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HLA class I alleles are associated with
clinic-based migraine and increased
risks of chronic migraine and
medication overuse

Claire Huang1,2 , Shih-Pin Chen1,2,3,4,5 , Yu-Han Huang1,
Hsuan-Yu Chen6, Yen-Feng Wang1,2,5, Mei-Hsuan Lee1 and
Shuu-Jiun Wang2,3,5

Abstract

Objective: We aimed to evaluate associations of human leukocyte antigen variants with migraine or headache in

hospital and population-based settings.

Methods: The case-control study population, aged 30–70, included 605 clinic-based migraine patients in a medical

center and 8449 population-based participants in Taiwan Biobank (TWB). Clinic-based cases were ascertained by neur-

ologists. Participants in Taiwan Biobank were interviewed by a structured questionnaire including headache and migraine

history; among them, 2394 had headache or migraine history while 6055 were free of headache and served as controls.

All subjects were genotyped by Axiom Genome-Wide Single Nucleotide Polymorphism Arrays and imputed for eight

classical human leukocyte antigen genes. Human leukocyte antigen frequencies were compared between clinic-based and

self-reported patients and controls. We utilized likelihood ratio tests to examine human leukocyte antigen-disease

associations and logistic regressions to estimate the effect of human leukocyte antigen alleles on migraine.

Results: Human leukocyte antigen-B and C showed significant associations with clinic-based migraine (q-value< 0.05).

Human leukocyte antigen-B*39:01, human leukocyte antigen-B*51:01, human leukocyte antigen-B*58:01 and human

leukocyte antigen-C*03:02 were significantly associated with migraine, with age and sex-adjusted odds ratios

(95% CIs) of 1.80 (1.28–2.53), 1.50 (1.15–1.97), 1.36 (1.14–1.62) and 1.36 (1.14–1.62), correspondingly. Clinic-based

migraineurs carrying human leukocyte antigen-B*58:01 or human leukocyte antigen-C*03:02 had 1.63 (1.11–2.39) -fold

likelihood to have chronic migraine with medication-overuse headache compared to episodic migraine. However, no

human leukocyte antigen genes were associated with self-reported headache or migraine in the community.

Conclusions: Human leukocyte antigen class I genetic variants are positively associated with risk of clinic-based migraine

but not self-reported migraine or headache and may contribute to migraine chronification and medication overuse.
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Introduction

The immune mechanisms implicated in migraine initi-
ation and disease progression remain elusive (1).
Among migraineurs, 8% exhibit chronic migraine
(CM) (headaches on �15 days per month for
>3 months, of which �8 days fulfil migraine criteria),
which is frequently complicated with medication
overuse headache (MOH) (2). This highly disabling
sub-form of migraine is more refractory to treatment.

1Institute of Clinical Medicine, National Yang-Ming University, Taipei
2Faculty of Medicine, National Yang-Ming University School of Medicine,

Taipei
3Brain Research Center, National Yang-Ming University, Taipei
4Division of Translational Research, Department of Medical Research,

Taipei Veterans General Hospital, Taipei
5Department of Neurology, Neurological Institute, Taipei Veterans

General Hospital, Taipei
6Institute of Statistical Science, Academia Sinica, Taipei

Corresponding author:

Shuu-Jiun Wang, Department of Neurology, Neurological Institute, Taipei

Veterans General Hospital, No. 201, Section 2, Shipai Road, Beitou

District, Taipei, Taiwan, 11217.

Email: sjwang@vghtpe.gov.tw

Claire Huang and Shih-Pin Chen contributed equally to this work.

Mei-Hsuan Lee and Shuu-Jiun Wang are shared last authors.

Cephalalgia

0(0) 1–10

! International Headache Society 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0333102420902228

journals.sagepub.com/home/cep

https://orcid.org/0000-0001-9367-2938
https://orcid.org/0000-0003-3492-9902
https://orcid.org/0000-0001-5179-5358
https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/0333102420902228
journals.sagepub.com/home/cep
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0333102420902228&domain=pdf&date_stamp=2020-01-23


There is strong need to better understand migraine
disease pathogenesis and identify possible clinical
strategies.

Previous studies suggested that migraine is genetic-
ally and environmentally similar to inflammatory dis-
eases (3). Headache was also found associated with
the immune response-regulating STAT6 gene (4). The
human leukocyte antigen (HLA) complex is highly
polymorphic and plays a key role in human adaptive
immune responses. HLA encodes class I and class II
major histocompatibility complexes (MHCs) that pre-
sent antigens to CD8þ and CD4þ T cells, respectively
(5). HLA typing methods have evolved rapidly from
serological typing in the 1960s to various deoxyribo-
nucleic acid (DNA)-based techniques (6,7). Past studies
investigating HLA-migraine correlations typed HLA
with antibody-based microlymphocytotoxicity tests
and polymerase chain reaction (PCR) using specific
probes and primers (8–12). These previous techniques
with low resolution, at only 1-field serotype level, lim-
ited the information to examine relationships between
variants and migraine. In addition, past studies had
small sample sizes (8,10–12), limiting sufficient statis-
tical power to detect associations, and examined limited
HLA genes (9,10,12).

High-resolution HLA genotyping can be achieved by
next-generation sequencing (NGS) platforms (7).
However, high costs and complicated experimental
techniques make it non-practical in large-scale studies.
In the past decade, the widespread popularity of
genome-wide association studies (GWAS) has accumu-
lated a large amount of SNP array data, and algorithms
to imputeHLA alleles from SNP array have been devel-
oped (13). Using population-specific references, a study
showed the accuracy of HLA imputation ranged from
95.1% to 99.6% in an independent validation group
(14). This demonstrates that HLA imputation based
on high-resolution references that reflect the linkage
disequilibrium pattern of the target population can be
highly accurate.

