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Most Bothersome Symptom in Persons With Migraine: Results 
From the Migraine in America Symptoms and Treatment 

(MAST) Study

Sagar Munjal, MD, MS; Preeti Singh, MD; Michael L. Reed, PhD; Kristina Fanning, PhD; Todd J. Schwedt, MD; 
David W. Dodick, MD; Dawn C. Buse, PhD; Richard B. Lipton, MD

Objectives.—The objectives of this study were to determine the rates of nausea, phonophobia, and photophobia reported 
overall and as the most bothersome symptom (MBS) in individuals with migraine and to identify individual characteristics  
associated with each of the 3 candidate MBSs.

Background.—The MBS has emerged as an important coprimary efficacy endpoint in clinical trials of acute treatments 
for migraine, as recommended by the Food and Drug Administration. The current understanding of how persons with migraine 
designate an associated symptom as the most bothersome has been assessed primarily in the context of randomized trials.

Methods.—Respondents (n  =  95,821) in the cross-sectional, observational Migraine in America Symptoms and Treatment 
(MAST) study were adults (aged ≥18  years) recruited from a US nationwide online research panel. A validated diagnostic 
screener identified 15,133 individuals who met modified International Classification of Headache Disorders (ICHD)-3 beta 
criteria for migraine and reported at least 1 monthly headache day (MHD) over the previous 3  months. The survey ascertained 
sociodemographic variables, headache-related disability, MHDs, cutaneous allodynia, medication overuse, a migraine symptom 
severity score, pain interference, noncephalic pain, anxiety and depression symptoms, visual aura over the previous year, and 
acute treatment optimization. The current analysis is based on respondents who also completed a 6-month follow-up assessment 
that included questions about their most bothersome headache symptom.

Results.—A total of 7518 respondents completed the 6-month follow-up, and 6045 met inclusion criteria and were included 
in the analysis. The mean age of respondents was 47 (SD 13.4) years, 76.0% (4596/6045) were women, and 84.8% (5103/6017) 
were white. Among all respondents, 64.9% reported all 3 migraine symptoms. The MBS was photophobia in 49.1% (2967/6045), 
nausea in 28.1% (1697/6045), and phonophobia in 22.8% (1381/6045). Respondents reporting photophobia as the MBS were 
more likely to be men, to be obese, and to report visual aura. Those reporting nausea as the MBS were more likely to be 
women, to have lower incomes, and to report lower levels of treatment optimization. Respondents reporting phonophobia as the 
MBS were more likely to have cutaneous allodynia and less likely to have visual aura.

Conclusion.—Most people with migraine in the MAST observational study reported all 3 cardinal symptoms of nausea, 
photophobia, and phonophobia. As in clinical trials, the most common MBS was photophobia. Patient profiles differed among 
the groups defined by their MBS.

Key words: migraine, epidemiology, coprimary endpoints, most bothersome symptom

From Promius Pharma, Princeton, NJ, USA (S. Munjal and P. Singh); Vedanta Research, Chapel Hill, NC, USA (M.L. Reed 
and K. Fanning); Mayo Clinic, Scottsdale, AZ, USA (T.J. Schwedt and D.W. Dodick); Albert Einstein College of Medicine, Bronx, 
NY, USA (D.C. Buse and R.B. Lipton).

Address all correspondence to S. Munjal, Promius Pharma, 107 College Road East, Princeton, NJ 08540, USA, email: smunjal@drreddys.com

This is an open access article under the terms of the Creat ive Commo ns Attri butio n-NonCo mmerc ial-NoDerivs License, which 
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no  
modifications or adaptations are made.

Accepted for publication October 29, 2019.

Headache  
© 2019 Promius Pharma. Headache: The Journal of Head and Face Pain  doi: 10.1111/head.13708
published by Wiley Periodicals, Inc., on behalf  of American Headache Society Published by Wiley Periodicals, Inc.

ISSN 0017-8748

mailto:
mailto:smunjal@drreddys.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


Headache 417

Abbreviations:  AMPP American Migraine Prevalence and Prevention, AMS American Migraine Study, ASC-12 Allodynia 
Symptom Checklist, ICHD International Classification of  Headache Disorders, MAST Migraine in America 
Symptoms and Treatment, MBS most bothersome symptom, MHD monthly headache day, MIDAS Migraine 
Disability Assessment Scale, MSSS Migraine Symptom Severity Score, mTOQ Migraine Treatment 
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INTRODUCTION
Migraine without aura is diagnosed based on the 

presence of at least 2 of 4 pain characteristics and on 
the presence of cardinal-associated symptoms: nausea 
or vomiting or both photophobia and phonophobia.1 
Traditional efficacy evaluations in clinical trials of 
acute migraine treatments have focused on ratings of 
headache pain, nausea, photophobia, and phonopho-
bia as coprimary efficacy endpoints.2 This approach 
was based on the assumption that migraine is a symp-
tom complex. It is difficult to demonstrate that treat-
ment relieves a symptom if  that symptom is not present 
prior to treatment. To ensure that the target associated 

symptoms are present before investigational treatment 
is administered, the US Food and Drug Administration 
provide alternative criteria for establishing efficacy in 
clinical trials of acute treatments. In the alternative 
method, 2 coprimary endpoints – 2-hour pain freedom 
and 2-hour freedom from the most bothersome symp-
tom (MBS), as designated at screening or immediately 
prior to treatment2 – are required instead of 4. By  
removing the need to show significant differences from 
placebo on 4 coprimary endpoints, the new approach 
also reduces sample size requirements and increases 
power to detect change relative to trials conducted 
under the older guidance.3,4
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Though multiple acute treatment studies have 
been conducted using 2-hour MBS freedom as a  
coprimary endpoint,5-17 we are not aware of data on 
MBS in nationally representative samples of people 
with migraine. The Migraine in America Symptoms 
and Treatment (MAST) Study was designed to assess 
current patterns of consultation, diagnosis, and treat-
ment in a large representative sample of people with 
migraine in the United States.18,19 The MAST study 
also assessed the frequency of the cardinal associated 
symptoms and asked respondents to identify their 
MBS in the 6-month follow-up survey.

The current study in a US population sample of 
adults with migraine had 2 objectives. First, we tried to 
determine the rates of reporting nausea, phonophobia, 
and photophobia by persons with migraine, as well as 
the rates at which each of these symptoms are selected 
as the MBS. Second, we sought to identify individual 
and headache characteristics associated with designa-
tion of a particular MBS.

METHODS
Study Design.—Details of the MAST study meth-

ods are available elsewhere.18 In brief, MAST is a 
cross-sectional observational study of US adults who 
were screened for migraine and monthly headache 
frequency. Baseline data collection occurred between 
October 2016 and January 2017. A power analysis 
was not implemented, but the sampling plan was in-
tended to provide sufficient numbers of persons with 
migraine to characterize migraine population sub-
groups of interest, such as acute medication users and 
those with frequent attacks. The study used stratified 
sampling to establish a final sample that was demo-
graphically representative of the US adult population 
based on sex, age, household income, race, marital sta-
tus, and US Census region. Sample demographics were 
maintained within 5% of those reported in the 2015 US 
Census. Six- and 12-month longitudinal samples were 
also obtained.

