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Abstract: Asthma has been described as an ‘‘acephalic migraine’’ and

‘‘pulmonary migraine.’’ However, no study has investigated the

temporal frequency of migraine development in patients with asthma,

and the results of previous studies may be difficult to generalize.

We investigated the effect of asthma on the subsequent development

of migraine by using a population-based data set in Taiwan.

We retrieved our study sample from the National Health Insurance

Research Database. Specifically, 25,560 patients aged 12 years and
a-Hung Kao, MD, n, MSc,
n, MD, and Wei-Chih Liao, MD

models were employed to measure the risk of migraine for the asthmatic

group compared with that for the nonasthmatic group.

The risk of migraine in the asthmatic group was 1.45-fold higher

(95% confidence interval 1.33–1.59) than that in the nonasthmatic

group after adjustment for sex, age, the Charlson comorbidity index,

common medications prescribed for patients with asthma, and annual

outpatient department visits. An additional stratified analysis revealed

that the risk of migraine remained significantly higher in both sexes and

all age groups older than 20 years.

Asthma could be an independent predisposing risk factor for

migraine development in adults.

(Medicine 95(9):e2911)

Abbreviations: CCI = Charlson comorbidity index, CI =

confidence interval, HR = hazard ratio, ICD-9-CM =

International Classification of Diseases, Ninth Revision, Clinical

Modification, LABA = long-acting beta-2 agonist, LHID2000 =

Longitudinal Health Insurance Database 2000, NHIRD = National

Health Insurance Research Database, NHRI = National Health

Research Institutes, OPD = outpatient department, SABA = short-

acting beta-2 agonist, TRPV1 = transient receptor potential

vanilloid subfamily member 1.

INTRODUCTION

A sthma is a chronic syndrome characterized by reversible
airway obstruction, airway inflammation, and airway

hyperresponsiveness; estimates have indicated that 8% (18.7
million) of adults in the United States currently have asthma,
and more than 300 million people are affected by asthma
worldwide.1,2 Moreover, its prevalence has increased consider-
ably in the past 20 years.3,4 Patients with asthma may experi-
ence recurrent episodes of chest tightness, shortness of breath,
coughing, and wheezing; consequently, people with this con-
dition are at reportedly higher risks of nonrespiratory disorders
such as depression, anxiety disorder, and dementia development
compared with people without asthma.5,6 The goal of current
asthma management is to focus on managing rather than curing
the disease.

Migraine is a highly prevalent and disabling neurological
disorder characterized by episodic unilateral headache attacks
that are often accompanied by photophobia, phonophobia,
nausea, and vomiting,7 and the estimated cumulative lifetime
incidence of migraine is 43% in women and 18% in men.8

Although various factors have been identified to be associated
with migraine attacks, such as stress, auditory hypersensitivity,
and hormone imbalance,9 the pathogenesis of migraine is only
partially understood.10

Asthma has been described as an ‘‘acephalic migraine’’

raine,’’11,12 and several epidemiologic
an association between migraine and

–16 However, some of these studies have
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used a relatively small sample,15,16 and all of them have adopted
a case-control design. No study has investigated the temporal
frequency of migraine development in patients with asthma, and
the results of previous studies may be difficult to generalize.
Therefore, we conducted this retrospective nationwide cohort
study by using data retrieved from Taiwan’s National Health
Insurance Research Database (NHIRD) to test the hypothesis
that patients with asthma have a higher risk of migraine.

METHODS

Data Sources
The NHIRD was created by the National Health Research

Institutes (NHRI) and contains claims data from the Taiwan
National Health Insurance (NHI) program. The NHI program,
implemented in 1995, is a compulsory single-payer health care
system with over 99.9% coverage of the population of Taiwan at
the end of 2014. This study used the Longitudinal Health
Insurance Database 2000 (LHID2000), which contains data
for 1 million enrollees derived from the medical claims records
of the NHI program between 1996 and 2011. The NHIRD
contains beneficiary demographics, clinical visit dates, pre-
scription details, and diagnostic codes based on the Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). The NHRI manages the claims data
and provides scrambled random identification numbers for
insured patients to secure patient privacy. This study was
approved by the Institutional Review Board of China Medical
University (CMUH-104-REC2-115).

