Sjolund et al. BMIC Medicine (2021) 19:214

https://doi.org/10.1186/512916-021-02069-3 B M C M ed |C| ne

®

Check for
updates

Allergy-related diseases in childhood and
risk for abdominal pain-related functional
gastrointestinal disorders at 16 years—a
birth cohort study

Jessica Sjolund’ ®, Inger Kull**, Anna Bergstrom™?, Jacob Jar&s®, Jonas F. Ludvigsson”®*'® Hans Térnblom',
Magnus Simrén"'" and Ola Olén*®

Abstract

Background: Studies on allergy-related diseases in relation to abdominal pain-related functional gastrointestinal
disorders (AP-FGIDs) in children are few and results are contradictory. We examined the associations between
childhood allergy-related diseases and adolescent AP-FGIDs in general and irritable bowel syndrome (IBS) in
particular.

Method: Prospective population-based birth cohort study of 4089 children born in Sweden 1994-1996. We
analysed data from 2949 children with complete follow-up at 16 years (y) and no diagnosis of inflammatory bowel
disease or coeliac disease at 12y or 16y. Asthma, rhinitis, eczema, and food hypersensitivity (FH) were assessed
through questionnaires at 1-2y, 4y, 8y, 12y, and 16y. AP-FGIDs and IBS were assessed through questionnaires at 16y
and defined according to the Rome Ill criteria. Associations between childhood allergy-related diseases and any AP-
FGID and IBS and 16y respectively were examined using binomial generalized linear models with a log link function
and described as relative risk with 95% confidence intervals.

Results: The prevalence of any AP-FGID and IBS at 16y were 12.0% and 6.0% respectively. Eczema at 1-2y, 4y, and
8y, and FH at 12y and 16y were associated with an increased risk for any AP-FGID at 16y. Asthma and FH at 12y
and 16y were associated with an increased risk for IBS at 16y. The relative risk for IBS at 16y increased with
increasing number of concurrent allergy-related diseases at 16y, but linear trend for relative risk was only borderline
statistically significant (P for trend = 0.05).

Conclusions: This prospective population-based study demonstrated positive associations between childhood
allergy-related diseases and adolescent AP-FGIDs, including IBS, implicating shared pathophysiology among these
disorders.
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Background

Childhood abdominal pain-related functional gastrointes-
tinal disorders (AP-FGIDs) are common, affecting 13-25%
of children worldwide [1, 2], and have major implications
for affected individuals, their families, and society [3]. These
disorders are diagnosed using diagnostic criteria, the most
recent being the Rome IV criteria, as there are no biological
markers or objective clinical findings defining these disor-
ders [4, 5]. One of the most common AP-FGIDs is irritable
bowel syndrome (IBS), a disorder characterized by abdom-
inal pain and altered bowel habits [2].

The pathophysiology of AP-FGIDs is not fully under-
stood, but thought to be multifactorial involving complex
gut-brain interactions [6]. Proposed pathophysiological
mechanisms include low-grade inflammation and immune
dysfunction [6], and the relevance of these are supported by
clinical observations such as onset of IBS following an epi-
sode of infectious gastroenteritis [7], and IBS-like symp-
toms in a substantial proportion of patients with
inflammatory bowel disease (IBD) and coeliac disease (in
remission) [8]. Furthermore, both child and adult studies
have shown increased infiltration and activation of immune
cells such as mast cells and eosinophils in some patients
with IBS [9-11] and functional dyspepsia (FD) [12-14].

Allergy-related diseases have been linked to adult AP-
FGIDs [15-18]. We have previously shown that allergy-
related diseases are positively associated with recurrent
functional abdominal pain in pre-adolescents [19]. While
several others have explored the associations between
asthma [16, 17, 20-25], allergic rhinitis [24, 25], and ec-
zema [24-26] and paediatric AP-FGIDs, many have failed
to take temporality into account (cross-sectional studies
[20-24]), and of the four studies reporting long-term
follow-up [16, 17, 25, 26], none used the Rome III [4] or
IV [5] criteria to define AP-FGIDs. Furthermore, it is well
known that adults with AP-FGIDs often report postpran-
dial symptom exacerbation [27, 28], and immune-
mediated reactions might explain part of this association
[29, 30]. Food hypersensitivity (FH), here used as a general
term for food-induced symptoms, is commonly reported
also in paediatric AP-FGIDs [31-34], but longitudinal
population-based studies regarding FH and paediatric AP-
FGIDs defined by the Rome criteria are lacking.