Recruiting and Inclusion Criteria.—A representative  
sample of panel members (from Research Now, Pla-
no, TX, USA) was invited to participate in a survey 
about health. Volunteers provided written informed 
consent. After consenting, volunteers provided socio-
demographics and if they endorsed headache or  

migraine from a list of health problems, they were pre-
sented with the validated American Migraine Study 
(AMS)/American Migraine Prevalence and Prevention 
(AMPP) Study diagnostic migraine screening module 
that used modified International Classification of Head-
ache Disorders (ICHD)-3 beta migraine criteria.20-22 The 
AMS/AMPP diagnostic screening module 23,24 is based 
on self-report of symptoms associated with respondents’ 
most severe headache and captures pain characteristics 
(unilateral location, pulsating/throbbing quality, moderate 
to severe intensity, exacerbation by routine activity) and 
associated symptoms (nausea, phonophobia, and pho-
tophobia). It has a sensitivity of 100% and specificity of 
82% for migraine.25 To minimize false positives, respon-
dents also had to satisfy headache frequency criteria of 
3 or more monthly headache days (MHDs) in the past 
3 months and at least 1 MHD in the past 30 days. Respon-
dents meeting migraine symptom criteria and headache 
frequency criteria (N = 15,133) were included in the base-
line cohort. All 15,133 MAST baseline respondents were 
invited to complete the 6-month follow-up survey.

The MAST Study protocol was reviewed by Ethical 
and Independent Review Services (Independence, MO, 
USA), which granted an exemption under (45 CFR 
46.101 [2]) and certified the exemption status (#16106-
01) on August 31, 2016.

Main Outcome of Interest.—Respondents met 
migraine criteria, which meant that they endorsed 
either nausea and/or photophobia and phonophobia 
at a symptom frequency of at least half  the time or 
more with their headaches. They were asked the fol-
lowing question to indicate their MBS: “Over the last 
3 months, which of the following has been the single 
MBS when you have it with your headaches (before you 
take any medication)?” Respondents could select only 1 
response. Respondents whose only associated symptom 
was nausea (ie, no photophobia or phonophobia) were 
assigned nausea as their MBS.1 Respondents with more 
than 1 associated symptom were asked to select their 
MBS. In addition, the presence of each symptom 
occurring at least half  the time or more and the num-
ber of symptoms (out of the 3 symptoms of interest) 
occurring at least half  the time or more is reported.

Assessments.—Respondent sex (men, women); age 
(years); total annual household income (<$25,000, 
$25,000-$49,999, $50,000-$74,999, $75,000-$99,999, 
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≥$100,000); and race (white or not white) were 
obtained from single, self-report items. Body mass 
index (BMI) was calculated using the standard 
formula, and respondents were categorized as under-
weight (<18.5), normal weight (18.5-24.9), overweight 
(25.0-29.9), or obese (≥30.0).

The MAST Study assessment used validated instru-
ments where available. Migraine-related disability was 
assessed with the Migraine Disability Assessment 
(MIDAS) questionnaire, a 5-item scale assessing 
missed and reduced productivity days at work, school, 
or home during the previous 3  months due to head-
ache. Missed and reduced productivity days items were 
summed and grouped to identify disability by 4 grades: 
little or none (score of 0-5), mild (score of 6-10), mod-
erate (score of 11-20), and severe (score of ≥21).

Headache frequency was measured by MHDs, 
which were calculated by summing responses about the 
number of headache days (affected by headache for all 
or part of the day) over the past 3 months and then 
dividing the result by 3.

Cutaneous allodynia was identified using the 
Allodynia Symptom Checklist (ASC-12), a validated 
12-item questionnaire.26 Response options were scored 
as 0 for never or rarely, 1 for less than half  the time, 
and 2 for half  the time or more. Scores range from 0 to 
24 with respondents classified in categories; none (0-2), 
mild (3-5), moderate (6-8), and severe (9 or more). A 
sum score cut point of at least 3 was used to define 
the presence of cutaneous allodynia. Respondents with 
ASC-12 scores below 3 were classified as not having 
allodynia.

Assessment of medication overuse relied on 
ICHD-3 beta criteria,20 and medication overuse was 
considered present if  respondents reported using a 
triptan, opioid, barbiturate, combination analgesic, or 
ergot alkaloid on at least 10 days in the past month or a 
nonsteroidal anti-inflammatory drug or simple analge-
sic on 15 or more days in the past month. These criteria 
are conservative in that we could not assess potential 
overuse if  respondents reported the use of multiple 
classes of medication.

The Migraine Symptom Severity Score (MSSS) is 
a composite index that incorporates information about 
the 7 ICHD-3 headache criteria (unilateral pain, pul-
satile pain, moderate, or severe pain intensity, routine 

activities worsen pain, nausea, photophobia, and pho-
nophobia). Respondents were asked to “describe the 
pain and other symptoms you have with your head-
aches,” and response options included never, less than 
half  the time, half  the time or more, or all or nearly 
all the time. The overall MSSS score ranges from 0 to 
21; it was calculated by adding scores ranging from 0 
to 3 for each of the 7 headache features assessed. The 
MSSS was evaluated as a continuous score.

The Patient Reported Outcomes Measurement 
Information System (PROMIS) pain interference scale 
includes 6 items assessing pain interference related to 
bodily pain and headaches.27,28 Response options for 
5 of the items were not at all, a little bit, somewhat, 
quite a bit, and very much; for the sixth item, response 
options were never, rarely, sometimes, often, and always. 
Responses were given a value of 1 to 5, and total scores 
were computed by summing responses to the 6 items. 
Total scores were then transformed into T-scores with 
mean of 50 and standard deviation (SD) of 10. Higher 
scores indicate greater pain interference, and scores 
above 50 are worse than the average population.

Pain data were collected using the Total Pain Index 
(TPI).29 The validated TPI assessed pain frequency and 
intensity in 8 specified body regions (ie, head, face, neck 
or shoulders, back, arms or hands, legs or feet, chest, 
abdomen, or pelvis) over the preceding 3 months. Pain 
frequency responses were scored as 0% for none of the 
time, 10% for a slight bit of time, 35% for some of the 
time, 75% for most of the time, and 100% for all of 
the time.  The pain frequency percents were then mul-
tiplied by 11-point pain intensity ratings (0 = no pain 
through 10 = worst possible pain imaginable) for each 
body region. Total Pain Index is sum of location spe-
cific pain indexes, which yielded a score from 0 to 80.

Two subscales (depression and anxiety) of the val-
idated 4-item Patient Health Questionnaire (PHQ-4)30 
were used to assess probable depression and/or anxiety 
separately. Response options for PHQ-4 were not at all 
(none = 0), several days (mild = 1), more than half  the 
days (moderate = 2), and nearly every day (severe =3). 
Depression and anxiety subscale sum scores ranging 
from 0 to 6 were calculated by assigning scores of  
0 to 3 to each item. On each subscale, a score of  ≥3 
was considered positive for screening purposes. These 2 
variables were analyzed as dichotomous variables.
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Visual aura (past 12 months) was considered pres-
ent if  a respondent (1) reported a full or partial loss 
of vision and/or seeing stars, lines, flashing lights, zig-
zag lines, or heat waves; (2) experienced these visual 
changes at least once in the past 12  months; and (3) 
had vision changes spread slowly over a period of min-
utes or come on all at once.

