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Purpose: Migraine is a neurological disorder affecting pediatric patients of all age groups, with a prevalence ranging from
approximately 5% to 15%. It significantly impacts the quality of life in children and adolescents, potentially hampering their learning
abilities, school performance, and daily activities. This study investigated the association between migraine and several prevalent
gastrointestinal (GI) diseases in pediatric patients.

Patients and Methods: We analyzed the Health Insurance Review and Assessment Service Pediatric Patient Sample (HIRA-PPS)
dataset from South Korea. Propensity scores based on patient characteristics (age, sex, and insurance type) were employed through the
inverse probability of treatment weighting (IPTW) in binary logistic regression. We included gastroesophageal disease (GERD), peptic
ulcer disease (PUD), gastritis, dyspepsia, irritable bowel syndrome (IBS), and inflammatory bowel disease (IBD) as GI diseases.
Results: A total of 683,347 patients from the HIRA dataset were included in the study. After IPTW adjustment, the prevalence of GI
diseases among pediatric patients with migraine remained significantly increased (OR 4.15; 95% CI 4.12-4.18). Migraine patients
showed higher prevalence rates for all six individual GI diseases, with GERD (OR 4.11; 95% CI 4.054.16) and IBS (OR 3.79; 95%
CI 3.74-3.84) showing the highest associations. We also confirmed a progressively increasing association between the presence of
diagnosed migraine and GI diseases.

Conclusion: This study highlights a strong association between pediatric migraine and GI diseases, even after adjusting for patient
characteristics. The elevated prevalence of various GI diseases in migraine patients suggests the need for comprehensive approaches to
their prevention and treatment.
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Introduction
Migraine is a neurological disorder that can occur in pediatric patients of all age groups, including infancy, with
a prevalence ranging from approximately 5% to 15%.' Migraine can negatively impact the quality of life in children
and adolescents, affecting their school and daily activities and potentially reducing their learning abilities.*> Esposito’s
study reported a high prevalence of harm avoidance and persistence of temperamental domains in pediatric patients with
migraine, suggesting a correlation between temperamental domains and migraine.®

Several studies have indicated a higher prevalence of sleep-related problems, depressive mood, anxiety disorders, and
attention-deficit hyperactivity disorder (ADHD) in pediatric patients with migraine.” > Some studies have also linked
childhood and adolescent migraine to parental stress.'®'" Additionally, migraine has been suggested as a risk factor for
respiratory conditions like asthma and associated with low income or education levels, increasing the risk of other
disorders or symptoms.'*"?

Recent studies have presented findings on the association between migraine and several gastrointestinal (GI)
conditions. In patients with migraine, H. Pylori infection rates were approximately twice as high, and particularly in
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Asians, it appeared to be even higher, around 3.5 times.'* The prevalence of irritable bowel syndrome (IBS) in migraine
patients was about 2.7 times higher than in those without migraine.'> Furthermore, GI diseases such as dyspepsia,
gastroesophageal reflux (GERD), and inflammatory bowel disease (IBD) also showed higher prevalence in migraine
patients.'®!8

Pediatric migraine patients have been suggested to exhibit correlations with GI diseases distinct from those observed
in adults. For instance, infantile colic, affecting approximately 20% of infants, has been reported to be influenced by
parental migraine history, infantile GI diseases, and migraine symptoms.'® Abdominal migraine, categorized as
a functional abdominal pain disorder, impacts 0.2% to 4.1% of children and is characterized by intermittent, repetitive,
and sudden episodes of abdominal pain.’’ Accompanied by symptoms such as paleness, nausea, vomiting, loss of
appetite, headache, and sensitivity to light, approximately 70% of pediatric patients with abdominal migraine were found
to experience migraine symptoms during long-term tracking and observation.”' These studies underscore the correlation
between distinctive migraine characteristics in children and adolescents and GI diseases. The International Headache
Society formally recognizes specific codes 1.6.1 (recurrent gastrointestinal disorder) and 1.6.1.2 (abdominal migraine)
within the International Classification of Headache Disorders, Third Edition (ICHD-3, 2018) as having equivalence to or
association with hemicrania.??