Study Population
We conducted a nationwide retrospective population-based

cohort study involving 2 groups: an asthma group and a non-
asthma group. From outpatient and inpatient care dates in the
LHID2000, we identified 41,011 patients newly diagnosed with
asthma (ICD-9-CM 493) between January 1, 2000 and Decem-
ber 31, 2005. We excluded patients from the analyses if they
were younger than 12 years (n¼ 13,813), were previously
diagnosed with migraine (ICD-9-CM-346) (n¼ 1635), or had
missing information on age or sex (n¼ 3). The date of asthma
diagnosis was considered the index date. To ensure the accuracy
of the asthma diagnosis, we selected patients who had received
treatment involving inhaled corticosteroids, systemic (oral or
intravenous) corticosteroids, or inhaled beta-2 agonists (short-
acting beta-2 agonists [SABAs] or long-acting beta-2 agonists
[LABAs]) as the asthma group. For each patient with asthma, 4
insured persons without a diagnosis of asthma were selected
from the LHID2000 as the nonasthma group and were fre-
quency-matched according to sex, age (every 5-year span), and
index year by using the same inclusion criteria as those of the
asthma cohort.

Covariates and Outcomes
The considered demographic factors were sex and age

(12–19, 20–44, and �45 years). Comorbidities were evaluated
using the Charlson comorbidity index (CCI) and were con-
sidered confounding factors.17,18 According to each subject’s
inpatient diagnosis, we calculated the CCI scores as the sum of
the weighted score of 17 comorbid conditions. A weight was
assigned to each indicated diagnosis and added together to
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provide a total CCI score. For the CCI score, 16 types of
comorbidities were classified into different categories. Comor-
bidities such as myocardial infarction, congestive heart failure,
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peripheral vascular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, rheumatologic disease, peptic ulcer
disease, mild liver disease, and diabetes mellitus were weighted
1; moderate to severe diabetes with chronic complications,
hemiplegia or paraplegia, renal disease, leukemia, tumor of
any type, and malignant lymphoma were weighted 2; moderate-
to-severe liver diseases were weighted 3; and AIDS and meta-
static solid tumor were weighted 6.

Medications that could affect the progression of migraine,
such as inhaled corticosteroids, systemic corticosteroids, and
beta-2 agonists (including SABAs and LABAs), were included
as analysis variables. Prescribed medications were defined as
those prescribed for 30 successive days within 1 year of the
index date. Moreover, the number of annual outpatient depart-
ment (OPD) visits was also included as an analysis variable. The
outcome measure of interest, which was determined at least
thrice by outpatient services or inpatient hospitalization claims,
was based on the ICD-9-CM diagnosis code for migraine (ICD-
9-CM 346). Both groups were observed from the index date
until the date of migraine diagnosis, withdrawal from the NHI
program, or the end of 2011.

Statistical Analysis
The continuous variables are expressed as the mean and

standard deviation (SD), whereas the categorical variables are
expressed as frequencies and percentages. This study used the
Student t test for continuous variables and the Pearson chi-
square test for categorical variables to compare the differences
in the demographic factors, CCI scores, medications used, and
annual OPD visits between the asthma and nonasthma groups.
The sex, age, and CCI score-specific incidence density rates
(per 1000 person-years) of migraine were calculated using the
number of migraine incidents divided by the person-years at risk
in both groups. The cumulative incidence curves of migraine in
the asthma and nonasthma groups were estimated using
Kaplan–Meier analysis, and the difference between the groups
was compared using the log-rank test. Univariate and multi-
variate Cox proportional-hazards regression models were used
to assess the risk of migraine and migraine-associated risk
factors. The multivariate model was adjusted for sex, age,
the CCI score, medications used, and annual OPD visits. We
also compared the hazard ratio (HR) of migraine between the
asthma and nonasthma groups after stratification by sex, age,
and the CCI score. A P value less than 0.05 was considered
statistically significant, and SAS Version 9.3 software (SAS
Institute, Inc., Cary, NC) was used to perform all the statistical
analyses.