Acute treatment optimization was evaluated with 
the Migraine Treatment Optimization Questionnaire 
(mTOQ). Four of the 6 items are used to estimate treat-
ment optimization: functional ability, pain freedom 
within 2 hours of treatment, sustained relief, and tol-
erability. Respondent answers of never, rarely, less than 
half  the time, and half  the time or more were assigned 
scores of 0, 0, 1, and 2, respectively. Total scores were 
calculated by summing responses to the 4 items and 
based on total score, respondents were classified as 
having very poor (0), poor (1-5), moderate (6-7), or 
maximum (8) treatment optimization.31

Analysis Sample.—This analysis was implement-
ed among respondents who completed the MAST 
6-month follow-up study (N  =  7518), requalified to 
meet ICHD-3 beta migraine criteria, and had qual-
ifying symptom responses indicating frequency of 
nausea, or photophobia and phonophobia occurring 
with headaches less than half  the time, half  the time or 
more, or all or nearly all the time (n = 6045).

Statistical Analysis.—Percentages were used to 
describe dichotomous variables (sex, race, presence of 
allodynia, presence of probable depression and/or anx-
iety, medication overuse, and aura) and categorical 
variables (age, household income, BMI, headache dis-
ability, MHDs, mTOQ, and headache symptoms). 
Means (SD) were used to report normally distributed 
continuous variables (age, BMI) and medians (Q1, Q3) 
were used to summarize variables that were not normal-
ly distributed (MSSS, PROMIS pain interference, and 
TPI). Chi-square tests were used to test differences 
(P < .05) for dichotomous or categorical variables. To 
evaluate differences (P < .05) for normally distributed 
continuous variables F-statistics were used and Mood’s 
median test was used to evaluate differences (P < .05) 
for non-normally distributed continuous variables.

Three binary logistic models were run with each of 
the 3 candidate MBSs (nausea, photophobia, and pho-
nophobia) as the binary outcome. The objective of this 

modeling was to identify the respondent characteristics 
associated with each of the MBSs, after adjusting for 
significant covariates. Preliminary models were con-
ducted by entering variables in the following blocks: 
sociodemographics (sex, age, income, race, BMI); head-
ache and respondent characteristics (MIDAS, MHDs, 
allodynia, medication overuse, MSSS, PROMIS, TPI); 
psychological symptoms (probable anxiety/depres-
sion); aura; and treatment optimization (mTOQ). 
After each block of variables was entered, noncon-
tributing variables were eliminated. Only variables that 
were significant in 1 or more of the nested models were 
included in a final model for each MBS group, where 
all variables were entered simultaneously.

Odds ratios (OR) and 95% confidence intervals 
(CI) are provided. P values less than .05 were consid-
ered statistically significant. Online data collection 
methods minimized missing data such that imputa-
tion was not required. All analyses were performed in 
IBM SPSS Statistics, version 20.0 (IBM, Armonk, NY; 
2011).

RESULTS
Sampling Results and Demographics.—Except where  

otherwise noted percentages are based on n  =  6045 
study respondents. Collection of 6-month follow-up 
data from MAST respondents was undertaken 
between April and August 2017. All 15,133 MAST 
baseline respondents were invited to participate in the 
6-month follow-up survey; 50% (7518/15,133) com-
pleted the survey and provided usable data; and 80.4% 
(6045/7518) continued to meet migraine symptom cri-
teria and were included in this analysis. The sample was 
76.0% (4596/6045) women, with a mean ( SD) age of 47 
(13.4) years (Table 2).

Frequency and Distribution of Migraine Associated 
Symptoms and MBS.—Nausea was reported less than 
half  the time or more often with headache by 75.7% 
(4578/6045) of respondents, photophobia by 92.3% 
(5582/6045), and phonophobia by 92.5% (5589/6045). 
In total, 4.3% (262/6045) of the sample endorsed 
exactly 1 of the 3 cardinal associated symptoms  
(nausea by definition), 30.8% (1862/6045) endorsed 
exactly 2 symptoms, and 64.9% (3921/6045) endorsed 
all 3 symptoms. Just under half  of the sample (49.1%, 
2967/6045) designated photophobia as their MBS, 
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28.1% (1697/6045) designated nausea as the MBS, and 
22.8% (1381/6045) designated phonophobia as the 
MBS (Table 1). The group designating photopho-
bia as the MBS had the lowest proportion of women 
(72.9%, 2164/2967, χ2 = 31.86, P < .001) and they tend-
ed to have higher incomes (χ2 = 16.11, P = .041) and 
be more represented in the overweight and obese BMI 
categories (χ2 = 24.22, P < .001). There were no statis-
tically significant differences among MBS groups with 
respect to race (Table 2).

Respondent headache attack characteristics by 
designated MBS are provided in Table 3. Migraine-
related disability was common, with 18% (1087/6045) 
of respondents reporting mild disability on MIDAS 
and 26.6% (1606/6045) experiencing severe disabil-
ity, but differences across MBS groups were not sig-
nificant. Almost two-thirds of the sample (60.3%, 
3644/6045) had a headache frequency of 0 to 4 MHDs 
over the previous 3  months, and 10.9% (657/6045) 
reported ≥15 MHDs, indicative of chronic migraine. 
Overall MHD rates among MBS groups were similar. 
More than one-third of the sample (36.7%, 2221/6045) 
had mild, moderate, or severe cutaneous allodynia, 
and 6.5% (395/6045) had severe cutaneous allodynia. 
Rates of cutaneous allodynia were comparable among 
the 3 MBS groups. Medication overuse was common 

(19.2%, 1119/5814) and similar across the 3 MBS 
groups (χ2 = 3.03, P = .220). The MSSS for the sample 
was 18 ( Q1 15, Q3 19), and those designating phono-
phobia as the MBS had slightly lower median MSSS 
scores (17, Q1 15, Q3 19) than those in the nausea and 
photophobia groups, although this small difference 
may or may not be clinically meaningful (median test 
χ2 = 19.59, P < .001).

The median PROMIS pain interference score for 
the sample was 59.1 (Q1 55, Q3 63.6), and a statisti-
cally significant difference among MBS groups was 
observed (nausea 59.1, photophobia 58.1, phonopho-
bia 59.1; median test χ2 = 8.28, P = .016). The overall 
sample had a median noncephalic pain rating (TPI) 
of  8.7 (Q1 4.3, Q3 15.9), and median scores were sim-
ilar across the 3 MBS groups (median test χ2 = 2.62, 
P = .270). About one-quarter of  respondents (27.0%, 
1633/6045) had probable anxiety, and the highest rates 
of  anxiety were reported by respondents designating 
phonophobia as the MBS (29.3%, 405/1381), though 
this did not reach statistical significance (χ2  =  5.94, 
P  =  .051). A total of  20% (1209/6045) of  respon-
dents had probable depression, but rates did not differ 
across MBS groups (χ2 = 2.86, P = .240). About 23% 
(1379/6045) of  the sample had aura, and the rate of 
aura was highest in the photophobia group (25.5%, 
757/2967), followed by nausea (20.6%, 349/1697) and 
phonophobia (19.8%, 273/1381) (χ2 = 24.43, P < .001). 
Treatment optimization was poor or very poor in 
about 35% (2049/5814) of  the sample, and there was 
less treatment optimization in the nausea MBS group 
(χ2 = 16.63, P = .011).