In this case-control study, we applied a high accur-
acy HLA imputation technique (15) to examine the
associations of eight HLA genes with migraine or head-
ache in hospital and population-based settings. In an
exploratory analysis, we further investigated the asso-
ciation of HLA variants with CM and MOH.

Methods

Study subjects and data collection

The case-control study included 2999 cases and 6055
controls with sufficient HLA information for data ana-
lyses. The case groups consisted of 605 migraine
patients diagnosed in a hospital and 2394 self-reported

headache or migraine patients in the community. The
clinic-based migraine patients were recruited from
Taipei Veterans General Hospital (TVGH), a tertiary
medical center in Taiwan. On the other hand, the self-
reported headache or migraine cases were participants
in the Taiwan Biobank (TWB). The control group con-
sisted of those who were free of headache or migraine
selected from TWB. Figure 1 illustrates the selection of
study subjects. Detailed information on the clinic-
based migraine cases and TWB study subjects is
described below.

Clinic-based migraine patients: Patients who sought
medical attention for headache at TVGH between
2010–2013 were enrolled. Personal information, med-
ical history and headache history were collected by
structured questionnaires. The individuals were diag-
nosed by board-certified neurologists according to the
International Classification of Headache Disorders 2nd
edition (ICHD-2) based on the interviews, the question-
naires, and previous medical records. Patients were fur-
ther sub-classified into episodic migraine and CM with
or without MOH based on ICHD-3 criteria. To
increase homogeneity of the genetic composition of
the study population (16,17), patients with Beck
Depression Inventory scores greater than 20, comorbid
schizophrenia and comorbid epilepsy were not
recruited. Among the 1040 clinic-based migraine cases
with both questionnaire and genotyping data, 772
patients aged between 30–70 years old were included
in the subsequent analyses (Figure 1(a)).

Self-reported headache and migraine subjects and
control group in TWB: The TWB is a general popula-
tion-based public biobank that recruited cancer-free
adults between 30–70 years of age from 2008 to 2016.
Participants were interviewed with structured question-
naires including basic demographic information and
personal and family medical history. In particular, the
questionnaire inquired about a) personal and family
history of migraine and b) headache or migraine in
the past 3 months. Individuals who reported headache
or migraine in the past 3 months were further asked
whether the pain was mild, moderate, or severe.

In total, 2823 subjects who reported having a history
of migraine or headache in the past 3 months but who
were free of depression, bipolar disorder, schizophrenia
and epilepsy were defined as the ‘‘self-reported head-
ache’’ case group. ‘‘Self-reported migraine’’ was further
defined from self-reported headache cases by excluding
subjects without a personal history of migraine who
reported unknown or mild degrees of headache pain
in the past 3 months (Figure 1(b) left).

The TWB subjects who reported a) no personal his-
tory of migraine, b) no family history of migraine, c) no
headache or migraine in the past 3 months, and d) no
vertigo were the control group. As in the case groups,
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subjects with depression, bipolar disorder, schizophre-
nia, or epilepsy were excluded, leaving 7196 subjects
included in the subsequent analyses (Figure 1(b)
right). TWB subjects who did not answer the question-
naire were excluded.

Ethics or Institutional Review Board approval

The study protocol was approved by the Institutional
Review Boards (IRB) of Taipei Veterans General
Hospital and National Yang-Ming University. All of
the study participants provided informed consent at
time of enrollment.

Single nucleotide polymorphism (SNP) genotyping

All study subjects performed whole-genome SNP gen-
otyping at the National Center for Genomics Medicine,
Academia Sinica, Taiwan. Clinic-based migraine cases
had 642,832 SNPs genotyped by Affymetrix Axiom
Genome-Wide CHB 1 Array Plate (CHB Array;
Affymetrix, Inc., Santa Clara, CA, USA), which was
designed to maximize coverage of common Han
Chinese variants (18). SNP genotyping was originally
performed on clinic-based migraine patients for the
purpose of conducting a GWAS study on migraine
without aura (18). TWB subjects had 653,291 SNPs
genotyped using the Affymetrix Axiom Genome-Wide
TWB Array Plate (TWB Array; Affymetrix, Inc., Santa

Clara, CA, USA), which was designed based on the
CHB Array and further included SNPs previously
reported to have clinical significance (19). The two
arrays overlapped in 512,065 SNPs on autosomal
DNA and were previously validated to have a high
average concordance rate of 99.6% (19).

HLA allele imputation

Imputation of HLA alleles based on dense SNP geno-
types is an efficient way to fine map association signals
with human diseases within the complex MHC region.
In this study, HLA imputation was performed using the
R package HIBAG (15), which predicted HLA geno-
types by averaging posterior probabilities over an
ensemble of classifiers. SNP information was extracted
from an extended MHC region between 25,759,242 to
33,534,827 base pairs based on hg19 positions. The
TWB array included more SNPS in the extended
MHC region than the CHB array. Based on a
Taiwanese reference, we built two ensembles of classi-
fiers with SNPs extracted from the CHB array and
TWB array respectively. HLA imputation was con-
ducted for HLA-A, HLA-C, HLA-B, HLA-DRB1,
HLA-DQA1, HLA-DQB1, HLA-DPA1, and HLA-
DPB1 genes at 2-field resolution for individuals geno-
typed with the CHB array and TWB array respectively.
Subjects with posterior probabilities �0.5 at all eight
HLA loci, including 605 clinic-based migraine cases,

Clinic-based migraine
with questionnaire and 
SNP genotyping data:

n = 1,040 

30–70 years old:
n = 772

Clinic-based migraine
study population: 

n = 605 

Imputation posterior
probability <0.5

 at any gene locus: 
n = 167 

Taiwan biobank

(1) Personal history of
migraine or

(2) headache/migraine in
past 3 months:

n = 3,049

No personal history of
(1) manic depression,

(2) depression,
(3) schizophrenia or

(4) epilepsy:
n = 2,823 

Self-reported headache 
study population:

n = 2,394 

Self-reported migraine 
study population:

n = 911

Imputation posterior
probability <0.5

at any gene locus: 
n = 429 

Did not report
(1) personal history

of migraine or
(2) moderate or

severe
headache/migraine in 

past 3 months:
n = 1,483 

(1) No personal or family
history of migraine,

(2) no headache/migraine in
past 3 months and 

(3) no personal history of
vertigo

n = 7,476

No personal history of
(1) manic depression,

(2) depression,
(3) schizophrenia or

(4) epilepsy:
n = 7,196

Control study population:
n = 6,055

Imputation posterior
probability <0.5

at any gene locus:
n = 1,141 

(a) (b)

Figure 1. Flow chart depicting the selection methods of cases and controls.