However, this study diverges from focusing on migraine and GI symptoms in patients diagnosed with abdominal
migraine; instead, it aims to assess the prevalence of several GI diseases in pediatric patients with migraine. Previous
studies have also presented associations between migraine and GI disorders in adults.'*'® Nevertheless, comprehensive
studies analyzing the overall prevalence and associations between migraine and GI disorders in pediatric patients are yet
to be conducted. Therefore, this study aims to establish the association between migraine and several high-prevalence GI
diseases in pediatrics. The results of this study could have valuable implications for approaches to treating and preventing
both migraine and GI diseases.

Materials and Methods
Study Subjects

In this study, we conducted an analysis using the Health Insurance Review and Assessment Service Pediatric Patient
Sample (HIRA-PPS) dataset from South Korea. This dataset was carefully selected by considering age and gender and
contains information from medical facilities and pharmacies where patients sought healthcare services over one year.> It
is important to note that the HIRA dataset was provided after removing personally identifiable patient information in
compliance with South Korea’s personal information protection regulations. This dataset was deemed appropriate for
representing the characteristics of patients in South Korea.**

For this study, all pediatric patients were included in the dataset. However, patients diagnosed with GI diseases only
once a year and those diagnosed with headaches other than migraine were excluded from the study. Patients diagnosed
with cardiovascular, cerebrovascular, neurological, or psychiatric disorders that could potentially increase the risk of

migraine were also excluded (Table 1).%° 28

Definition of Diseases

The ICD-10 codes for GI diseases and migraine included in this study are as follows: GERD [K21, ri K22], peptic
ulcer disease (PUD) [K25, K26, K27, K28], gastritis [K29], dyspepsia [K30], IBS [K58], IBD [K50, K51], and
migraine [G43]. Abdominal migraine corresponds to the ICD-10 code G43.D. However, this study utilized claims
data for analysis, and most of these data report diagnoses using three-digit codes. As a result, the analysis was
conducted on all patients diagnosed with migraine, regardless of abdominal migraine. A specific criterion was
applied to ensure the clarity of patient diagnoses: a patient was defined as having a particular disorder if they
received a diagnosis for that disorder on two or more occasions within a year. We classified pediatric patients
diagnosed with one or more of the six conditions mentioned above on two or more occasions within a year as the
group with GI disease.
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Table | The List of ICD-10 Diagnostic Codes of Diseases in the Study

Category of diseases (ICD-10 code)

GERD Gastro-oesophageal reflux disease (K21); other diseases of oesophagus (K22)
PUD Gastric ulcer (K25); duodenal ulcer (K26); peptic ulcer, site unspecified (K27)
Gastritis Gastritis and duodenitis (K29)

Dyspepsia Functional dyspepsia (K30)

IBD Crohn disease (K50), ulcerative colitis (K51)

IBS Irritable bowel syndrome (K58)

Migraine Migraine (G43)

Excluded diseases (confounding disease)

Other headaches Other headache syndromes (G44), headache (R51)
Cardiovascular Angina pectoris (120); acute myocardial infarction (121); subsequent myocardial infarction (122); certain current
disorders complications following acute myocardial infarction (123); other acute ischaemic heart diseases (124); chronic ischaemic

heart disease (125)

Cerebrovascular Transient cerebral ischemic attacks and related syndromes (G45); vascular syndromes of brain in cerebrovascular diseases
disorders GA46); subarachnoid haemorrhage (160); intracerebral haemorrhage (161); other nontraumatic intracranial haemorrhage
(162); cerebral infarction (163); stroke, not specified as haemorrhage or infarction (164); occlusion and stenosis of
precerebral arteries, not resulting in cerebral infarction (165); occlusion and stenosis of cerebral arteries, not resulting in
cerebral infarction (166); other cerebrovascular diseases (167); cerebrovascular disorders in diseases classified elsewhere

(168); sequelae of cerebrovascular disease (169)

Neurological Sleep disorders (G47); epilepsy (G40); status epilepticus (G41)
disorders

Psychiatric disorders | Phobic anxiety disorders (F40); other anxiety disorders (F41); bipolar affective disorder (F31); depressive episode (F32);

recurrent depressive disorder (F33)

Abbreviations: GERD, gastroesophageal reflux disease; PUD, peptic ulcer disease; IBS, irritable bowel syndrome; IBD, inflammatory bowel disease.