Binary Logistic Models.—Logistic modeling results 
for each of the 3 cardinal symptoms are provid-
ed in Table 4. Initial models included all covariates, 
but the following variables were eliminated from the 
final model estimates because they did not significant-
ly contribute to predicting the presence of the selected 
MBS: MIDAS, MHD frequency, medication overuse, 
MSSS, PROMIS Pain Interference, TPI, PHQ-2 anxi-
ety, and PHQ-2 depression. Age and sex were retained 
in all the models. The nausea MBS model found that 
men were less likely than women to designate nausea 
as their MBS (OR .77, 95% CI .66, .89). No age or race 
effects were seen. Compared with the reference group 
earning less than $25,000 per year, those in the $25,000 

Table 1.—Frequency and Distribution of  Associated 
Symptoms and MBS

N = 6045 n (%)

Overall symptom reporting
Nausea 4578 (75.7)
Photophobia 5582 (92.3)
Phonophobia 5589 (92.5)

Number of associated symptoms
1† 262 (4.3)
2 1862 (30.8)
3 3921 (64.9)

Symptom designated as MBS
Nausea 1697 (28.1)
Photophobia 2967 (49.1)
Phonophobia 1381 (22.8)

†Having only 1 symptom is only possible if  that symptom 
is nausea because according to ICHD-3 either nausea or 
photophobia and phonophobia were required to meet the 
migraine case definition.
MBS = most bothersome symptom.
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to $49,000 (OR .79, 95% CI .64, .97) and $75,000 to 
$99,000 (OR .70, 95% CI .56, .87) income groups were 
less likely to designate nausea as their MBS. Compared 
with respondents in the normal BMI group, those in the 
underweight group were 46% more likely to designate 
nausea as the MBS (OR 1.46, 95% CI 1.02, 2.08), and 
those in the overweight (17%) and obese (20%) groups 
were less likely to designate nausea as MBS (OR .83, 
95% CI .71, .96) and (OR .80, 95% CI .70, .93), respec-
tively. The presence of aura was associated with a 19% 
decrease in the likelihood of designating nausea as the 
MBS (OR .81, 95% CI .71, .94). Relative to individuals 
with maximum treatment optimization, the reference 
group, the odds of designating nausea as the MBS were 
elevated as treatment optimization decreased (moder-

ate OR 1.20, 95% CI 1.03, 1.40; poor OR 1.22, 95% CI 
1.06, 1.41; very poor OR 1.49, 95% CI 1.11, 1.99).

In the model for photophobia, men were 32% more 
likely than women to designate photophobia as their 
MBS (OR 1.32, 95% CI 1.16, 1.50). No age or race 
effects were observed. The odds of designating photo-
phobia as the MBS were higher as income increased 
but this was only significant in the $75,000 to $99,000 
group (OR 1.31, 95% CI 1.07, 1.60). For BMI, com-
pared with persons in the normal range, only obese 
respondents were significantly more likely to designate 
photophobia as the MBS (OR 1.18, 95% CI 1.04, 1.35). 
Aura was associated with a 40% increase in designating 
photophobia as MBS (OR 1.40, 95% CI 1.24, 1.59). 
For treatment optimization, relative to individuals with 

Table 2.—Respondent Sociodemographic Characteristics by Most Bothersome Symptom

Most Bothersome Symptom

Total χ2/F P ValueNausea Photophobia Phonophobia

Total sample, n (%) 1697 (28.1) 2967 (49.1) 1381 (22.8) 6045 (100)
Sex, n (%)

Men 343 (20.2) 803 (27.1) 303 (21.9) 1449 (24.0) 31.86 <.001
Women 1354 (79.8) 2164 (72.9) 1078 (78.1) 4596 (76.0)

Age, mean (SD), years 46 (13.3) 47 (13.6) 47 (13.1) 47 (13.4) 5.35 .005
Age group, years, n (%)

18-24 63 (3.7) 97 (3.3) 47 (3.4) 207 (3.4) 16.95 .075
25-34 333 (19.6) 549 (18.5) 232 (16.8) 1114 (18.4)
35-44 417 (24.6) 651 (21.9) 350 (25.3) 1418 (23.5)
45-54 422 (24.9) 752 (25.3) 364 (26.4) 1538 (25.4)
55-64 287 (16.9) 570 (19.2) 233 (16.9) 1090 (18.0)
≥65 175 (10.3) 348 (11.7) 155 (11.2) 678 (11.2)

Annual household income† , n (%)
<$25,000 232 (14.0) 322 (11.1) 161 (11.9) 715 (12.1) 16.11 .041
$25,000-$49,999 336 (20.3) 603 (20.9) 281 (20.7) 1220 (20.7)
$50,000-$74,999 382 (23.1) 621 (21.5) 317 (23.3) 1320 (22.4)
$75,000-$99,999 262 (15.9) 552 (19.1) 240 (17.7) 1054 (17.9)
>$100,000 440 (26.6) 790 (27.4) 359 (26.4) 1589 (26.9)

Race‡ , n (%)
Not white 273 (16.2) 424 (14.4) 217 (15.8) 914 (15.2) 3.21 .201
White 1415 (83.8) 2529 (85.6) 1159 (84.2) 5103 (84.8)

BMI, kg/m2, mean (SD) 27.7 (7.1) 28.6 (7.5) 28.4 (7.7) 28.3 (7.5) 8.48 <.001
BMI category, n (%)

Underweight 61 (3.6) 60 (2.0) 32 (2.3) 153 (2.5) 24.22 <.001
Normal 655 (38.6) 1008 (34.0) 487 (35.3) 2150 (35.6)
Overweight 463 (27.3) 902 (30.4) 411 (29.8) 1776 (29.4)
Obese 518 (30.5) 997 (33.6) 451 (32.7) 1966 (32.5)

†Among n = 5898 respondents with household income data.
‡Among n = 6017 respondents with race data.
BMI = body mass index.
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Table 3.—Migraine-Related Disability, Headache Frequency, Cutaneous Allodynia, Medication Overuse, Aura, Acute 
Treatment Optimization, and Psychiatric Comorbidity by Most Bothersome Symptom

 

Most Bothersome Symptom

Total χ2 P ValueNausea Photophobia Phonophobia

Total sample, n (%) 1697 (28.1) 2967 (49.1) 1381 (22.8) 6045 (100.0)    
Migraine-related disability,a  n (%)

Little or no 635 (37.4) 1136 (38.3) 481 (34.8) 2252 (37.3) 9.05 .171
Mild 304 (17.9) 513 (17.3) 270 (19.6) 1087 (18.0)    
Moderate 301 (17.7) 557 (18.8) 242 (17.5) 1100 (18.2)    
Severe 457 (26.9) 761 (25.6) 388 (28.1) 1606 (26.6)    