(a) Clinic-based migraine selection flow chart. (b) Population-based self-reported headache, self-reported migraine, and control group

selection flow chart. Gray boxes indicate exclusion criteria and red boxes indicate study populations.
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2394 self-reported headache cases, 911 self-reported
migraine cases and 6055 controls were the study popu-
lations included in subsequent analyses (Figure 1).

Assessment of population stratification

Population stratification between clinic-based migraine
patients and controls was assessed with the genomic
inflation factor (GIF) and principal component ana-
lysis (PCA) using PLINK version 1.9. We extracted
SNPs common to the CHB and TWB Arrays. Quality
control (QC) criteria removed SNPs with call rates
<95% and minor allele frequencies <3% in cases and
controls combined, as well as SNPs that showed signifi-
cant (p< 1� 10�6) deviation from Hardy-Weinberg
equilibrium in controls. SNPs were further linkage dis-
equilibrium-based pruned with a variance inflation
factor threshold of 2. The GIF was subsequently calcu-
lated and PCA was conducted to identify the top prin-
cipal components (PCs). PC1 and PC2 were plotted to
assess systematic differences in the genetic composition
between cases and controls.

Statistical analysis

The baseline characteristics of migraine, headache,
and controls were compared. Due to violation of
the normality assumption (Kolmogorov-Smirnov test
p-values< 0.01 and non-linear quantile-quantile
plots), the non-parametric Wilcoxon rank-sum test
was used to test differences in the ages of case and con-
trol groups. The categorical variables, including age
groups (in groups of 10), gender, body-mass index
(BMI) groups (according to WHO recommendations)
(20), and migraine subclass were tested by the Chi-
squared tests. In order to evaluate which HLA genes
were associated with migraine or headache, we included
all alleles of a given HLA gene in the models and exam-
ined whether the logistic models improved significantly.
We compared two logistic models by a likelihood ratio
test (LRT). One model included age and sex as covari-
ates (null model) and the other included all alleles of a
givenHLA gene plus age and sex (full model). All of the
alleles included had population frequency >1%. To
account for multiple comparisons, we used false discov-
ery rate (FDR) to obtain q-values.

After identifying specific HLA genes associated with
migraine or headache, we further examined which spe-
cific HLA alleles were associated with either migraine
or headache at a given HLA gene. We compared the
various HLA alleles of case and control groups using
Fisher’s exact tests and performed FDR adjustments
separately at each HLA gene. To assess the magnitude
of the associations of HLA alleles on migraine or head-
ache, we performed logistic regressions. The crude and

adjusted odds ratios (ORs) with 95% confidence inter-
vals (CIs) were estimated. The multiple logistic regres-
sions included the covariates age and sex, which were
previously reported as relevant factors for migraine or
headache (21). The population attributable fractions of
significant alleles were calculated as previously reported

(22,23) by Pe RR�1ð Þ

Pe RR�1ð Þþ1, with Pe being the prevalence of the

givenHLA allele risk genotype in the general population
and RR approximated by the adjusted OR, under the
dominant model. Multinomial logistic regressions were
performed to evaluate the HLA allele associations with
migraine subgroups (episodic migraine, CM without
MOH, and CM with MOH) among clinic-based
migraine patients. Finally, sensitivity analyses were per-
formed to assess whether significant associations
remained when post-imputation quality control (QC)
used posterior probability call threshold (CT) values of
0.4 or 0.6, whether significant associations remained
when multiple logistic regressions included the top five
PCs in addition to age and sex, and whether imputing
clinic-based migraine patients with the TWB array-
specific set of classifiers resulted in similar study findings.

In addition to the associations of HLA and migraine
or headache, we validated four SNPs (rs10803531,
rs7565931, rs3781545, rs655484) which have been
reported among clinic-based patients in our previous
study (18). We validated the associations of the four
SNPs with self-reported migraine or headache in the
community. We used Cochran-Armitage trend tests to
examine the genotypes (AA, AB, and BB) and the asso-
ciations with migraine or headache. Multiple logistic
regressions were performed to obtain ORs and 95%
CIs after adjustment for age and sex. All of the
p-values and q-values in this study were two-sided
and considered as statistically significant when <0.05.
The analyses were performed in the SAS statistical soft-
ware package (version 9.4; SAS Institute Inc., Cary,
NC) and PLINK (version 1.9) (24).

Data availability statement

Anonymized data from TWB is available for applica-
tion by contacting biobank@gate.sinica.edu.tw. In
addition, analyzed data related to this study, intended
for reasonable use, can be shared by request by con-
tacting the corresponding author.

Results

Baseline characteristics of study subjects

There were three various groups of cases, including 605
clinic-based migraine patients, 2394 self-reported head-
ache cases and 911 self-reported migraine cases.
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The self-reported cases and 6055 controls were enrolled
from the community. Compared with controls,
migraine or headache patients tended to be younger,
be female, and had lower BMI regardless of whether
they were from the hospital or the community
(Table 1). Among clinic-based migraine patients,
387 (64.0%) had episodic migraine while 218 (36.0%)
had CM. Two (0.5%) of the episodic migraine patients
had migraine with aura, while 385 (99.5%) had migraine
without aura. Among the CM patients, 84 (38.5%) and
134 (61.5%) were without or with MOH, respectively.