Therefore, we aimed to, in a large prospective
population-based birth cohort, test the hypothesis that
childhood asthma, rhinitis, eczema, and FH are associ-
ated with an increased risk for adolescent Rome III-
defined AP-FGIDs in general and IBS in particular.

Methods

Participants

We collected data from the BAMSE (Swedish abbrevi-
ation for Children, Allergy, Milieau, Stockholm, Epidemi-
ology) study, a prospective population-based birth cohort
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study of 4089 children born in Sweden from 1994
through 1996 [35]. In BAMSE, parents reported baseline
characteristics when their child was 2 months old, aller-
gic symptoms and adverse reactions to food(s) in their
child at 1, 2, 4, 8, 12, and 16years (y), and physician-
diagnosed IBD and coeliac disease in their child at 12y
and 16y. Children self-reported gastrointestinal symp-
toms at 16y.

The current study was restricted to children who had
answered the questions on gastrointestinal symptoms, at
the 16y follow-up. We excluded children with IBD and
coeliac disease at 12y and/or 16y. To avoid introducing
selection bias, we did not exclude children with a miss-
ing report on these diseases, as the proportion of miss-
ing reports in the BAMSE cohort exceeds the expected
age-specific prevalence of these diagnoses [36].

Allergy-related diseases

All allergy-related variables were based on parental re-
ports. Detailed age-specific definitions of asthma, rhin-
itis, eczema, and FH are provided in this article’s
additional files (Additional file 1). We assessed both age-
specific and overall (any report from 1y through 16y)
prevalence. The number of concurrent allergy-related
diseases at 16y was used as a proxy for allergy burden at
16y. Missing data on an allergy-related variable was con-
sidered a negative report if the parent(s) had participated
at the follow-up questionnaire in question.

AP-FGIDs

At 16y, children answered questions based on the Ques-
tionnaire on Paediatric Gastrointestinal Symptoms-Rome
1II version [4] (Additional file 2). Answers were scored
according to the paediatric Rome III criteria [4] for IBS,
FD, and functional abdominal pain (FAP). Children who
fulfilled the criteria for >1 of these disorders were classi-
fied as having any AP-FGID.

Statistics

Statistical analyses were performed using STATA Statis-
tical Software (STATA/SE 13.1; StataCorp LP, College
Station, TX, USA). All variables were categorical. Preva-
lence was expressed as percentage of the number of ob-
servations available. Baseline characteristics of study
participants were compared to the original BAMSE co-
hort by computing 95% confidence intervals (CI) for
study participants and adjusting for finite population
sampling [37]. 95% CI not including the prevalence in
the original BAMSE cohort were considered statistically
significant. Baseline characteristics and prevalence of
allergy-related diseases in children with any AP-FGID
and IBS respectively were compared to children with no
AP-FGID using Pearson’s chi-squared test, and P < 0.05
(two-sided) was considered statistically significant.
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Age-specific and overall associations between child-
hood allergy-related diseases and any AP-FGID and IBS
at 16y respectively were examined using binomial gener-
alized linear models (GLM) with a log link function and
described as relative risk (RR) with 95% CI. Children
with no AP-FGID were used as the reference group in
all analyses. Models were adjusted for sex, based on its
putative role as a risk factor for AP-FGIDs and IBS [1].
All tests were two-sided, 95% CI for RRs not including
1.0 were considered statistically significant, and missing
observations were excluded from the analyses. Trend
tests of RRs were performed to assess the association be-
tween allergy burden at 16y and any AP-FGID and IBS
at 16y respectively, and P < 0.05 (two-sided) was consid-
ered statistically significant.

Results

Participants

We included 2949 children (Fig. 1). Compared to the
original BAMSE cohort, children in the study popula-
tion were more often the firstborn, exclusively
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breastfed >4 months, and of higher socioeconomic
status but fewer had a mother who smoked during
pregnancy. Absolute differences between study partici-
pants and the original BAMSE cohort were however
small (Additional file 3).

