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Evaluating the Psychometric Properties of the Migraine
Functional Impact Questionnaire (MFIQ)

Ariane K. Kawata, PhD; Asha Hareendran, PhD; Shannon Shaffer, MS; Sally Mannix, BA; Andrew Thach, PhD;
Pooja Desai, PhD; Daniel D. Mikol, MD, PhD; Brian Ortmeier, PharmD, PhD; Martha Bayliss, MSc;
Dawn C. Buse, PhD

Background.—Migraine is a chronic neurologic disease that can be associated with significant migraine-related impact,
disability, and burden. Patient-reported outcome measures (PRO) are included in clinical trials of migraine interventions to
capture treatment effects from a patient perspective. Clinical and regulatory guidelines also encourage use of PROs in trials.
The Migraine Functional Impact Questionnaire (MFIQ) is a novel PRO measure, assessing the impact of migraine on
Physical Function (PF), Usual Activities (UA), Social Function (SF), and Emotional Function (EF), in the past 7 days.
Scientific methods recommended to meet the requirements of the U.S. Food and Drug Administration were followed, to
ensure that the MFIQ content included outcomes that were relevant to adults with migraine and were clinically relevant,
specifically to evaluate preventive treatments for migraine.

Objective.—The objective of this study was to conduct item analyses informing item reduction and scoring, and to evalu-
ate the psychometric properties of the MFIQ.

Methods.—In a prospective, observational study, adults with migraine completed the MFIQ as well as additional clinical
and PRO instruments, including the Headache Impact Test (HIT-6TM), Patient-Reported Outcomes Measurement Information
System Physical Function Short Form 10a (PROMIS-PF), Migraine-Specific Quality-of-Life Questionnaire (MSQ), and
Patient Global Rating of Change (PGIC). Item-level evaluation, item response theory (IRT), and factor analysis were used
to select final MFIQ items, identify domains, and inform scoring. Psychometric properties of the MFIQ were evaluated to
assess reliability (internal consistency and test-retest), validity (construct and known-groups), and responsiveness.

Results.—The study enrolled 569 adults with migraine. Subjects had an average age of 39.9 years (SD 12.0), 87.2% were
female, and 80.8% were white. Five items were dropped from the draft version based on results of item-level analyses reviewed
in the context of previous qualitative research to produce the final 26-item MFIQ (v.2). Four domain scores (PF, UA, SF, and
EF) and a global item score for impact on UA were identified. Higher scores on a 0-100 scale represent greater impact. All
scores exhibited high internal consistency (o > 0.89) and moderate test-retest reliability among stable subjects (ICCs 2 0.47).
Construct validity was demonstrated by significant correlations (all P < .0001) between MFIQ domain scores, related PRO
scores, and the frequency of migraine days and headache days. All domain scores differentiated between subgroups (“known
groups”) defined based on established levels of clinical severity: number of monthly migraine and headache days, migraine
interference levels and scores on other PRO instruments (P < .05). Improvements in MFIQ scores corresponded with clinical
improvement (percent reduction in monthly migraine days), improvement in migraine interference with daily activities, and related
improvements in PRO scores (P < .05), demonstrating that the MFIQ was responsive to changes in migraine impact.
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Conclusions.—The MFIQ is a reliable and valid measure that can be used to collect data about migraine impact. The
MFIQ is being used to evaluate outcomes of migraine interventions in clinical trials and observational studies. It could
potentially also be used in clinical practice both for initial and ongoing assessments for monitoring outcomes and to enhance
communication between patients and healthcare professionals for the management of migraine.

Key words: migraine, reliability, validity, responsiveness, functioning, MFIQ

Abbreviations: CFA confirmatory factor analysis, CM chronic migraine, EF Emotional Function, EFA exploratory factor analysis,
EM episodic migraine, GRM graded response model, HIT-6™ Headache Impact Test, ICC intraclass correlation
coefficient, IRT item response theory, MFIQ Migraine Functional Impact Questionnaire, MSQ Migraine-Specific
Quality-of-Life Questionnaire, PGIC Patient Global Impression of Change, PRO patient-reported outcome,
PROMIS-PF Patient Reported Outcomes Measurement Information System Physical Function Short Form 10a,
RF-P Role Function-Preventive, RF-R Role Function-Restrictive, RMSEA root mean square error of approxima-
tion, SRMR standardized root mean residual, WLSMYV weighted least squares mean and variance adjusted

(Headache 2019;59:1253-1269)

INTRODUCTION

Migraine is a chronic neurologic disease that is
known to cause debilitating and disruptive physi-
cal symptoms that often impact social, emotional,
academic, occupational, and personal aspects of
life.> U.S. Headache Consortium Guidelines for
the Pharmacological Management of Migraine
Headache in the Primary Care Setting recommend
that treatments for migraine should improve func-
tion and reduce disability, in addition to reducing
the frequency, intensity, and duration of attacks and
improving responsiveness of attacks to treatment.’
Guidelines for the management and evaluation of
migraine treatments also emphasize the importance
of collecting data on the impact of migraine on func-
tioning (ie, reducing migraine-related disability, bur-
den, and impact), and suggest using patient-reported
outcome (PRO) instruments to support clinical end-
points in migraine clinical trials.”® Guidelines recom-
mend that PRO instruments should include concepts
relevant to patients (using evidence based on patient
input) and have robust measurement properties in the

target population.9

Several PRO instruments exist that measure
migraine-related disability, burden, and impact, such as
the Headache Impact Test (HIT-6™),'° Migraine Disa-
bility Assessment (MIDAS),!" and Migraine-Specific
Quality-of-Life Questionnaire (MSQ).12 However, a
review showed that these instruments had limited cov-
erage of some of the multifaceted impacts of migraine
on functioning, that are relevant to adults, particularly
the key facets of physical functioning: acts (things
that an individual can do independent of context or
purpose) and tasks (things people do in daily life in a
specific context, with purpose).'? Existing instruments
also have gaps in FDA-recommended development
steps required by regulatory guidelines issued in 2009
that highlight the importance of content validity and
patient input.’”"!* The existing instruments also utilize
longer recall periods that capture the patient’s overall
assessment of their condition but not recent episodes."
For example, the HIT-6™, MIDAS, and MSQ have
recall periods of 4 weeks or longer. In contrast, a daily
diary such as the Migraine Physical Function Impact
Diary (MPFID),'®!” which captures the daily impact of
migraine, can ideally track the day-to-day fluctuations
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that can occur during the various phases of a migraine
episode. A recall period longer than 7 days may
potentially limit the accuracy of recall about these day-
to-day variations and impacts of migraine and related
symptoms.