HLA associated with clinic-based migraine

TheHLA imputation showed that there were 11, 12, 17,
16, 12, 13, 5, and 13 alleles with frequency >1% at
HLA-A, HLA-C, HLA-B, HLA-DRB1, HLA-DQA1,
HLA-DQB1, HLA-DPA1, and HLA-DPB1, corres-
pondingly. The HLA gene-based LRTs showed
HLA-B and HLA-C were significantly associated with
clinic-based migraine after multiple corrections

(Table 2). Since HLA-B and HLA-C are both HLA
class I genes that have different functions from HLA
class II genes, we further examined HLA alleles of class
I genes (HLA-A, HLA-B, and HLA-C). We found that
HLA-A*33:03, HLA-B*39:01, HLA-B*51:01, HLA-
B*58:01, and HLA-C*03:02 were significantly
associated with clinic-based migraine after multiple cor-
rections (Table 3). There were more migraine patients
that carried any of these HLA alleles compared to con-
trols (q-value< 0.05). The crude ORs of these HLA
alleles ranged from 1.29 to 1.78. After adjustment of
age and sex, the ORs (95% CIs) were 1.33 (1.12–1.59)
for HLA-A*33:03, 1.80 (1.28–2.53) for HLA-B*39:01,
1.50 (1.15–1.97) for HLA-B*51:01, 1.36 (1.14–1.62) for
HLA-B*58:01 and 1.36 (1.14–1.62) for HLA-C*03:02
(Table 3). Notably, HLA-A*33:03, HLA-B*58:01, and
HLA-C*03:02 were common in the study population,
with allele frequencies around 12% in population-based
controls (Table 3).

In haplotype analysis, we found that HLA-A*33:03,
HLA-B*58:01, and HLA-C*03:02 construct a common

Table 1. Baseline characteristics of study subjects.

Clinic-based

migraine (n¼ 605)

Self-reported

headache (n¼ 2394)

Self-reported

migraine (n¼ 911)

Control

(n¼ 6055) p-value

Age, median� IQR 43� 15 44� 17 44� 16 51� 18 <0.001a

Age group, n (%)

30–39 235 (38.8) 793 (33.1) 317 (34.8) 1324 (21.9) <0.001a

40–49 191 (31.6) 729 (30.5) 288 (31.6) 1547 (25.5)

50–59 133 (22.0) 565 (23.6) 198 (21.7) 1777 (29.3)

60–70 46 (7.6) 307 (12.8) 108 (11.9) 1407 (23.2)

Sex, n (%)

Male 110 (18.2) 801 (33.5) 276 (30.3) 3174 (52.4) <0.001a

Female 495 (81.8) 1593 (66.5) 635 (69.7) 2881 (47.6)

Body-mass index (kg/m2), n (%)

<18.5 48 (8.6) 75 (3.1) 27 (3.0) 135 (2.2) <0.001b

18.5–22.9 305 (55.0) 938 (39.2) 369 (40.5) 2060 (34.0)

23–27.4 159 (28.6) 1026 (42.9) 370 (40.6) 2812 (46.4)

�27.5 43 (7.7) 355 (14.8) 145 (15.9) 1048 (17.3)

Missing 50

Migraine sub-class, n (%)

Episodic migraine 387 (64.0) – – –

CM without MOH 84 (13.9) – – –

CM with MOH 134 (22.1) – – –

Age at onset, median� IQR 20 (12) – – –

Age at disease exacerbation, median� IQR 30 (15) – – –

Days of migraine per month, median� IQR 8 (11) – – –

IQR: interquartile range; CM: chronic migraine; MOH: medication-overuse headache.
ap< 0.0001 for comparisons of three various cases versus controls respectively.
bp< 0.0001 for comparisons of clinic-based cases versus controls and self-reported headache versus controls; p¼ 0.0004 for comparison of

self-reported migraine versus controls.
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HLA haplotype with a frequency of 9.7% in con-
trols and 13.2% in cases (Supplemental material,
Appendix 1). Individuals who carried the haplotype
of HLA-A*33:03- HLA-B*58:01- HLA-C*03:02 were
associated with clinic-based migraine, and the age-sex
adjusted OR was 1.44 (1.20–1.73). The population
attributable fraction of the haplotype on clinic-
based migraine was 8.1% (Supplemental material,
Appendix 2).

We further examined the associations of HLA-
A*33:03, HLA-B*39:01, HLA-B*51:01, HLA-
B*58:01, and HLA-C*03:02 with various migraine
subtypes and disease characteristics. Among the
clinic-based migraine patients, we found HLA-
A*33:03, HLA-B*58:01, and HLA-C*03:02 alleles
were significantly associated with CM with MOH
when taking patients with episodic migraine as a refer-
ence group. The age and sex adjusted ORs of HLA-
A*33:03, HLA-B*58:01, and HLA-C*03:02 were 1.67
(1.14–2.45), 1.63 (1.11–2.39) and 1.63 (1.11–2.39) cor-
respondingly, by comparing with episodic migraine
patients (Table 4). Interestingly, these alleles were not
found to be associated with CM without MOH com-
pared with episodic migraine (p� 0.05). Concordantly,
in haplotype analysis, carrying the HLA-A*33:03-
HLA-B*58:01- HLA-C*03:02 haplotype increased the
risk of CM with MOH by 1.75 (1.18–2.60), while the
OR of CM without MOH was insignificant at 1.01
(0.60–1.70), when episodic migraine was the reference
group (Supplemental material, Appendix 3). No alleles
were associated with age at onset of disease, age at

exacerbation of disease, or days of migraine attack
per month (all p� 0.05).

A few sensitivity analyses were conducted. First, we
adjusted HLA allele imputation QC criteria from pos-
terior probabilities at all HLA genes �0.5 to �0.6 and
�0.4, which respectively increased or decreased imput-
ation accuracy while decreasing or increasing call rate.
Using different CT values did not affect the significance
of the associations discovered in the main analyses
(Supplemental material, Appendices 4 and 5).