The prevalence of any AP-FGID and IBS at 16y was
12.0% and 6.0% respectively (Fig. 1). With the exception
that any AP-FGID and IBS at 16y were more prevalent
in girls, baseline characteristics did not vary with AP-
FGID status (Table 1).

Asthma

Children with any AP-FGID at 16y more often had con-
current asthma (Fig. 2). In crude GLM, asthma at 16y
was positively associated with any AP-FGID at 16y, but
this did not remain statistically significant in sex-
adjusted models (Additional file 4).

Children with IBS at 16y more often had asthma at
12y and 16y (Fig. 2). In sex-adjusted GLM, overall
(any report from 1y through 16y) asthma was posi-
tively associated with IBS at 16y (RR 1.4; 95% CI 1.0—

-

Missing data ®

Original BAMSE cohort

N=4089

» Non-responders °

n=130/3115 (4.2%)

n=974/4089 (23.8%)

IBD or CD ©

Study population
n=2949/4089 (72.1%)

No AP-FGID
n=2594/2949 (88.0%)

Any AP-FGID
n=355/2949 (12.0%)

Fig. 1 Flow chart. Superscript lowercase letter “a” indicates children who did not participate in the 16y follow-up child questionnaire. Superscript
lowercase letter “b" indicates missing data on gastrointestinal symptoms at the 16y follow-up child questionnaire. Superscript lowercase letter “c”
indicates at age 12y and/or 16y. Superscript lowercase letter “d” indicates five (n = 5) children had overlapping IBS and FD and are included in
both the IBS and the FD category in the figure. AP-FGID, abdominal-pain related functional gastrointestinal disorder; CD, coeliac disease; FAP,
functional abdominal pain; FD, functional dyspepsia; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; N, number; y, years
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Table 1 Comparison of baseline characteristics between children with vs. without any AP-FGID and IBS at 16y

No AP-FGID Any AP-FGID IBS
n = 2594 n =355 n=176
n/n (%) n/n (%) p value ® n/n (%) p value ®
Male sex 1347/2594 (51.9) 115/355 (32.4) <0.001 64/176 (36.4) <0.001
Premature birth (< 37 weeks) 146/2594 (5.6) 19/355 (5.4) 0383 10/176 (5.7) 0.98
Maternal age < 25 years 184/2593 (7.1) 33/355 (9.3) 0.14 18/176 (10.2) 0.12
Low birth weight < 2600 g 123/2568 (4.8) 17/353 (4.8) 0.98 7/174 (4.0) 0.65
Exclusive breastfeeding 2 4 months 2041/2538 (80.4) 278/347 (80.1) 0.89 133/170 (78.2) 049
Older siblings 1219/2594 (47.0) 165/355 (46.5) 0.86 83/176 (47.2) 0.97
Second hand smoke © 517/2578 (20.1) 75/353 (21.2) 0.60 42/175 (24.0) 0.21
Maternal smoking during pregnancy © 317/2593 (12.2) 42/355 (11.8) 083 17/176 (9.7) 031
Socioeconomic status of the household
Blue/lower white-collar worker, other ¢ 780/2584 (30.2) 124/355 (34.9) 61/176 (34.7)
Medium white-collar worker © 760/2548 (29.4) 105/355 (29.6) 0.12 54/176 (30.7) 0.28
Higher white-collar worker (at least one parent) f 1044/2548 (40.4) 126/355 (35.5) 61/176 (34.7)
At least one parent has a university/college degree 1453/2572 (56.5) 180/352 (51.1) 0.06 90/174 (51.7) 022

#Pearson’s chi-squared test. Statistically significant differences (between children with no AP-FGID at 16 years vs. children with any AP-FGID or IBS at 16 years
respectively) are shown in bold text

PAny parent smoked > 1 cigarette/day at the time of the baseline questionnaire

“Mother smoked > 1 cigarette/day during pregnancy

9Blue/lower white collar worker include jobs with a normal requirement of < 3 years of education after 9 years of elementary school; other includes students,
housewife/man, person on disability pension, and unemployed

