two comparison groups in the overall global sample,
different world regions and individual countries are presented in
Tables S2 and S3.

Males had a slightly higher prevalence of being in the sub-
diagnostic group than females in the global sample, or 26.1% vs.
24.5%, and had numerically higher prevalence of sub-diagnostic in-
dividuals than females in 18 of the 26 countries (see sub-diagnostic
group prevalence by sex for each country in Table S4). However, hav-
ing a DGBI was more common among females than males (47.9% vs.
34.9%), and being in the non-Gl group was conversely more common
among males than females (39.0% vs. 27.6%); see Table 2. The sub-
diagnostic group decreased in prevalence across the adult age spec-
trum, from 30.9% of ages 18-34years to 19.8% of those 65years or
older (Table 2), and the prevalence of having any DGBI declined simi-
larly with increasing age.

There was little difference between the three study groups on
other demographic parameters than age and sex, even though the
large sample size led to statistically significant differences. The
mean number of formal years of education of people in the non-Gl,
sub-diagnostic and DGBI groups was similar: 14.3 (SD=4.4), 14.0
(SD=4.7) and 14.2 (SD=4.6) respectively. The community size
distribution was also similar in the three study groups, with 65.1%
(64.4-65.8), 66.7% (65.9-67.5) and 67.4% (66.7-68.0) living in a
city.

Overall prevalence in the global study sample

25.3%
Sub-diagnostic
Group

33.4%
Non-GIl Group

N=50,033

FIGURE 1 Summary of the definition of the three Gl symptom analysis subgroups and their prevalence in the total global analysis

sample.
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100%

FIGURE 2 Prevalence of non-Gl, sub-
505 diagnostic Gl and DGBI individuals in the
o —— 34.5% 27.7% 35.4% 31.6% 30.5% population of different world regions.
70%
::, 26.4% 288k 0% 222% e e N=50,033
40%
30%
20%
10%
0%
Asia Western Middle East  North Eastern Latin
Europe America Europe America
[C] Non-Gl Group [ ] Sub-Diagnostic Group [ DGBI Group
e e et
Sub-diagnostic within different sex and age groups in the
N Non-Gl group group DGBI group global dataset.
Sex
Male 25,378 39.0(38.4-39.6) 26.1(25.6-26.6) 34.9 (34.4-35.5)
Female 24,655 27.6 (27.1-28.2) 24.5(24.0-25.0) 47.9 (47.3-48.6)
Age group
18-34years 16,830 23.7 (23.1-24.4) 30.9 (30.2-31.6) 45.4 (44.6-46.1)
35-49years 15,339 32.4(31.6-33.1) 25.0(24.3-25.6)  42.7 (41.9-43.4)
50-64years 10,194 40.7 (39.8.1-41.6) 20.7 (19.9-21.4) 38.6 (37.7-39.5)
265years 7670 46.8 (45.6-47.8) 19.8 (18.9-20.8) 33.4(32.2-34.5)

Note: Chi-square difference between the sexes overall (2 x 3 test) and within each of the three
study groups: p<0.0001. The prevalence distribution within every age group was significantly
different between all three study groups at p <0.0001 on pairwise Chi-square tests with

Bonferroni adjustments for multiple comparisons.

The mean body mass index of people in the three study groups
only differed slightly between the groups. It was 25.5 (25.4-25.6) in
the non-Gl group, 25.2 (25.1-25.3) in the sub-diagnostic group and
25.7 (25.6-25.8) in the DGBI group.

3.3 | Number and nature of sub-diagnostic
symptoms in the sub-diagnostic group

The majority of people in the sub-diagnostic group reported more than
1 of the 24 Gl symptoms at or above DGBI diagnostic frequency thresh-
olds listed in Table 1: 43.1% of the sub-diagnostic group had only one
symptom meeting that threshold, whereas 37.3% had two or three, and
25.4% had four or more at or above the DGBI diagnostic threshold. As
seen in Table 3, the most common symptoms that people in the sub-
diagnostic group experienced at DGBI diagnostic frequency levels were
symptoms of constipation (hard/lumpy stools, straining with bowel
movements and sensations of incomplete or blocked bowel movements)

and diarrhoea (having to rush to the toilet or mushy/watery stools).