We also evaluated population stratification.
Although clinic-based migraine patients were not
recruited from TWB, the GIF was 1.04 and plotting
of PC1 versus PC2 did not show differential clustering
of cases and controls (Supplemental material,
Appendix 6). Therefore, principal components were
not adjusted for in the main analyses. To ensure this
did not cause bias, we conducted additional analyses
where the top five PCs were included as covariates in
logistic regressions. The age, sex, PC5-adjusted odds
ratios of HLA-A*33:03, HLA-B*39:01, HLA-
B*51:01, HLA-B*58:01, and HLA-C*03:02 remained
significant, and were separately 1.29 (1.08–1.54), 1.91
(1.35–2.69), 1.47 (1.12–1.93), 1.35 (1.13–1.62) and 1.35
(1.13–1.62).

Finally, to ensure imputing cases and controls with
separate sets of classifiers did not result in bias, we
imputed clinic-based cases with the TWB array-specific
set of classifiers. Due to the lower imputation quality,
only 334 cases remained after quality control, resulting
in a 44.8% decrease in case sample size. We re-analyzed

Table 3. Significant associations between HLA alleles of class I genes and clinic-based migraine.

HLA allele

Total

(2n¼ 13,320)

Clinic-based migraine

(2n¼ 1210)

Control

(2n¼ 12,110)

p-value q-value

Logistic regression

2n % 2n % 2n %

Crude

OR (95% CI)

Age and sex adjusted

OR (95% CI)

A*33:03 1607 12.1 179 14.8 1428 11.8 0.003 0.033 1.29 (1.10–1.53) 1.33 (1.12–1.59)

B*39:01 313 2.3 46 3.8 267 2.2 0.001 0.011 1.78 (1.29–2.45) 1.80 (1.28–2.53)

B*51:01 559 4.2 70 5.8 489 4.0 0.005 0.030 1.45 (1.12–1.87) 1.50 (1.15–1.97)

B*58:01 1590 11.9 180 14.9 1410 11.6 0.001 0.011 1.32 (1.12–1.56) 1.36 (1.14–1.62)

C*03:02 1590 11.9 180 14.9 1410 11.6 0.001 0.016 1.32 (1.12–1.56) 1.36 (1.14–1.62)

OR: odds ratio; CI: confidence interval.

Table 2. Q-values of associations between HLA genes and migraine or headache patients in the hospital and the community.

Case group HLA-A HLA-B HLA-C HLA-DPA1 HLA-DPB1 HLA-DQA1 HLA-DQB1 HLA-DRB1

Clinic-based migraine 0.108 <0.001 0.013 0.076 0.150 0.343 0.175 0.160

Self-reported headache 0.212 0.239 0.498 0.909 0.737 0.596 0.426 0.426

Self-reported migraine 0.075 0.794 0.794 0.794 0.794 0.928 0.928 0.928
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HLA associations and found the common alleles HLA-
A*33:03, HLA-B*58:01 and HLA-C*03:02 remained
significantly positively associated with clinic-based
migraine. HLA-B*39:01 and HLA-B*51:01 had posi-
tive associations, but associations became insignificant
likely due to the much smaller sample size
(Supplemental material, Appendix 7).

HLA and self-reported migraine or headache
in the community

In HLA gene-based LRTs, no HLA genes showed
significant associations with self-reported headache or
migraine (Table 2). In addition, the four SNPs
(rs655484, rs3781545, rs7565931 and rs10803531)
found in our previous clinic-based case-control study
(18) were not validated in the self-reported migraine
or headache cases in the community (Supplemental
material, Appendix 8).

Discussion

In this case-control study, we found HLA-A*33:03,
HLA-B*39:01, HLA-B*51:01, HLA-B*58:01 and
HLA-C*03:02 were positively associated with clinic-
based migraine. Among clinic-based migraine patients,
HLA-A*33:03, HLA-B*58:01 and HLA-C*03:02
increased the probability of having CM with MOH.
On the other hand, self-reported migraine or headache
in the community was not associated with HLA class I
or class II variants.

Past studies investigating HLA-migraine relation-
ships had small sample sizes, low genotyping resolution
and investigated a limited number of genes (8–12). In
contrast, our study including thousands of subjects uti-
lized an imputation reference of 1012 Taiwanese indi-
viduals who were genotyped with both whole-genome
SNP array and NGS (whole genome sequencing) to
derive high resolution HLA alleles for eight classical
HLA genes from SNP data, allowing cost-efficient
and accurate assessment of how the immune

response-regulating HLA variants affect migraine
phenotypes. To the best of our knowledge, this is the
first comprehensive study to examine migraine-related
HLA genes, including HLA class I and class II. In add-
ition, it is the largest study to investigate genetic vari-
ants and migraine or headache in Asians.

Migraine is recognized as a disease mainly involving
neuronal factors (25). Interestingly, strong genetic and
environmental links between immune diseases and
migraine were recently discovered (3). Furthermore,
elevation of inflammatory mediators including hista-
mine, IL-6, and TNF was observed in migraine patients
(1,26). The associations of HLA class I variants and
clinic-based migraine found in this study paralleled pre-
vious findings and suggested immune mechanisms of
migraine. Calcitonin gene-related peptide (CGRP) is a
neuropeptide postulated to modulate pain signals in the
trigeminovascular system (27). Although mechanisms
of action are still unclear, clinical trials of CGRP antag-
onists in migraine patients showed promising results
(1,25). CGRP is hypothesized to induce peripheral
neurogenic neuroinflammation, which may play a role
in migraine chronification (1). In addition to CGRP,
pituitary adenylate cyclase activating peptide
(PACAP) is another neuropeptide implicated in
migraine (26). IgE-crosslinking and various neuropep-
tides induced human mast cell degranulation and
release of PACAP (28). This possible link between
mast cells and migraine is interesting given that mast
cells were reported to present antigens to CD8þ T cells
through MHC class I, altering CD8þ T cell effector
functions (29). Our findings, coupled with past studies,
suggest HLA class I presentation of antigens and CD8þ

T cell responses may play a role in migraine onset and
chronification, illustrating the need for further investi-
gations of immune mechanisms in migraine.

