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Abstract
Objectives This study investigated to identify the clinical significance of allodynia compared with other sensory hypersensitiv-
ities (SH) in migraine patients.
Methods New patients with migraine were recruited from a headache clinic, and we collected data regarding their clinical
characteristics and identified SH including photophobia, phonophobia, osmophobia, and allodynia. The patients completed the
12-item Allodynia Symptom Checklist, Migraine Disability Assessment Scale (MIDAS), Headache Impact Test-6 (HIT-6),
Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), Insomnia Severity Index (ISI), Fatigue
Severity Scale (FSS), andMigraine-Specific Quality of Life Questionnaire Version 2.1.We divided the patients into three groups:
SH with allodynia (group 1), SH without allodynia (group 2), and no SH (group 3). Clinical characteristics, psychosomatic
features, and quality of life (QOL) were compared among these groups.
Results A total of 312 migraine patients participated in the study. Among them, 58 (18.6%), 202 (64.7%), and 52 (16.7%) were
allocated to groups 1, 2, and 3, respectively. Chronic migraine, family history of migraine, medication overuse headache, earlier
age at onset, longer disease duration, higher headache intensity, and aggravation with physical activity were more prevalent in
group 1 than in groups 2 or 3. Scores of the MIDAS, HIT-6, PHQ-9, GAD-7, ISI, and FSS were the highest in group 1, followed
by groups 2 and group 3. The lowest QOL was noted in group 1, followed by groups 2 and group 3.
Conclusions This study revealed that SH inmigraine, particularly combined with allodynia, may result in poor clinical outcomes.
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Introduction

Migraine is a disabling neurological disorder due to recurrent
attacks of headache and accompanying psychosomatic symp-
toms such as depression, anxiety, sleep problems, and fatigue
[1–3]. These symptoms can trigger migraine attacks, restrict
daily activities, and affect the quality of life (QOL) [1, 3–5].

Migraine patients commonly experience sensory hypersen-
sitivities (SH), which include photophobia, phonophobia,

osmophobia, and allodynia during migraine attacks [3, 4, 6].
It has been known that SH reflects central sensitization at
different levels by functional neuroimaging and electrophys-
iological studies [7]. Among SH in migraine, the clinical
significance of allodynia has been commonly studied.
Allodynia induces migraine chronification and high disability
[8, 9] and is associated with migraine severity, occurrence of
other SH, premonitory signs, aura, family history, depression,
anxiety, sleep quality, and fatigue, as reported in population-
and hospital-based studies [3, 6, 10–12].

Other SH may also have a clinical significance similar to
that of allodynia considering that all SH have the same path-
ogenic mechanism. However, if the priority of allodynia for
determining clinical significance exists, we should clarify it.
Allodynia can be underrecognized in clinical setting as it is
not a diagnostic criterion of migraine [13]. Therefore, we
investigated the clinical significance of allodynia compared
with that of other SH in migraine patients.
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Materials and methods

Subjects

Subjects with new patients with migraine, aged 15–70 years
were recruited from a headache clinic at Kyungpook National
University Hospital from April 2015 to October 2017.
Patients were diagnosed according to the International
Classification of Headache Disorders, 3rd edition, beta ver-
sion by a trained neurologist [13]. Patients with intellectual
disability and severe medical, neurological, or psychiatric dis-
orders that prevented them from understanding the self-report
questionnaire were excluded. Patients with probable migraine
and who refuse study participation were also excluded.

Study design

This cross-sectional study was approved by the Institutional
Review Board of Kyungpook National University Hospital,
and all subjects gave written informed consent. Demographic,
social, and clinical information of the subjects collected at
enrollment. The sociodemographic variables were collected.
The clinical variables included height and weight, concurrent
medical disease, type of migraine, migraine chronicity, family
history of migraine, medication overuse headache (MOH),
age at onset, duration of migraine, attack duration, headache
intensity, aggravation with physical activity, and accompany-
ing symptoms (nausea and/or vomiting, photophobia,
phonophobia, osmophobia, and allodynia). Maximal head-
ache intensity in the preceding month was measured using
the Visual Analog Scale (VAS). Photophobia, phonophobia,
and osmophobia were defined as hypersensitivity to light,
sound, and certain odors during migraine attack, respectively,
by a clinical interview.

Eligible subjects completed several self-reported question-
naires, including the Headache Impact Test-6 (HIT-6) [14],
Patient Health Questionnaire-9 (PHQ-9) [15], the
Generalized Anxiety Disorder-7 (GAD-7) [16], Korean ver-
sion of Perceived Stress Scale (PSS) [17], Epworth Sleepiness
Scale (ESS) [18], Insomnia Severity Index (ISI) [19], Fatigue
Severity Scale (FSS) [20], and Korean Migraine-Specific
Quality of Life Questionnaire Version 2.1 (K-MSQ) [21].

