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Abstract
Infantile regurgitation is one of the most common discomforts in the first months of life. Infantile colic and, in older children,
functional dyspepsia have been linked to migraine. To date, this is the first study to investigate a possible association between infantile
regurgitation and primary headaches in children. This is a case—control study of 195 children aged 617 years, with primary headache
(migraine, or tension type headache) in 5 European paediatric hospitals. The control group is composed of 240 same-aged children
attending with minor injuries during the same period — February 1st 2020 to December 1st 2020. A structured questionnaire
identified a history of infantile regurgitation and other functional gastrointestinal disorders for case and control participants. The
outcome was the difference in the prevalence of infantile regurgitation among children with or without a diagnosis of primary
headache. The analysis showed a significant association between infantile regurgitation and migraine (OR=1.88, C195=1.01-3.4,
p=0.04). No association was found between infantile regurgitation and tension type headache (p=0.33). Subgroup analysis confirmed
that the association was only significant for migraine without aura (OR=2.3, CI 95=1.2-4.4, p=0.01). In a further subgroup analysis,
the presence of functional dyspepsia, irritable bowel syndrome and abdominal migraine was associated with migraine without aura.
Conclusion: The presence of migraine among children aged 6-17 was associated with a history of infantile regurgitation. Addi-
tional longitudinal studies are required to confirm whether infantile regurgitation could be considered as a precursor of migraine.

What is Known:

o Children suffering from functional gastrointestinal disorders are more likely to be suffering from migraine and tension-type headache as well.
o Children suffering from primary headache are more likely to have had infantile colic in their first six month of life.

What is New:

o [t is the first study to find an association between migraine and infantile regurgitation in children.

o These findings could have an impact on the diagnosis and therapeutics of both migraine and infantile regurgitation.
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Introduction

Migraine is one of the most common types of primary head-
ache. In the paediatric population, a recent epidemiological
study [1] estimated the prevalence of migraine at 9.1%, with
cross-sectional studies underlying a constant increase in the
incidence of migraine with and without aura [2].

Primary headaches are defined by the third edition of the
International Classification of Headache Disorders (ICHD-
3) [3] and include migraine with or without aura and tension
type headache as primary headaches, as well as trigeminal
autonomic cephalalgias and other less common conditions.
Nowadays, we acknowledge a wide spectrum of migraine-
related disorders. The ICHD-3 classifies abdominal migraine
(AM), cyclic vomiting syndrome (CVS) and infantile colic
(IC) as precursors of migraine [3]. Functional dyspepsia
(FD) and irritable bowel syndrome (IBS) on the other hand
have been linked to migraine in children by multiple studies
[4-6]. These disorders have a great impact on the child’s and
parent’s quality of life [7].

The relationship between migraine and functional gastroin-
testinal disorders (FGID) has been discussed at length in adults
[4, 5, 8] but much less so in the paediatric population [9]. FGID
are defined as chronic and recurrent gastrointestinal symptoms
that cannot be explained by an underlying clinical, biological or
radiological abnormality. The pathophysiology of both FGID
and migraine have been studied as possible disorders of the
gut-brain axis [10]: abnormal findings concerning microbiota
[11], the gut immune system [12] and gut innervation by sen-
sory neurons [13] have been linked to the modulation of auto-
nomic neurons, thus linking gut modifications to brain function
modulation.

The Rome IV [14] criteria categorises the FGID in chil-
dren/adolescents in three subtypes (Table 1):

— Functional abdominal pain disorders: FD, IBS, AM and
functional abdominal pain — not otherwise specified

— Functional nausea and vomiting disorders: CVS, func-
tional nausea and vomiting, rumination syndrome and
aerophagia

— Functional defecation disorders: functional constipation
and non-retentive faecal incontinence

In toddlers and newborns [15], seven functional gastro-
intestinal disorders have been described: infantile regurgi-
tation, infantile rumination syndrome, CVS, IC, functional
diarrhoea, infantile dyschezia and functional constipation.
The most frequent FGID in toddlers is functional constipa-
tion [16], but thus far no link to migraine has been proven
[9] between functional defecation disorders and migraine.
To date, 3 studies have explored the epidemiological link
between FGID and migraine in the paediatric population.
Chelimsky et al. [17] found a relation between general FGID
and migraine. Devanarayana et al. [18] and our group [9]
found a relationship between FD, AM, CVS and migraine.