Relatively few individuals in the sub-diagnostic group, or 22.5%
of that group (2845/12,660), equalling 5.7% of the total population
sample (2845/50,033), had chronic sub-diagnostic symptoms, that
is, symptoms with first onset at least 6 months ago. As seen in the
last column in Table 3, the sub-diagnostic symptoms that were most
commonly chronic were biliary-type pain (which by definition was
classified as chronic if reported at a sub-diagnostic frequency, as it
is only assessed in the Rome |V Diagnostic Questionnaire over a 6-
month retrospective timeframe), lump in throat, heartburn and ur-
gency to rush to the toilet.

3.4 | Quality of life and psychological symptoms

Peopleinthe sub-diagnostic group had significantly lower (i.e. poorer)
physical and mental summary scores of the PROMIS Global-10
quality-of-life questionnaire (14.7, SD=2.4 and 13.7, SD=3.2, re-
spectively), than those in the non-GI group (15.8, SD=2.3 and
14.8, SD=3.0). Conversely, they scored higher on both those QoL
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TABLE 3 The percentage of the sub-diagnostic group that met or exceeded the DGBI minimum diagnostic frequency for each of the 24
key DGBI diagnostic Gl symptoms assessed by the Rome IV Diagnostic Questionnaire, in descending order of prevalence.

Symptom

Feeling of incomplete emptying after BM
Hard/lumpy stools

Straining with BMs

Urgency - having to rush to toilet
Sensation of blocked passage of stool
Mushy/watery stools

<3BMs/week

Lump in throat

Biliary (upper middle or right abdominal) pain
Bloating/distention

Digital facilitation of BM

Aching pain or pressure in rectum
Heartburn

Uncomfortable fullness after meals
Regurgitation

Pain in middle of chest (non-cardiac)
Abdominal pain

Early satiety

Nausea

Dysphagia - food sticking

Epigastric pain/burning

Accidental leakage of stool

Vomiting

Belching

Abbreviation: BM, bowel movement.

dimensions than the DGBI group, which had corresponding scores
of 13.5 (SD=2.6) and 12.6 (SD=3.3); see Figure 3A,B. Similarly, the
sub-diagnostic group had higher mean anxiety and depression symp-
tom scores (1.31,SD=1.47 and 1.30, SD=1.46) than non-Gl individ-
uals (0.70, SD=1.10 and 0.69, SD=1.11), but lower scores than the
DGBI group (1.93, SD=1.74 and 1.97, SD=1.72); see Figure 3C,D.
As seen from the Cohen's d values presented in the figure, the ef-
fect size of the difference between the non-Gl and sub-diagnostic
groups bordered on moderate size (which is 0.5 for Cohen's d) for
physical quality-of-life scores and anxiety and depression symptoms,
but it was smaller for mental quality-of-life scores.

To examine whether QoL impairment and emotional symptoms
of people in the sub-diagnostic group were more pronounced if
they had multiple or chronic Gl symptoms at or above DGBI diag-
nostic frequency threshold, we repeated the analyses described
above separately for sub-diagnostic individuals with and without
those characteristics. Compared to people with only one sub-
diagnostic symptom, those with multiple sub-diagnostic symp-

toms had significantly lower mean physical and mental QoL scores

% of sub-diagnostic individuals at
minimum DGBI diagnostic frequency
threshold for the symptom (%)

% of sub-diagnostic individuals
who have had this sub-diagnostic
symptom for 6+ months (%)

35.0 0.0
329 0.0
32.7 0.0
27.6 2.6
21.6 0.0
21.0 0.0
12.4 0.0
12.0 52
11.3 11.3
8.6 0.0
7.8 0.0
7.7 0.3
6.2 3.1
52 0.0
4.9 0.8
4.1 0.9
41 0.0
3.8 0.0
2.5 0.3
21 0.0
14 0.0
14 0.0
1.2 0.2
0.6 0.0

(14.3, SD=2.4 and 13.4, SD=3.1 vs. 15.2, SD=2.3 and 14.2,
SD=3.1) and greater elevation in anxiety and depression scores
(1.53,SD=1.54 and 1.51, SD=1.54 vs. 1.03, SD=1.32 and 1.02,
SD=1.30), and the effect sizes of their difference from non-Gl
individuals on those parameters were of moderate size rather
than small (Table S5). A similar pattern was seen in comparison of
people with versus without chronic sub-diagnostic symptoms; the
chronic sub-diagnostic subgroup had significantly lower physical
and mental QoL scores (14.0, SD=2.4 and 13.2, SD=3.2 vs. 14.9,
SD=2.4 and 13.9, SD=3.1) and greater anxiety and depression
scores (1.59, SD=1.56 and 1.54, SD=1.54 vs. 1.23, SD=1.43
and 1.22, SD=1.43), and the effect sizes of their difference from
non-Gl individuals were within the moderate rather than small
range (Table Sé6).