The Migraine Functional Impact Questionnaire
(MFIQ) was developed to address the gaps in existing
PROs, specifically by providing a method to capture
the comprehensive impact of migraine in the past 7
days on Physical Function (PF); Usual Activities
(UA); Social Function (SF), and Emotional Function
(EF). A 7-day recall period was selected to capture the
variability of migraine symptoms and impacts, while
being less burdensome than a daily assessment and
reducing potential recall bias associated with longer
recall intervals. The initial MFIQ items were generated
based on concept elicitation interviews with patients,
and content validity was further confirmed via cog-
nitive interviews.""!'* Clinical experts in migraine also
provided input in the development and finalization
of the MFIQ. Items use a S5-point response scale.
For items relating to concepts/activity that may not
be relevant to the subject during a particular week
(eg, “ability to take care of your family),” a “does not
apply” response option can be used.

The MFIQ was developed for use in clinical trials
and other research settings. It has recently been used
in trials evaluating an investigational migraine pre-
ventive therapy18 and a prospective observational sur-
vey of migraine preventive treatment.”** The MFIQ
has also been translated into 20 languages following
best practice recommendations for linguistic valida-
tion of PRO instruments.'* The MFIQ has also been
noted in the recently published “Guidelines of the
International Headache Society for controlled trials
of preventive treatment of chronic migraine in adults”
as a PRO tool that can be used to support secondary
endpoints in clinical trials of preventive treatments
for migraine.”!

Strong measurement properties of a PRO instru-
ment are crucial for the interpretability and gener-
alizability of the constructs being measured.”> The
primary objective of this study was to finalize the
content of the MFIQ and conduct a psychometric
evaluation of measurement properties using data
from an observational study.
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METHODS

Study Design and Population.—A prospective, obser-
vational study was conducted (in 2014-2016) with
adults 18 to 65 years of age diagnosed with migraine,
who could speak and read English. Eligibility criteria
aimed to mirror criteria typically used for a migraine
clinical trial of preventive therapies, to capture a similar
patient population. The study enrolled adults with
episodic migraine (24 and <14 migraine headache days
per month, in each of 3 months prior to screening) and
chronic migraine (215 headache days per month, of
which >8 were migraine days, in each of the 3 months
prior to screening), consistent with ICHD-IIT 2013
criteria for EM and CM. The study excluded individuals
participating in a clinical trial within 45 days of
screening; older than 50 at time of migraine onset;
people with cluster headache or hemiplegic migraine
headache, or with comorbid conditions known to
cause substantial pain (fibromyalgia, chronic pelvic
pain syndrome); EM with migraine attacks lasting over
72 hours in duration in the 3 months prior to screening;
CM with continuous pain; opioid use for greater than
6 days per month during the 3 months prior to screening;
individuals unable to differentiate migraine from other
headache; and anyone with a cognitive impairment
that would preclude participation (in the opinion of the
investigator). Diagnoses were confirmed by clinicians
(nurses, doctors, and other healthcare professionals) or
via chart review and patient self-report of number of
migraine days during screening.

The study included 2 cohorts. Cohort 1 (followed
for 4 weeks) was used to inform item reduction, scor-
ing, and cross-sectional properties (reliability and
validity) and included subjects who were receiving
usual standard of care migraine treatment, either tak-
ing a preventive migraine medication or no preventive
treatment (acute treatments were permitted). Cohort
2 (followed for 16 weeks) was used to examine respon-
siveness to change included subjects starting a new
preventive medication and/or increasing the dose of a
current preventive medication.

Note: Data from this observational study were also
used to explore the properties of a daily assessment of the
impact of migraine, specifically on physical function using
the MPFID. Information about the MPFID is reported in
Hareendran et al 2017'° and Kawata, Hsieh, et al 2017."
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Subjects were recruited via 35 clinical sites in
geographically diverse areas of the United States,
including general practice facilities and neurology/
headache centers. The sample size for Cohort 1 was
determined based on a minimum requirement of at
least 5-10 subjects per item or 100-200 subjects™**
for item evaluation and factor analyses. The sam-
ple size for Cohort 2 was estimated for evaluating
responsiveness based on the results of 2 pivotal tri-
als of topiramate® which evaluated the change in
average area under the curve (AUC) of the MSQ.
A sample size of at least 100 subjects was required for
Cohort 2, to include an adequate number of subjects
for a preliminary evaluation of longitudinal properties
to discriminate responder and nonresponder groups. A
type I error rate of P <.05 was assumed, and a 2-sided
2-sample z-test was used for the power calculation.

All study procedures were approved by a central
Institutional Review Board (Ethical & Independent
Review Services, Corte Madera, CA, 14020-01), and
subjects provided written informed consent. Subjects
attended 2 clinic visits: Cohort 1 at Day 1 (study start)
and Week 4, and Cohort 2 at Day 1 (study start) and
Week 16, and responded to questions on an electronic
device each day between study visits. Subjects completed
a headache diary on the electronic device that collected
data about headache and associated symptoms, med-
ications taken for acute migraine pain and symptoms,
and the level of migraine interference with daily ac-
tivities (average score, categorized as none [0], mild
[1-3], moderate [4-6], severe [7-10]). PRO instruments
were also completed on the electronic device through-
out the study at specific time points (Table 1). These
instruments included MFIQ (v.1); HIT-6"™;!%26 patient-
Reported Outcomes Measurement Information System
Physical Function Short Form 10a (PROMIS-PF);”’
MSQ (v2.1);'** and a Patient Global Rating of Change
(PGIC) question. Table 1 illustrates the schedule of
instrument completion in each cohort and scores gener-
ated from these instruments.