In 2013, we performed a case—control study of 679
patients which showed that children with migraine were
6.6 times more likely to have experienced IC (p<0.001)
[19]. This hypothesis has since been supported by further
researchers, allowing us to consider those phenomena as
symptoms of the same spectrum [20].

Infantile regurgitation is a benign condition that occurs in
40-50% of infants, with a peak at 4 months of age [21]. It is con-
sidered to be a mechanical consequence of an immature lower
oesophageal sphincter, allowing retrograde passage of gastric
contents into the oesophagus, leading to a clinical regurgita-
tion. Recurrent regurgitations can lead to gastro-oesophageal
reflux disease (GORD), which is defined by the presence of
complications such as haematemesis, melena, peptic oesophagi-
tis, apnoea, apparent life-threatening events, laryngitis and otitis
media. A clinical suspicion of GORD requires further investiga-
tion, such as oesophageal pH monitoring, and treatment with
proton pump inhibitors (PPIs) when indicated.

Table 1 Rome IV Criteria of functional gastrointestinal disorders in children/adolescents and toddler/newborns

Toddler/newborns

Children/adolescents

Functional abdominal pain disorders

Functional nausea and vomiting disorders

Functional defecation disorders

-Infantile colic

-Infantile regurgitation
-Infantile rumination syndrome
-Cyclic vomiting syndrome

-Functional diarrhoea
-Infantile dyschezia

-Functional dyspepsia

-Irritable bowel syndrome

-Abdominal migraine

-Functional abdominal pain — not
otherwise specified

-Cyclic vomiting syndrome

-Functional nausea and vomiting

-Rumination syndrome

-Aerophagia

-Functional constipation

-Non-retentive faecal incontinence

-Functional constipation

@ Springer



European Journal of Pediatrics (2022) 181:1679-1687

1681

To date, no studies have explored the potential link
between infantile regurgitation and migraine. We formulate
the hypothesis that infantile regurgitation may be part of
the collective gut-brain axis disorders that may represent an
early precursor of migraine.

Methods
Study design and participants

We performed a case—control study of children and adoles-
cents in 5 European hospitals (Robert Debré, Paris, France;
Armand Trousseau, Paris, France; Palermo, Italy; Bari, Italy;
Foligno, Italy). We included all consecutive patients aged
6-17 years who were diagnosed with primary headaches —
migraine with aura (MA), migraine without aura (MWA) or
tension-type headache (TTH) — by a paediatric neurologist
in each centre, after a consultation relating to headache in
the local paediatric emergency department (PED). Diag-
noses were made using the validated ICHD-3 criteria [3].
Children with cluster headache, trigeminal autonomic cepha-
lalgias and other primary headaches were excluded. Patients
with a definite diagnosis of migraine were classified into the
migraine group, regardless of the presence of concurrent
TTH. For patients with migraine episodes with and without
aura, they were classified as having MA.

Controls were consecutively enrolled children aged
6—17 who consulted the PED of 3 of the participating cen-
tres (Robert Debré and Armand Trousseau, Paris, France;
Bari, Italy) for a minor injury in either the upper or the
lower extremities, without cranial trauma, during the same
period. Children with a history of recurrent headaches were
excluded from the control group.

The inclusion period began on February Ist 2020 and
ended on December Ist 2020. Inclusions were paused
between March 15th and August 15th due to the effects
of the COVID-19 pandemic on the healthcare systems in
France and Italy.

Institutional ethical review boards at each centre approved
the study protocol. There was no funding source for this
study.

