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experts. The AIM-D was psychometrically evaluated using data from 316 adults with
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and physical impairment (Pl). Revision of the draft AIM-D through multiple rounds
of cognitive interviews and expert panel meetings resulted in a content valid 11-item
version. Exploratory factor analysis supported both one- and two-domain structures
for the AIM-D, which were further supported by confirmatory factor analysis (factor
loadings all >0.90). The AIM-D domains (PDA and PI) and total score showed high
internal consistency reliability (Cronbach's alpha 0.95-0.97), acceptable test-retest
reliability for weekly average scores (intraclass correlation coefficient >0.60 for par-
ticipants with no change in PGI-S between baseline and week 2), and good convergent

and known-groups validity. There was evidence of responsiveness based on changes

Conclusion: The AIM-D is a content valid and psychometrically sound measure de-

signed to evaluate activity impairment and is suitable for use in clinical trials of pre-

activity impairment, Activity Impairment in Migraine Diary, content validity, migraine, patient-

90
in PGI-S score and monthly migraine days.
ventive treatments for EM or CM.
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reported outcome, psychometric analysis
INTRODUCTION

Migraine is a sometimes severe and often disabling disease that
impairs daily activities and physical functioning.! Symptoms can
be aggravated by routine physical movement, such as straining and
bending over.? People with migraine often require bed rest during
episodes.>™ As a consequence, migraine can interfere with physical
functioning, as well as leisure and social activities, and can have a
profound impact on emotional and cognitive function."¢ Measuring
the burden of migraine and the benefits of treatment relies on the
use of patient-reported outcome (PRO) measures. In clinical trials
of treatments for preventing migraine,7’10 outcomes in people with
episodic migraine (EM) or chronic migraine (CM) have been assessed
using various generic and disease-specific PRO measures, including
the Migraine Disability Assessment (MIDAS),** Headache Impact
Test (HIT-6),"2 and Work Productivity and Activity Impairment
(WPAI) questionnaire.“*14 However, although the Food and Drug
Administration (FDA) provides guidance on PRO development,'® at
the time this research began, no PRO measures for migraine-related
functional impairment were included in labeling for migraine pre-
ventive medications in the United States. Subsequently, two PRO
measures were included in labeling: the Migraine Specific Quality
of Life Questionnaire, Version 2.1 Role Function-Restrictive (MSQ
v2.1 RFR) domain and the Migraine Physical Function Impact Diary
(MPFID).*"'8 However, the 4-week recall period of the MSQ v2.1
potentially affects the accuracy of the assessments and is subject to
recall bias. The MPFID, by contrast, is a daily diary measure, but was
still in development and was therefore not available for use.

This paper describes the development and evaluation of the
Activity Impairment in Migraine Diary (AIM-D), a new disease-specific
PRO measure designed to assess the functional impact of migraine

and intended to support labeling for migraine preventive medications.
Development of the AIM-D began with a qualitative study to identify
the symptom and impact concepts of greatest importance to patients
with migraine. Based on findings from this qualitative research, a set
of candidate items was developed to assess difficulties in performing
daily activities, as well as physical and cognitive impairment due to mi-
graine. Initial development and subsequent refinement of the AIM-D
were underpinned by patient input through concept elicitation (CE)
and cognitive interviews, input from clinical experts, and FDA recom-
mendations. The psychometric properties of the AIM-D were subse-
quently evaluated in the context of an observational study in adults
with EM or CM. The benefits and limitations of AIM-D as an outcome
measure in migraine prevention trials are discussed.

METHODS

Institutional review board approval was obtained for all studies, and
written informed consent was obtained from all study participants
prior to enrolment. All authors were granted full access to the study
data.

Qualitative development of the AIM-D

Qualitative development of the AIM-D is summarized in Figure 1.
Consolidated criteria for reporting qualitative research-required infor-
mation'? for the qualitative work is provided in Table S1. The AIM-D
was developed in accordance with U.S. FDA PRO guidance.15’20 A tar-
geted literature review was performed to identify existing PRO meas-
ures for assessing treatment outcomes in adults with EM or CM.
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Literature review

l

Telephone interviews with five clinicians
experienced in treating migraine

l

Patient combined concept

40 participants

elicitation / cognitive interviews

l

Episodic migraine n=20
Chronic migraine n=20

Expert advisory meeting
Concept confirmation and
initial AIM-D draft

AIM-D cognitive interviews

11 participants
Episodic migraine n=5
Chronic migraine n=6

Wave 1

Expert advisory meeting and AIM-D revision
12 items

AIM-D cognitive interviews

13 participants
Episodic migraine n=7
Chronic migraine n=6

Wave 2

Expert advisory meeting and AIM-D revision
7 items; headache / non-headache versions