RESULTS
Our study population comprised 25,560 and 102,238 partici-

pants in the asthma and nonasthma groups, respectively. Table 1
presents the demographic characteristics, CCI scores, medi-
cations used, and annual OPD visits in both groups. The study
groups were predominantly female (52.3%), and 63.0% of the
study participants were older than 45 years. No significant
differences in the distributions of sex and age were observed
between the asthma and nonasthma groups. The mean ages of the
asthma and nonasthma groups were 51.4 (SD¼ 19.6) and 51.1
(SD¼ 19.6) years, respectively. A higher CCI score was found in
the asthma group than in the nonasthma group (0.38 � 0.94 vs

Medicine � Volume 95, Number 9, March 2016
0.23 � 0.77). The asthma group exhibited a higher prevalence of
using beta-2 agonists, systemic corticosteroids, inhaled corticos-
teroids, and OPD visits compared with the nonasthma group.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Demographic Factors and Comorbidity of
Study Participants According to Asthma Status

Nonasthma
group

(n¼ 102,238)

Asthma
group

(n¼ 25,560)

Variables n % n % P

Sex >0.99
Women 53 508 52.3 13 377 52.3
Men 48 730 47.7 12 183 47.7

Age, years >0.99
12–19 7648 7.48 1912 7.48
20–44 30 232 29.6 7558 29.6
�45 64 358 63.0 16 090 63.0
Mean (SD) 51.1 (19.6) 51.4 (19.6) 0.04

CCI score <0.001
0 89 397 87.4 20 354 79.6
1 6767 6.62 2849 11.2
�2 6074 5.94 2357 9.22
Mean (SD) 0.23 (0.77) 0.38 (0.94) <0.001

Medications
Beta-2 agonists

�
82 0.08 2116 8.28 <0.001

Systemic corticosteroids 962 0.94 2319 9.07 <0.001
Inhaled corticosteroids 28 0.03 2158 8.44 <0.001

Annual OPD visits <0.001
<30 82 971 81.1 15 262 59.7
�30 19 267 18.9 10 298 40.3
Mean (SD) 18.6 (16.5) 30.3 (21.4) <0.001

CCI¼Charlson comorbidity index, OPD¼ outpatient department,
SD¼ standard deviation.�

Inhaled short-acting beta-2 agonists (SABAs) and inhaled long-
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The mean follow-ups were 8.40 years (SD¼ 2.79 years)
for the asthma group and 8.42 years (SD¼ 2.72 years) for the
nonasthma group. Figure 1 shows the cumulative incidence
curves of migraine according to asthma status. We used the log-
rank test to examine the cumulative incidence of migraine
between the groups with and without asthma. We found that
the cumulative incidence of migraine was significantly higher in
the asthma group than in the nonasthma group (P< 0.001).

The incidence density rate of migraine was 3.70 per 1000
person-years in the asthma group, 1.77-fold higher than that in
the nonasthma group (2.10 per 1000 person-years), with an
adjusted HR of 1.45 (95% confidence interval [CI] 1.33–1.59)
(Table 2). Multivariate analysis showed that men (adjusted HR
0.42, 95% CI 0.39–0.46) and CCI scores of 2 and higher
(adjusted HR 0.74, 95% CI 0.61–0.90) were significantly
associated with a lower risk of migraine. By contrast, the results
showed that patients aged 20–44 years and those with more than
30 annual OPD visits had an increased risk of migraine
(adjusted HR 1.52, 95% CI 1.27–1.83; adjusted HR 2.57,
95% CI 2.35–2.81, respectively).