Procedures

Parents with their children were verbally questioned on the
different components of the Rome IV [14, 15] diagnostic cri-
teria for infantile regurgitation, IC, FD, CVS, IBS, AM and
rumination. The questionnaire contained questions about
demographic and medical information as well as several
distractor questions. Case and control questionnaires can be
found in the supplementary material.

When available, the health booklet (Carnet de santé in
France, libretto sanitario in Italy) was screened by the physi-
cian to retrieve accurate medical information, in addition to that
provided by the parents. These national booklets are given to
parents soon after birth and contain medical data from birth to
adulthood. The recorded data are the date of consultation, age,
major clinical findings, diagnosis and therapy. Only physicians
may write diagnoses in the health booklet. Thus, demographic
data (age, gender, consanguinity, gestational age at birth and
birth weight), co-existing medial disorders, presence of FGID
and primary headache were obtained from both health booklets
and parent’s interviews. The health booklets were particularly
useful to screen for infantile symptoms of IC or infantile regur-
gitation, which parents may have found difficult to accurately
recall. Information about treatments (PPIs etc.) or feeding for-
mulas that may have been prescribed in infancy could also be
identified from the health booklet.

The presence of primary headaches in first degree relatives
was assessed by interview only, as well as information on head-
ache type for the case population (age at onset, frequency, clini-
cal characteristics and therapeutic management).

Definitions

According to the Rome IV [15] criteria, in otherwise healthy
infants of 3 weeks to 12 months of age, both of the follow-
ing requirements must be met for a diagnosis of infantile
regurgitation:

— Regurgitation two or more times per day for 3 or more
weeks

— No retching, haematemesis, aspiration, apnoea, failure
to thrive, feeding or swallowing difficulties or abnormal
posturing

GORD is defined as the reflux of gastric contents, causing
tissue damage and troublesome symptoms and/or complica-
tions such as weight loss or poor weight gain, irritability in
infants, haematemesis, dysphagia, odynophagia, wheezing,
stridor, cough, hoarseness, oesophagitis, recurrent pneumo-
nia, feeding refusal, dystonic neck posturing (Sandifer syn-
drome), apnoeic spells and apparent life-threatening events.

We used the Rome IV [14, 15] criteria to define IC, rumi-
nation syndrome, CVS, IBS, FD and AM. The ICHD-3b
definitions of migraine with and without aura and tension-
type headache were used to diagnose primary headache in
our population [3]. Definitions used in the questionnaire can
be found in the supplementary material.

Statistical analysis

We calculated the sample size on the basis of local admission
frequencies for primary headaches in the study hospitals and
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with an expected frequency of infantile regurgitation of 20%
in our control population. A sample size of 181 patients with
primary headache and 362 control patients was calculated,
with a power of 90% and a significance lever of 0.05 in a two-
tailed test. The primary outcome measure was the difference
in prevalence of infantile regurgitation between children with
migraine and participants without a diagnosis of primary
headache. The specificity of this association was assessed by
comparing the prevalence of infantile regurgitation in children
with TTH with that of the control group. We compared
categorical variables between groups with the x 2 analysis and
continuous non-Gaussian variables with the Wilcoxon analysis.

Univariable and multivariable analyses were carried out
to identify factors associated with migraines and tension
type headache. We then used a multivariable logistic regres-
sion model with the backward stepwise method to identify
factors independently associated with migraine, and odds
ratios (OR) and their 95% confidence intervals (CIs) were
calculated. All tests were two-tailed with a 0.05 significance
level.

To determine whether infantile regurgitation was associ-
ated with a specific migraine subgroup, we did a comparative
analysis between patients with MA and those with MWA.
To determine whether infantile regurgitation was associated
to clinical characteristics of migraine, we performed a com-
parative analysis between patients with or without infantile
regurgitation in the migraine group.

Results

Between February 1st and December 1st 2020, 195 cases of
primary headaches and 240 controls were enrolled. A total
of 168 patients had migraine (38%), of whom 139 (82%) had
MWA and 29 (18%) had MA, and 27 cases had TTH (6%).