Headache frequency,b  days per month, n (%)
0-4 1015 (59.8) 1822 (61.4) 807 (58.4) 3644 (60.3) 9.85 .131
5-9 352 (20.7) 574 (19.3) 291 (21.1) 1217 (20.1)    
10-14 161 (9.5) 255 (8.6) 111 (8.0) 527 (8.7)    
≥15 169 (10.0) 316 (10.7) 172 (12.5) 657 (10.9)    

Cutaneous allodynia,c  n (%)
None 1094 (64.5) 1899 (64) 831 (60.2) 3824 (63.3) 10.30 .113
Mild 324 (19.1) 580 (19.5) 317 (23.0) 1221 (20.2)    
Moderate 174 (10.3) 293 (9.9) 138 (10.0) 605 (10.0)    
Severe 105 (6.2) 195 (6.6) 95 (6.9) 395 (6.5)    

Medication overuse,d  yes, n (%) 315 (19.3) 527 (18.5) 277 (20.8) 1119 (19.2) 3.03 .220
Migraine symptom severity,e   

median (Q1,Q3)
18 (15,20) 18 (16,19) 17 (15,19) 18 (15,19) 19.59f <.001

Pain interference,g  median  
(Q1,Q3) 0-100

59.1 (53.8, 63.6) 58.1 (53.8, 63.6) 59.1 (55, 63.6) 59.1 (55,63.6) 8.28f .016

Total pain,h   
median (Q1,Q3)

8.8 (4.2, 16.2) 8.45 (4.1, 15.3) 9.1 (4.9, 16.6) 8.7 (4.3, 15.9) 2.62f .270

Anxiety,i  n (%) 462 (27.2) 766 (25.8) 405 (29.3) 1633 (27.0) 5.94 .051
Depression,i  n (%) 342 (20.2) 571 (19.2) 296 (21.4) 1209 (20.0) 2.86 .240
Past year visual aura, n (%)

Absent 1348 (79.4) 2210 (74.5) 1108 (80.2) 4666 (77.2) 24.43 <.001
Present 349 (20.6) 757 (25.5) 273 (19.8) 1379 (22.8)    

Acute treatment optimization,j  n (%)
Very poor 85 (5.2) 97 (3.4) 62 (4.6) 244 (4.2) 16.63 .011
Poor 526 (32.3) 885 (31.1) 394 (29.5) 1805 (31.0)    
Moderate 409 (25.1) 680 (23.9) 322 (24.1) 1411 (24.3)    
Maximum 610 (37.4) 1188 (41.7) 556 (41.7) 2354 (40.5)    

aBased on MIDAS, sum of missed and reduced productivity days, categories: little or no (0-5), mild (6-10), moderate (11-20), and severe 
(≥21) disability.
bMonthly headache days over the past 90 days, divided by 3.
cResponses to 12 ASC questions scored as 0 (never or rarely), 1 (less than half  the time), and 2 (half  the time or more), and summed 
(range 0-24), categories: none (0-2), mild (3-5), moderate (6-8), and severe (9 or more).
dAmong n=5814 respondents with medication overuse data.
eBased on MSSS of 7 items, range 0 to 21.
fMedian test chi-square test statistic.
gBased on PROMIS pain interference scale, extent to which pain hinders engagement with social, cognitive, emotional, physical, and 
recreational activities, as well as sleep and enjoyment in life.
hBased on TPI, pain frequency and intensity in the head, face, neck/shoulder, back, arm/hand, legs/feet, and chest abdomen/pelvis.
iBased on PHQ-4, Depression and anxiety subscale sum scores (range 0-6), ≥3 considered positive for screening purposes.
jBased on mTOQ, responses to 4 questions scored as 0 (never or rarely), 1 (less than half  the time), and 2 (half  the time or more) and 
summed (range 0-8), categories: very poor (0), poor (1-5), moderate (6-7), or maximum (8) treatment optimization. Among n = 5814 
respondents with mTOQ data.
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maximum treatment optimization, those in the very 
poor category were 31% less likely to designate photo-
phobia as the MBS (OR .69, 95% CI .52, .92); the ORs 
for the other categories were nonsignificant (Table 4).

In the model for phonophobia as the MBS, sex, 
age, household income, race, BMI, and treatment opti-
mization were not significant predictors. The presence 
of cutaneous allodynia was associated with a 24% 
increase in the likelihood of designating phonophobia 

as the MBS (OR 1.24, 95% CI 1.08, 1.41), and the pres-
ence of aura was associated with a 22% decrease in the 
likelihood of designating phonophobia as the MBS 
(OR .78, 95% CI .67, .91) (Table 4).

DISCUSSION
This study was conducted to determine the relative 

rates of reporting nausea, photophobia, and phono-
phobia overall and in identifying a single MBS in a 

Table 4.—Logistic Models Predicting Nausea, Photophobia and Phonophobia as the Most Bothersome Symptom Using 
Demographic and Headache Characteristics as Predictors (N = 6045)

Total Sample, n (%)

Nausea Photophobia Phonophobia

1697 (28.1) 2967 (49.1) 1381 (22.8)

P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI)

Men† <.001 .77 (.66, .89) <.001 1.32 (1.16, 1.50) .182 .90 (.77, 1.05)
Age,‡  years

25-34 .584 1.10 (.77, 1.57) .959 .99 (.72, 1.37) .589 .90 (.61, 1.33)
35-44 .659 1.08 (.76, 1.54) .255 .83 (.6, 1.15) .394 1.18 (.80, 1.73)
45-54 .846 1.04 (.73, 1.47) .501 .90 (.65, 1.24) .568 1.12 (.76, 1.64)
55-64 .813 1.04 (.73, 1.50) .967 1.01 (.72, 1.40) .748 .94 (.63, 1.39)
≥65 .944 .99 (.68, 1.44) .942 .99 (.70, 1.39) .898 1.03 (.68, 1.55)

Annual household income§ 
$25,000-$49,999 .026 .79 (.64, 97) .089 1.18 (.97, 1.43) .695 1.05 (.83, 1.32)
$50,000-$74,999 .159 .86 (.70, 1.06) .601 1.05 (.87, 1.27) .365 1.11 (.89, 1.39)
$75,000-$99,999 .001 .70 (.56, 87) .008 1.31 (1.07, 1.6) .784 1.03 (.82, 1.31)
>$100,000 .055 .82 (.67, 1.00) .107 1.17 (.97, 1.41) .870 1.02 (.82, 1.27)

Not white¶ .381 1.08 (.91, 1.27) .192 .91 (.78, 1.05) .550 1.05 (.89, 1.25)
BMI category†† 

Underweight .040 1.46 (1.02, 2.08) .191 .79 (.55, 1.13) .461 .85 (.55, 1.31)
Overweight .012 .83 (.71, 96) .113 1.11 (.97, 1.27) .410 1.07 (.91, 1.25)
Obese .003 .80 (.70, 93) .012 1.18 (1.04, 1.35) .859 1.01 (.87, 1.18)

