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Abstract
Objective—To investigate the role of three common polymorphisms in the β2 adrenoceptor gene
in migraine.

Background—Migraine has been associated with increased risk of cardiovascular disease and
asthma in which β2 adrenoceptors play an important role; β adrenoceptor antagonists are used in
migraine prevention. However, the role of variants in the β2 adrenoceptor gene in migraine is unclear.

Methods—Association study among 23,753 white women, participating in the Women’s Health
Study, for whom we had information on migraine at baseline and genotype status of the
polymorphisms rs1042713 (Gly16Arg), rs1042714 (Gln27Glu), rs1800888 (Thr164Ile). Migraine
was self-reported and we distinguished between any history of migraine, active migraine with and
without aura, and prior migraine (history of migraine but not active migraine) in our analyses.
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Results—At baseline 4,339 women reported any history of migraine. Of these 3,041 had active
migraine (1,221 migraine with aura, 1,820 migraine without aura) and 1,298 prior migraine. No
migraine was reported by 19,414 women. Genotype- and haplotype-based analyses did not show an
association of any of the gene variants tested with any history of migraine. The multivariable-adjusted
odds ratios (ORs) (95% confidence intervals) for any history of migraine in the additive model were
1.0 (0.96–1.05) for rs1042713, 1.0 (0.95–1.05) for rs1042714, and 0.84 (0.68–1.05) for rs1800888.
In the haplotype analysis the ORs ranged from 0.83 (0.67–1.03) to 1.01 (0.94–1.07) with Gly16-
Glu27-Thr164 as the reference. We also did not find associations in the genotype- and haplotype-
based analyses within migraine-specific subgroups.

Conclusions—Our results do not support a role of three investigated polymorphisms in the β2
adrenoceptor gene in migraine pathophysiology.
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Introduction
Migraine is a common primary headache disorder characterized by recurrent headache attacks
associated with autonomous symptoms.1 The pathophysiology of migraine involves both
neuronal and vascular dysfunctions.2 It has been hypothesized that an underlying cerebral
hyperexcitability triggers cortical spreading depression (CSD). CSD probably activates the
trigeminal system, resulting in perivascular neurogenic inflammation and sensitisation of the
trigeminovascular system. Vessel pulsation then leads to excess activation of trigeminal nerve
fibres and brain stem activation. Trigeminal neurons relay nociception to the thalamus and
thalamocortical projections provoke pain perception.3 Many neurotransmitters with vasoactive
properties are involved in this complex pain circuit. Potent vasoconstrictors including serotonin
(5-HT) and epinephrine terminate migraine attacks, while vasodilators may provoke them.4

Several aspects suggest an important role of peripheral β2-adrenoceptors in the
pathophysiology of migraine. First, epidemiological studies have linked migraine to both
cardiovascular disease (CVD)5–10 and asthma11, 12 in which β2-adrenoceptors play an
important physiologic role.13–15 Second, antagonists at β adrenoceptors are effective
preventive treatments for migraine.16 Since penetration of the blood-brain barrier does not
appear to be essential for the preventive action of βadrenoceptors antagonist,17 β2-
adrenoceptors located on vascular smooth muscle cells, the endothelium, and on prejunctional
nerve terminals on cerebral and peripheral vasculature, represent important candidates
involved in the pathophysiology of migraine. β2-adrenoceptors are highly polymorphic.18
Three exonic polymorphisms in the β2-adrenoceptor gene (ADRB2) are functionally relevant;
19 Arg16Gly and Gln27Glu have been shown to affect receptor down-regulation, while
Thr164Ile affects G-protein coupling.20–22

We thus sought to investigate whether these ADRB2 exonic gene variants associate with
migraine in a large prospective cohort of over 23,000 apparently healthy Caucasian women
from the Women’s Health Study (WHS).

Subjects and Methods
Study Population

The WHS was a randomized, placebo-controlled trial designed to test the benefits and risks of
low-dose aspirin and vitamin E in the primary prevention of CVD and cancer among apparently
healthy women. The design, methods, and results have been described in detail previously.
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23, 24 Briefly, a total of 39,876 U.S. female health professionals aged ≥45 years at baseline in
1993 without a history of CVD, cancer, or other major illnesses were randomly assigned to
active aspirin (100 mg on alternate days), active vitamin E (600 IU on alternate days), both
active agents, or both placebos. All participants provided written informed consent and the
Institutional Review Board of Brigham and Women’s Hospital approved the WHS. Baseline
information was self-reported and collected by a mailed questionnaire that asked about many
cardiovascular risk factors and lifestyle variables.