Clinical characteristics of enrolled patients at base-
line are shown in Table 2. A significant difference was
observed concerning gender, birthweight, comorbidity
and family history of migraine in first degree relatives of
patients with migraine.

The prevalence of FGID in the studied population is
shown in Table 3.

A total of 64 (37.9%) migraineurs had a personal his-
tory of infantile regurgitation, compared to 45 (18.8%) in
the control group (p <0.001). This association was not
shown in children with TTH (p=0.5). When analysing
migraine subgroups, the prevalence of infantile regurgita-
tion was only significant in children with MWA (40.3%,
p<0.001 versus 27.6% (p=0.4) in MA). All the FGID
analysed in the study were significantly more prevalent
in migraineurs when compared to controls. On the other
hand, no significant difference was identified when com-
paring children suffering from TTH and control patients.

@ Springer

Variables significantly associated with migraines or
TTH in multivariable analysis are shown in Table 4. The
subgroup analysis for MWA and MA is shown in Table 5.

The male sex was a protective factor for migraine
(OR=0.54, CI 95=0.3-0.9, p=0.02) but not for TTH
(p=0.15). Subgroup analysis found that it was also pro-
tective for MA (OR =0.21, CI 95=0.06-0.6, p=0.004)
but not for MWA (p=0.18).

The presence of a family history of migraine in first-
degree relatives increased the risk of migraine (OR=12.4,
CI 95=7.2-22.0, p<0.001) either with or without aura.
This was not observed in the TTH population (OR=2.1,
CI95=0.7-6.0, p=0.15).

The analysis confirmed a significant association
between infantile regurgitation and migraine (OR =1.88,
CI 95=1.01-3.4, p=0.04). No association was found
between infantile regurgitation and TTH (p=0.33). Sub-
group analysis confirmed that the association was only
significant for MWA (OR=2.3, CI195=1.2-4.4, p=0.01).

Among the other FGID, a significant association was
found for FD (OR =19.8, CI 95=3.4-382.1, p=0.000),
for IBS (OR=8.9, C195=2.0-65.2, p=0.01) and for AM
(OR=15.8,CI95=5.0-61.3, p= <0.001); whereas TTH
was associated with FD (OR =94, CI 95=12.7-1966.2,
p= <0.001) and IBS (OR=34.7, CI 95=5.8-285.3,
p= <0.001). In the subgroup analysis, the presence of
FD, IBS and AM was associated with MWA, while AM
was significantly associated only with MA (OR =39, CI
95=7.9-244.9, p= <0.001).

With respect to migraineur behaviour, the only differ-
ence established between the two groups was that children
presenting with infantile regurgitation were more likely to
use pre-emptive migraine treatments than those who did
not (46.9% versus 22.9%, p=0.002).

Discussion

Our study is the first to show a link between personal history
of infantile regurgitation and migraine in a paediatric popu-
lation. We did not find any significant association between
infantile regurgitation and TTH. The subgroup analysis
found a significant association between infantile regurgita-
tion and MWA, which is observed more frequently than MA
in children [22].

In our study, among FGID, only FD, IBS and AM were
associated with migraine, confirming previous findings.
Indeed, the relation between FD, IBS, AM and migraine
in the paediatric population has already been reported by
our team [9]. We did not find any association between
CVS and migraine. Devanarayana et al. [18] also found a
significant relation between FD, IBS, AM and migraine in a
cross-sectional survey of 2180 children living in Sri Lanka.
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Table 2 Children characteristics at baseline
Migraine TTH Control
N=168 Migraine with aura Migraine without aura N=27 N=240
N=29 N=139

Gender 100 (59.6%) p<0.001 21 (72.4%) p=0.002 60 (43.2%) p=0.003 15(55.6%) p=0.1 97 (40.4%)
Girls 68 (40.4%) 8 (27.6%) 79 (56.8%) 11 (40.8%) 143 (59.6%)
Boys - - - 1(3.6%) -
Missing data