Statistical Analysis

We conducted binary logistic regression utilizing inverse probability of treatment weighting (IPTW) based on propensity
scores. The propensity score was computed through a multivariable logistic regression model, taking into account patient
characteristics such as age, sex, and insurance type as social status to assess the probability for each patient. We reported
odds ratio (OR) and their 95% confidence intervals (CI) to characterize the association between migraine and GI
diseases. All statistical analyses were conducted utilizing SAS 9.4 (SAS Institute Inc., Cary, NC, USA). This study
received approval from the Institutional Review Board of Dongduk Women’s University (IRB No. DDWU2304-03).

Results

Patient Characteristics

In the HIRA-PPS-2018 dataset, a total of 949,354 patients were included. Among them, 85,806 patients with conditions
increasing the risk of migraine and 180,201 patients with a one-time diagnosis of GI diseases were excluded, resulting in
a total of 683,347 patients included in the study (Figure 1). Pediatric migraine patients numbered 1984, with 1431
(72.13%) being adolescents aged 12 or older, and 1119 (56.40%) being female. Subsequently, IPTW was applied to
match the age group, sex, and insurance type between the migraine-diagnosed and non-migraine groups (Table 2). After
the IPTW adjustment, the migraine patient group comprised 695,584 individuals, while the non-migraine group
comprised 683,347 individuals.
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Figure | Flow diagram for study subject inclusion.
Abbreviation: Gl, Gastrointestinal.

Association Between Migraine and Gl Diseases After Weighting with Propensity Score
Following the adjustment of patient characteristics using propensity scores, the analysis of the association between
migraine and GI diseases yielded an OR of 4.15 (95% CI, 4.12—4.18; p<0.001) for the prevalence of GI diseases among
migraine patients (Table 3). Upon analyzing the correlation between migraine and individual GI diseases, migraine
patients exhibited a higher prevalence of all six GI diseases compared to pediatric individuals without a migraine
diagnosis. The association between migraine and individual GI diseases showed the highest OR for GERD at 4.11 (95%
CI, 4.054.16; p<0.001), followed by IBS with an OR of 3.79 (95% CI, 3.74-3.84; p<0.001). Furthermore, elevated
prevalence rates among migraine patients were also observed for gastritis, IBD, PUD, and dyspepsia in descending order
for other conditions (Table 3).
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Table 2 Patient Characteristics Before and After Weighting by Propensity Score

Patient Before Weighted by Propensity Score After Weighted by Propensity Score
Characteristics No Migraine Migraine (n=1984) No Migraine (n= Migraine (n=
(n=681,363) n (%) n (%) 683,347) n (%) 695,584) n (%)
Age group
< 2 year 121,275 (17.80) 46 (2.32) 121,321 (17.75) 128,607 (18.49)
> 2 and < 6 year 103,794 (15.23) 67 (3.38) 103,861 (15.20) 104,996 (15.09)
> 6and < |2 year 224,852 (33.00) 440 (22.18) 225,292 (32.97) 231,755 (33.32)
> |2 years 231,442 (33.97) 1431 (72.13) 232,873 (34.08) 230,226 (33.10)
Sex
Men 349,226 (51.25) 865 (43.60) 350,091 (51.23) 395,285 (56.83)
Women 332,137 (48.75) 1119 (56.40) 333,256 (48.77) 300,299 (43.17)
Insurance type
Health insurance 666,306 (97.79) 1898 (95.67) 668,204 (97.78) 680,323 (97.81)
Medical aid 15,057 (2.21) 86 (4.33) 15,143 (2.22) 152,611 (2.19)

Table 3 Association between Gastrointestinal Disease and Migraine After Weighting by

Propensity Score

Types of Gl Disease After Weighted by Propensity Score Odds Ratio p-value
No Migraine Migraine (95% €y
(n= 683,347), n (%) | (n= 695,584), n (%)

Any Gl diseases

No 375,882 (55.01) 158,355 (22.77) | [Reference]