In the analysis stratified by sex, the risk of migraine in the
asthma patients was significantly higher in both sexes compared
with the patients without asthma, with adjusted HRs of 1.22

acting beta-2 agonists (LABAs) are included.
(95% CI 1.10–1.36) and 1.51 (95% CI 1.27–1.80) for women
and men, respectively. Stratified by age group, the patients with
asthma had a significantly higher risk of migraine compared

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
with those without asthma in all age groups, except for the 12 to
19-year-old age group. The adjusted HRs of migraine were 1.30
(95% CI 1.12–1.51) among the 20 to 44-year-olds and 1.28
(95% CI 1.14–1.44) among the�45-year-olds. In study partici-
pants with a CCI score of 0, patients with asthma had a higher
risk of migraine than that of the patients without asthma
(adjusted HR 1.29, 95% CI 1.17–1.42) (Table 3).

DISCUSSION
In this large nationwide cohort study, after adjusting for

sex, age, the CCI score, medications used, and annual OPD
visits, we observed that adult patients with asthma were 1.45-
fold more likely to develop migraine than those without asthma.
Although the mean CCI score, prevalence of beta-2 agonists and
corticosteroids used, and number of annual OPD visits were
significantly higher in the asthmatic patients than in the partici-
pants without asthma, the risk of migraine remained signifi-
cantly higher after adjustment for these confounding factors. An
additional stratified analysis revealed that the risk of migraine in
asthmatic patients remained significantly higher between both
sexes and among all age groups older than 20 years.

Previous studies19–21 have explored the association
between general headaches and asthma. Recently, Davey
et al13 reported that the relative risk of asthma in migraineurs
was 1.59 compared with nonmigraineurs in a case-control study
that used 64,678 case-control pairs from the British General
Practice Research Database. Ozge et al15 reported in a clinical
study that 41.4% of migraineurs have at least 1 atopic disorder,
including asthma, which was higher than in the general popu-
lation. A large questionnaire-based study by Aamodt et al14

reported that both migraine and nonmigrainous headaches were
approximately 1.5-fold more likely in people with asthma than
in those without asthma. Moreover, Kaleagasi et al16 reported

FIGURE 1. Cumulative incidence curves of migraine for groups
with and without asthma.
that a positive bronchial provocation test, a key feature of
asthma, was more prevalent for migraineurs than for controls.
Our data are consistent with these studies, indicating an
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TABLE 2. Cox Model Measured Hazard Ratios and 95% Confidence Intervals of Migraine Associated With Asthma and Covariates

HR (95% CI)

Variables Event No. Person-years IR Univariate Multivariate
�

Asthma
No 1804 860 698 2.10 1.00 1.00
Yes 795 214 761 3.70 1.77 (1.63–1.92)§ 1.45 (1.33–1.59)§

Sex
Women 1922 5 731 323 3.35 1.00 1.00
Men 677 502 326 1.35 0.40 (0.37–0.44)§ 0.42 (0.39–0.46)§

Age, years
12–19 129 87 578 1.47 1.00 1.00
20–44 925 333 518 2.77 1.88 (1.56–2.26)§ 1.52 (1.27–1.83)§

�45 1545 654 363 2.36 1.59 (1.32–1.90)§ 1.04 (0.86–1.25)
CCI score

0 2305 954 483 2.41 1.00 1.00
1 181 72 044 2.51 1.02 (0.88–1.19) 0.91 (0.78–1.07)
�2 113 48 932 2.31 0.92 (0.76–1.11) 0.74 (0.61–0.90)z

Medications
Beta-2 agonists

No 2543 1 058 971 2.40 1.00 1.00
Yes 56 16 489 3.40 1.39 (1.07–1.81)y 1.09 (0.80–1.49)

Systemic corticosteroids
No 2524 1 051 702 2.40 1.00 1.00
Yes 75 23 758 3.16 1.30 (1.03–1.63)y 0.89 (0.70–1.13)

Inhaled cortical steroid
No 2548 1 058 352 2.41 1.00 1.00
Yes 51 17107 2.98 1.22 (0.92–1.60) 0.78 (0.56–1.07)