Include jobs with a normal requirement of > 3 but < 6 years of education after 9 years of elementary school

finclude jobs with a normal requirement of > 6 years of education after 9 years of elementary school

Abbreviations: AP-FGID, abdominal pain-related functional gastrointestinal disorder; IBS, irritable bowel syndrome; N, number
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Fig. 2 Prevalence of childhood a asthma, b rhinitis, ¢ eczema, and d food hypersensitivity. Age-specific and overall (@ny report from 1y through
16y) prevalence, stratified for children with no AP-FGID, any AP-FGID, and IBS at age 16y respectively. *P < 0.05. **P < 0.01. ***P < 0.001. AP-FGID,
abdominal-pain related functional gastrointestinal disorder; IBS, irritable bowel syndrome; y, years
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2.1), with age-specific associations for asthma at 12y
(RR 1.8; 95% CI 1.2-2.9) and 16y (RR 1.8; 95% CI
1.2-2.8) (Fig. 3).

Rhinitis

The prevalence of rhinitis did not vary with AP-FGID
status at 16y (Fig. 2). In crude and sex-adjusted GLM,
rhinitis was not associated with any AP-FGID or IBS at
16y (Fig. 3).

Eczema
Children with any AP-FGID at 16y more often had ec-
zema at 1-2y, 4y, 8y, and 12y (Fig. 2). In sex-adjusted
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GLM, overall eczema was positively associated with any
AP-FGID at 16y (RR 1.3; 95% CI 1.1-1.6), with age-
specific associations for eczema at 1-2y (RR 1.4; 95% CI
1.1-1.7), 4y (RR 1.3; 95% CI 1.0-1.6), and 8y (RR 1.2;
95% CI 1.0-1.6) (Fig. 3).

Children with IBS at 16y more often had concur-
rent eczema (Fig. 2). In sex-adjusted GLM, the RR for
IBS at 16y was numerically increased in children with
eczema at 1-2y, 4y, and 8y, but this was not statisti-
cally significant (Fig. 3). In crude GLM, concurrent
eczema was positively associated with IBS at 16y, but
this did not remain statistically significant in sex-
adjusted models (Additional file 4).
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—0_
4y ¢
8y —’_¢_
12y __’__Q_ -
Overall _+‘ .
0.4 0.8 1.6 3.2
RR, 95% ClI
C. Eczema
12y __‘3__3*
ay —$
8y S sl
16y __’—
Overall __‘_'
0.4 0.8 1.6 3.2
RR, 95% ClI

B Any AP-FGID at 16y

Fig. 3 Associations between childhood a asthma, b rhinitis, ¢ eczema, d food hypersensitivity, and any AP-FGID and IBS at 16y. Age-specific and
overall (any report from 1y through 16y) associations between allergy-related diseases during childhood and any AP-FGID and IBS at 16 years
respectively. Associations were assessed in a binomial generalized linear model with a log link function and adjusted for sex. Children with no AP-
FGID at age 16y were used as the reference group in all analyses. *P < 0.05. **P < 0.01. ***P < 0.001. AP-FGID, abdominal pain-related functional
gastrointestinal disorders; Cl, confidence interval; IBS, irritable bowel syndrome; RR, relative risk; y, years
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FH

Children with any AP-FGID at 16y more often had FH
at 12y and 16y (Fig. 2). In sex-adjusted GLM, overall FH
was positively associated with any AP-FGID at 16y (RR
1.5; 95% CI 1.2-1.9), with age-specific associations for
FH at 12y (RR 1.4; 95% CI 1.1-1.7) and 16y (1.6; 95% CI
1.3-2.0) (Fig. 3).

Children with IBS at 16y more often had FH at 12y
and 16y (Fig. 2). In sex-adjusted GLM, overall FH was
positively associated with IBS at 16y (RR 1.6 95% CI
1.2-2.1), with age-specific associations for FH at 12y (RR
1.5; 95% CI 1.1-2.1) and 16y (RR 1.9; 95% CI 1.4-2.5)
(Fig. 3).