Cutaneous allodynia‡‡ .066 .89 (.78, 1.01) .311 .94 (.84, 1.06) .002 1.24 (1.08, 1.41)
Past year visual aura§§ .005 .81 (.71, 94) <.001 1.4 (1.24, 1.59) .001 .78 (.67, 91)
Acute treatment optimization¶¶ 

Moderate .017 1.20 (1.03, 1.40) .174 .91 (.79, 1.04) .362 .93 (.79, 1.09)
Poor .006 1.22 (1.06, 1.41) .382 .94 (.83, 1.07) .061 .86 (.74, 1.01)
Very poor .007 1.49 (1.11, 1.99) .010 .69 (.52, 92) .850 1.03 (.75, 1.41)

†Women reference group.
‡18 to 24 years reference group.
§<$25,000 reference group.
¶White reference group.
††Normal reference group.
‡‡Allodynia present (mild, moderate, or severe); none reference group.
§§<2 times past year reference group.
¶¶Maximum treatment optimization reference group.
Several covariates that were included in initial models did not significantly contribute and were trimmed from final models: MIDAS, 
MHDs, medication overuse, MSSS, PROMIS pain interference, TPI, PHQ-2 anxiety, PHQ-2 depression.
BMI = body mass index.



Headache 425

representative US sample of persons with migraine, as 
well as to identify the sociodemographic characteris-
tics and headache features associated with designating 
these cardinal symptoms as the MBS. Among respond-
ents with migraine in the MAST sample, almost two-
thirds (64.9%, 3921/6045) reported all 3 associated 
symptoms, 30.8% (1862/6045) experienced 2 cardinal 
symptoms, and 4.3% (262/6045) experienced nausea 
as the sole cardinal symptom. The most commonly 
designated most bothersome symptom was photopho-
bia (49.1%, 2967/6045), followed by nausea (28.1%, 
1697/6045) and phonophobia (22.8%, 1381/6045). 
This result differs somewhat from other observational 
research,32 where nausea (plus vomiting in the same 
response option) was selected as “... the MBS during 
a migraine attack” by 39.5% of men and 48.4% of 
women. Vomiting is less common than nausea but may 
be debilitating. We hypothesize that combining nausea 
and vomiting in the same response option may have 
inflated reporting of nausea symptom bothersomeness 
in this earlier work.

Findings from the current study align with 
results of clinical trials using MBS as a coprimary 
efficacy endpoint. In many trials, the most common 
MBS was photophobia, occurring in roughly half  of 
respondents.5-17 It should be noted that clinical trials 
have taken 2 approaches to determining MBS; some 
determine MBS during a clinic visit,6,14,15 while oth-
ers determine MBS immediately prior to taking study 
medication.7,9,10,12,13,16 The MAST survey used a recall-
based question about MBS with headache attacks over 
the last 3 months. When study respondents report their 
MBS prior to treatment, several factors may influence 
their response. These include which symptoms are 
present at the time of reporting, symptom severity at 
the time of reporting, trait variability or vulnerability 
to a particular symptom, and environmental factors 
that might make a symptom more bothersome. For 
example, nausea might be particularly bothersome to 
someone who is at a dinner party, while photophobia 
could be especially bothersome for someone working 
in a brightly lit office, and phonophobia could be par-
ticularly bothersome for someone on a noisy subway. 
Alignment on the relative frequency of the candidate 
MBS suggests that lessons from trials and surveys may 
be mutually reinforcing.

In the univariate analysis, there were several dif-
ferences in unadjusted sociodemographics and respon-
dent attack characteristics seen across MBS groups. 
Differences were seen in sex, mean age, household 
income, mean BMI, BMI category, symptom severity, 
pain interference, visual aura, and treatment optimiza-
tion. No differences were observed for race, disability 
category, MHD frequency category, cutaneous allody-
nia, rates of medication overuse, and noncephalic pain.

Based on the individual logistic models pre-
dicting each cardinal symptom as MBS, there were 
fewer significant variables. In the model for nausea 
as MBS, compared with those designating either 
photophobia or phonophobia as MBS, respondents 
were more likely to be women, to have lower incomes, 
and to report lower levels of  treatment optimization. 
Whether people with migraine and prominent nau-
sea are less likely to have their treatment optimized 
because they are difficult to treat, or whether nausea 
is most likely to be designated the MBS when treat-
ment is suboptimal, cannot be determined from these 
data. If  nausea becomes the MBS due to suboptimal 
treatment effects, then treatment options that bypass 
the gastrointestinal tract (injections or nasal sprays, 
for example) or the addition of  an antiemetic to the 
acute treatment may prove beneficial. While the bur-
den of  persistent frequent nausea with migraine has 
been studied,33 less is known about the biological ori-
gins of  this symptom among those who report nausea 
as the MBS.

Of the 1381 respondents who designated phono-
phobia as the MBS, the modeling found a 24% increase 
in the presence of cutaneous allodynia and a 22% 
decrease in the likelihood of visual aura. Phonophobia 
may be mediated by connections between the auditory 
pathways, auditory thalamus, and sensory cortex, but 
these pathways are not well characterized.

Respondents designating photophobia as the 
MBS (N  =  2967) were more likely to be men, more 
likely to be obese, and 40% more likely to have visual 
aura associated with their attacks. Our results sug-
gest that aura is associated with photophobia, a 
form of  visual hypersensitivity. Neuroimaging stud-
ies demonstrate that in comparison to patients with 
migraine without aura those with aura have increased 
interictal stimulus–induced activation of  the visual 
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cortex and increased visual network connectivity.34-36 
Previous studies assessing photosensitivity symptoms 
in migraine with and without aura have generated 
conflicting results; most do not demonstrate between-
group differences.17,37-39 There may be visual process-
ing differences among individuals with and without 
visual aura.40 Previous research has suggested neu-
rophysiological links between visual disturbances 
and visual migraine symptoms, such as photopho-
bia.17 The exacerbation of  headache by light affects 
about 90% of  people with migraine who have nor-
mal eyesight.41-43 Blind patients with retinal degen-
erative diseases (ie, retinitis pigmentosa) experience 
photophobia. Noseda and Burstein have proposed 
that these findings, together with those from animal 
studies, indicate that photophobia may arise from the 
convergence of  photic signals from retinal ganglion 
cells and trigeminovascular neurons on cells in the 
posterior thalamus.44,45 The visual cortex appears to 
be hyperexcitable in people with migraine even in the 
prodromal phase and may be the neural substrate of 
abnormal processing of  light sensitivity.46,47 Some 
studies have suggested that visual cortex hyperexcit-
ability is greater in migraine with aura than migraine 
without aura.17,36,37 This could provide a link between 
the visual cortex hyperexcitability, symptoms of  pho-
tophobia, and the propensity to develop cortical 
spreading depression and aura.45

The strengths of this study include the large rep-
resentative nature of the sample, which matches US 
Census for the total screened sample and previous 
AMPP Study data for the migraine sample. Modified 
ICHD-3 beta symptom criteria were used to identify 
persons with migraine using a validated diagnostic 
screener, and missing data are limited due to the online 
data collection methods. The assessment also included 
validated tools and scales where possible. Limitations 
include the low response rate typical of online data 
collection (adjusted for in part by matching to Census) 
and reliance of retrospective self-report of symp-
toms and medication usage, which may be subject to 
recall bias. In addition, the case definition of migraine 
results in the inclusion and exclusion of specific asso-
ciated symptom profiles. Eligible respondents had to 
have either nausea or both photophobia and phono-
phobia to be included in the study. Question wording 

for designating the MBS also differed somewhat from 
that used in clinical trials. While each respondent 
meets symptom criteria for migraine, we cannot con-
firm all reported MHDs were migraine headache days. 
We also do not know if  the choice of MBS is a stable 
within-person characteristic or varies across attacks. 
Rates of medication overuse may be conservative due 
to overlapping days of medication use that could not 
be detected with the survey methodology. It should 
also be noted that these are not independent analy-
ses; based on ICHD symptom criteria, if  a respondent 
did not report nausea, then they had to report both 
photophobia and phonophobia to be included in the 
migraine cohort.

