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Abstract
Background: Increased frequency of migraine was reported in adults with allergic rhinitis (AR). Although migraine is less common in children than in adults, it can begin in early childhood and persist into adulthood. We conducted this population-based cohort study to investigate the incidence and subsequent risk of migraine in children with AR.  
Methods: From 2000 to 2007, 461850 children with recently diagnosed AR and 460718 non-AR controls were included in the study. By the end of 2008, incidences of migraine in both cohorts, the AR to non-AR cohort hazard ratios (HRs), and confidence intervals (CIs) were measured.
Results: The incidence of migraine during the study period was 3.2-fold higher in the AR cohort (95% CI: 2.97–3.46) than in the non-AR cohort (11.4 vs. 3.49 per 10000 person-years). The risk was greater for boys than for girls, and for children aged <6 years. The HR for migraine in children with AR was 1.44 (95% CI: 1.31–1.58) for those with ≤2 annual AR related medical visits, whereas, 14.8 (95% CI: 13.6–16.2) for those with >4 visits (P < 0.0001, the trend test). The risk of migraine development in the AR cohort was highest within the first year after AR diagnosis (HR: 4.89; 95% CI: 3.98–6.00). Children with AR were more likely to have migraine without aura than migraine with aura.
Conclusions: Children with AR had a higher incidence and subsequent risk of migraine. Physicians should be more aware of migraine in children with AR who complain of headache.

Introduction
Allergic rhinitis (AR) is a common allergic disease among children, affecting 14.3–61.9% of the pediatric population.1-3 AR frequently occurs with other comorbidities, such as asthma, middle ear effusions, sinusitis, lymphoid hypertrophy with obstructive sleep apnea, and headache.4-6 Children with concurrent symptoms of AR and headache are commonly diagnosed with sinus headaches in clinical settings. 7, 8 However, when the headache occurs recurrently, migraine is the most probable differential diagnosis.8 Migraine has a great effect on a child’s quality of life, including increased instances of absence from school , learning disabilities, decreased interactions with family members, and decreased socialization with peers.9, 10 In addition, migraine may persist into adulthood.11 Therefore, identifying the triggering factors and underlying mechanisms of migraine is important to prevent and treat the disease. Migraine is a neurovascular pain syndrome,12, 13 which involves alteration of brain excitability, intracranial arterial dilatation, sensitization of the trigeminovascular system, and neurogenic inflammation in genetically susceptible individuals.12-15 The levels of proinflammatory mediators, such as histamine, prostaglandins F2a, and leukotrienes elevate during episodes of migraine.16-19 Interestingly, these mediators also play a crucial role in AR.20 Moreover, migraine frequently accompanied by sinus-associated symptoms, such as runny nose, congestion, and ocular symptoms.8 Previous studies reported a high prevalence of migraine in patients with AR. However, these studies, with a limited number of patients, are cross-sectional studies and mainly focus on adults.21-23 The exact incidence and subsequent risk of migraine in children with AR remains unknown. To investigate whether AR is a risk factor for childhood migraine, we conducted a population-based cohort study with the hypothesis that children with AR have a greater subsequent risk for migraine than those without AR.  


Materials and methods
Data Sources
In this population-based cohort study, data were obtained from reimbursement claims of the universal National Health Insurance Research Database (NHIRD). This claims data are available from Taiwan’s National Health Insurance (NHI), which is a government-run, single-payer, modest cost-sharing program, covering almost all citizens and contracting with all hospitals in Taiwan.24,25 We used a dataset consisting of a randomly selected sample of half of all insured children in Taiwan.25-27 Because of personal electronic data privacy regulations, the insurants’ records are encrypted before being released to researchers; thus, informed consent was not required in this study. Although the identification information was scrambled, this study also received approval from the Institutional Review Board at China Medical University Hospital (CMU-REC-101-012). The International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) was used to for diagnosis. 

Study Design and Subjects
We identified patients aged <18 years with newly diagnosed AR between 2000 and 2007 as the AR cohort. To improve diagnostic reliability and avoid overestimation of incidence, children with AR were defined as at least three records with ICD-9-CM code 477 in any diagnosis field of inpatient claims or ambulatory claims.25,26 Baseline was set as the date of AR diagnosis. In this study, we used the method of “1: 1” matching to screen the control subjects in order to control the potential confounders. Hence, we randomly selected one non-AR children for every AR child using frequency matching by sex, age (in 1-year intervals), urbanization of residential area and baseline year. Migraine was defined as at least two records with ICD-9-CM code 364 in any diagnosis field of inpatient claims or ambulatory claims. Subjects with a history of migraine before baseline or those lacking information on age, sex, or urbanization of residence area were excluded. The comorbidities of AR and migraine were identified and defined by ICD-9-CM code, including chronic rhinosinusitis (473), obstructive sleep apnea (327.23), anxiety (300), depression (311), obesity (278), hypertension (401-405).28 All subjects were followed up until migraine diagnosis, death, loss to follow-up, withdrawal from the insurance system, or the end of 2008.