Due to the clear indications from the analyses described above
that sub-diagnostic Gl symptoms are associated with impaired
quality of life, we followed up on those findings by exploring which
symptoms in particular were associated with the poorest physical

and mental QoL. To do this, we calculated the mean QoL scores of
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(A) PHYSICAL HEALTH
QOL SCORES (PROMIS GLOBAL-10)
p<0.0001, d=-0.91
A

[ |

p<0.0001, d=-0.47 p<0.0001, d=-0.45
A A
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(B) MENTAL HEALTH
QOL SCORES (PROMIS GLOBAL-10)

p<0.0001, d=-0.71
A

[ |
p<0.001, d=-0.36 p<0.001, d=-0.44

18 1 [ \f ) 18 4 [ | \f : \
16 16
14 14 A
12 4 12 A
10 10 4
8 8
6 6
4 4 4
2 4 15.8 14.7 2 14.8 13.7
0 0
Non-GI  Sub-diagnostic  DGBI Non-Gl  Sub-diagnostic  DGBI
Group Group Group Group Group Group
(C) ANXIETY SCORES (PHQ-4) (D) DEPRESSION SCORES (PHQ-4)
p<0.0001, d= 0.82 p<0.0001, d=0.80
A
[ | [ : )
p<0.0001, d=0.48 p<0.001, d= 0.37 p<0.0001,d=0.48  p<0.001, d=0.35
2.5 9 f : \f 1 ) 2.5 4 f : \f : )
2 A 2
1.5 A 15
1 4 1
0.5 05 4
0.70 1.31 0.69 1.30
0 0
Non-GlI  Sub-diagnostic  DGBI Non-Gl  Sub-diagnostic ~ DGBI
Group Group Group Group Group Group

FIGURE 3 Comparison of physical and mental quality-of-life scores (A, B), and anxiety and depression scores (C, D), in individuals in the
global survey sample in the three study groups. One-way anovas with Bonferroni-adjusted post hoc tests; d=Cohen's effect size.

people with versus without each of the 24 key Gl symptoms within
the sub-diagnostic group. As seen in Table S7, the lowest average
physical health QoL scores (i.e. the poorest QolL) on the PROMIS
Global-10 questionnaire were seen among people with sub-
diagnostic symptoms of epigastric pain/burning, nausea, accidental
stool leakage and abdominal pain. The lowest mental health QoL
scores were similarly seen among people with sub-diagnostic epi-
gastric pain/burning, nausea and abdominal pain (Table S8).

3.5 | Impairment in life activities and work
productivity

To further examine the impact of sub-diagnostic symptoms on peo-
ple's lives and well-being, we compared scores for the three study
groups on the Work Productivity and Activity Impairment - General

Health scale'® that was administered in 8 of the 26 countries sur-
veyed, providing 16,820 responses. ANovA tests showed all three
groups to be significantly different (p<0.0001) from each other,
with the sub-diagnostic group in the middle between the others,
both in regard to per cent impairment of non-work life activities
(non-Gl group 7.1% (95% Cl: 6.7-7.5)), sub-diagnostic group (13.7%
(13.0-14.4)), DGBI group (22.9% (22.2-23.6)) and per cent impair-
ment of work productivity (4.1% (3.7-4.5) vs. 9.4% (8.7-10.2) vs.
14.6% (13.9-15.3)).