Item analyses were conducted on the 31-item draft
MFIQ (v.1), and psychometric analyses were con-
ducted with the subset of items retained in the final
MFIQ (v.2; 26 items). Version 1.0 and the final version
of the MFIQ representing impacts of migraine in 4
areas of functioning is described in Table 2.

September 2019

Statistical Analyses.—Statistical analyses were
conducted in 3 stages and in accordance with best
practices for instrument development/psychometric
evaluation” and recommendations outlined in the
FDA PRO Guidance document.’

In Stage 1, an interim sample (n = 259) was used
to evaluate the performance of items in MFIQ v.1
at study start (Day 1) to confirm content validity,
inform item reduction, identify domain structure,
and develop a scoring algorithm utilizing data col-
lected at study start from Cohorts 1 and 2. Following
completion of item reduction and scoring in Stage 1,
the measurement properties of MFIQ v.2 were evalu-
ated using the full study sample. In Stage 2 (n = 553),
the cross-sectional measurement properties of the
domains identified in Stage 1 were assessed, based on
data collected at the end of Week 4 from Cohorts 1
and 2. In Stage 3 (n = 267), responsiveness of MFIQ
v.2 scores were assessed with the Cohort 2 sample
using analysis of covariance (ANCOVA) models to
compare score change from Weeks 4 or 8 to Week
16. Time points used to evaluate change over time
in Cohort 2 were adjusted based on the assessment
schedule (see Table 1).

Analyses were conducted using all available data
and missing clinical and PRO data were not imputed.
All statistical tests (unless otherwise noted) used
a significance level of P < .05 (2-sided) and did not
adjust for multiplicity. All statistical analyses were
performed using SAS 9.4 (SAS Institute Inc., Cary,
NC), with the exceptions of factor analyses conducted

using Mplus 7.1 1%

and item response theory (IRT)
analyses performed using IRTPRO 2.1.%

Stage 1: Item Analysis, Item Reduction, and Scoring.—
Item-level descriptive statistics were generated for the
MFIQ v.1. A4 priori criteria for flagging items for
potentialitem reductionincluded: large floor or ceiling
effects (>30% at minimum or maximum response
option); high (r > 0.80) or low (r < 0.20) item-to-item
correlations; low factor loadings (<0.40) or items
that loaded on more than 1 factor (>0.40); and misfit
within the domain in IRT analysis (item chi-square
P < .01°° or based on Bonferroni-adjusted criteria).

Item selection and scoring were informed by
exploratory factor analysis (EFA) and IRT analy-
sis using the graded response model. IRT was used
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Table 2.—Content of the MFIQ Version 1.0 and Version 2.0

Domain of Functioning Number of Items

Concepts Covered

Frequency of impact on: ability to move head, ability to move body, ability

to move inside home,} ability to do activities needing physical effort,
needing to rest or lie down, feeling too tired to do things

Level of difficulty: to get ready for the day, do usual activities, activities

with others,t do usual household chores, do chores outside of the home,
do activities that require concentration, do activities that require think-
ing clearly,t school or work, take care of family, impact on activities in
extreme sensations (sound, smell, light)

Frequency of difficulty: completing personal grooming activities, affecting
daily routine or schedule, having to change plans

Frequency of impact on: social interactions, being around other people,

participating in social activities, relationships, hobbies,t leisure activi-
ties, talking with family, friends, coworkerst

Impact on Physical Function 6
Impact on Usual Activities 13
Impact on Social Function 7
Impact on Emotional Function 5

Frequency of feeling: frustrated because of migraine, feeling worried

because of migraine, like a burden on others because of migraine, feel-
ing lack of control of life because of migraine, disappointed because of
a migraine

tItems in italics were deleted for Version 2.0 based on item analyses.

as a secondary method to assess item performance
and unidimensionality of the MFIQ domains in con-
junction with item-level evaluation and factor analy-
sis. Confirmatory factor analysis (CFA) was used to
confirm the factor structure derived using EFA. EFA
and CFA models were conducted using weighted least
squares mean and variance adjusted (WLSMYV) esti-
mation and goodness of fit was assessed based on com-
parative fit index (CFI; 2().90),3 ! root mean square error
of approximation (RMSEA; <0.08 with narrow 90%
confidence interval),*> and standardized root mean
residual (SRMR; <0.10) for EFA or weighted root mean
square residual (WRMR; close to or <1.0)* for CFA.

Stage 2: Cross-Sectional Properties: Reliability and
Validity.—The following measurement properties of
the MFIQ v.2 were evaluated.

Internal consistency reliability (the extent to which
individual items in a scale measure a common under-
lying concept) was evaluated at study start (Day 1) and
Week 4 using Cronbach’s alpha >0.70 as indicative of
acceptable reliability.** Test—retest reliability (ability
to generate reproducible results) of MFIQ scores was
assessed among subjects who had stable status (based
on PGIC “no change in migraine” at Week 4) from
Day 1 to Week 4 using intraclass correlation coeffi-
cients (ICC). An ICC >0.70 indicates good test-retest

reliability, between 0.4 and 0.7 indicates moderate reli-
ability, and <0.4 indicates low reliability.”