Allergy burden

An increasing number of concurrent allergy-related dis-
eases at 16y did not affect the RR for any AP-FGID at
16y (Fig. 4). The RR for IBS at 16y increased with an in-
creasing number of concurrent allergy-related diseases
at 16y, but the linear trend for RR was only borderline
statistically significant (Fig. 4).

Discussion

In this large prospective population-based birth cohort
study, overall (any report from 1y through 16y) eczema
and FH were positively associated with any Rome III-
defined AP-FGID at 16y, with age-specific associations
for eczema at 1-2y, 4y, and 8y and for FH at 12y and

1
+
o
% B pfortrend = 0.35
© ®m pfortrend = 0.05
5 ——
g 2 ———
‘©
.
(o]
- un
23
— ——
ES 34
23 *
T T T 1
0.4 0.8 1.6 3.2
RR, 95% CI

H Any AP-FGIDat 16y ®|BSatl6y

Fig. 4 Association between allergy burden at 16y and any AP-FGID
and IBS at 16y. The number of concurrent allergy-related diseases
(including asthma, rhinitis, eczema, and food hypersensitivity) was
used as a proxy for allergy burden at 16y. Associations were
assessed in a binomial generalized linear model with a log link
function and adjusted for sex. Children with no AP-FGID at age 16
years were used as the reference group in all analyses. AP-FGID,
abdominal pain-related functional gastrointestinal disorders; Cl,
confidence interval; IBS, irritable bowel syndrome; RR, relative risk;
y, years
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16y. Further, we found that overall asthma and overall
FH were positively associated with Rome III-defined IBS
at 16y, with age-specific associations for asthma and FH
at 12y and 16y. Targeting immunological mechanisms
present in both AP-FGIDs and allergy-related diseases
might offer novel therapeutic modalities for AP-FGIDs.

We have previously demonstrated a link between re-
current functional abdominal pain at 12y and concurrent
or earlier asthma [19]. When assessing Rome III-defined
abdominal pain at 16y, early childhood asthma did not
remain associated to AP-FGIDs, whereas asthma at 12y
and 16y did. In accordance, the majority of the previous
studies including children [16, 17, 20-25] report a high
prevalence and/or increased risk for abdominal pain of
functional origin [20, 22], AP-FGIDs [21, 23], and IBS
[16, 17, 25] when asthma was present. Most studies,
however, were cross-sectional [20-24] and of them only
Kumari and Colman [21, 23] used the Rome III criteria
to define AP-FGIDs (none used the Rome IV criteria).
Kumari et al. showed an increased risk for concurrent
FD, FAP, and abdominal migraine, but not IBS in asth-
matics in a population-based sample of 1101 children in
Sri Lanka [21]. This contrasts with our study where
asthma was positively associated with IBS, but not AP-
FGIDs in general. The discrepancy could be related to
differences in sample size, age of assessment (we
assessed AP-FGIDs at a later age), and geographical dif-
ferences of asthma and IBS (we reported a higher preva-
lence of IBS and lower prevalence of asthma). Colman
et al. reported a high prevalence of AP-FGIDs in paedi-
atric patients with persistent asthma and poorer asthma
control in patients with AP-FGIDs, but made no attempt
to assess the risk for AP-FGIDs in asthmatics relative to
non-asthmatics [23]. Of the three longitudinal studies
identified, all reported a positive association between
asthma and subsequent IBS. Cole and Huerta, however,
included both children and adults and made no attempt
to report specific paediatric associations [16, 17]. Tan
et al. used ICD-codes to identify cases and their results
might therefore not be generalizable to the general
population [25].

In our previous study in this cohort, we showed posi-
tive associations between recurrent functional abdominal
and concurrent rhinitis and eczema at 12y [19]. When
assessing Rome III-defined abdominal pain at 16y, rhin-
itis was not associated with AP-FGIDs. We were only
able to identify two other studies assessing rhinitis in re-
lation to paediatric AP-FGIDs, with one study reporting
an increased risk for subsequent IBS in children with
rhinitis [25] and one reporting no association between
rhinitis and concurrent IBS [24]. Both studies were how-
ever based on selected samples, assessed IBS in younger
children, and used outdated or non-accepted criteria to
define IBS. The same studies report similar and
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contradictory associations between eczema and IBS. A
third study, report an increased risk for subsequent IBS
in children with eczema in Taiwan [26]. While we simi-
larly found positive associations between childhood ec-
zema and adolescent AP-FGIDs in general, we did not
find statistically significant associations with adolescent
IBS. This discrepancy could be due to the different types
of samples (their sample was patient based) and criteria
to define IBS (they used ICD-codes under the Rome II
era). It is also possible that low statistical power pre-
vented us from detecting statistically significant associa-
tions between eczema and IBS.