Age 11 (3) p=0.1 12 (1.8) p<0.001 10.8 (2,2) p=0.8 11 (3.1) p=0.1 11(2.8)
Mean (SD) 5 (3.0%) - 5 (3,6%) 0 (0%) 1(0.4%)
Missing data

Gestational Age 39 (1.9) p=09 39(2) p=0.7 39 (2) p=09 39 (3.4) p=0.1 39(1.9)
Mean (SD) 2 (1.2%) - 2 (1,4%) 1(3.8%) 2(1.2%)
Missing data

Birth Weight 3.2(0.5) p=0.01 3.4(0.7) p=0.8 3.2 (0.6) p=0.002 3.3(0.8) p=04 3.3(0.5)
Mean (SD) 1 (0.6%) - 1(0.7%) - 16 (6.7%)
Missing data

Consanguinity 1 (0.6%) p=0.2 0 (0%) p=0.7 1(0.7%) p=0.3 0 (0%) p=08 72.9%)
Yes - - - - 13 (5.4%)
Missing data

Comorbidity 55 (32.5%) p<0.001 19 (65.5%) p<0.001 44 (31.6%) p<0.01 6232%) p=08 15(6.2%)
Yes - - - 1(3.7%) 3(1.2%)
Missing data

Family history 27 (16%) p=0.8 3 (10.3%) p=09 23 (16.5%) p=04  7(269%) p=0.06 30(12.5%)
of TTH (1st - - - - 52.1%)
degree rela-
tive)
Yes
Missing data

Family history 132 (78.1%) p<0.001 19 (65.5%) p<0.001 113 (81.3%) p<0.001 10(38.5%) p=0.02 48 (20%)
of migraine - - - 1(3.8%) 52.1%)
(1st degree
relative)
Yes
Missing data

p-values for chi-2 test (binary variables) and Wilcoxon test (continuous variables) with a=5%

Lankarani et al. [4] confirmed increased ORs of 3.43 for IBS
and 1.68 for FD in the adult migraineur population.

The relationship between FD and TTH has been previ-
ously reported in the adult population, and Tai et al. [23]
also highlighted an increase in TTH symptoms in adult
patients suffering from functional dyspepsia. Martami
et al. [24] found results consistent with ours, showing a
significant relation between FD and TTH, and a significant
relation between FD, IBS and migraine in a cross-sectional
study of 1574 adult participants.

The relationship between FGID and the migraine sub-
types has rarely been explored in the literature; however,
we have previously reported [9] a significant association
between AM and MA, and an association between FD,
IBS, AM and MWA. Another group reported that the
association between IBS and MWA in young women was
found to be related to a greater incidence of fibromyalgia
and anxiety disorders [25]. Furthermore, we found that
children requiring pre-emptive migraine treatment were

more likely to have experienced infantile regurgitation.
We speculate that infantile regurgitation may predispose
to a more severe form of migraine, although this needs
further confirmation.

We have investigated the hypothesis that the multifacto-
rial phenomena linking infantile colic and functional dys-
pepsia with migraine is similar to the association of infantile
regurgitation with migraine. The many different pathophysi-
ological pathways of the gut-brain axis have been recently
explored in a review, summarising the recent knowledge on
abdominal variants of migraine and functional abdominal
pain disorders associated with migraine in the paediatric
population [26]. Gastric motility abnormalities, impaired
gastric accommodation and visceral hypersensitivity are
all related to functional dyspepsia and migraine, and could
be key to a better understanding of infantile regurgitation.
Furthermore, the pathophysiological hypothesis concerning
infantile colic also includes visceral hypersensitivity and
inflammatory mediation secondary to modifications of the
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Table 3 Prevalence of functional gastrointestinal disorders in our population: infantile regurgitation, infantile colic, functional dyspepsia, rumi-
nation syndrome, cyclic vomiting syndrome, irritable bowel syndrome and abdominal migraine