Blood samples were collected in tubes containing ethylenediaminetetraacetic acid (EDTA)
from 28,345 participating women prior to randomization. After excluding participants with
missing migraine and genotype information on the ADRB2 at baseline, we were left with
information on 25,156 women in the data set. We further excluded non-white women (n=1,403)
to avoid race-specific genetic interaction, leaving 23,753 white women for analyses.

Assessment of migraine
Participants were asked on the baseline questionnaire: “Have you ever had a migraine
headache?” and “In the past year, have you had a migraine headache?” From this information,
we categorized women into “no migraine history” and “any history of migraine.” Furthermore,
we distinguished between “active migraine,” which includes women with self-reported
migraine during the year prior to completing the baseline questionnaire, and “prior migraine,”
which includes women who reported ever having had a migraine but none in the year prior to
completing the questionnaire. Those participants who reported active migraine were asked
details about their migraine attacks, including attack duration of 4 to 72 hours; unilateral
location of pain; pulsating quality; inhibition of daily activities; aggravation by routine physical
activity; nausea or vomiting; sensitivity to light; and sensitivity to sound. In previous studies
of the WHS,8, 25 we have shown good agreement with modified 1988 International Headache
Society (IHS) criteria for migraine.26 Specifically, we showed that among WHS participants
who provided a blood sample and reported active migraine, 83.5% fulfilled all but one modified
IHS criteria (code 1.7, migrainous disorder) and 46.6% fulfilled all modified IHS criteria for
migraine (code 1.1).8 Participants who reported active migraine were further asked whether
they had an “aura or any indication a migraine is coming.” Responses were used to classify
women who reported active migraine into active migraine with aura and active migraine
without aura.

DNA genotyping
Genotype determination for the ADRB2 polymorphisms (Gly16Arg – rs1042713, Gln27Glu –
rs1042714, Thr164Ile – rs1800888) was accomplished using multiplex polymerase chain
reaction (PCR) and immobilized probe-based assays developed for multi-locus variant
detection (Roche Molecular Systems, Alameda, CA) essentially as described elsewhere.27
Genotype scoring was carried out by two independent observers. Discordant rates (<2%) were
resolved by a further joint reading and, where necessary, by a repeat genotyping. All results
were scored blinded to migraine status.

Statistics
We compared baseline characteristics of participants with respect to their migraine status using
chi-square test for categorical variables and t-test for continuous variables.

Genotype and allele frequencies between women with any history of migraine and without
migraine were compared using chi-square analysis. Linkage disequilibrium (LD) was
examined as described by Devlin and Risch, using Lewontin’s D′ as the LD measure.28 We
used logistic regression analysis to evaluate the association between each of the polymorphisms
(rs1041713, rs1042714, rs1800888) and migraine. Previous studies in the WHS8 and our study
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have shown imbalances in a number of baseline physical and lifestyle characteristics between
women with and without migraine, thus these characteristics may also affect the association
between gene variants and migraine. Hence, in multivariable analyses, we adjusted for the
following covariates: age (continuous), body mass index (continuous), exercise (never, <1/
week, 1–3/week, ≥4/week), postmenopausal hormone use (never, past, current), history of oral
contraceptive use (yes, no), postmenopausal status (premenopausal, postmenopausal,
biologically uncertain, unclear), history of hypertension (yes, no), alcohol consumption (never,
1–3 drinks/month, 1–6 drinks/week, >1 drink/day), and smoking (never, past, current <15
cigarettes/day, current ≥15 cigarettes/day).

We incorporated a missing value indicator if the number of women with missing information
on covariates was ≥100 or imputed a value otherwise. We calculated odds ratios (OR) and 95%
confidence intervals (CI) for 1) any history of migraine, 2) active migraine with aura, 3) active
migraine without aura, and 4) prior migraine.