3.6 | Psychological aspects related to bowel
functioning

The RFGES included three custom-created questions for the survey

that were designed to succinctly assess concerns, embarrassment
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and stress impact relating to bowel functioning. The sub-diagnostic
group was significantly different (p<0.0001) from the other two
groups, and in the middle between them, on responses to all these
three questions. Moderate or great concern about their bowel
functioning was reported by 39.8% (38.9-40.6) of people in the
sub-diagnostic group compared to 22.3% (21.7-22.9) of those
in the non-Gl group and 65.1% (64.5-65.8) of DGBI individuals.
Embarrassment about discussing bowel functioning with others
was reported by 36.5% (35.7-37.4) of the sub-diagnostic group
compared to 25.7% (25.0-26.3) of the non-Gl group and 47.9%
(47.3-48.6) of the DGBI Group. Of the sub-diagnostic group, 54.3%
stated that stress affected their bowel functioning moderately or a
lot compared to 34.7% (34.0-35.5) of the non-Gl group and 73.2%
(72.6-73.8) of DGBI individuals.

3.7 | Healthcare and medication utilisation

Compared to the non-Gl group, the sub-diagnostic group had a sig-
nificantly higher prevalence of frequent doctor visits for any health
problem, which we defined as visiting doctors at least once a month,
but lower prevalence of such high utilisation compared to the DGBI
group (Table 4). Similarly, individuals in the sub-diagnostic group
were more likely to have ever consulted a doctor for a bowel prob-
lem than those in the non-GI group but less likely to have done so
than people with DGBI.

TABLE 4 Percentage of survey
respondents in the three study groups
reporting frequent doctor visits, history of
consulting a doctor for a bowel problem
and using different classes of medications

regularly. Visits to doctors

Frequent visits to doctors (at least

once a month)

History of having ever consulted a
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The three study groups differed significantly in their preva-
lence of regularly (defined for the respondents as ‘at least once
a week’) using each of the 10 major types of medications asked
about in the survey, with the sub-diagnostic group at an interme-
diate level of use for all medication types compared to the other
two groups (Table 4).

To explore whether the observed increased healthcare utili-
sation among sub-diagnostic individuals compared to the non-Gl
group was related to particular types of symptoms, we calculated
the mean percentage of sub-diagnostic individuals with each of
the 24 key Gl symptoms at DGBI diagnostic frequency level who
reported visiting doctors frequently (at least once a month) and
who reported having ever consulted a doctor about a bowel prob-
lem respectively. As seen in Table S9, people with sub-diagnostic
symptoms of accidental stool leakage, epigastric pain/burning,
nausea or belching were the most likely to report visiting doctors
at least once a month. Those with sub-diagnostic symptoms of
epigastric pain/burning, rectal pain or pressure or abdominal pain
were most likely to have ever visited a doctor for a bowel problem
(Table S10).

3.8 | Family history of organic Gl disorders

The Rome IV Diagnostic Questionnaire contains red-flag symptom
questions about a history of Gl cancer (cancer of the oesophagus,

% (95% Cl)

Sub-diagnostic

Non-GI group group DGBI group

7.2(7.2-7.2) 10.4 (10.3-10.4)  15.0(15.0-15.0)

18.7 (18.1-19.3)  27.8(27.0-28.6) 45.1(44.0-45.8)

doctor for a bowel problem

Types of medications used regularly (at least weekly)

For constipation
For diarrhoea

For nausea

For heartburn or acid reduction
Prescription pain medication

Pain medication not prescribed by

a doctor

Medication for gas or bloating
Medication for anxiety
Medication for depression

Medication for sleep

1.7 (1.5-1.9) 4.3 (4.0-4.6) 13.1 (12.71-13.6)
1.4 (1.2-1.6) 4.2 (3.9-4.6) 7.8(7.5-8.2)
1.0(0.8-1.1) 3.1(2.8-3.4) 6.7 (6.4-7.0)
8.8(8.3-9.2) 16.0(15.4-16.7) 27.8(27.2-28.4)
9.3(8.8-9.7) 14.6 (14.0-15.2) 21.9 (21.3-22.4)
12.0(11.5-12.5) 19.2(18.5-19.8) 28.8(28.2-29.4)

2.9(2.7-3.2) 6.9 (6.5-7.4) 14.7 (14.2-15.2)
3.9(3.6-4.2) 6.5 (6.1-6.9) 13.1 (12.7-13.6)
4.0 (3.7-4.3) 6.6 (6.2-7.0) 12.3(11.9-12.8)
4.7 (4.4-51) 7.0 (6.6-7.5) 12.9 (12.4-13.3)