Annual OPD visits
<30 1541 844 551 1.82 1.00 1.00
�30 1058 230 909 4.58 2.49 (2.30–2.69)§ 2.57 (2.35–2.81)§

CCI¼Charlson comorbidity index, CI¼ confidence interval, HR¼ hazard ratio, IR¼ incidence density rate per 1000 person-years, OPD¼
outpatient department.�

Adjusted for asthma, sex, age (categorical), CCI score (categorical), medication, and annual OPD visits (categorical).
yP< 0.05.
zP< 0.01.
§ P< 0.001.
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association between asthma and migraine. However, the defi-
nitions of asthma and migraine in the study by Aamodt et al14

were based on participant-report questionnaires, which might
not be as valid as our data source. In addition, the relatively
small samples in the studies by Ozge et al and Kaleagasi et al
might render the study results difficult to generalize.15,16

Finally, the temporal relationship between asthma and migraine
risk has been poorly defined in all of these studies. On the basis
of our research, the present study is the first large population-
based nationwide cohort study demonstrating that adult patients
with asthma have a significantly higher subsequent risk of
migraine than those without asthma do.

The specific pathophysiology underlying the association
between asthma and migraine is unknown. However, several
lines of evidence from previous studies have suggested that
asthma and migraine have a shared pathophysiology. First, a
nonselective cation channel expressed in the cell membranes of

afferent sensory fibers, named transient receptor potential
vanilloid subfamily member 1 (TRPV1), has been shown to
play a significant role in the generation and pathophysiology of

4 | www.md-journal.com
both asthma and migraine.22–24 TRPV1 in the airway C-fiber
sensory nerves activated by an endogenous or inhaled irritant
can result in the release of various neuropeptides, which are
believed to contribute to the manifestation of pathophysiologi-
cal features of asthma such as bronchoconstriction, hypersecre-
tion, and coughing.22,24,25 Similarly, activation of TPRV1 by
various chemical substances, low pH, and noxious temperature
may result in the release of various neuropeptides at the
peripheral termini of the trigeminal nociceptors, and these
neuropeptides can exert a vasodilatory effect and initiate neu-
rogenic inflammation, both of which are crucial in the gener-
ation of migraine headache.23,26,27 Second, although it is well
established that mast cells are involved in the pathogenesis of
asthma by infiltrating the airway smooth muscle and inducing
airway remodeling by releasing various inflammatory
mediators,28–30 emerging evidence has shown that meningeal
and brain mast cells are closely associated with neurons—

particularly in the dura—and these mast cells are believed to
be the potent modulators of meningeal nociceptor activity and
the genesis of migraine headache.31–33 Finally, production of

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Incidence Density Rates and Hazard Ratios of Migraine According to Asthma Status Stratified By Sex, Age, and CCI Score

Nonasthma Group Asthma Group

Compared With Nonasthma Group

HR (95% CI)

Variables Event No. Person-years IR Event No. Person-years IR Crude Adjusted y

Sex
Women 1348 458761 2.94 574 114 372 5.02 1.71 (1.55–1.88)z 1.22 (1.10–1.36)z

Men 456 401937 1.13 221 100 390 2.20 1.94 (1.65–2.28)z 1.51 (1.27–1.80)z

Age, years
12–19 89 70012 1.27 40 17 566 2.28 1.79 (1.23–2.60)y 1.06 (0.69–1.63)
20–44 618 266175 2.32 307 67 343 4.56 1.97 (1.71–2.25)z 1.30 (1.12–1.51)z

�45 1097 524511 2.09 448 129 851 3.45 1.65 (1.48–1.84)z 1.28 (1.14–1.44)z

CCI score
0 1636 775494 2.11 669 178 989 3.74 1.78 (1.62–1.94)z 1.29 (1.17–1.42)z

1 100 50175 1.99 81 21 869 3.70 1.87 (1.40–2.51)z 1.21 (0.88–1.66)
�2 68 35028 1.94 45 13 903 3.24 1.67 (1.15–2.44)y 1.31 (0.88–1.96)