Questionnaires

Allodynia Symptom Checklist (ASC-12)

The ASC-12 is a self-administered questionnaire regarding
cutaneous allodynia with scores ranging from 0 to 24 points:
no allodynia (0–2 points), mild (3–5 points), moderate (6–8
points), and severe (9 or more points). Patients who had more
than 2 points in the ASC-12 were considered as having
allodynia [8]. We divided patients into three groups: those

having SH with allodynia (group 1), SH without allodynia
(group 2), and no SH (group 3).

Headache Impact Test-6 (HIT-6)

The HIT-6 measures a wider spectrum of headache-related
burden. The HIT-6 includes six items and each item is an-
swered using a 5-point Likert scale (6 = never, 8 = rarely,
10 = sometimes, 11 = very often, 13 = always). The total score
can range from 36 to 78; larger scores indicate a greater im-
pact. Scores of 60 or higher indicate a severe impact [22]. The
Korean version of the HIT-6 has been validated and
Cronbach’s α was 0.85 [14].

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 was designed for the diagnosis of major depres-
sive disorder (MDD) over the prior 2 weeks. It includes nine
items and each item is rated on a 4-point scale from 0 to 3. The
overall score can range from 0 to 27 and a cutoff score of 7
indicates MDD [15]. The PHQ-9 can be downloaded for free
on the PHQ website (http://www.phqscreeners.com/) [23].
The Korean version of the PHQ-9 has been validated in pa-
tients with migraine, and Cronbach’s α was 0.89 [15].

Generalized Anxiety Disorder-7 (GAD-7)

The GAD-7 was designed for diagnosis of generalized anxiety
disorder (GAD) over the prior 2 weeks. It includes seven items
and each item is rated on a 4-point scale from 0 to 3. The
overall score can range from 0 to 21 and a cutoff score of 5
indicates GAD. The GAD-7 can be downloaded for free on
the Patient Health Questionnaire website (www.phqscreeners.
com) [24]. The Korean version of the GAD-7 has been vali-
dated in patients with migraine, and Cronbach’s α was 0.92
[16].

Insomnia Severity Index (ISI)

The ISI is a 7-item questionnaire that measures a patient’s
perception of insomnia severity [19]. Each ISI item is rated
on a scale of 0–4. Its total score ranges from 0 to 28, with a
higher score indicating greater insomnia severity. The Korean
version of the ISI has been validated in patients with sleep
disorders [19]. A cutoff score of 15.5 has been suggested for
discriminating patients with insomnia. Cronbach’s α coeffi-
cient of ISI was 0.92.

Fatigue Severity Scale (FSS)

The FSS consists of nine items that assess fatigue on a scale
from 0 to 7 [20]. After summing the scores of the nine items,
the total score is divided by 9, yielding values from 0 to 7. The

394 Neurol Sci (2019) 40:393–398

http://www.phqscreeners.com
http://www.phqscreeners.com
http://www.phqscreeners.com


FSS is useful in clinical practice because it has fewer items
than other questionnaires that evaluate fatigue and it is easy to
score. The Cronbach’s α coefficient of the Korean version of
the FSS is 0.935, and a total score of 3.22 or more is sugges-
tive of pathologic fatigue [20].

Migraine-Specific Quality of Life Questionnaire
version 2.1 (MSQ)

TheMSQ v. 2.1 measures the impact of migraine on QOL over
the prior 4 weeks across three dimensions; Role Function-
Restrictive (RF-R), Role Functional-Preventive (RF-P), and
Emotional Function (EF) [21]. The MSQ v. 2.1 consists of 14
questions, 7 questions in the RF-R dimension, 4 questions in
the RF-P dimension, and 3 questions in the EF dimension. Each
question is rated on a 6-point scale from 1 to 6. The dimension
scores are summed and rescaled to give a total score between 0
and 100. Higher scores in the MSQ indicate a better QOL state.

Statistical analyses

The Statistical Package for the Social Sciences (SPSS version
21.0) was used for data analysis. Descriptive statistics are
presented as counts, percentages, means, and standard devia-
tions. Fisher’s exact test or analysis of variance was applied to
compare the three groups. The Bonferroni correction was used
for post hoc comparisons. The level of statistical significance
was set at p < 0.05.