Statistical analysis
In this cohort study, we used the person-years to be the denominator for estimating the incidence rate under considering about the individual follow-up duration in the study. The date of diagnosis of AR was defined as the index date used to initiate follow-up person-years measurement. The follow-up person-years were measured for each child from the index date to the date the children had the diagnosis of migraine, or censored because of loss to follow-up, or death, or withdraw from the insurance system, or the end of 2008. Follow-up person-years were used to estimate the incidence density rates (IR) and hazard ratios (HRs) of migraine for the AR cohort, which were compared with those of the non-AR cohort based on age, sex, and urbanization. HR was determined using the Cox proportional hazard regression model. The Cox model was also used to estimate the HR of migraine associated with the annual mean medical visits for AR. Furthermore, we analyzed if the association varied with the length of the follow-up period after AR diagnosis. A Kaplan–Meier plot showed the probability of migraine-free survival, and the log-rank test was used to test the difference between the AR and non-AR cohorts. We performed all data analyses using the SAS statistical software (version 9.2 for Windows; SAS Institute Inc., Cary, NC). Kaplan–Meier survival curves were plotted using the R software (version 2.14.1; R Development Core Team, Vienna, Austria). A 2-sided p-value <0.05 was considered statistically significant.



Results
A total of 461850 subjects in the AR cohort and 460718 in the non-AR cohort were enrolled in this study (Table 1). Most (58.1%) of the subjects were aged <5 years. The AR cohort had more boys (59.2%) and residents of highly urbanized areas (61.5 %). Figure 1 illustrates the migraine-free survival rate of the AR cohort compared with that of the non-AR cohort. The migraine-free survival rate was significantly lower in the AR cohort compared to the non-AR cohort (Fig. 1, log-rank test, P < 0.001). The incidence of migraine was 3.2-fold higher in the AR cohort than in the non-AR cohort (11.4 vs. 3.49 per 10000 person-years; Table 2). An age-specific analysis showed that the incidence of migraine was significantly increased with age in both the cohorts. The adjusted Hazard ratio (HR) for migraine decreased from 3.75 (95% CI: 3.24–4.34) for subjects aged <6 years to 3.17 (95% CI: 2.69–3.74) for those aged ≥12 years in the AR cohort compared to the non-AR cohort. A sex-specific analysis showed that the prevalence of migraine was approximately 1.5-fold higher in girls in both the cohorts. In contrast, the adjusted HR (3.32; 95% CI: 2.97–3.71) for migraine was higher for boys in the AR cohort compared to the non-AR cohort. Urbanization level-specific analyses showed that the incidence rate of migraine was highest for children living in areas of least urbanization. In table 3, an age-specific analysis showed that the incidence rates of migraine in girls were 6.29, 20.9, and 46.9 per 10000 person-years in age groups of <6, 6–11, and ≥12 years, respectively and that in boys were 5.73, 13.5, and 21.3 per 10000 person-years in age groups of <6, 6–11, and ≥12 years, respectively. The HR of migraine in girls was 8.22 (95% CI: 7.09–9.52) in age group of ≥12 years compared to age group of <6 years in girls, and 3.92 (95% CI: 3.34–4.59) in boys. Table 4 shows the association between the frequency of medical visits per year for AR and the incidence of migraine. Compared with the non-AR cohort, the risk of migraine in the AR cohort increased from 1.44 (95% CI: 1.31–1.58) for those with ≤2 visits to 14.8 (95% CI: 13.6–16.2) for those with >4 visits (trend test, P < 0.0001). This pattern of increased risks was similar for both genders (Table 4). Table 5 describes the risk of migraine stratified by median follow-up duration. The risk of migraine was highest among the subjects in the AR cohort who were followed up during the first year of migraine diagnosis (HR = 4.89; 95% CI: 3.98–6.00), and the risk of migraine decreased with time. In AR cohort, 281 children (10%) were migraine with aura and 437 children (15.5%) were migraine without aura; In non-AR cohort, 65 children (7.6%) were migraine with aura and 155 children (18%) were migraine without aura (P =0.14) (Table 6).