CONCLUSIONS
Among MAST Study respondents, 95.7% had at 

least 2 cardinal associated symptoms, and most (64.9%) 
reported all 3 cardinal migraine-associated symptoms. 
As in clinical trials, the most frequent MBS was photo-
phobia, followed by nausea and phonophobia. There 
were striking differences in MBS reporting related to 
demographics, migraine features, and treatment fea-
tures. Nausea as the MBS was more common in women 
and among respondents with lower incomes and less 
optimal acute treatment optimization. Photophobia as 
the MBS was more common in men, obese respond-
ents, and those reporting visual aura. Phonophobia as 
the MBS was associated with allodynia and lower rates 
of visual aura. These results may inform clinical trial 
design and may also help clinicians identify and treat 
the symptoms considered most bothersome in their pa-
tients with migraine.

STATEMENT OF AUTHORSHIP

Category 1
(a) Conception and Design

Sagar Munjal, Preeti Singh, Michael L. Reed, 
Kristina Fanning, Todd J. Schwedt, David W. 
Dodick, Dawn C. Buse, Richard B. Lipton

(b) Acquisition of Data
Michael L. Reed

(c) Analysis and Interpretation of Data
Kristina Fanning, Michael L. Reed, Richard B. 
Lipton, Sagar Munjal



Headache 427

Category 2
(a) Drafting the Manuscript

Kristina Fanning, Michael L. Reed, Richard B. 
Lipton

(b) Revising It for Intellectual Content
Sagar Munjal, Preeti Singh, Michael L. Reed, 
Kristina Fanning, Todd J. Schwedt, David W. 
Dodick, Dawn C. Buse, Richard B. Lipton

Category 3
(a) Final Approval of the Completed Manuscript

 Sagar Munjal, Preeti Singh, Michael L. Reed, 
Kristina Fanning, Todd J. Schwedt, David W. 
Dodick, Dawn C. Buse, Richard B. Lipton

REFERENCES

 1. Headache Classification Committee of the Inter-
national Headache Society (IHS). The International 
Classification of Headache Disorders, 3rd edition.  
Cephalalgia. 2018;38:1-211.

 2. U.S. Department of  Health and Human Services, 
Food and Drug Administration, Center for Drug 
Evaluation and Research (CDER). Migraine: 
Developing Drugs for Acute Treatment Guidance for 
Industry. Available at: https ://www.fda.gov/downl 
oads/drugs/ guida nces/ucm41 9465.pdf. Accessed 
October 1, 2019.

 3. Hindiyeh NA, Kellerman DJ, Schmidt PC. Review of 
acute treatment of migraine trial results with the new 
FDA endpoints: Design implications for future trials. 
Headache. 2019;59:819-824.

 4. Dodick DW, Tepper SJ, Friedman DI, Gelfand AA, 
Kellerman DJ, Schmidt PC. Use of most bothersome 
symptom as a coprimary endpoint in migraine clini-
cal trials: a post-hoc analysis of the pivotal ZOTRIP 
randomized, controlled trial. Headache. 2018;58: 
986-992.

 5. Munjal S, Bennett A. Efficacy and safety of DFN-15, 
an oral liquid formulation of celecoxib, in adults with 
migraine: A multicenter, randomized, placebo-con-
trolled, double-blind, crossover study. Neuropsychiatr 
Dis Treat. 2017;13:2797-2802.

 6. Lipton RB, Munjal S, Brand-Schieber E, Tepper SJ, 
Dodick DW. Efficacy, tolerability, and safety of DFN-
15 (celecoxib oral solution, 25 mg/ml) in the acute treat-
ment of episodic migraine: A randomized, double- 
blind, placebo-controlled study. Headache. 2019. 
doi:10.1111/head.13663 .

 7. Kuca B, Silberstein SD, Wietecha L, Berg PH, Dozier 
G, Lipton RB. Lasmiditan is an effective acute treat-
ment for migraine: A phase 3 randomized study. 
Neurology. 2018;91:e2222-e2232.

 8. Spierings EL, Brandes JL, Kudrow DB, et al. 
Randomized, double-blind, placebo-controlled, par-
allel-group, multi-center study of the safety and effi-
cacy of ADAM zolmitriptan for the acute treatment 
of migraine. Cephalalgia. 2018;38:215-224.

 9. Dodick DW, Lipton RB, Ailani J, et al. Ubrogepant 
for the acute treatment of migraine: Efficacy, safety, 
tolerability, and functional impact outcomes from 
a single-attack, phase III study, ACHIEVE I (IOR-
01LB). Headache. 2018;58:1336-1337.

 10. Trugman JM, Dodick DW, Ailani J, et al. Efficacy, 
safety, and tolerability of ubrogepant for the acute 
treatment of migraine: Results from a single-attack 
phase 3 study, ACHIEVE II (S38.008). Neurology. 
2019;92(S38):008.

 11. Lipton R, Conway C, Stock E, et al. Efficacy, safety, 
and tolerability of rimegepant 75 mg, an oral CGRP 
receptor antagonist, for the acute treatment of mi-
graine: Results from a double-blind, randomized, pla-
cebo-controlled trial, study 301 (Abstract PS123LB). 
Headache. 2018;58:1336-1337.

 12. Lipton RB, Croop R, Stock EG, et al. Rimegepant, an 
oral calcitonin gene-related peptide receptor antago-
nist, for migraine. N Engl J Med. 2019;381:142-149.

 13. Croop R, Goadsby PJ, Stock DA, et al. Efficacy, 
safety, and tolerability of rimegepant orally disin-
tegrating tablet for the acute treatment of migraine: 
A randomised, phase 3, double-blind, placebo-con-
trolled trial. Lancet. 2019;394:737-745.

 14. Landy S, Munjal S, Brand-Schieber E, Rapoport AM. 
Efficacy and safety of DFN-11 (sumatriptan injec-
tion, 3 mg) in adults with episodic migraine: A multi-
center, randomized, double-blind, placebo-controlled 
study. J Headache Pain. 2018;19:69.