Migraine TTH Control
N=168 Migraine with aura Migraine without N=27 N=240
N=29 aura
N=139
Infantile regurgita- 64 (37.9%) p<0.001 8 (27.6%) p=04  56(403%) p<0.001 7(269%) p=0.5 45 (18.8%)
tion - - - - 1(0.4%)
Yes
Missing data
Type of infantile 50 (29.7%) p<0.001 6 (20.7%) p=0.02 44 31.6%) p<0.001 6(22.2%) p=0.09 44 (18.3%)
regurgitation 14 (8.3%) 2 (6.9%) 12 (8.6%) 1(3.7%) 1 (0.4%)
Reflux - - - -
GORD
Missing data
Infantile Colic 87 (51.5%) p<0.001 15(51.7%) p<0.001 72(51.8%) p<0.001 10(38.5%) p=0.6  70(29.2%)
Yes - - - - 3(1.2%)
Missing data
Functional Dyspep- 27 (16%) p<0.001 3 (10.3%) p<0.001 24 (17.2%) p<0.001 6(23.1%) p<0.001 1 (0.4%)
sia - - - - 3(1.2%)
Yes
Missing data
Rumination syn- 14 (8.3%) p<0.001 2(6.9%) p<0.001 12B8.6%) p<0.001 13.8%) p=05 1(0.4%)
drome - - - - 2 (0.8%)
Yes
Missing data
Cyclic Vomiting 7 (4.1%) p=0.02 13.4%) p=05 6 (4.3%) p=0.02 0(0%) p=1 1(0.4%)
Syndrome - - - - 3(1.2%)
Yes
Missing data
Irritable Bowel 25 (14.8%) p<0.001 2 (6.9%) p=02 23(16.5%) p<0.001 5(19.2%) p<0.001 3 (1.2%)
Syndrome 1(0.6%) - 1 (0.8%) - 3(1.2%)
Yes
Missing data
Abdominal Migraine 33 (19.5%) p<0.001 8 (27.6%) p<0.001 25(18.0%) p<0.001 2(7.7%) p=0.3 52.1%)
Yes - - - 3(1.2%)
Missing data
p-values for chi-2 test (binary variables) with a=5%
Table.4 Multiv.ariablf': . Migraine Tension type headache
logistic regression of infantile N=168 N=27
regurgitation and covariables
for migraine or tension type OR CI195% p-val OR CI95% p-val
headache
Infantile regurgitation 1.88 1.01-3.4 0.04 1.7 0.5-5.07 0.33
Gender 0.54 0.3-0.9 0.02 0.47 0.1-1.3 0.15
Family history of migraine 12.4 7.2-22.0 <0.001 2.1 0.7-6.0 0.15
(1st degree)
Functional dyspepsia 19.8 3.4-382.1 0.006 94.0 12.7-1966.2 <0.001
Irritable bowel syndrome 8.9 2.0-65.2 0.01 34.7 5.8-285.3 <0.001
Abdominal migraine 15.8 5.0-61.3 <0.001 53 0.6-31.7 0.07
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Tab.IeIS Multiv.ariablc? . Migraine with aura Migraine without aura

logistic regression of infantile N=29 N=139

regurgitation and covariables

for subgroup analysis: migraine OR CI195% p-val OR CI195% p-val

with and without aura
Infantile regurgitation 0.98 0.2-2.9 0.97 23 1.2-4.4 0.01
Gender 0.21 0.06-0.6 0.004 0.67 0.3-1.2 0.12
Family history of migraine 8.6 3.1-25.2 <0.001 14.3 7.9-27.1 <0.001
(1st degree)
Functional dyspepsia 9.8 0.5-275.3 0.12 26.3 4.2-525.0 0.03
Irritable bowel syndrome 1.9 0.1-36.4 0.63 10.7 2.4-79.1 0.05
Abdominal migraine 39 7.9-244.9 <0.001 11.2 3.2-46.7 <0.001

p-values for a=5%

gut microbiome. The factors influencing the microbiota of
children and their mothers has been widely explored to better
understand infantile colic. These phenomena may be intrin-
sic to the link between infantile regurgitation and migraine
highlighted in this study.