Construct validity was evaluated with data from
Week 4 using Spearman rank-order correlations.
Correlations between MFIQ scores and other indi-
cators of conceptually related constructs based on
clinical and PRO assessments that would be expected
to show associations were examined to support con-
vergent validity. For example, moderate correlations
were expected between MFIQ scores and frequency of
migraine days and headache days; moderate to large
correlations were expected between MFIQ PF and
PROMIS-PF scores, between MFIQ UA and SF scores
with MSQ Role Function-Restrictive (RF-R) and Role
Function-Preventive (RF-P) scores, and between MFIQ
EF and MSQ EF scores. Strength of a correlation was
evaluated based on standards proposed by Hinkle and
colleagues: small <0.3; moderate 0.3-0.6; large >0.6.%

Known-groups validity (the extent to which scores
show expected differences among groups of subjects
differing by a relevant clinical marker’®® was assessed
using data from Week 4 based on groups known to be
clinically different based on headache variables and
other PRO scores: number of weekly migraine days
and headache days (categorized as 0 days, 1-2 days,
>3 days), level of migraine interference with daily
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Table 3.—Sociodemographic and Clinical Characteristics

Study Sample for Stage 2
Analyses (Cohorts 1 and 2)

Subsets

Interim Sample for Stage 1
Analyses (Cohorts 1 and 2)

Sample for Stage 3
Analyses (Cohort 2)

N at study start 569
Age (years)
N, Mean (SD), Min—-Max
Female n, %
Hispanic or Latino n, %

496 (87.2%)
58 (10.2%)

Racet n, %
Asian 7 (1.2%)
Black or African American 80 (14.1%)
White 460 (80.8%)
Other 33 (5.8%)

Employment statust n, %

Employed full- or part-time 399 (70.1%)

Student 64 (11.2%)

Homemaker 53 (9.3%)

Unemployed/retired/disabled 97 (17.0%)

Other 3(0.5%)
Education level n, %

Secondary/high school or less 80 (14.0%)

Some college 193 (33.9%)

College or postgraduate degree 278 (48.8%)

Other 9 (1.6%)
Clinical characteristics

Migraine classification n, %

Episodic migraine 323 (56.8%)

Chronic migraine

Migraine without auraf n, % yes
Migraine with aurai n, % yes
Menstrual migrainef n, %

246 (43.2%)
367 (64.5%)
238 (41.8%)
162 (28.5%)

562, 39.9 (12.0), 18-65

264 308

262,40.6 (11.3), 18-64 304, 39.6 (12.3), 18-65

229 (86.7%) 270 (87.7%)
33 (12.9%) 24 (7.8%)
3 (1.1%) 4 (1.3%)
43 (16.3%) 39 (12.7%)
203 (75.9%) 265 (36.0%)
22 (8.3%) 15 (4.9%)

187 (70.8%) 218 (70.8%)

26 (9.8%) 33 (10.7%)
23 (8.7%) 32 (10.4%)
49 (18.6%) 50 (16.2%)

2(0.8%) 1(0.3%)
38 (14.4%) 41 (13.3%)
82 (31.1%) 112 (36.4%)
136 (51.5%) 150 (48.7%)

6 (2.3%) 5 (1.6%)

181 (68.6%) 181 (58.8%)

83 (31.4%) 127 (41.2%)
166 (62.9%) 214 (69.5%)
118 (44.7%) 117 (38.0%)
77 (29.2%) 82 (26.6%)

TCheck all that apply; percentages may sum to more than 100%.

iClinician-reported; diagnoses of migraine without aura and migraine with aura are not mutually exclusive.

Min-Max = minimum-maximum; SD = standard deviation.

activities, HIT-6 severity of headache impact score,
and MSQ domains (median scores). Mecan MFIQ
scores and standard deviations (SDs) were calculated
for each severity/disease status category and ANCOVA
was used to compare mean differences between groups,
controlling for age and sex.

Stage 3. Responsiveness.—In Stage 3, the ability of
the MFIQ v.2 to detect change (responsiveness)
from Week 4 or Week 8 to Week 16 (n = 267) was
assessed. ANCOVA compared MFIQ score changes
over time (controlling for age and sex), and baseline
MFIQ scores between groups differing by responder
status. A responder was defined as a subject showing

change on clinical variables (>50% reduction in
monthly migraine days or monthly headache
days) and PRO anchor variables (>50% reduction in
migraine interference with daily activities; improved
on the PGIC; change of at least 5 points on HIT-6;
change of at least 5 points on MSQ RF-R and RF-P
domains, and change of at least 8 points on MSQ EF
domain).

RESULTS

Patient Characteristics.—The full study sample used
in Stage 2 to evaluate psychometric properties of the
MFIQ included 569 subjects: 323 (56.8%) with EM and
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Table 4.—Patient-Reported Assessments of Headache Impact and Functioning
Subsets
Study Sample for Stage 2 Interim Sample for Stage I ~ Sample for Stage 3
Measure Analyses (Cohorts 1 and 2) Analyses (Cohorts 1 and 2)  Analyses (Cohort 2)
N 569 262 308
HIT-6 Scoret, Mean (SD) 63.6 (5.9) 63.6 (5.7) 63.5(6.2)
HIT-6 Score Categories, n (%)
Minimal Impact (<50) 6 (1.1%) 1 (0.4%) 6 (1.9%)
Mild Impact (50-55) 39 (6.9%) 21 (8.0%) 17 (5.5%)
Moderate Impact (56-59) 54 (9.5%) 22 (8.4%) 35 (11.4%)
Severe Impact (>59) 449 (78.9%) 210 (80.2%) 244 (79.2%)
Missing 21 (3.7%) 8 (3.1%) 6 (1.9%)
MSQ Domain Scores}, Mean (SD)
Role Function-Restrictive 47.6 (20.9) 47.8 (21.1) 47.1 (20.8)
Role Function-Preventive 63.4 (24.1) 64.6 (24.2) 62.4 (23.8)
Emotional Function 54.2 (29.0) 56.7 (28.1) 51.6 (28.9)
PROMIS-PF T-score§, Mean (SD) 49.2 (8.5) 49.7 (8.6) 49.0 (8.6)

+THIT-6 scores range from 36 to 78; higher scores indicate greater impact of headache.
IMSQ domain scores range from 0 to 100; higher scores indicate better migraine-specific quality of life.
§PROMIS-PF Short-Form T-scores are standardized with a mean of 50 and SD of 10, where higher scores indicate better physical

functioning.