Among clinic-based patients, we identified episodic
migraine and CM with or without MOH based on
detailed clinical evaluations. HLA-A*33:03, HLA-
B*58:01 and HLA-C*03:02 increased the risk of CM
with MOH, but not CM without MOH, compared with

Table 4. Significant associations of HLA alleles with migraine subtypes among clinic-based migraine patients.

HLA-A*33:03 HLA-B*58:01 HLA-C*03:02

Multinomial logistic

regressiona

Multinomial logistic

regressiona

Multinomial logistic

regressiona

Migraine subtype 2n (%) OR (95% CI) p-value 2n (%) OR (95% CI) p-value 2n (%) OR (95% CI) p-value

Episodic migraine 104 (13.4) 1.00 (reference) 104 (13.4) 1.00 (reference) 104 (13.4) 1.00 (reference)

CM without MOH 21 (12.5) 0.93 (0.56–1.54) 0.743 24 (14.3) 1.07 (0.66–1.73) 0.789 24 (14.3) 1.07 (0.66–1.73) 0.789

CM with MOH 54 (20.1) 1.67 (1.14–2.45) 0.010 52 (19.4) 1.63 (1.11–2.39) 0.013 52 (19.4) 1.63 (1.11–2.39) 0.013

aMultinomial logistic regression adjusted for age and sex.

OR: odds ratio; CI: confidence interval; CM: chronic migraine; MOH: medication-overuse headache.
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episodic migraine. We speculate that drug molecules
may alter migraine-related immune responses, which
might contribute to the exacerbation or chronification
of headaches especially upon excessive exposure of
painkillers; that is, medication overuse. HLA-B*58:01
was previously reported to be associated with allopur-
inol-induced adverse drug reactions (30). HLA-related
drug hypersensitivities were hypothesized to be the
result of alloreactive T cell responses due to drug mol-
ecules altering HLA binding groove structure (31).
Whether specific or non-specific migraine medications
mediate MOH in the same manner remains unknown.
In the future, identifying specific drug use associated
with CM with MOH may be interesting.
Determination of the drug molecules involved, along
with peptide-HLA binding assays (31), may help pro-
vide insight into the mechanisms of MOH in migraine.

No associations between HLA variants and self-
reported migraine or headache were found in our
study. The population-based cases were defined by
self-reported migraine or headache. The prevalence of
tension-type headache in Asia was 16.2% (32).
Therefore, the self-reported migraine or headache
may be more heterogeneous than those diagnosed in
hospitals, resulting in loss of study power.
Additionally, population-based cases were possibly
milder, with genetic components contributing less
than those in clinic-based patients. Despite higher het-
erogeneity in self-reported cases, a large-scale GWAS in
UK Biobank discovered 28 loci associated with self-
reported headache (4). The study included over
200,000 subjects with 74,461 cases and 149,312 controls
and thus may be more sensitive to detect the associ-
ations. The loci reported in the UK Biobank study
partly overlapped with a previous large-scale migraine
GWAS (33), which included self-reported cases as well
as rigorously defined clinic-based migraine patients.
The studies reported associated loci with diverse func-
tions, from regulating immune responses (STAT6),
forming ion channels (TRPM8), to intracellular signal-
ing (LRP1) (4,33). The findings implied complex mech-
anisms, including immune responses, are involved in
headache and migraine. However, whether the variants
found in Caucasians could be validated in Asian popu-
lations remains to be investigated. In addition, the
homogeneity of the case population should be con-
sidered when aiming to identify genetic associations
that reflect mechanisms of a specific disease.
Regarding this, our carefully ascertained clinic-based
migraine cases provide an advantage.

There were several limitations in our study. First, it
is not possible to rule out the true causal gene being in
linkage disequilibrium with HLA. Tumor necrosis

factor alpha (TNF�)-308 G/A (rs1800629) A allele
was previously reported to be positively associated
with migraine in Asians (34). This allele, located on
chromosome 6, is also linked with the haplotype
HLA-A*33-HLA-B*58 in Chinese (35,36). It is possible
that the rs1800629 risk allele, instead of HLA-A*33:03-
HLA-B*58:01- HLA-C*03:02, is the causal variant.
However, previous studies on associations between
TNF� and migraine were conflicting (37). The HLA
region includes extensive linkage disequilibrium (38).
Fine-mapping and functional studies are needed to con-
firm whether the five HLA alleles discovered in our
study mechanistically affect migraine. Second, migraine
is most prevalent in young and middle-aged adults (32).
The memory of previous migraine history among indi-
viduals with advanced age may not be correct. The non-
differential misclassification may result in estimates
toward the null when we examined the HLA associ-
ations with self-reported migraine or headache. Third,
the generalizability of our findings to migraine patients
of all ages and ethnic groups requires caution. The
study participants were 30 to 70 years old. However,
disease that manifests in younger or older patients may
have different genetic components. Additionally, this
study included Taiwanese and should be validated in
other ethnic groups. Allele frequencies and linkage dis-
equilibrium patterns differ between ethnicities, resulting
in differed genetic associations with disease. HLA-
A*33:03- HLA-B*58:01- HLA-C*03:02 is a common
haplotype in Han Chinese but the frequency was less
than 1% in European Caucasians (39). However, HLA-
B*39:01 and HLA-B*51:01 were similarly prevalent in
our study population and in Caucasians (39).