Note: All three comparison groups were significantly different for frequency of doctor visits,
history of consulting doctors for bowel problems and for every type of medication in the table at
p<0.0001 on overall Chi-square tests and on pairwise post hoc tests with Bonferroni adjustment

for multiple comparisons.
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stomach or colon), inflammatory bowel disease (Crohn's disease or ul-
cerative colitis) and coeliac disease in the immediate family (parents,
brothers or sisters). We compared the three study groups on their
responses to these questions to explore potential differences in the
family history of Gl disorders in a limited way. The prevalence of self-
reported family history of Gl cancers was not significantly different
between the non-Gl and sub-diagnostic groups: 7.7% (7.3-8.1%) vs.
8.1% (7.6-8.6). However, individuals in the DGBI group reported a
Gl cancer history at an elevated compared to the other groups, or
11.2% (10.8-11.6); p<0.0001. People in the sub-diagnostic group
reported inflammatory bowel disease family history more often than
the non-Gl group: 3.9% (3.6-4.2) vs. 2.8% (2.6-3.0). The DGBI group
had even more prevalent history of inflammatory bowel disease in
the family, or 6.7% (6.3-7.0); all three groups different at p<0.001
level. Coeliac disease family history was reported by 3.0% (2.7-3.3)
of sub-diagnostic individuals and this was similar, or 3.2% (2.9-3.3),
among DGBI individuals. However, at 1.7% (1.5-1.9), the prevalence
was significantly lower (p <0.0001) in the non-Gl group compared to
each of the other groups.

3.9 | Prevalence of diabetes diagnosis

As diabetes can have various physiological effects that disturb Gl
functions and can cause Gl symptoms, and the study survey col-
lected data on self-reported history of diabetes diagnosis by a physi-
cian, we assessed differences in diabetes prevalence between the
three comparison groups. The diabetes prevalence was not different
between the non-Gl and sub-diagnostic groups, or 6.6% (6.2-7.0)
versus 6.0% (5.6-6.4), but was significantly higher (p<0.01) in the
DGBI group compared to the other groups, or 7.4% (7.0-7.8).

3.10 | Non-gastrointestinal bodily symptoms

All three study groups were significantly (p <0.0001) different from
each other in their mean number of non-Gl symptoms on the PHQ-
15 questionnaire that had bothered them at all in the past 4 weeks:
non-Gl group 2.78 (SD=2.12), sub-diagnostic group 3.97 (SD=2.31)
and the DGBI group 5.57 (SD=2.39). The three groups were also
significantly different in the percentage of people bothered at all
by each of the 11 individual symptoms in the past 4weeks (see
Table S11).

4 | DISCUSSION

The findings presented in this paper demonstrate that a substantial
proportion of the global adult population, or about one in every four
people, has frequent gastrointestinal symptoms despite not meeting
Rome |V criteria for any DGBI and having no history of organic Gl di-
agnoses. This sub-diagnostic group has relatively similar prevalence
(22%-30%) across different regions of the world. It is about equally

PALSSON ET AL.

common among males and females, but it becomes steadily less
prevalent with increasing age across the adult age spectrum, along
with a similar decline in DGBI prevalence.

Sub-diagnostic Gl symptoms are associated with significantly
poorer general quality of life, measurable impairment in work pro-
ductivity and life activities and increased anxiety and depression
symptoms. In all these respects, the sub-diagnostic group is less ad-
versely affected on average than people with DGBI. Nonetheless,
the size of the negative effect on life and well-being borders on
moderate size for the sub-diagnostic group as a whole, and is firmly
in the moderate effect size range for the majority of sub-diagnostic
individuals with multiple frequent Gl symptoms, as well as for those
who have at least one chronic sub-diagnostic symptom. Our findings
also indicate that the different sub-diagnostic GI symptoms vary
substantially in the extent of their adverse impact. Epigastric pain/
burning, abdominal pain, faecal incontinence and nausea seem to be
the symptoms most strongly associated with impaired quality of life,
and our data indicate that they likely drive healthcare seeking among
people in the sub-diagnostic group more than other symptoms (see
Tables S5-S8).