Haplotype inference and estimation were determined from genotype data using the
Expectation-Maximization algorithm.29, 30 In addition, the possible associations between
haplotypes and the pre-defined clinical outcomes were examined by a maximum likelihood-
based approach as described previously.29, 30 Analyses were performed using SAS version
9.1 (SAS Institute Inc, Cary, NC) and HAPSTAT;29, 30 a computer program posted on the
website: http://www.bios.unc.edu/~lin. All p-values were two-tailed. For the genotype and
haplotype analyses we considered p<0.01 significant, while for all other analyses we chose a
significance level of p<0.05.

Results
At baseline 4,339 (18.3%) women reported any history of migraine. Of these, 3,041 (70.1%)
reported active migraine and 1,298 (29.9%) prior migraine (history of migraine but not active
migraine in the year prior to the baseline questionnaire). Among active migraineurs 1,221
(40.2%) had migraine with aura and 1,820 (59.8%) migraine without aura. No history of
migraine was reported by 19,414 women.

The baseline characteristics of women according to migraine status are presented in Table 1.
Women with any history of migraine were slightly younger and had a higher body mass index
compared with women without migraine. Furthermore, women with any history of migraine
were less physically active, more likely to be premenopausal, to use postmenopausal hormones,
and to have used oral contraceptives. They also drank less alcohol and smoked less. History
of hypertension was equally distributed in both groups.

The observed genotype distribution for marker rs1042714 was in Hardy-Weinberg-
Equilibrium in the group of women with no history of migraine (chi-square with 1 degree of
freedom: p-value: 0.77). However, the genotype distributions for markers rs1042713 and
rs1800888 (chi-square with 1 degree of freedom: p-value: 0.0018 and 0.016) were in Hardy-
Weinberg-Disequilibrium, which is most likely due to the large sample size, rendering the test
statistic susceptible to minor allele frequency variations. There was no difference in the
genotype and allele distribution for any of the 3 polymorphisms between women with and
without migraine (Table 2). The polymorphisms tested were in strong linkage disequilibrium
among each other (rs1042713-rs1042714: D′=0.99; rs1042713-rs1800888: D′=1.0;
rs1042714-rs1800888: D′=1.0).

Results from the single-marker analyses, controlling for age and the aggregate of covariates,
did not show an association between rs1042713 and rs1042714 and any history of migraine
(Table 3). These results were very similar for active migraine with and active migraine without
aura, and women with prior migraine. The multivariable-adjusted odds ratio in the additive
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model for rs1800888 was suggestive of a protective role for the variant allele (OR=0.84; 95%
CI: 0.68–1.05). This effect was slightly more pronounced in women with active migraine
without aura (OR=0.74; 95% CI: 0.53–1.05). However, none of the results were significant.

Table 4 lists haplotype frequencies >1%. They were similarly distributed between women
without and women with any history of migraine. Gly16-Glu27-Thr164 was the most frequent
haplotype. Haplotype Gly16-Gln27-Ile164 was present in < 1% of women with active migraine
without aura and was not further considered for the haplotype-based analysis in this subgroup.
In haplotype-based analysis we did not find any evidence for an association between the
haplotypes tested and any history of migraine (Table 5). The results remained unchanged
regardless of analyzing women with active migraine with aura, women with active migraine
without aura, and women with a prior history of migraine separately.

Discussion
In this large study of over 23,000 Caucasian women, we did not find a single-marker association
between three functionally relevant polymorphisms in the ADRB2 gene and migraine or
migraine aura status. Although the ORs for rs1800888 were suggestive of a protective effect,
particularly in active migraine without aura, the results were not statistically significant.
Further, analysis using haplotype information also did not reveal any association with any of
the migraine groups.

The importance of β-adrenoceptors in the pathophysiology of migraine has long been
hypothesized, since β-adrenoceptor antagonists are well-established in migraine prevention.
16 However, mainly β1-adrenoceptors have been favored.31 Moreover, migraine research has
been largely focused on the cortical hyperexcitability and thus cerebral β-adrenoceptors. β-
adrenoceptors are widely distributed throughout the brain, including the brain stem and the
thalamus.32, 33 In addition, animal studies in migraine have shown that chronic treatment with
propranolol suppresses CSD34 and have suggested that β-adrenoceptors, most likely β1-
adrenoceptors, in the thalamus are involved in nociception.35 However, this concept disregards
the vascular aspect in migraine pathophysiology and several findings advocate an important
role of peripheral β2-adrenoceptors.