HIT-6 = 6-item Headache Impact Test; MSQ = Migraine-Specific Quality-of-Life Questionnaire; PROMIS-PF = Patient-Reported
Outcomes Measurement Information System-Physical Function; SD = standard deviation.

246 (43.2%) with CM. The mean age was 39.9 years
(SD = 12.0; range: 18-65), and 87.2% (n = 496) were
female, 80.8% (n = 460) were white, and most (70.1%;
n = 399) were employed full- or part-time. Clinicians
categorized 64.5% (n = 367) of subjects as having
migraine without aura. The most common current
migraine preventive medications were topiramate
(34.3%; n =
(eg, amitriptyline, nortriptyline, protriptyline) (17.6%;

195) and tricyclic antidepressants

n = 100). Approximately one-third of subjects were
currently using simple analgesics (nonsteroidal anti-
[NSAIDs],
165) as acute treatment for migraine.

inflammatory drugs
(29.0%; n =
A total of 103 subjects (18.1%) were not using any

acetaminophen)

migraine medication (Table 3).

PRO instrument scores of the sample at study
entry are presented in Table 4. A majority of
subjects (275%) had HIT-6™ scores (>39) suggesting
“severe” headache impact, and mean MSQ scores
(<65) that indicated presence of limitations in the
areas of daily social and work-related activities. The
average PROMIS-PF T-score was 49.2, suggesting

overall physical functioning comparable with the U.S.
general population norm of 50.%’

Sample characteristics for the Stage 1 interim sam-
ple and the Cohort 2 sample used in Stage 3 to evalu-
ate responsiveness were largely similar to the full study
sample. Cohort 2 subjects were starting new preventa-
tive medications for migraines or increasing the dose
of a current preventative medication upon enrollment
into the study. The most common medication in this
group was topiramate. Overall, 89% of expected daily
diary entries were completed by patients.

Stage 1: Item Analysis, Item Reduction, and Scor-
ing.—The full range of responses (1 to 5) was observed
for all items in MFIQ v.1; the median score was 3.0
[moderately difficult/sometimes] for 19 items and 2.0
[slightly/a little difficult/rarely] for the remaining 12
items. Moderate floor effects were observed for items
about difficulty grooming and feel like a burden. No
ceiling effects were observed. Average scores on MFIQ
items ranged from 2.1 (item 8: difficulty grooming) to
3.2 (item 5: needing to rest or lie down, and item 17:
presence of loud noises, strong smells, or bright lights).
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EFA was performed on the MFIQ v.1 data at study
start (Day 1) to evaluate the domain structure of the
items. One-, 2-, 3-, and 4-factor models were evalu-
ated. EFA results suggested good fit for the 1-factor
(CF1=0.953,SRMR =0.060; RMSEA =0.123), 2-factor
(CFI = 0.969, SRMR = 0.043, RMSEA = 0.104), and
3-factor (CFI1=0.976, SRMR =0.035, RMSEA =0.094)
models. However, the 4-factor model showed the
best fit to the data, as supported by CFI = 0.982 and
SRMR = 0.027. In addition, RMSEA (0.086) was only
slightly above the conventional cut-off of <0.08 for
acceptable fit. Item loadings ranged from 0.391 to
0.892 across the 4 factors. Strong correlations between
the factors (0.551-0.560) suggested that these factors
also reflected an overarching concept of migraine
impact.

IRT analyses supported unidimensionality of the
4 MFIQ domains, and suggested that items generally
functioned in an orderly way within the scales and
contributed to the measurement of their respective
domains. Among physical function items, ability to
move inside home (item 3) showed evidence of misfit
(P = .003). When it was omitted, all items had ade-
quate fit (P > .022). Otherwise, fit statistics did not
identify any evidence of substantial item misfit. Usual
activities (P > .040), social function (P > .094), and
emotional function items (P > .037) all showed ade-
quate fit within their respective domains.

The results of item-level analyses based on a pri-
ori criteria were considered along with results from
previous qualitative work with patients and input
from clinical experts to inform decisions on item se-
lection. The items dropped all had high correlations
with other similar items, indicating redundancy, and
the most conceptually relevant items were selected
in discussion with clinical experts. Five items were
dropped, for a total of 26 items in the final MFIQ v.2
(Table 2).

Following item reduction, a separate unidimen-
sional CFA model was estimated for each of the 4
MFIQ v.1 domains. Results showed good fit for physi-
cal function (CFI = 0.980; RMSEA = 0.249; WRMR =
1.282; factor loading range: 0.818-0.891), usual activ-
ity (CFI = 0.984; RMSEA = 0.134; WRMR = 1.067;
factor loading range: 0.797-0.924), social function (CFI
= 0.998; RMSEA = 0.119; WRMR = 0.477; factor
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loading range: 0.851-0.951), and emotional function
(CFI = 1.000; RMSEA = 0.000; WRMR = 0.211;
factor loading range: 0.839-0.920) domains, and sup-
ported the separate 4-factor structure. For 3 of the 4
domains, RMSEA was above the conventional cut-off
point of 0.08 for adequate fit; however, RMSEA has been
found to be biased to the high side for simple models.
The other fit indices, including CFI and WRMR, gener-
ally suggested that the separate unidimensional models
for each domain provided acceptable fit. These results
indicate that all items contributed to the measurement of
the underlying concept in their respective domains.

Four domain scores were developed for MFIQ v.2
representing Physical Function (PF; 5 items), Usual
Activities (UA; 10 items), Social Function (SF;
5 items), and Emotional Function (EF; 5 items). An
additional single item for overall impact on UA was
also retained as a global measure. The MFIQ domain
summary scores and global score are transformed to
a 0-100 scale, with higher scores representing greater
impact of migraine.