Although a single time-point population assessment with a sur-
vey cannot establish causation, we believe that it is probable that
the level of Gl symptoms in the sub-diagnostic group is a direct con-
tributor to the observed association with impaired well-being. This is
suggested compellingly by the stepwise increase in QoL impairment
and psychological symptoms seen in our comparisons of population
sub-groups with no frequent Gl symptoms (the non-Gl group) ver-
sus those with one sub-diagnostic symptom, multiple sub-diagnostic
symptoms and DGBI. Our effect size data show that the effect size
of reduced well-being compared to people without any frequent Gl
symptoms is small, medium and large, respectively, for the latter
three groups.

A noteworthy finding in our study was that only a minority
(22.5%) of people in the sub-diagnostic Gl group had sub-diagnostic
symptoms that had become chronic; that is, that had started more
than é months ago. Since the 24 different Gl symptoms assessed in
our study were those that characterise DGBI, and DGBI diagnosis
requires 6 months duration since the onset of symptoms, we be-
lieve that this is an indication that the Rome IV diagnostic criteria
generally capture individuals with frequent digestive tract symp-
toms very effectively once their symptoms become chronic. The
common chronic and frequent Gl symptoms of the sub-diagnostic
group, which were biliary-type pain, lump in throat, heartburn and
urgency to rush to the toilet (Table 3), may highlight a few areas
where the Rome |V diagnostic criteria need improvement in order
to comprehensively classify persistent troublesome Gl symptoms in
the population.

The primary importance of our study lies in the fact that we
have identified a sizeable segment of the population in societies
around the world with a high frequency of current gastrointesti-
nal symptoms that affect their lives, which has been largely over-
looked in Gl research and clinical care. The symptoms of this group

probably should not be viewed as representing disease entities,
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but nevertheless, these persons have symptoms that need to be
identified and possibly treated. Unlike DGBI, the symptoms that
land people in this category are not necessarily chronic since we
did not require a 6-month duration of the symptoms for inclusion
in the sub-diagnostic group. However, this segment of the popu-
lation shares a broad set of characteristics with people who have
DGBI. Like those with DGBI, individuals with sub-diagnostic Gl
symptoms have increased anxiety and depression symptoms, an
excess of non-Gl bodily symptoms, elevated concerns about their
Gl functioning and commonly report that stress impacts their
bowel functioning. These similarities are perhaps not surprising,
considering that the symptom questions that defined this group
in our analyses are designed to identify DGBI. However, they
also suggest that some of the intervention and management ap-
proaches that are effective for helping the less severe cases of
DGBI may be useful for the sub-diagnostic group as well. For many
of them, self-management approaches such as diet adjustment,
probiotics or fibre supplementation might be the most appropriate
ways to reduce these troublesome symptoms. This is supported
by the fact that we found constipation and diarrhoea symptoms,
which often can be addressed effectively with such methods
in the less severe cases, to be the most common types of sub-
diagnostic symptoms. For many sub-diagnostic individuals, life-
style changes to reduce stress or increase physical activity would
likely also reduce their symptoms. It seems clear from our data on
the broad adverse impact associated with having sub-diagnostic
symptoms that many people in this group in society, especially
those with multiple frequent symptoms, would benefit from such
intervention approaches. Further research is needed to examine
which interventions are most suitable for reducing the symptoms
of this sub-diagnostic group, as therapies may have different de-
grees of effectiveness for this group than in DGBI individuals with
corresponding symptoms. This should include studies examining
whether specific psychological or social factors are associated
with having sub-diagnostic GI symptoms, which might point to
utility for particular brain-gut behavioural interventions or self-
help methods for such individuals.

However, this raises the question of how to identify or reach
sub-diagnostic individuals to offer them guidance and support if
they are not diagnosable as having a digestive disease. One way to
address this might be public health education efforts to help the
public better understand when Gl symptoms are frequent enough
to warrant addressing through self-management approaches, which
methods work well for which symptoms and when seeking medical
consultation is more appropriate. It may also be worth developing
an efficient screening questionnaire for primary and secondary care
settings to identify people with a sub-diagnostic level of Gl symp-
toms routinely. This may be of value because one of the likely main
reasons that Gl symptoms, even when frequent, are not identified
in healthcare is that there are so many to consider, so specific indi-
vidual symptoms do not become a focus of medical concern. A quick
and comprehensive symptom screening for frequent Gl symptoms

might facilitate more reliably providing people with the advice and
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support they need to reduce their frequent Gl symptoms when vis-
iting healthcare for general purposes. The Rome Foundation has in
part tried to address this concern by establishing clinical criteria for
Rome IV diagnosis'” to be used in practice settings. The clinical cri-
teria permit a diagnosis even when the symptoms do not meet the
6-month duration or the frequency criteria for a formal Rome IV di-
agnosis, as long as the patient considers the symptoms bothersome
enough that they interfere with daily activity, or the patient desires
treatment.