The burden of MOH among migraine is high, with
22% of our clinic-based migraine cases having CM with
MOH. Individuals with MOH who tried to decrease
medication intake experienced withdrawal symptoms
and had a high relapse rate of 20–40% within the first
year of drug withdrawal (40). Therefore, screening for
patients at high risk of MOH, coupled with better com-
munication of the risks of medication overuse, may be
an efficient prophylactic strategy to reduce disease inci-
dence. Screening for HLA-B*58:01 is recommended in
clinical guidelines before the use of allopurinol (41); our
findings demonstrate it may have potential to alleviate
the considerable burden of MOH in migraine as well.

In conclusion, we found that HLA class I variants
increased susceptibility to clinically diagnosed migraine
in the hospital but not self-reported migraine in the
community. Among clinic-based patients, HLA-
A*33:03, HLA-B*58:01 and HLA-C*03:02 conferred
risk of CM with MOH. These findings implicate
immune mechanisms in migraine pathogenesis.
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Clinical implications

. This large case-control study found HLA class I variants are associated with clinic-based migraine and
contribute to medication overuse-related disease chronification.

. Screening for HLA-B*58:01 has potential to alleviate the burden of medication overuse headache in
migraine.

. Independent validation in different populations is needed to assess the clinical utility of the results in other
ethnic groups.

Acknowledgements

We thank all study participants for their generous contribu-
tion and the TWB for making the data available. We thank

the National Center for Genome Medicine for the technical
support in the genotyping.

Declaration of conflicting interests

The authors declared the following potential conflicts of inter-

est with respect to the research, authorship, and/or publica-
tion of this article: CH, SPC, YHH, HYC, and MHL have
nothing to disclose; YFW reports grants from Taiwan
Ministry of Science and Technology, grants from Taipei

Veterans General Hospital, personal fees from Eli Lilly,
Taiwan, personal fees from Pfizer, Taiwan, personal fees
from Novartis, Taiwan, personal fees from Chugai, Taiwan,

personal fees from Orient EuroPharma, Taiwan, outside the
submitted work; SJW reports personal fees from Eli-Lilly and
Company, personal fees from Pfizer Taiwan, personal fees

from Daiichi-Sankyo, personal fees from Norvatis Taiwan,
grants from Ministry of Science of Technology, grants from
Ministry of Education, grants from Taipei Veterans General

Hospital, grants from National Yang-Ming University, out-
side the submitted work.

Funding

The authors disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: The study was funded by the Ministry of Science and
Technology, Taiwan (grant number: MOST-107-2314-B-010-

021 (to SPC) and MOST 105-2628-B-010-003 MY4 and
MOST 107-2314-B-010-004 MY2 (to MHL) and MOST
108-2321-B-010-014-MY2, MOST 108-2321-B-010-001-, and

MOST 108-2314-B-010-023-MY3 (to SJW)), Ministry of
Education of Taiwan, Higher Education Sprout Project
(107BRC- B201, B202, B203 and B204 (to SJW and SPC)),

Ministry of Health and Welfare, Taiwan (MOHW107-TDU-
B-211-123001 and MOHW 108-TDU-B-211-133001 (to
SJW)), and Taipei Veterans General Hospital, Taiwan
(VGH-106-D9-001-MY2-2 (to SJW)). The funders had no

role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

ORCID iDs

Claire Huang https://orcid.org/0000-0001-9367-2938

Shih-Pin Chen https://orcid.org/0000-0003-3492-9902
Shuu-Jiun Wang https://orcid.org/0000-0001-5179-5358

References

1. Edvinsson L, Haanes KA and Warfvinge K. Does inflam-

mation have a role in migraine? Nat Rev Neurol 2019; 15:
483–490.

2. Chen PK and Wang SJ. Medication overuse and

medication overuse headache: Risk factors, comorbid-
ities, associated burdens and nonpharmacologic and
pharmacologic treatment approaches. Curr Pain

Headache Rep 2019; 23: 60.
3. Wang K, Gaitsch H, Poon H, et al. Classification of

common human diseases derived from shared genetic

and environmental determinants. Nat Genet 2017; 49:
1319–1325.

4. Meng W, Adams MJ, Hebert HL, et al. A genome-wide
association study finds genetic associations with broadly-

defined headache in UK Biobank (N¼ 223,773).
EBioMedicine 2018; 28: 180–186.

5. Mosaad YM. Clinical role of human leukocyte antigen in

health and disease. Scand J Immunol 2015; 82: 283–306.
6. Dyer PA and Martin S. Techniques used to define human

MHC antigens: Serology. Immunol Lett 1991; 29: 15–21.

7. Kishore A and Petrek M. Next-generation sequencing
based HLA typing: Deciphering immunogenetic aspects
of sarcoidosis. Front Genet 2018; 9: 503–503.

8. Martelletti P, Lulli P, Morellini M, et al. Chromosome

6p-encoded HLA-DR2 determination discriminates
migraine without aura from migraine with aura. Hum
Immunol 1999; 60: 69–74.

9. Rainero I, Fasano E, Rubino E, et al. Association
between migraine and HLA-DRB1 gene polymorphisms.
J Headache Pain 2005; 6: 185–187.

10. Kudrow L. HL-A antigens in cluster headache and clas-
sical migraine. Headache 1978; 18: 167–168.

11. Giacovazzo M, Valeri M, Piazza A, et al. Elevated fre-

quency of HLA shared-haplotypes in migraine families.
Headache 1987; 27: 575–577.

12. O’Neill BP, Kapur JJ and Good AE. HLA antigens in
migraine. Headache 1979; 19: 71–73.

13. Karnes JH, Shaffer CM, Bastarache L, et al. Comparison
of HLA allelic imputation programs. PLoS One 2017; 12:
e0172444.

14. Khor SS, Yang W, Kawashima M, et al. High-accuracy
imputation for HLA class I and II genes based on

Huang et al. 9

https://orcid.org/0000-0001-9367-2938
https://orcid.org/0000-0001-9367-2938
https://orcid.org/0000-0003-3492-9902
https://orcid.org/0000-0003-3492-9902
https://orcid.org/0000-0001-5179-5358
https://orcid.org/0000-0001-5179-5358


high-resolution SNP data of population-specific refer-
ences. Pharmacogenomics J 2015; 15: 530–537.