Discussion
This is the first population-based cohort study that provides evidence of the incidence and relative risk of migraine in children with AR. Previous studies have reported high prevalence of migraine in AR patients. Ku et al. reported migraine in 34% of AR patients and in 4% of non-AR controls.21 Similarly, Saberi et al. and Ozturk et al. observed a higher prevalence of migraine in the AR patients than in non-AR controls.22,23 However, these were hospital-based and cross-sectional studies with limited numbers of patients, where no causal relationship was confirmed. In addition, these studies essentially focused on adult patients,21-23 and the exact incidence rate and relative risks of migraine in children with AR is not clear. Our results suggest that children with AR are more likely to develop migraine regardless of sex, age, and urbanization of living area. An earlier onset of AR showed an increased risk of migraine. The risk of migraine was greater within the first year of AR diagnosis. In addition, children with AR who have frequent AR-related medical visits had relatively higher risks of migraine attack. Thus, the physicians need to be aware of migraine symptoms when children are diagnosed with AR. 
Although migraine is less common in children than in adults, it can begin in childhood, and increase in prevalence with age from 3% in young children to 15% in adolescents.29-33 Our study showed that the incidence rate of childhood migraine was 3.49 of 10000 person-years in the non-AR cohort and 11.4 of 10000 person-years in the AR cohort. Further, the results suggest that the incidence of migraine increases with age, peaking in adolescence with a 6-fold increase from that in pre-school children, in both the cohorts. The incidence rate of migraine increased with age in both genders, with equal gender distribution in children aged <12 years, and female preponderance thereafter. Consistent with previous study, the incidence of migraine is higher among girls than boys after the onset of the menarche.34 Puberty is associated with pulsatile release of gonadotropin releasing hormone (GnRH) from the hypothalamus. It is considered that the resetting of hypothalamic hormones plays an important role in the increased prevalence of migraine at puberty,35 and alters the trigeminovascular system, which is the main neural pathway involved in migraine.12 Our study shows the highest incidence rate of childhood migraine in children living in less urbanized areas. The relation between childhood migraine and population density in different living areas has not been well documented.    
Our study indicates that children with an early onset of AR are at higher risk to develop migraine in their later life, suggesting that the physicians need to pay more attention when these children complain of headache. During brain maturation, the developmental change in the neural network of the brain are important as the nervous system may respond differently to external stimuli and/or disease (e.g., migraine).35 Early onset of AR may affect the neural network functioning and stability during brain maturation that is important in the pathophysiology of migraine in young children.35 
Although the pathophysiology of migraine remains unclear, alteration of brain excitability, intracranial arterial dilatation, sensitization of the trigeminovascular system, 36, 37 and neurogenic inflammation are considered to play a crucial role in the pathogenesis of migraine.12-15 The levels of several inflammatory mediators, including leukotriene, prostaglandins, calcitonin gene-related peptide (CGRP), histamine, and nitric oxide (NO), were observed to elevate during episodes of migraine headache16-19 and these mediators also play a crucial role in allergic diseases.20 AR is an immunoglobulin E (IgE)-mediated phenomenon involving activation and degranulation of above inflammatory mediators by mast cells and basophils in the nasal mucosa close to the central nervous system (CNS) vasculature.20 These mediators play a critical role in neurogenic switching, a mechanism for shifting the site of inflammation in allergy and chemical sensitivity in the nervous system.38, 39 Leukotrienes are proinflammatory lipid mediators, which induced vasoconstriction, increased vascular permeability and edema by directly affecting vascular structure.40 Prostaglandins are arachidonic acid metabolites synthesized by stimulated mast cells via the cyclooxygenase pathway, and are important mediators of pain and inflammation involved in the pathogenesis of migraine.41 CGRP is a vasoactive peptide, present in nonmyelinated fibers of the trigeminal ganglion.42 Histamine is released by the mast cells and has several effects, such as causing pain, increasing NO release, causing vasodilation and increasing vascular permeability, leading to local neurogenic inflammation.43, 44 Endothelium-dependent vasodilation and neurotransmission of nociceptive information in the CNS are considered to be crucial in the development of migraine headaches.21 All these inflammatory mediators also play roles in the pathogenesis of AR and support the possible relationship between AR and migraine.
This study had certain limitations. Detailed clinical information and lab data associated with allergic diseases and migraine, including serum IgE levels, eosinophil levels, skin prick test, and family history of allergic diseases and migraine, were not included in the database. The incidence rate may be underestimated in current study, because less severe or less frequent migraine in children may not be recognized by caregivers or may be given over-the-counter medications to treat their headaches. Lastly, the ethnic population in this study was Chinese, thus, the results may not be applicable to other populations.
In conclusion, this population-based retrospective cohort study reveals a significantly increased incidence of migraine in children with AR regardless of age and sex. Children with AR should be closely observed for comorbid symptoms of headache specifically within the first year after AR is diagnosed. Future investigations of environmental and genetic factors related to AR and subsequent risk prediction of migraine are recommended. 
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Figure Legends
Figure 1. The Kaplan-Meier analysis of cumulative incdience of migraine for allergic rhinitis (AR) cohort compared to non-AR cohort.
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	Table 1. Demographics between children with and without allergic rhinitis (AR)