The analyses presented here have several notable strengths.
One of these is the quality and scope of the RFGES survey sample
used for this assessment. It was optimal for our purpose due to the
very large sample size, broad participation by all age groups, equal
sex proportions and nationwide samples from a large number of
different countries on six continents, rendering it generally repre-
sentative of gastrointestinal symptoms in the global adult popula-
tion.* Another strength was the use of the entire Rome IV Diagnostic
Questionnaire,® which allowed us to evaluate the frequency of 24
key Gl symptoms encompassing nearly all common digestive tract
symptoms. We also believe that our reliance on the Rome IV DGBI
diagnostic frequency cut-offs for each symptom in our assessment
added strength to our analyses, as these have been determined by
leading experts in disorders in each anatomical region of the gas-
trointestinal tract, and therefore helped to ensure the clinical rel-
evance of the specific symptom levels that we used to define the
sub-diagnostic group.

The main limitations of this work apply to large epidemiologic
population surveys in general. The people in the survey sample
could not be medically investigated, and most of them had not
visited doctors because of the gastrointestinal symptoms we as-
sessed. Therefore, some of the symptoms in the sub-diagnostic
group might be due to diagnosable organic disorders if they had
been clinically evaluated. However, considering that organic Gl
disorders are much less prevalent than the DGBI, and our method
assessed the presence of the latter comprehensively, the size of
the sub-diagnostic group in our analyses was likely not substan-
tially biased by this. Furthermore, all information collected was
by self-report, which may have affected the accuracy of data
such as history of medical diagnoses. Another limitation was that
some groups of individuals in every society are hard to reach via
Internet surveying and they are therefore under-represented in
online surveys. This includes the poorest people, the homeless,
the most rural and the oldest, all of whom typically have more lim-
ited Internet access than the rest of the population. Additionally,
illiterate people, those with cognitive impairment and immigrants
who are not fluent in the languages used in the surveys are also
unable to participate in Internet surveys. However, as we have no
reason to believe that these sub-groups have Gl symptom levels
different from their demographic peers in the same communities,
it seems unlikely that this affected the overall results of our anal-
yses in important ways.

Another limitation of this study is that data were not collected

in the survey on some potential factors that could be modulators of
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Gl symptom amounts and therefore relevant to having, or not having,
sub-diagnostic frequency levels of symptoms; for example, such factors
might include race or ethnicity, smoking or alcohol use, income level or
details of diet. Furthermore, the survey did not obtain some data relevant
to the effects of symptoms on individuals that might have been valuable
for better understanding of the sub-diagnostic group and its differences
from the comparison groups, such as ratings of intensity or severity,
bothersomeness and life interference for each of the 24 individual Gl
symptoms. Future studies of individuals with sub-diagnostic symptoms
would do well to examine those variables in order to better characterise
the personal significance and impact of sub-diagnostic Gl symptoms.

In conclusion, we found that a substantial proportion of the adult
population has sub-diagnostic Gl symptoms associated with comor-
bidities and impairment in quality of life. Many of those individuals
would likely benefit from treatment of their symptoms, but are cur-
rently unidentified. Therefore, we believe that further work should
be devoted to understanding the nature of this group that we have
delineated in this study. Much more needs to be understood about
them, including what interventions or self-management methods
are helpful for their troublesome symptoms, and what happens to
those symptoms over time. We also need to know to what extent
this group remains sub-diagnostic, and to what degree they tran-
sition into and out of diagnosable DGBI entities. This can only be
addressed in prospective and longitudinal studies. This large group
of people troubled by frequent Gl symptoms has been mostly over-
looked in Gl research that traditionally focuses on specific disease
entities. This is a blind spot that needs to be addressed in our field,
to advance scientific understanding of Gl functioning and to improve

the overall health of the population.
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