 15. Lipton RB, Munjal S, Brand-Schieber E, Rapoport 
AM. DFN-02 (sumatriptan 10 mg with a permeation 
enhancer) nasal spray vs placebo in the acute treat-
ment of migraine: A double-blind, placebo-controlled 
study. Headache. 2018;58:676-687.

 16. Goadsby PJ, Wietecha LA, Dennehy EB, et al. Phase 
3 randomized, placebo-controlled, double-blind study 
of lasmiditan for acute treatment of migraine. Brain. 
2019;142:1894-1904.

 17. Hayne DP, Martin PR. Relating photophobia, visual 
aura, and visual triggers of headache and migraine. 
Headache. 2019;59:430-442.

https://www.fda.gov/downloads/drugs/guidances/ucm419465.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm419465.pdf
https://doi.org/10.1111/head.13663


February 2020428

 18. Lipton RB, Munjal S, Alam A, et al. Migraine in 
America Symptoms and Treatment (MAST) study: 
Baseline study methods, treatment patterns, and gen-
der differences. Headache. 2018;58:1408-1426.

 19. Dodick DW, Reed ML, Fanning KM, et al. Predictors 
of allodynia in persons with migraine: Results from 
the Migraine in America Symptoms and Treatment 
(MAST) study. Cephalalgia. 2019;39:873-882.

 20. Headache Classification Committee of the Interna-
tional Headache Society (IHS). The International 
Classification of Headache Disorders, 3rd edition 
(beta version). Cephalalgia. 2013;33:629-808.

 21. Silberstein SD, Lipton RB, Sliwinski M. 
Classification of  daily and near-daily headaches: 
Field trial of  revised IHS criteria. Neurology. 
1996;47:871-875.

 22. Silberstein SD, Lipton RB, Solomon S, Mathew N. 
Classification of daily and near-daily headaches 
in the headache clinic. Proposed revisions to the 
International Headache Society criteria. In: Olesen J, 
ed. Frontiers in Headache Research. New York: Raven 
Press Ltd; 1994:117-126.

 23. Lipton RB, Stewart WF, Diamond S, Diamond ML, 
Reed M. Prevalence and burden of migraine in the 
United States: Data from the American Migraine 
Study II. Headache. 2001;41:646-657.

 24. Stewart WF, Lipton RB, Celentano DD, Reed ML. 
Prevalence of migraine headache in the United States. 
Relation to age, income, race, and other sociodemo-
graphic factors. JAMA. 1992;267:64-69.

 25. Lipton RB, Diamond S, Reed M, Diamond ML, 
Stewart WF. Migraine diagnosis and treatment: 
Results from the American Migraine Study II. 
Headache. 2001;41:638-645.

 26. Lipton RB, Bigal ME, Ashina S, et al. Cutaneous 
allodynia in the migraine population. Ann Neurol. 
2008;63:148-158.

 27. Cook KF, Keefe F, Jensen MP, et al. Development 
and validation of a new self-report measure of pain 
behaviors. Pain. 2013;154:2867-2876.

 28. Revicki DA, Chen WH, Harnam N, et al. Development 
and psychometric analysis of the PROMIS pain be-
havior item bank. Pain. 2009;146:158-169.

 29. Scher AI, Buse DC, Fanning KM, et al. Comorbid 
pain and migraine chronicity: The Chronic Migraine 
Epidemiology and Outcomes Study. Neurology. 
2017;89:461-468.

 30. Lowe B, Wahl I, Rose M, et al. A 4-item measure of de-
pression and anxiety: Validation and standardization 

of the Patient Health Questionnaire-4 (PHQ-4) in the 
general population. J Affect Disord. 2010;122:86-95.

 31. Lipton RB, Fanning KM, Serrano D, Reed ML, Cady 
R, Buse DC. Ineffective acute treatment of episodic 
migraine is associated with new-onset chronic mi-
graine. Neurology. 2015;84:688-695.

 32. Smelt AF, Louter MA, Kies DA, et al. What do pa-
tients consider to be the most important outcomes for 
effectiveness studies on migraine treatment? Results 
of a delphi study. PLoS ONE. 2014;9:e98933.

 33. Reed ML, Fanning KM, Serrano D, Buse DC, Lipton 
RB. Persistent frequent nausea is associated with pro-
gression to chronic migraine: AMPP study results. 
Headache. 2015;55:76-87.

 34. Hougaard A, Amin FM, Hoffmann MB, et al. 
Interhemispheric differences of fMRI responses to vi-
sual stimuli in patients with side-fixed migraine aura. 
Hum Brain Mapp. 2014;35:2714-2723.

 35. Cucchiara B, Datta R, Aguirre GK, Idoko KE, Detre 
J. Measurement of visual sensitivity in migraine: 
Validation of two scales and correlation with visual 
cortex activation. Cephalalgia. 2015;35:585-592.

 36. Datta R, Aguirre GK, Hu S, Detre JA, Cucchiara B. 
Interictal cortical hyperresponsiveness in migraine is 
directly related to the presence of aura. Cephalalgia. 
2013;33:365-374.

 37. Tedeschi G, Russo A, Conte F, et al. Increased inter-
ictal visual network connectivity in patients with mi-
graine with aura. Cephalalgia. 2016;36:139-147.

 38. Perenboom MJL, Zamanipoor Najafabadi AH, 
Zielman R, Carpay JA, Ferrari MD. Quantifying vi-
sual allodynia across migraine subtypes: The Leiden 
Visual Sensitivity Scale. Pain. 2018;159:2375-2382.

 39. Schwedt TJ. Multisensory integration in migraine. 
Curr Opin Neurol. 2013;26:248-253.

 40. Marzoli SB, Criscuoli A. The role of visual system in 
migraine. Neurol Sci. 2017;38:99-102.

 41. Selby G, Lance JW. Observations on 500 cases of 
migraine and allied vascular headache. J Neurol 
Neurosurg Psychiatry. 1960;23:23-32.

 42. Drummond PD. A quantitative assessment of photo-
phobia in migraine and tension headache. Headache. 
1986;26:465-469.

 43. Choi JY, Oh K, Kim BJ, Chung CS, Koh SB, Park 
KW. Usefulness of  a photophobia questionnaire in 
patients with migraine. Cephalalgia. 2009;29:953-959.

 44. Noseda R, Burstein R. Advances in understanding 
the mechanisms of migraine-type photophobia. Curr 
Opin Neurol. 2011;24:197-202.



Headache 429

 45. Noseda R, Burstein R. Migraine pathophysiology: 
Anatomy of the trigeminovascular pathway and asso-
ciated neurological symptoms, cortical spreading de-
pression, sensitization, and modulation of pain. Pain. 
2013;154(Suppl. 1):S44-S53.

 46. Denuelle M, Boulloche N, Payoux P, Fabre N, 
Trotter Y, Geraud G. A PET study of photophobia 

during spontaneous migraine attacks. Neurology. 
2011;76:213-218.

 47. Boulloche N, Denuelle M, Payoux P, Fabre N, Trotter 
Y, Geraud G. Photophobia in migraine: An interic-
tal PET study of cortical hyperexcitability and its 
modulation by pain. J Neurol Neurosurg Psychiatry. 
2010;81:978-984.