Compared to healthy peers, adolescents with AP-
FGIDs in our study had a higher prevalence of FH at
12y and 16y. This is consistent with previous studies, al-
though our prevalence of FH was lower than what has
been reported by others in similar age groups [31-33].
Previous studies, however, were conducted on selected
patient samples. Further, they were designed to assess
FH and/or dietary interventions, which might have
caused selection of children with more food-related
symptoms. Longitudinal studies of FH and the risk for
subsequent AP-FGIDs are limited. Saps et al. found
cow’s milk allergy during the first year of life to predis-
pose for pre-adolescent AP-FGIDs [34], but studies
assessing FH in general (as opposed to a single food
item) are lacking.

We did not assess allergy-related diseases and discrete
AP-FGIDs, but the differences in results for AP-FGIDs
vs. IBS suggest that associations may differ between sub-
types. Further, although P for trend was not statistically
significant, the number of concurrent allergy-related dis-
eases increased the RR for IBS, while the RR for any AP-
FGID stayed unaffected. This might suggest that allergy
is more connected to IBS than to the other AP-FGID
subtypes. Except for the study by Kumari et al. discussed
above [21], we found no additional studies that have ad-
dressed this issue in children. Hence, it would be of clin-
ical and potentially mechanistic interest to stratify for
different AP-FGID subtypes when assessing associations
to allergy-related diseases in future studies.

Possible explanations of our results include shared
pathophysiological mechanisms between asthma, ec-
zema, and FH and adolescent AP-FGIDs. Mast cells and
eosinophils, key effector cells in allergy, have been impli-
cated in youth AP-FGIDs. Paediatric IBS has been asso-
ciated to increased number of mucosal mast cells and
mast cells in close proximity to mucosal nerves, which
also seem to correlate with pain intensity and frequency
[9, 11]. Furthermore, an adult study found that allergic
IBS patients had more severe IBS symptoms and higher
numbers of mucosal mast cells [38], and others found
mucosal immune reactions in IBS patients after mucosal
exposure to food antigens [29, 30]. In addition, both
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mast cells and eosinophils have been implicated in
paediatric FD [12, 14]. On the other hand, we did not
find any associations between AP-FGIDs and rhinitis, a
condition also associated with mast cells and eosino-
phils. It would be interesting for future studies to inves-
tigate mucosal immune activation in individuals with
AP-FGIDs and different allergy-related diseases to better
understand this overlap.

Further, it is plausible that shared genetic and environ-
mental risk factors may have contributed to our results.
Also, allergic children may have increased awareness of
bodily symptoms, therefore reporting more symptoms in
general. However, at least in adults, the associations be-
tween asthma and gastrointestinal symptoms remained
when using a control group with other chronic diseases
in addition to healthy controls [39]. Furthermore, aller-
gic children report lower quality of life and higher levels
of anxiety and depression [40]. It is possible that these
effects and not the allergy in itself influence the progress
of AP-FGIDs, as anxiety, stress, and symptom awareness
are highly implicated internal triggers in the develop-
ment and/or maintenance of AP-FGIDs [41, 42]. Studies
in adults have shown that controlling for mood disorders
partly explained the associations between allergy-related
diseases and AP-FGIDs [15]. Future studies would need
to assess if this also applies to children, as our dataset
unfortunately did not allow us to adjust for this.

The most apparent strengths of this study include the
population-based design, the large sample size, the
evaluation of several allergy-related diseases, the pro-
spective and repeated assessment of allergy-related dis-
eases, and the use of the Rome III criteria [4] to define
AP-FGIDs.