Results

A total of 391 consecutive patients with migraine visited the
clinic during the study. Among them, 79 patients were exclud-
ed for the following reasons: refusal to complete the question-
naires (n = 41); probable migraine (n = 26); illiteracy (n = 6);
or age older than 70 (n = 6). Subsequently, 312 patients

Table 1 Characteristics of migraine patients according to the existence of sensory hypersensitivities

Mean ± SD (range) or number (%)

SH with allodyniaa SH without allodyniab No SHc

Characteristics (n = 58) (n = 202) (n = 52) F or χ2 p value* Post hoc

Age, years 42.0 ± 12.3 (16–68) 40.6 ± 13.5 (15–65) 43.1 ± 13.8 (17–65) 0.794 0.453

Gender, female 51 (87.9) 162 (80.2) 43 (82.7) 1.847 0.438

Education, years 12.9 ± 2.7 (6–18) 12.9 ± 3.1 (3–20) 12.9 ± 3.2 (6–18) 0.004 0.996

BMI 22.2 ± 3.4 (15–35) 22.8 ± 3.4 (18–36) 22.1 ± 2.7 (17–29) 1.368 0.256

Type of migraine 2.799 0.243

Migraine with aura 2 (3.4) 20 (9.9) 6 (11.5)

Migraine without aura 56 (96.6) 182 (90.1) 46 (88.5)

Migraine chronicity 22.055 < 0.001

Episodic migraine 17 (29.3) 122 (60.4) 36 (69.2) a < b, c

Chronic migraine 41 (70.7) 80 (39.6) 16 (30.8) b, c < a

Family history of migraine 43 (74.1) 131 (64.9) 26 (50.0) 7.082 0.03

Medication overuse headache 13 (22.4) 20 (9.9) 4 (7.7) 7.786 0.032

Age at onset, years 28.3 ± 11.6 (8–50) 29.4 ± 12.5 (6–58) 34.4 ± 12.8 (14–60) 4.009 0.019 a, b < c

Disease duration, years 13.5 ± 8.9 (0.3–33) 11.2 ± 9.2 (0.3–42) 8.7 ± 8.8 (0.4–42) 3.951 0.02 c < a

VAS 8.6 ± 1.3 (5–10) 7.2 ± 2.4 (0–10) 7.1 ± 2.5 (0–10) 8.393 < 0.001 b, c < a

Aggravation by physical activity 50 (86.2) 123 (60.9) 23 (44.2) 21.597 < 0.001 c < b < a

Nausea and/or vomiting 48 (82.8) 174 (86.1) 46 (88.5) 0.764 0.704

MIDAS, days 40.7 ± 33.6 (0–180) 20.9 ± 25.6 (0–181) 15.8 ± 21.2 (0–120) 15.282 < 0.001 b, c < a

HIT-6 62.3 ± 7.6 (45–78) 57.7 ± 7.6 (38–78) 55.0 ± 8.0 (38–76) 13.243 < 0.001 b, c < a

PHQ-9 10.6 ± 6.1 (2–27) 5.9 ± 4.5 (0–27) 4.2 ± 4.4 (0–16) 27.919 < 0.001 b, c < a

GAD-7 7.6 ± 6.2 (0–21) 4.7 ± 4.4 (0–21) 3.1 ± 3.6 (0–16) 13.583 < 0.001 b, c < a

ISI 12.5 ± 6.7 (0–26) 8.3 ± 5.6 (0–26) 6.2 ± 5.3 (0–19) 18.216 < 0.001 c < b < a

FSS 4.4 ± 1.6 (1–7) 3.4 ± 1.5 (1–7) 3.4 ± 1.5 (1–7) 11.363 < 0.001 b, c < a

SH sensory hypersensitivities, BMI body mass index, VAS visual analog scale, MIDAS Migraine Disability Assessment Scale, HIT-6 Headache Impact
Test-6, PHQ-9 Patient Health Questionnaire-9, GAD-7 Generalized Anxiety Disorder-7, ESS Epworth Sleepiness Scale, ISI Insomnia Severity Index,
FSS Fatigue Severity Scale

*Fisher’s exact test or analysis of variance was applied to compare three groups. The Bonferroni correction was used for post-hoc comparisons
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completed the study. Among these patients, photophobia,
phonophobia, osmophobia, and allodynia were manifested in
157 (50.3%), 194 (62.2%), 149 (47.8%), and 58 (18.6%),
respectively.

The characteristics of migraine patients according to the
existence of SH are demonstrated in Table 1. Among patients,
58 (18.6%), 202 (64.7%), and 52 (16.7%) were allocated to
groups 1, 2, and 3, respectively. Among 58 allodynic patients,
allodynic symptoms were mild in 34 (58.6%), moderate in 10
(17.2%), and severe in 14 (24.1%). Age, gender, and educa-
tion among the groups were not different. However, signifi-
cant group differences were denoted in migraine chronicity,
family history of migraine, MOH, age at onset, disease dura-
tion, headache intensity, aggravation with physical activity,
and scores of the MIDAS, HIT-6, PHQ-9, GAD-7, ISI, and
FSS. In post hoc comparisons, the frequency of chronic mi-
graine (CM)was significantly higher in group 1 than in groups
2 or 3. The frequency of aggravation with physical activity
was the highest in group 1, followed by groups 2 and 3. Age at
onset was significantly higher in group 3 than groups 1 or 2.
Disease duration was significantly longer in group 1 than
group 3. Scores of the VAS, MIDAS, HIT-6, PHQ-9, GAD-
7, and FSS were significantly higher in group 1 than groups 2
or 3. The ISI score was the highest in group 1, followed by
groups 2 and 3.