Stage 2: Reliability and Validity.—Reliability.—All
4 domains showed good to excellent internal consis-
tency at Week 4 (PF: a = 091, UA: a = 0.96, SF:
a = 095, EF: a = 0.94); results were very similar at
study start on Day 1 (PF: a. = 0.89, UA: a = 0.95, SF:
a = 0.94, EF: a = 0.92). Deletion of any single item
did not improve reliability in any of the domains.

Good to moderate test-retest reliability was
demonstrated among subjects who were stable (based
on PGIC “no change in migraine” at Week 4) for
MFIQ scores from Day 1 to Week 4 (n = 235). All
domain scores and the global UA item score demon-
strated good to moderate test-retest reliability (ICCs
for PF = 0.57, UA = 0.63, SF = 0.65, EF = 0.71, and
global UA = 0.47).

Convergent Validity.—All MFIQ domains had
good convergent validity with measures assessing
similar constructs (Table 5). Moderate correlations
were observed between the number of migraine
days and each MFIQ domain score (PF r = 0.48; UA
r =0.48; SF r = 0.47; EF r = 0.48) and the global UA
item score (r = 0.48). Moderate correlations were also
observed between the number of headache days and
each MFIQ domain score (PF r = 0.43; UA r = 0.41;
SF r = 0.41; EF r = 0.46) and the global UA item
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Table 5.—Construct Validity: Spearman Correlations between MFIQ Domain Scores with Ancillary Measures at Week 4
(N =569)

Spearman correlation (r): MFIQ Domains at Week 4

Global Item:
Domain Domain Domain Domain 4: Overall Impact
Mean 1: Physical 2: Usual 3: Social Emotional on Usual
Measure (SD) n Function Activities Function Function Activities
MFIQ Domain Scores: Mean (SD) 545 399(22.6) 30.8(22.0) 33.2(24.8) 43.5(29.2) 35.8 (24.8)
Headache Frequency (Past Week)
Number of Migraine Days 2.2(1.9) 532 0.48* 0.48* 0.47* 0.48* 0.48*
Number of Headache Days 2.8(2.0) 532 0.43* 0.41* 0.41%* 0.46* 0.41%*
PRO Score (Past 4 Weeks)
HIT-6™ Score 61.8 (6.0) 247 0.62* 0.64* 0.62% 0.73* 0.55%
MSQ Role Function-Restrictive 549 (22.7) 247 —0.73* -0.77* —0.78%* —0.74* -0.67*
Domain Score
MSQ Role Function-Preventive 69.3(24.1) 247 —0.72* —-0. 80* —0.78* —0.68* —-0.70*
Domain Score
MSQ Emotional Function 60.5(30.8) 247 —0.60* —0.64* -0.67* —-0.81* —0.60*
Domain Score
PRO Score (Current Status)
PROMIS-PF Score 48.3(9.2) 248 —0.54* —0.55* —0.51* —0.46* —0.45*

*P < .0001.

HIT-6 = 6-item Headache Impact Test; MFIQ = Migraine Functional Impact Questionnaire; MSQ = Migraine-Specific Quality-
of-Life Questionnaire; PRO = patient-reported outcome; PROMIS-PF = Patient-Reported Outcomes Measurement Information

System-Physical Function; SD = standard deviation.

score (r = 0.41). Moderate to large correlations were
observed between MFIQ v.2 scores and the HIT-6™
score, MSQ RF-R, RF-P, and EF domain scores, and
PROMIS-PF score (Table 5).

Validity.—MFIQ
scores discriminated between groups of subjects

Known-Groups v.2  domain
known to be clinically different among groups
varying by number of migraine days and headache
days (P < .001). A pattern was observed of higher
MFIQ v.2 domain scores corresponding to groups
with greater numbers of migraine days during the
4 weeks, indicating that higher impact was related
to having more days with migraine (Fig. 1). MFIQ
domain scores also increased with greater impact of
headache based on HIT-6™ (Fig. 2). Differences in
mean MFIQ UA, PF, SF, and EF scores and HIT-6™
groups were identified for all pairwise comparisons
across domains, except for minimal/mild vs moderate
levels of impact which had few subjects in these
groups. MFIQ domain scores also differentiated by

groups with varying impact on quality of life based on
MSQ RF-R, RF-P, and EF domain scores (P < .0001
for all MFIQ domains and the global UA item).

All mean MFIQ domain scores increased with
higher levels of patient-reported interference of
migraine with daily activities. Nearly, all pairwise
comparisons of the MFIQ UA, PF, SF, and EF scores
and the global UA item with the conceptually similar
migraine interference level were nominally significant
(P <.001).

Stage 3: Responsiveness.—Comparisons of change
from Week 4 or 8 to Week 16 in MFIQ domain scores
supported the responsiveness of MFIQ (Table 6).
Subjectsin thestudy sample with at least 50%reduction
in monthly migraine days from Week 4 to Week 16
had significantly more change over time in MFIQ
scores than those with less than a 50% reduction,
in all domains and the global item (P < .0001; mean
differences by responder status ranged from —13.00 to
—17.18; Fig. 3).
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Analysis of covariance (ANCOVA) models adjusted for age and sex; Scheffe test for multiple comparisons.
* P<0.05 or lower for all pairwise comparisons between 0 Days vs. 1-2 Days and 0 Days vs. 23 Days; comparison between 1-2 Days vs. 23
Days was significant for MFIQ PF domain (p<0.05) but not significant for UA, SF, or EF domains or global item (p>0.05).

Fig. 1.—Known-Groups Validity: Migraine Functional Impact Questionnaire Domain Scores by Number of Migraine Days at

Week 4.

Subjects with a reduction in monthly headache
days (>50%) also showed more improvement in MFIQ
scores over time in all domains (P < .01) and for the
global item. MFIQ change scores were greater for
responders (vs nonresponders) based on at least 50%
reduction in migraine interference with daily activi-
ties (all domains) (P < .01).