CCI¼Charlson comorbidity index, CI¼ confidence interval, HR¼ hazard ratio, IR¼ incidence density rate per 1000 person-years.�
Mutually adjusted for sex, age (continuous), CCI score (continuous), medication, and annual OPD visits (continuous).
yP< 0.01.
z
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the platelet activating factor, a proinflammatory mediator that
has been implicated as being responsible for airway hyperre-
sponsiveness and airway inflammation in asthma,34,35 has been
reported to increase and potentially result in persistent platelet
activation and hyperfunction in the cerebral circulation during a
migraine attack.36

In our study, women displayed a significantly higher risk
of migraine than men did, and people aged 20 to 44 years had a
significantly higher risk of migraine compared with their
younger and older counterparts, consistent with several studies
indicating that the prevalence of migraine is generally higher in
women than in men, and varies considerably with age, increas-
ing from adolescence to approximately 40 to 45 years of age,
and declining thereafter in both sexes.37–39 This was why we
stratified adult asthmatic patients into 2 subgroups: aged 20 to
44 years and �45 years, to observe the influences of asthma on
migraine risk. Although the prevalence of migraine is higher in
women than in men in the general population, as indicated by
both previous studies and ours, the HR of migraine among
asthmatic patients seems to be no different between the sexes.
Because this study was observational and, thus far, no com-
parative studies have explored the sex differences of migraine
risk in patients with asthma, future study is warranted to explore
this issue.

Because inhaled beta-2 agonists, and oral and systemic
corticosteroids are common medications prescribed to patients
with asthma, and because corticosteroids are also known to be
prescribed either as monotherapy or as adjuvant therapy in
aborting migraines when other acute care medications have
failed,40 we evaluated whether these medications prescribed for
30 successive days after asthma diagnosis affect migraine risk.
Our data show that beta-2 agonists did not significantly affect
migraine risk, consistent with Wilkinson et al,20 who reported
that in schoolchildren aged 5 to 15 years, no association was

P< 0.001.
observed between frequent headache and use of bronchodila-
tors. Our data show that systemic/inhaled corticosteroids did not
significantly affect migraine risk either. Because no

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
comparative study exists, further study examining whether
corticosteroids affect migraine risk is necessary for corroborat-
ing or refuting our findings.

The strengths of this study are its nationwide population-
based design, relatively long follow-up (up to 12 years), and the
representativeness of the cohorts. However, several limitations
should be considered. First, detailed information on the lifestyle
of the patients, such as cigarette smoking, alcohol consumption,
dietary habits, and environmental effects, is not provided in the
NHIRD, all of which might have been confounding factors.
Second, the diagnoses were based on ICD-9 codes obtained
from the administrative data. Each patient’s clinical infor-
mation, such as imaging results, serum laboratory data, lung
function tests, migraine frequency, and the presence or absence
of auras, was not available in the NHIRD. Therefore, it was
difficult to distinguish between allergic and nonallergic asthma,
and also different types of migraine. Third, because the infor-
mation about pain medications was incomplete in the NHIRD,
we could not determine whether these medications affected
migraine development in our study. Finally, despite our meti-
culous study design with adequate control for confounding
factors, unknown or unmeasured confounders were present
and may have biased the study results. Nevertheless, in the
NHI program, from which the NHIRD is derived, all the
insurance claims must be reviewed and audited by medical
reimbursement specialists, upholding the validity and accuracy
of the asthma and migraine diagnoses. Furthermore, because of
the validity of the database, and also the large sample and long
follow-up period, we believe that our finding regarding the
association between asthma and migraine is reliable.

In summary, our study revealed that adult patients with
asthma exhibited a significantly higher risk of migraine than did
those without asthma. This increased risk was significantly
higher in both sexes and in adults of all ages. We suggest that

clinicians be aware that asthma is a potential risk factor for
migraine. Future studies are advised to confirm our findings and
explore the underlying pathophysiology.
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