TheMSQ scores by the presence of SH are demonstrated in
Fig. 1. Scores of the RF-R and RF-P dimensions were signif-
icantly lower in group 1 than in groups 2 or 3. The EF dimen-
sion score was the lowest in group 1, followed by groups 2
and 3.

Discussion

This study revealed that SH with allodynia was frequently ob-
served in patients with CM, family history of migraine, MOH,
earlier age at onset, longer disease duration, higher headache
intensity, and aggravation by physical activity. The degree of
depression, anxiety, insomnia, fatigue, and headache-related
disability were significantly higher in patients having SH with
allodynia than in other patients. In addition, patients having SH
with allodynia showed a significantly reduced QOL compared
with those having SH without allodynia or no SH.

Patients with migraine had increased sensitivity to visual,
auditory, and olfactory stimuli. Although allodynia was not
included in the diagnostic criteria, recent several studies have
emphasized the somatosensory system (allodynia) in migraine
patients [8, 25, 26]. Similar to previous studies, our study
indicates that allodynia is more frequent in CM than episodic
migraine (EM) [27]. It is also associated with the disease du-
ration and inadequate treatment response [27, 28]. In addition,
patients with allodynia tend to have more severe headache-
related disabilities than those without allodynia [8, 29]. This
association may explain the present findings that MOH and
higher headache intensity were observed in patients having
SH with allodynia than those without allodynia.

Several studies have investigated the relationship between
allodynia and psychiatric comorbidities in migraine patients.
Previous studies have reported that depression was a risk fac-
tor for allodynia, and that the degree of depressive symptoms
is associated with the severity of allodynia [8, 30]. In addition,
allodynia was associated with anxiety in migraine patients [6].
This study showed similar results in that the degree of depres-
sion and anxiety symptoms was significantly higher in pa-
tients having SH with allodynia than in those without
allodynia. This study also showed that the presence of SH
with allodynia was associated with the severity of insomnia
and fatigue. Some studies have revealed that allodynia was
associated with poor sleep quality and chronic fatigue syn-
drome (CFS) [12, 31]. The relationship between allodynia
and sleep quality may be bidirectional. Allodynia may induce
insomnia or frequent wakening during sleep, and poor sleep
quality may influence allodynia onset by central sensitization
mechanisms [12]. The presence of allodynia was related with
an increased risk of irritable bowel syndrome, fibromyalgia,
and CFS [31]. This relationship may explain the hypothesis
that central sensitization is a pathophysiological link [31].

Our study investigated the relationship between SH and
QOL in migraine patients. Patients having SH with allodynia
showed a significantly reduced QOL compared with those
without allodynia. This is a meaningful result that the presence
of allodynia had a negative effect on the QOL in this study.

This study has some limitations. First, eligible subjects
were recruited from a single tertiary hospital; therefore, the
results cannot be generalized. Second, we did not confirm

Fig. 1 Comparison of the mean MSQ score among patients who had SH
with allodynia (n = 58), SH without allodynia (n = 202), and no SH (n =
52). Three dimensional scores of the MSQ were significantly different
between groups. Error bars represent 95% confidence intervals. Analysis
of variance and post-hoc comparisons with the Bonferroni correction
were applied to measure the differences. *p < 0.01, **p < 0.001. MSQ
Migraine-Specific Quality of Life Questionnaire version 2.1, SH sensory
hypersensitivities, RF-R role function-restrictive, RF-P role function-pre-
ventive, EF emotional function
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the presence of headache at the moment of the examination.
Because allodynia can be present during the ictal phase, irre-
spective of headache chronicity, the concurrent headache
should be considered a critical factor for allodynia. Third,
ethnic differences could also limit the generalization of our
results; for example, our patients revealed a lower frequency
of allodynia than Western patients did. In addition, more than
half of allodynic patients in our study exhibited mild symp-
toms. Further studies to validate our results should be conduct-
ed in Western countries. Fourth, we asked patients about SH
during migraine attacks. However, those symptoms can also
occur between migraine attacks. Interictal symptoms may in-
duce different results regarding clinical significance.

Conclusions

Migraine patients exhibit increased responsiveness to sensory
stimuli, which is explained by central sensitization. Although
allodynia is not a diagnostic criterion of migraine, this study
showed that the presence of SH with allodynia was signifi-
cantly associated with clinical variables, psychosomatic
symptoms, and impaired QOL in migraine patients. As SH
with allodynia may reflect a poor clinical outcome of mi-
graine, it would be better for clinicians to cope actively with it.
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