Firstly, epidemiological studies have linked migraine, especially migraine with aura, with an
increased risk of ischemic stroke,5–7 major ischemic CVD, including coronary heart
disease8, 10 and an elevated Framingham risk score for coronary heart disease.9 Moreover
β2 adrenergic receptors (ADRB2) play an important role in the pathogenesis of cardiovascular
disorders13 and common polymorphisms have been shown to modulate the risk for myocardial
infarction.36 Secondly, recent studies have suggested an association between migraine and
asthma.11, 12 β2-adrenoceptors are important in the pathophysiology of asthma and
polymorphisms in the ADRB2 gene have been reported to influence treatment response in
asthma.14, 15 Thirdly, a dysfunction of the sympathetic nervous system is a striking feature
among migraine patients,37 which is also mirrored by a higher lifetime prevalence and
frequency of syncope and orthostatic intolerance in migraine patients.38 This results from
altered peripheral vascular reactivity, which is primarily determined by alpha- and β2-
adrenoceptors.39 Fourthly, antagonists at β-adrenoceptors are recommended as first line
preventive treatment16 and are also used in some forms of autonomic dysfunction.40 Finally,
β-adrenoceptor antagonists that poorly penetrate the blood-brain barrier, for example atenolol,
are also effective in migraine prevention, suggesting a peripheral side of action.17

Experimental studies have provided evidence for the functional relevance of the three non-
synonymous polymorphisms in ADRB2 investigated. While Arg16Gly and Gln27Glu
aggravate β2-adrenoceptor downregulation, Thr164Ile impairs G-protein coupling.20–22 This
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polymorphism has been suggested to modulate the risk for progression of congestive heart
failure,41 and haplotype analyses of the Arg16Gly and Gln27Glu polymorphisms have found
a higher frequency of the Gly16-Gln27 haplotype for bronchial hyperresponsivness.42
Furthermore, a recent report has associated the Gly16-Gln27-Ile164 haplotype with the risk
for myocardial infarction.36

Our study has several strengths, including the large number of participants and women with
migraine, use of standardized questionnaires, and the homogenous nature of the cohort, which
may reduce confounding.

Several limitations of our study should be considered when interpreting our results. First,
migraine and aura status were self-reported and were not classified according to strict IHS
criteria.26 For example, women were not asked if they had moderate or severe headache
intensity, which is among the diagnostic criteria for migraine. Thus, non-differential
misclassification is possible, which may have obscured a true ADRB2-migraine association.
However, our migraine ascertainment allowed us to classify migraine according to modified
IHS criteria,8, 25 which showed consistent agreement with modified 1988 IHS criteria of
migraine. Second, our aura definition was broad and we had no further details to classify
participants according to the IHS criteria for migraine aura. Although our aura prevalence is
close to other large population-based studies,43, 44 misclassification is possible. Third,
participants were all white female health professionals age ≥45, thus generalizability to other
female populations or men may be limited. However, a priori we have no reason to believe
that the pathophysiology of migraine differs between women and men. Finally, association
studies like the present one only examine the possible association between a phenotype and
the actually tested polymorphism(s) and respective haplotypes. Such studies cannot exclude
the possibility that examination of a different polymorphism(s) –not in linkage disequilibrium
with the variants tested– might lead to different results.

Several reasons may account for our negative result. First, migraine is a complex disease with
a polygenic origin, a wide phenotypic distribution, and various potential co-morbidities.45
β2-adrenoceptors may only play a role in a subgroup of patients suffering from certain co-
morbid conditions. Thus, in future investigations of migraineurs with certain co-morbid
phenotypes might be warranted. Second, β-adrenoceptors may be of pharmacogenetic rather
than disease-specific relevance. This may be part of the reason why only about 50% of migraine
patients respond to treatment with β-adrenoceptor antagonists.16, 31 Third, a gene-
environment interaction needs to be considered. Given the established increased risk for
cardiovascular disease and stroke in migraine patients,6, 8, 10 the presence of ADRB2
polymorphisms may modify this risk. Finally, the dysfunction of the sympathetic nervous
system seen in migraine may also be related to other sympathetic co-transmitters or their
receptors.37
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Table 1
Baseline characteristics of participants in the Women’s Health Study according to migraine status (n=23,753) *