As BAMSE was designed to study allergy-related dis-
eases, it is possible that families with allergic children
would be more inclined to participate. However, the
prevalence of allergy-related diseases during the first
years of life was equal in those entering the study and
those remaining at 16y, speaking against any major se-
lection bias of more allergic children in our study.

Our definitions of asthma, rhinitis, and eczema have
been validated and are highly specific (87-100%) [43,
44]. Further, the prevalence of rhinitis and eczema in
our study are in accordance with other population-based
studies of similar age groups [45-47]. Although our
prevalence of asthma is similar to that reported by some
[48], it is lower than that reported by others [46, 49].
While this could be due to actual differences in the pop-
ulations, we cannot rule out that our strict definition
failed to identify all asthma cases.

Our definition of FH did not include a food challenge
or objective sensitization measurement (i.e. skin prick
test or serum IgE). This is problematic as there is a well-
known discrepancy between perceived and confirmed



Sjolund et al. BMIC Medicine (2021) 19:214

FH in the population [50]. However, also, when using
objective measurements to assess FH, there is great di-
versity in the reported prevalence, highlighting the diffi-
culties with diagnosing FH [50]. In addition, it has been
suggested that the immune response related to food an-
tigens in individuals with IBS might not be IgE-driven
[29] or limited to local mucosal IgE reactions [30] and
thus not detectable with classical food allergy tests such
as serum IgE. Furthermore, symptoms in non-classical
food allergy may be delayed, which also makes provoca-
tion tests problematic [29]. It is likely that the reported
FH in our study is caused by a mix of non-
immunological and immunological mechanisms. How-
ever, until the mechanisms behind FH in AP-FGIDs
have been better elucidated, we believe there is relevance
in data on perceived FH with regards to the epidemi-
ology of FH in relation to AP-FGIDs.

While we used the Rome III criteria to define AP-
FGIDs, case ascertainment did not include a medical
evaluation. We did however exclude children with IBD
and coeliac disease, and we did previously show that the
prevalence of these diagnoses in this cohort are within
the expected range [36]. Our dataset prevented us from
considering additional organic causes of abdominal pain,
but many of these have been shown to be rare in Scandi-
navian children [51, 52]. Further, we previously reported
a clinical follow-up of IBS cases in this cohort, demon-
strating a high internal validity of the IBS-classification
[36]. Also, the prevalence of AP-FGIDs in our study cor-
responds well with the reported prevalence of Rome III-
defined AP-FGIDs in similar age groups [53, 54]. The re-
ported prevalence of FD increased significantly with the
transition from Rome III to Rome IV and the introduc-
tion of the diagnostic subgroups epigastric pain syn-
drome and postprandial distress syndrome (PDS), as FD
in the case of PDS now can be diagnosed in the absence
of abdominal pain [2, 55]. The prevalence of FD and
FD-cases experiencing PDS-symptoms in our study
would thus likely be higher using the Rome IV criteria.
Although we do not report on specific associations be-
tween allergies and FD, FD is included in any AP-FGID
in our study. Therefore, we cannot rule out that the
usage of the Rome IV criteria would affect the associa-
tions seen between allergies and any Rome III AP-FGIDs
in our study. This might particularly be relevant if the
association between allergy and AP-FGIDs is caused by
shared pathophysiological mechanisms, as an increase in
antral mast cells and eosinophils has been associated
with PDS-symptoms such as early satiety but not with
epigastric/abdominal pain in children with FD [56, 57].

Unfortunately, we did not know the onset of AP-
FGIDs and IBS. Thus, we cannot determine the tem-
poral relationship between allergy-related diseases and
AP-FGIDs and IBS in our study. This applies in
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particular to the associations seen with pre-adolescent
asthma and FH, while we find it plausible to assume
that eczema likely preceded the development of AP-
FGIDs.

Conclusions

In conclusion, we report that eczema and FH are posi-
tively associated with adolescent AP-FGIDs in general,
and asthma and FH are positively associated with adoles-
cent IBS. Clinicians faced with these patients should be
aware of the co-morbidity between allergy-related dis-
eases and AP-FGIDs. Our results further support the po-
tential role of low-grade inflammation and immune
dysregulation in the pathogenesis of paediatric AP-
FGIDs.
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