The pathophysiology of migraine is also a multifactorial
phenomenon [27] dependent on genetic factors (more than
thirty migraine-associated gene polymorphisms have been
discovered [28]), environmental factors (such as medication,
diet and stress) and metabolic factors (examples include neu-
roendocrine function, the menstrual cycle and pregnancy).
The activation of the hypothalamus results in an alteration
in thalamo-cortical circuits and brain connectivity, which
subsequently leads to CGRP (calcitonin gene-related pep-
tide) and PACAP (pituitary adenylate cyclase-activating
polypeptide) release. The release of PACAP triggers intra-
cerebral vasodilatation, ultimately causing the symptoms
of migraine. Today, the role of CGRP in the bidirectional
communication of the gut-brain axis is well recognised:
CGRP has an antimicrobial action on gut bacterial strains
(for instance Escherichia coli, Enterococcus faecalis and
Lactobacillus acidophilus) and dysbiosis can increase the
secretion of CGRP [10]. Supporting this knowledge, studies
have recently suggested a benefit in providing probiotics in
the management of infantile colic [29] and IBS [30]. The
communication of the gut’s immune system, mucosa and
microbiota with the brain has been explored in great depth
within the field of migraine research, particularly the asso-
ciation between functional abdominal pain syndromes and
migraine [10].

Our study has some limitations; as a case—control study, it
is subject to many biases. Firstly, we decided to enrol the cases
from consultations with a paediatric neurologist whereas the
control population was sourced from PEDs. It is likely that
patients with primary headache were more severe than in the
general population, hence having been referred to a paediatric
neurologist. Indeed, we observed that 32.5% of the migrainous
patients and 23.2% of TTH patients had comorbidities, whereas
this figure was 6.2% in the control population. Therefore, the

sample may not be representative of the general population;
however, similar studies have also observed a higher preva-
lence of comorbidities among patients attending neurology
clinics [9, 19]. Secondly, we tried to minimise the impact of
possible response bias in this study. Indeed, we did not inform
the parents or the child about the hypothesis tested in this study;
they were merely asked to answer a questionnaire on migraine
and pain syndromes, and distractors were added to the ques-
tionnaire. Moreover, in order to reduce the memory bias due
to the retrospective design of the study, we used both the par-
ents’ questionnaire and the health booklet to assess for infan-
tile symptoms, FIGD and primary headaches. One could also
argue that parents may tend to give more precise answers to
a paediatric neurologist than the PED physician. However, we
concluded that the answers would be subject to less bias when
the questionnaire was filled out by the same physician who cared
for the child, rather than waiting for another physician. Further-
more, we used validated international classifications of FGID
and migraine, allowing the responses to be easily comparable.
Finally, the number of controls subjects enrolled is less than
expected. Indeed, we had to stop the study for 6 months dur-
ing the first wave of the COVID-19 pandemic. Moreover, the
pandemic had a drastic impact on the attendance rate of PED
in France and in Italy [31], thus hampering the enrolment of
control patients. However, as the required number of subjects
was calculated prior to the study, we agreed to stop including
participants into the study on December 1st, 2020. To avoid the
response bias, a prospective longitudinal study with follow-up
from birth to adolescence would be necessary, although imple-
mentation would be challenging, and due to the method of enrol-
ment, there is a high chance of many patients being lost to follow
up. Moreover, this study was designed as a pilot study, to test
the hypothesis of a relation between infantile regurgitation and
migraine in the paediatric population.

In conclusion, in a multicentre case—control study, we
established a significant association between infantile
regurgitation and migraine. The subgroup analysis showed
a significant association between MWA and infantile regur-
gitation only. Interestingly, we did not find any association
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between infantile regurgitation and TTH, thus suggesting
these findings are specific to migraine. Our results support
the growing body of evidence of a common pathophysiologi-
cal pathway between FGID and migraine. Clinically, these
findings could have an impact on the diagnosis and thera-
peutic management of these common diseases, especially in
the paediatric population.
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