	
	Non-AR
 (N=460718)
	AR 
(N=461850)
	

	
	n 
	(%)
	n 
	(%)
	p-value

	Age, years, mean (SD)＊
	6.1
	( 4.3)
	6.1
	( 4.3)
	0.50

	Stratified age, years
	
	
	
	
	0.61

	  <6
	267943
	(58.2)
	268311
	(58.1)
	

	  6-11
	136721
	(29.7)
	137485
	(29.8)
	

	  ≥ 12
	56054
	(12.2)
	56054
	(12.1)
	

	Sex
	
	
	
	
	0.32

	Girl
	188340
	(40.9)
	188340
	(40.8)
	

	Boy
	272378
	(59.1)
	273510
	(59.2)
	

	Urbanization†
	
	
	
	
	0.41

	1 (highest)
	142644
	(31.0)
	143753
	(31.1)
	

	2
	140393
	(30.5)
	140416
	(30.4)
	

	3
	83412
	(18.1)
	83412
	(18.1)
	

	4 (lowest)
	94269
	(20.5)
	94269
	(20.4)
	

	Comorbidity
	
	
	
	
	

	Chronic rhinosinusitis
	2346
	(0.51)
	16716
	(3.62)
	<0.001

	Obstructive sleep apnea
	1
	(0.00)
	6
	(0.00)
	0.06

	Anxiety
	484
	(0.11)
	967
	(0.21)
	<0.001

	Depression
	122
	(0.03)
	238
	(0.05)
	<0.001

	Obesity
	379
	(0.08)
	682
	(0.15)
	<0.001

	Hypertension
	111
	(0.02)
	184
	(0.04)
	<0.001

	Chi-square test, and *t-test comparing subjects with and without allergic rhinitis 
†The urbanization level was categorized by the population density of the residential area into 4 levels, with level 1 as the most urbanized and level 4 as the least urbanized.









	Table 2. The incidence rate and relative risk of migraine in children with allergic rhinitis (AR) compared to children without AR stratified by demographics in Cox proportional hazard regression

	
	
	Non- AR
	
	AR
	
	

	
	
	Migraine case
	Person-years
	IR
	
	Migraine case
	Person-years
	IR
	
	Adjusted HR†
(95% CI)

	All 
	
	860
	2467121
	3.49
	
	2823
	2487530
	11.4
	
	3.20(2.97, 3.46)*

	Stratified age
	
	
	
	
	
	
	
	
	
	

	  <6
	
	228
	1478222
	1.54
	
	888
	1491356
	5.95
	
	3.75(3.24, 4.34)*

	  6-11
	
	443
	799155
	5.54
	
	1318
	804980
	16.4
	
	2.92(2.62, 3.25)*

	  ≥ 12
	
	189
	189744
	9.96
	
	617
	191195
	32.3
	
	3.17(2.69, 3.74)*

	Sex
	
	
	
	
	
	
	
	
	
	

	Girl
	
	449
	993799
	4.52
	
	1416
	999369
	14.2
	
	3.09(2.78, 3.44)*

	Boy
	
	411
	1473323
	2.79
	
	1407
	1488162
	9.45
	
	3.32(2.97, 3.71)*

	Urbanization 
	
	
	
	
	
	
	
	
	
	

	1 (highest)
	
	262
	766914
	3.42
	
	834
	777089
	10.7
	
	3.10(2.69, 3.56)*

	2
	
	258
	753815
	3.42
	
	862
	759355
	11.4
	
	3.27(2.85, 3.77)*

	3
	
	145
	447876
	3.24
	
	508
	450378
	11.3
	
	3.44(2.86, 4.14)*

	4 (lowest)
	
	195
	498516
	3.91
	
	619
	500709
	12.4
	
	3.07(2.61, 3.61)*

	IR, incidence rate, per 10,000 person-years
Adjusted HR ( hazard ratio)†, adjusted for age, sex and comorbidity of chronic rhinosinusitis, anxiety, depression, obesity, and hypertension
* p<0.001





Table 3 The incidence rate and relative risk of migraine in children with allergic rhinitis (AR) stratified by age in both genders in Cox proportional hazard regression
	