Large differences in change over time in MFIQ
domain scores with change in PGIC and other PROs
(HIT-6™ and MSQ) also supported the ability of
MFIQ to detect changes in migraine impact (P < .05).
MFIQ domain change comparisons to PGIC re-
sponder groups were significant for Improved vs No
Change and Improved vs Worsened (P < .001), but not
for No Change vs Worsened, for all domains. The dif-
ferences in change over time on the global item score
was only significant for the Improved vs Worsened
comparison (P < .01). Responders based on HIT-6"™

(Fig. 4), MSQ domains, and PROMIS-PF showed
more improvement on the MFIQ in all domains and
for the global UA item, compared with nonrespond-
ers (P < .001; Table 6).

DISCUSSION

The final 26-item MFIQ v.2 assesses migraine-
related functional impacts in 4 domains: physical
function, usual activities, emotional function, and
social function. The MFIQ was developed with input
from patients and feedback from clinical experts and
has demonstrated reliability and validity. As expected,
the MFIQ was moderately correlated with clinical
and PRO measures assessing related constructs. It is
responsive to change over time in migraine frequency,
interference with daily activities, and PRO assess-
ments. The MFIQ offers comprehensive concept
coverage of the impacts of migraine that are most
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Severe Impact (>59); Minimal/Mild Impact (<55) vs. Moderate Impact (56-59) were not significant for MFIQ domains or global item (p>0.05).

Fig. 2.—Known-Groups Validity: Migraine Functional Impact Questionnaire Domain Scores by HIT-6™ Scores at Week 4.

relevant to adults with the condition over a 7-day
recall period.

When evaluating interventions intended to treat
frequent migraines, a migraine-specific measure such
as the MFIQ may be preferred over measures that were
developed to assess the impact of headaches in general.
Unlike some other PRO measures like the MIDAS and
HIT-6™, the MFIQ offers separate domain scores
enabling evaluating changes in the impact of migraine
on both acts and tasks related to functioning and
activities. The measure is not limited to solely physi-
cal or role impacts, as social and emotional impacts
are also captured by the items. However, it was not
designed to measure absenteeism from work or other
areas of life, so in this regard, it may capture slightly
different concepts than measures such as MIDAS
or Work Productivity and Activity Impairment
Questionnaire (WPAI).”” Changes in the frequency

and level of difficulty on these psychosocial impacts
can be measured by the MFIQ. A recall period of the
past 7 days used in the MFIQ enables capture of the
experiences of adults experiencing frequent migraines,
without the potential risk of recall bias associated
with longer recall periods. The instrument may also
be sensitive to impact that is not directly related to a
migraine day in individuals with less frequent
migraines. MFIQ scores suggested that some impair-
ment is present even in subjects with no migraine days
during week 4. These impairments in the absence of
migraine could potentially be prodrome or postdrome
impacts experienced between migraine attacks.

The MFIQ is able to capture the week-to-week
variability that is an important aspect of the fre-
quent and episodic nature of migraine®® and naturally
occurring fluctuations in the disease. Although some
items in the MFIQ reference activities that may not
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Table 6.—Responsiveness: Migraine Functional Impact Questionnaire Mean Change Scores
MFIQ Domain Score: Mean Change (SD)
Global Item:
Physical Usual Social Emotional Impact on
N Function Activities Function Function  Usual Activities
Reduction in Monthly Migraine DaysT, —14.51%** —13.00%** —14.37%** —17.18%** —16.54%**
Mean Difference
Responder 113 -12.8 (2.17) =9.63 (1.97) -12.5(2.22) -16.4 (2.67) —-13.8 (2.77)
Nonresponder 154 1.72 (1.95) 3.37 (1.77) 1.84 (2.00) 0.73 (2.40) 2.75 (2.51)
Reduction in Monthly Headache Daysf, —13.27%** —11.75%%* —12.71%%* —16.64%** —11.77%*
Mean Difference
Responder 106 —13.1(2.34) -9.83 (2.13) —12.6 (2.40) -17.4 (2.85) —12.0 (3.04)
Nonresponder 161 0.16 (1.90) 1.92 (1.73) 0.15 (1.95) —-0.80 (2.32) —-0.19 (2.48)
Reduction in Migraine Interference with —13.20%** —11.28%%* —12 144 —13. 11 —9.63*
Daily Activitiest, Mean Difference
Responder 111 -12.0 (2.29) —-8.18 (2.10) -10.9 (2.36) —13.6 (2.81) —-9.22 (3.00)
Nonresponder 149 1.25(2.01) 3.11 (1.84) 1.21 (2.08) —0.48 (2.46) 0.41 (2.65)
HIT-6™ Score}, Mean Difference —15.54%** —11.61%** —13.90%** —17.87%** —13.21%**
Responder 63 -15.7 (2.47) -11.4 (2.22) —14.5 (2.45) -17.9 (2.97) -12.9 (2.99)
Nonresponder 207 —-0.21 (1.70) 0.17 (1.52) —0.57 (1.68)  —0.04 (2.04) 0.29 (2.05)
PGICS, F-value, P-value for Responder 26.3 20.6 18.8 259 5.85
Statusq|
[k 3k 3INS 1K 2FFF 3 NS ¥ 204 3 NS 1R 2% 3NS 1 NS, 2% 3 NS
Improved 188 -10.4 (1.83) —7.13 (1.69) —-9.32 (1.95) -14.4 (2.22) —8.13 (2.43)
No change 49 2.75(2.78) 3.65 (2.58) 3.81(2.97) 5.92 (3.38) 0.97 (3.70)
Worsened 37 11.93 (3.26) 12.10 (3.00) 7.95 (3.46) 12.45(3.92) 8.60 (4.51)
MSQ Role Function-Restrictive Domain —11.29%%%* —10.46%** —0.88¥** —15.02%** —9.32%*
Scoretf, Mean Difference
Responder 114 -10.4 (2.03) —8.51 (1.78) =9.57 (2.02) -12.9 (2.40) —8.23 (2.42)
Nonresponder 155 0.89 (1.88) 1.95 (1.64) 0.30 (1.86) 2.15(2.22) 1.09 (2.25)
MSQ Role Function-Preventive Domain —8.71** —0.75%** —10.05%** —12.92%** —10.45%*
Scoretf, Mean Difference
Responder 105 —9.96 (2.29) -9.26 (1.99) -10.9 (2.23) -13.2 (2.69) —-10.1 (2.63)
Nonresponder 164 —1.26 (1.81) 0.49 (1.57) —-0.82 (1.75) -0.26 (2.14) 0.34 (2.09)
MSQ Emotional Function Domain —11.15%** —11.74%** —12.54%** —17.41%%* —12.13%**
Scoreff, Mean Difference
Responder 76 —12.4 (2.46) -11.5 (2.13) —13.5(2.38) -17.5 (2.86) —12.1(2.88)
Nonresponder 193 -1.29 (1.74) 0.27 (1.50) —0.92 (1.68) -0.12 (2.02) 0.02 (2.04)
PROMIS-PF Score§§, Mean Difference —7.84%% —9.30%** —10.54%*** —10.80** —10.91%**
Responder 99 —9.46 (2.33) —9.08 (2.04) 11.2 (2.29) -11.8 (2.78) -10.5 (2.71)
Nonresponder 173 —-1.62 (1.79) 0.22 (1.56) —0.66 (1.75) -1.00 (2.14) 0.43 (2.08)
*P < .01
**p < .001.
*EP <0001,