15. Zheng X, Shen J, Cox C, et al. HIBAG – HLA genotype

imputation with attribute bagging. Pharmacogenomics J
2014; 14: 192–200.

16. Ligthart L, Hottenga J-J, Lewis CM, et al. Genetic risk
score analysis indicates migraine with and without

comorbid depression are genetically different disorders.
Hum Genet 2014; 133: 173–186.

17. Anttila V, Bulik-Sullivan B, Finucane HK, et al. Analysis

of shared heritability in common disorders of the brain.
Science 2018; 360: eaap8757.

18. Chen SP, Fuh JL, Chung MY, et al. Genome-wide asso-

ciation study identifies novel susceptibility loci for
migraine in Han Chinese resided in Taiwan. Cephalalgia
2018; 38: 466–475.

19. Chen CH, Yang JH, Chiang CWK, et al. Population
structure of Han Chinese in the modern Taiwanese popu-
lation based on 10,000 participants in the Taiwan Bio-
bank project. Hum Mol Genet 2016; 25: 5321–5331.

20. WHO Expert Consultation. Appropriate body-mass
index for Asian populations and its implications for
policy and intervention strategies. Lancet 2004; 363:

157–163.
21. Dodick DW. Migraine. Lancet 2018; 391: 1315–1330.
22. Rossman MD, Thompson B, Frederick M, et al.

HLA-DRB1*1101: A significant risk factor for sarcoid-
osis in blacks and whites. Am J Hum Genet 2003; 73:
720–735.

23. Chen P-L, Fann CS-J, Chu C-C, et al. Comprehensive

genotyping in two homogeneous Graves’ disease samples
reveals major and novel HLA association alleles. PLoS
One 2011; 6: e16635.

24. Chang CC, Chow CC, Tellier LCAM, et al. Second-gen-
eration PLINK: Rising to the challenge of larger and
richer datasets. GigaScience 2015; 4: e7. DOI: 10.1186/

s13742-015-0047-8.
25. Charles A. The pathophysiology of migraine: Implica-

tions for clinical management. Lancet Neurol 2018; 17:

174–182.
26. Mason BN and Russo AF. Vascular contributions to

migraine: Time to revisit? Front Cell Neurosci 2018; 12:
233.

27. Edvinsson L, Haanes KA, Warfvinge K, et al. CGRP as
the target of new migraine therapies – successful transla-
tion from bench to clinic. Nat Rev Neurol 2018; 14:

338–350.
28. Okragly AJ, Morin SM, DeRosa D, et al. Human mast

cells release the migraine-inducing factor pituitary

adenylate cyclase-activating polypeptide (PACAP).
Cephalalgia 2018; 38: 1564–1574.

29. Bulfone-Paus S and Bahri R. Mast cells as regulators of
T cell responses. Front Immunol 2015; 6: 394–394.

30. Hung S-I, Chung W-H, Liou L-B, et al. HLA-B*5801

allele as a genetic marker for severe cutaneous adverse
reactions caused by allopurinol. Proc Natl Acad Sci
USA 2005; 102: 4134–4139.

31. Ostrov DA, Grant BJ, Pompeu YA, et al. Drug hyper-

sensitivity caused by alteration of the MHC-presented
self-peptide repertoire. Proc Natl Acad Sci USA 2012;
109: 9959–9964.

32. Peng KP and Wang SJ. Epidemiology of headache dis-
orders in the Asia-Pacific region. Headache 2014; 54:
610–618.

33. Gormley P, Anttila V, Winsvold BS, et al. Meta-analysis
of 375,000 individuals identifies 38 susceptibility loci for
migraine. Nat Genet 2016; 48: 856–866.

34. Gu L, Yan Y, Long J, et al. The TNF-a-308G/A
polymorphism is associated with migraine risk: A meta-
analysis. Exp Ther Med 2012; 3: 1082–1086.

35. Lu M-C, Yang KL, Tung C-H, et al. Higher LPS-sti-

mulated TNF-a mRNA levels in peripheral blood
mononuclear cells from Chinese ankylosing spondylitis
patients with �308G/A polymorphism in promoter

region of tumor necrosis factor: Association with dis-
tinct A33/B58/Cw10 haplotypes. Rheumatol Int 2008;
29: 189–195.

36. Huijun M, Ji Z, Ping X, et al. Linkage disequilibrium
between TNF-alpha-308 G/A promoter and histocom-
patibility leukocyte antigen alleles in Han-nationality
lung transplant recipients from Eastern China. Exp Clin

Transplant 2013; 11: 264–269.
37. Schürks M, Rist PM, Zee RY, et al. Tumour necrosis

factor gene polymorphisms and migraine: A systematic

review and meta-analysis. Cephalalgia 2011; 31:
1381–1404.

38. Alter I, Gragert L, Fingerson S, et al. HLA class I haplo-

type diversity is consistent with selection for frequent
existing haplotypes. PLoS Comput Biol 2017; 13:
e1005693.

39. Gragert L, Madbouly A, Freeman J, et al. Six-locus high
resolution HLA haplotype frequencies derived from
mixed-resolution DNA typing for the entire US donor
registry. Hum Immunol 2013; 74: 1313–1320.

40. Kristoffersen ES and Lundqvist C. Medication-overuse
headache: Epidemiology, diagnosis and treatment. Ther
Adv Drug Saf 2014; 5: 87–99.

41. Khanna D, Fitzgerald JD, Khanna PP, et al. 2012 Ameri-
can College of Rheumatology guidelines for management
of gout. Part 1: Systematic nonpharmacologic and

pharmacologic therapeutic approaches to hyperuricemia.
Arthritis Care Res 2012; 64: 1431–1446.

10 Cephalalgia 0(0)