Yes 307,465 (44.99) 537,229 (77.23) | 4.15 (4.124.18) <0.001
GERD

No 648,674 (94.93) 570,419 (82.01) | [Reference]

Yes 34,673 (5.07) 125,165 (17.99) | 4.11 (4.05-4.16) <0.001
PUD

No 670,933 (98.18) 665,798 (95.72) | [Reference]

Yes 12,414 (1.82) 29,786 (4.28) | 2.42 (2.37-2.47) <0.001
Gastritis

No 440,373 (64.44) 247,314 (35.55) Reference

Yes 242,974 (35.56) 448,270 (64.45) | 3.29 (3.26-3.31) <0.001
Dyspepsia

No 608,784 (89.09) 562,154 (80.82) | [Reference]

Yes 74,563 (10.91) 133,430 (19.18) | 1.94 (1.92-1.96) <0.001

(Continued)
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Table 3 (Continued).

Types of Gl Disease After Weighted by Propensity Score Odds Ratio p-value
N N (95% CI)
No Migraine Migraine
(n= 683,347), n (%) | (n=695,584), n (%)

IBS

No 656,262 (96.04) 601,504 (86.47) | [Reference]

Yes 27,085 (3.96) 94,080 (13.53) | 3.79 (3.74-3.84) <0.001
IBD

No 683,219 (99.98) 695,195 (99.94) | [Reference]

Yes 128 (0.02) 389 (0.06) | 2.99 (2.45-3.65) <0.001

Abbreviations: Gl, gastrointestinal; GERD, gastroesophageal reflux disease; PUD, peptic ulcer disease; IBS, irritable bowel
syndrome; IBD, inflammatory bowel disease.

Table 4 Odds Ratio of Migraine According to the Number of Gastrointestinal Disease After
Weighting by Propensity Score

Number of Gl After Weighted by Propensity Score Odds Ratio p-value
Disease . . (95% CI)

No Migraine Migraine

(n= 683,347), (n= 695,584),

n (%) n (%)

No Gl disease 375,881 (55.01) 158,355 (22.77) | [Reference]
| 238,575 (34.91) 311,212 (44.74) 3.10 (3.07-3.12) <0.001
2 55,723 (8.15) 172,271 (24.77) 7.34 (7.26-7.42) <0.001
3 11,043 (1.62) 41,355 (5.95) 8.89 (8.70-9.09) <0.001
4 1936 (0.28) 10,653 (1.53) 13.06 (12.44-13.71) <0.001
25 189 (0.03) 1738 (0.25) 21.70 (18.68-25.21) <0.001

Abbreviation: Gl, Gastrointestinal.

This study also analyzed the association between migraine and the number of diagnosed GI diseases. We confirmed
a progressively increasing association between the presence of diagnosed GI diseases and pediatric migraine patients
when compared to those without migraine. The OR for having at least one GI diseases diagnosis was 3.10 (95% CI,
3.07-3.12; p<0.001). However, for two, three, four, and five or more diagnosed GI diseases, the OR values increased to
7.34 (95% CI, 7.26-7.42; p<0.001), 8.89 (95% CI, 8.70-9.09; p<0.001), 13.06 (95% CI, 12.44-13.71; p<0.001), and
21.70 (95% CI, 18.68-25.21; p<0.001), respectively (Table 4).

Discussion
After adjusting for patient age, gender, and economic status (as represented by the types of health insurance), the
prevalence of GI diseases in pediatric patients with migraine was approximately 4.15 times higher. Additionally, the
prevalence of all six individual GI diseases in migraine patients was higher compared to those without a migraine
diagnosis, and it was observed that the association with migraine increased significantly with the number of diagnosed GI
diseases. All of these findings indicate a clear association between migraine and GI diseases.