Characteristics No migraine N=19,414 Any history of
migraine N=4,339

p-value†

Age, mean (SD), y 55.0 (7.3) 53.7 (6.5) <0.0001

Body mass index, mean (SD), kg/m2 25.9 (4.9) 26.1 (5.0) 0.015

History of hypertension 24.3 25.6 0.09

Physical activity

 Never 37.1 38.1 <0.0001

 <1/week 19.2 21.6

 1–3/week 31.9 29.7

 ≥4/wk 11.8 10.6

Menopausal status

 Premenopausal 27.6 27.6 <0.0001

 Postmenopausal 55.4 50.0

 Biologically uncertain 13.1 17.9

 Unclear 3.9 4.5

Postmenopausal hormone therapy

 Never 49.3 44.2 <0.0001

 Past 8.8 9.3

 Current 41.9 46.5

History of oral contraceptive use

 No 31.5 25.1 <0.0001

 Yes 68.2 74.4

 Not sure 0.3 0.5

Alcohol consumption

 Never 42.7 46.3 <0.0001

 1–3 drinks/month 13.0 14.2

 1–6 drinks/week 33.1 31.0

 ≥1 drink/day 11.2 8.5

Smoking status

 Never 50.7 53.3 0.01

 Past 37.8 35.8

 Current <15 cigarettes/day 4.2 3.7

 Current ≥15 cigarettes/day 7.3 7.2
*
data are expressed as percentages unless otherwise stated.
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†
p-values for chi-square test for categorical variables, and t-test for continuous variables.

Proportions may not add up to 100 due to rounding or missing values.
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Table 2
Genotype and allele frequencies in women according to migraine status

Frequencies No migraine N=19,414 Any history of migraine
N=4,339

p-value*

Genotype, % rs1042713 (Gly16Arg)

 Gly16Gly16 39.4 39.4

 Gly16Arg16 47.6 47.5

 Arg16Arg16 13.0 13.1 0.99

Allele

 Gly16 0.63 0.63

 Arg16 0.37 0.37 0.94

Genotype, % rs1042714 (Gln27Glu)

 Gln27Gln27 31.9 31.8

 Gln27Glu27 49.2 49.4

 Glu27Glu27 18.9 18.8 0.99

Allele

 Gln27 0.57 0.56

 Glu27 0.43 0.44 0.95

Genotype, % rs1800888 (Thr164Ile)

 Thr164Thr164 97.35 97.8

 Thr164Ile164 2.61 2.2

 Ile164Ile164 0.04 0 0.15

Allele

 Thr164 0.99 0.99

 Ile164 0.01 0.01 0.09
*
p-values for chi-square test.
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Table 5
Odds ratios (ORs) and 95% confidence intervals (95% CIs) for haplotypes >1% by migraine status: Gly16-Glu27-
Thr164 as the reference haplotype

Haplotypes OR 95% CI p-value

Any history of migraine

 Gly16-Glu27-Thr164 1.00 Reference ----

 Gly16-Gln27-Thr164 1.01 0.94; 1.07 0.81

 Gly16-Gln27-Ile164 0.83 0.67; 1.03 0.09

 Arg16-Gln27-Thr164 1.00 0.95; 1.05 1.00

Active migraine with aura

 Gly16-Glu27-Thr164 1.00 Reference ----

 Gly16-Gln27-Thr164 0.99 0.88; 1.11 0.86

 Gly16-Gln27-Ile164 0.88 0.60; 1.28 0.50

 Arg16-Gln27-Thr164 1.00 0.91; 1.10 0.99

Active migraine without aura

 Gly16-Glu27-Thr164 1.00 Reference ----

 Gly16-Gln27-Thr164 1.02 0.93; 1.12 0.65

 Arg16-Gln27-Thr164 0.99 0.92; 1.07 0.86

Prior migraine

 Gly16-Glu27-Thr164 1.00 Reference ----

 Gly16-Gln27-Thr164 1.02 0.91; 1.14 0.77

 Gly16-Gln27-Ile164 0.92 0.64; 1.33 0.67

 Arg16-Gln27-Thr164 1.02 0.93; 1.12 0.66
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