	Migraine case
	Person-years
	IR
	Adjusted HR†
(95% CI)

	Girl 
	
	
	
	

	<6
	381
	605914
	6.29
	1.00(Reference)

	6-11
	650
	311334
	20.9
	3.29(2.90, 3.74)*

	≥ 12
	385
	82120
	46.9
	8.22(7.09, 9.52)*

	p for trend
	
	
	
	<0.001

	Boy  
	
	
	
	

	<6
	507
	885441
	5.73 
	1.00(Reference)

	6-11
	668
	 493645
	13.5
	2.34(2.09, 2.63)*

	≥ 12
	232
	 109075
	21.3
	3.92(3.34, 4.59)*

	p for trend
	
	
	
	<0.001


IR, incidence rate, per 10,000 person-years
Adjusted HR (hazard ratio)†, adjusted for comorbidity of chronic rhinosinusitis, anxiety, depression, obesity, and hypertension
* p<0.001





	Table 4. The risk of migraine by allergic rhinitis related medical visits per year in Cox proportional hazard regression

	Average frequency for medical visits, per year
	Migraine case
	Person-years
	IR
	Adjusted HR†
(95% CI)

	All 
	
	
	
	

	None
	860
	2467121
	3.49
	1.00(Reference)

	≤2
	937
	1780526
	5.26
	1.44(1.31, 1.58)*

	3-4
	505
	398001
	12.7
	3.83(3.43, 4.27)*

	> 4
	1381
	309003
	44.7
	14.8(13.6, 16.2)*

	p for trend
	
	
	
	<0.0001

	Girl 
	
	
	
	

	None
	449
	993799
	4.52
	1.00(Reference)

	≤2
	508
	732581
	6.93
	1.47(1.30, 1.68)*

	3-4
	251
	153583
	16.3
	3.77(3.23, 4.41)*

	> 4
	657
	113205
	58.0
	14.7(13.0, 16.6)*

	p for trend
	
	
	
	<0.0001

	Boy  
	
	
	
	

	None
	411
	1473323
	2.79
	1.00(Reference)

	≤2
	429
	1047945
	4.09
	1.39(1.22, 1.60)*

	3-4
	254
	244419
	10.4
	3.92(3.34, 4.58)*

	> 4
	724
	195798
	37.0
	15.3(13.5, 17.3)*

	p for trend
	
	
	
	<0.0001

	IR, incidence rate, per 10,000 person-years
Adjusted HR ( hazard ratio)†, adjusted for age, sex and comorbidity of chronic rhinosinusitis, anxiety, depression, obesity, and hypertension
* p<0.001



	Table 5 The incidence rate and relative risk of migraine in children with allergic rhinitis (AR) compared to children without AR stratified by follow-up years in Cox proportional hazard regression 

	　
	
	Non-AR
	
	AR
	
	　
Adjusted HR†
(95% CI)

	Follow time
	
	Migraine case
	Person-years
	IR
	
	Migraine case
	Person-years
	IR
	
	

	≤1 years
	
	111
	458596
	2.42
	
	558
	460498
	12.1
	
	4.89(3.98, 6.00)*

	2-3 years
	
	269
	842006
	3.19
	
	852
	847949
	10.1
	
	3.11(2.71, 3.57)*

	4-5 years
	
	261
	122320
	21.3
	
	781
	122877
	63.6
	
	2.84(2.47, 3.28)*

	>5 years
	
	219
	516906
	4.24
	
	632
	523628
	12.1
	
	2.78(2.38, 3.25)*

	IR, incidence rate, per 10,000 person-years
Adjusted HR ( hazard ratio)†, adjusted for  age, sex and comorbidity of chronic rhinosinusitis, anxiety, depression, obesity, and hypertension
* p<0.001






	Table 6. The frequency of childhood migraine subtype in allergic rhinitis (AR) cohort and non-AR cohort

	
	Non-AR 
 (N=860)
	AR 
(N=2823)
	

	Migraine subtype (ICD-9CM codes)
	n 
	(%)
	n 
	(%)
	p-value

	Migraine with aura (346.0)
	65
	(7.6)
	281
	(10.0)
	0.14

	Migraine without aura (346.1)
	155
	(18.0)
	437
	(15.5)
	

	Variants of migraine (346.2)
	36
	(4.2)
	97
	(3.4)
	

	Other forms of migraine (346.8)
	15
	(1.7)
	49
	(1.7)
	

	Migraine, unspecified (346.9)
	589
	(68.5)
	1959
	(69.4)
	

	Chi-square test 