Several studies conducted on adult patients have reported research findings regarding the correlation between
migraine and GI diseases.' >4 162 According to the results of a meta-analysis, H. pylori infection appeared to be
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approximately 1.4 times more prevalent in migraine patients compared to the control group.'* Although this study did not
assess the correlation with H. pylori infection, the analysis revealed that migraine patients exhibited an approximately
2.4-fold higher prevalence of PUD, for which H. pylori infection is considered a primary risk factor. The prevalence of
IBS in migraine patients was also approximately 3.8 times higher, consistent with similar findings in studies reporting
a two to three-fold higher prevalence.>**' This study, conducted with pediatric patients, showed a stronger association
between migraine and GI diseases compared to studies involving adults. Given the elevated occurrence of abdominal
migraine in children, gastrointestinal symptoms (eg, nausea, vomiting, or loss of appetite) may frequently coexist with
migraine in pediatric patients. However, in this study, we analyzed diagnoses of GI disorders such as GERD, PUD,
gastritis, dyspepsia, IBS, and IBD. Therefore, it is considered that such biases were minimized. This more heightened
correlation may be attributed to the increased evidence in children, as inflammatory conditions caused by chronic
diseases or aging appear less frequently in this population.>*~>

Previous studies have proposed several hypotheses concerning the association between these two conditions.** ¢ The
term “gut-brain axis” explains the close interconnection and mutual influence between the GI tract and the central
nervous system (CNS). One of the mechanisms behind this relationship involves the role of gut microbiota and
inflammation in migraine. Inflammatory cells and inflammatory mediators can induce visceral pain, and proinflammatory
cytokines such as IL-1p, IL-6, IL-8, and TNF-a have been implicated in migraine.*”-** This hypothesis aligns with recent
research findings demonstrating no genetic correlation between migraine and IBD.** The second mechanism in migraine
involves the action of neuropeptides such as glutamate, CGRP (calcitonin gene-related peptide), or cholecystokinin.
These neuropeptides are also known to be involved in neuronal communication in the brain and have been shown to
increase concentration during migraine attacks.***' Lastly, there may be a connection between the serotonin pathway and
migraine.'”** The tryptophan-kynurenine pathway suggests that gut microbiota, through synthetic enzymes in specific
bacterial strains capable of metabolizing tryptophan, may influence CNS function.

There are study findings indicating that the association between the two conditions and the severity of the diseases or
their treatment status can influence each other. H. pylori eradication has been shown to relieve symptoms and reduce
disability in migraine positively.'"®** Furthermore, a higher frequency of headache pain in migraine patients was
associated with a higher prevalence of IBS.* The exact mechanisms behind the correlation between these two conditions
are still unclear. Although the precise correlation mechanism between migraine and GI diseases remains unclear, it can
hold significance for diagnosis, prevention, and treatment approaches if they exhibit clinical linkage in patients.
Furthermore, if the prevalence of migraine is associated with disease prevalence, severity, or treatment status, novel
approaches to the prevention and treatment of gastrointestinal diseases or migraine are warranted. Particularly in
pediatric cases of migraine, there are differences in risk factors and related conditions compared to adult patients, and
there are medications for migraine that cannot be used in younger individuals.*> Therefore, exploring methods such as
probiotics, appropriate dietary intake, and treating GI diseases may be considered beyond pain relief medications, which
could be even more important in the pediatric population than in adults.

This study has several limitations. Firstly, while it has presented a correlation between the two conditions, it is
challenging to establish precise mechanisms or causality. Additionally, excluding the influence of migraine treatments
and their association with GI diseases is impossible. Lastly, the classification of patients with GI diseases or migraine was
based on diagnosis codes from claims data, which may lead to differences from actual prevalence rates. Nevertheless, this
study, conducted using healthcare claims data in South Korea, can be considered representative of the characteristics of
pediatric patients in the country. Even when considering the interaction between medications and diseases, this study
provides evidence that the prevalence of other GI diseases not significantly associated with medication for migraine, such
as NSAIDs, increases. Additionally, the risk increases clearly as the number of concurrent GI diseases in migraine
patients increases.

Conclusion

The association between migraine and GI diseases remains evident even after adjusting for patient characteristics in
pediatric and adolescent populations. The prevalence of the six GI diseases (GERD, PUD, gastritis, dyspepsia, IBS, and
IBD) also increased in migraine patients. Furthermore, the association between the two conditions becomes even more
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distinct, with more concurrent GI diseases in migraine patients. Future research may shed light on the precise mechan-

isms behind the association and causality between these two conditions, potentially offering new perspectives on treating

pediatric migraine patients.
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