TWeek 4 to Week 16; Monthly Migraine Day, Monthly Headache Day, or Migraine Interference with Daily Activities Responder
>50% reduction; Nonresponder <50% reduction.

iWeek 8 to Week 16; HIT-6 Responder >5-point reduction; Nonresponder <5-point reduction.

§Week 4 to Week 16; PGIC Improved defined as PGIC of “a little better,” “moderately better,” or “very much better” at Week 16;
no change defined as PGIC of “no change” at Week 16; worsened defined as PGIC of “a little worse,” “moderately worse,” or “very
much worse” at Week 16.

91: Improved vs No Change, 2: Improved vs Worsened, 3: No Change vs Worsened.

TTWeek 8 to Week 16; MSQ RF-R or RF-P Responder >5-point increase; Nonresponder <5-point increase.

1iWeek 8 to Week 16; MSQ EF Responder >8-point increase; Nonresponder <8-point increase.

§§Week 8 to Week 16; PROMIS-PF Responder >2-point increase; Nonresponder <2-point increase.

EF = Emotional Function; HIT-6 = 6-item Headache Impact Test; MFIQ = Migraine Functional Impact Questionnaire;
MSQ = Migraine-Specific Quality-of-Life Questionnaire; NS = not significant; PGIC = Patients’ Global Impression of Change;
PROMIS-PF = Patient-Reported Outcomes Measurement Information System-Physical Function; RF-P = Role Function-
Preventive; RF-R = Role Function-Restrictive; SD = standard deviation.
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Number of Migraine Days.

occur daily (ie, work or study-related activities),
patients have stated that these impacts are relevant and
important to their migraine experience. Therefore, for
those items that describe concepts that may occur
less frequently, the response scale includes a “does
not apply” option that can be used in cases where the
activity was not relevant to a respondent during a par-
ticular week. If the MFIQ is administered every week,
it may be feasible to average across multiple time points
(eg, 4 weeks of assessments) to generate scores that are
representative across a longer duration. However, the
psychometric properties of multi-week scores have not
been evaluated and would require additional analyses
to establish their reliability and validity.

The MFIQ is being used as an outcome measure in
clinical trials and observational research. It may also
be a useful tool for integration into clinical practice.
It could be used for initial and ongoing assessments in
clinical contexts to monitor outcomes and to enhance
communication between patients and healthcare pro-
fessionals for the management of migraine.

Requests for copies of the instrument may be
addressed to the corresponding author.

LIMITATIONS

This study had a few limitations of note.
Inclusion of subjects from the Stage 1 sample in the
Stage 2 analysis may impact results derived from
the subsequent psychometric analyses. However,
the total sample included 305 additional subjects
beyond those included in the interim sample, so
any impacts on the results are considered relatively
minimal. The ancillary measures included in the
observational study allowed evaluation of convergent
validity, but not discriminant validity. Recruitment
of the patient sample for the observational study was
intentionally limited to match a typical clinical trial
sample and was limited to U.S. English. Subjects
had to have at least 4 headache days per month to be
enrolled in the study, which may also limit general-
izability of this sample to the general population of
migraine patients.



Headache

5.0
0.2
I
0.0 1

-5.0

-10.0

Change in MFIQ Score

-15.0

-15.7

-20.0

Domain 1: Impact on Physical
Function

Domain 2: Impact on Usual
Activites

m Responders (>5-point reduction on HIT-6™), n=63

Domain 3: Impact on Social

1267

0.3

—
—_—

-12.9

-14.5

-17.9

Domain 4: Impact on Emotional ~ Global Item: Overall Impact on

Function Function Usual Activities

Non-responders (<5-point reduction on HIT-6™), n=207

Fig. 4.—Responsiveness: Migraine Functional Impact Questionnaire Domain Change Scores by Responder Status Based on

HIT-6™ Score.

CONCLUSIONS

The MFIQ reflects the multifaceted impacts of
migraine on functioning that are most relevant to
adults with migraine. This study has demonstrated that
the MFIQ has robust psychometric properties and is
sensitive to change over time. MFIQ scores can be used
to assess and track the impact of migraine, evaluate
therapeutic targets, identify gaps for intervention,
and enhance dialog between patients and healthcare
providers about specific impacts of migraine that
need to be addressed. It may also be used to evaluate
real-world outcomes of interventions for migraine in
research and clinical practice settings. Future analy-
ses will be conducted to develop responder definitions
for interpreting clinically meaningful within-subject
change over time.
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