AIM-D cognitive interviews

14 participants
Episodic migraine n=6
Chronic migraine n=8

Wave 3

Final expert advisory meetings and AIM-D
finalization
9 items; headache / non-headache versions

FDA consultation

Final AIM-D
11items
Headache / non-headache versions

FIGURE 1 AQualitative development of the AIM-D

Concepts relevant for the AIM-D were identified through tele-
phone interviews with five clinicians experienced in treating mi-
graine and face-to-face interviews with adults with EM or CM. The
interviews with adults with migraine combined CE and cognitive
debriefing of PRO measures, which included draft headache diaries
and the Functional Impact of Migraine Questionnaire (FIMQ)?* but
not the AIM-D. Table S2 shows sample questions from the inter-
view guide used for the interviews with adults with migraine. These
interviews were audio-recorded, transcribed, anonymized, and
coded using ATLAS.ti (Atlas.ti GmbH, Berlin, Germany). The coding
scheme, which had been developed based on the target literature
review and the objectives of the study, was updated iteratively to
reflect the actual terms participants used to describe concepts and
to incorporate new concepts that emerged. This process was com-
plemented by clinical guidance (from R.L. and D.D.). Interviews were
continued until new concepts ceased to emerge, an outcome known
as concept saturation.?? This was evaluated using saturation grids
to determine the adequacy of the sample size and to ensure that
no new concepts of interest were likely to be elicited by conduct-
ing further interviews. Individual concepts were explored to obtain
an in-depth understanding of their meaning by obtaining examples
from multiple participants.

In two subsequent in-person advisory meetings with a panel of
clinical experts and experts in clinical outcome assessment research,
concepts that emerged from these qualitative interviews were
used to develop and refine the AIM-D. To minimize recall bias, the
AIM-D was developed as a 24-h daily diary. The wording of the draft
AIM-D items was informed by the words and phrases patients used

to describe their migraine experience and the concepts of migraine
impact. Concepts were selected for inclusion based on their impor-
tance and relevance to patients and the extent to which they were
aligned with the target measurement concepts. Because the focus
of the AIM-D was physical impairment (PI) and performance of daily
activities (PDAs), other impacts with a different focus, such as inter-
ference with relationships and wanting to be alone, were excluded.

Three additional virtual advisory meetings of the expert panel
were conducted to finalize the list of AIM-D items and refine the
wording of the items and response options. The second and third
of these meetings also aimed to gather clinician feedback on the
instrument.

The AIM-D was debriefed in three waves of cognitive interviews
with adults with EM or CM. Participants were asked to provide
feedback on the instructions, items, and response options and sug-
gest any changes they would make. After each wave of cognitive
interviews, participant feedback was considered during one or more
virtual meetings of the expert panel. During an additional virtual ad-
visory meeting of the expert panel held after the second wave of
interviews, it was decided to create separate versions of the AIM-D
for use when headache occurred in the previous 24 h and when it
did not.

The preliminary AIM-D conceptual framework included items
evaluating Pl and difficulties with daily activities. In addition, items
assessing cognitive functioning, activity level, and activity limitations
were developed outside of the conceptual framework for inclusion
in the planned psychometric evaluation, on the advice of the expert
panel. Based on the importance of cognitive impacts to patients with
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migraine and a review of the qualitative interview studies, the FDA
recommended that further consideration be given to evaluating two
of the items on cognition (concentrating and thinking clearly) within
the AIM-D. Following further discussion with clinical experts, the
conceptual framework was modified to include these two items.

Content analysis and psychometric evaluation in a
longitudinal observational study

Content analysis and psychometric evaluation of the AIM-D were
then assessed in an observational study. The observational study
was approved by an institutional review board (Advarra, Columbia,
MD) and was conducted in accordance with the Declaration of
Helsinki and International Council for Harmonisation E6 guidelines

for Good Clinical Practice.

Study design

The observational study was a prospective non-interventional study
over 13 weeks (including a 1-week baseline period), conducted at
28 clinical sites in the United States (which included clinical research
sites and neurology/pain centers). Participants were treated accord-

ing to applicable standards of clinical care.

Participants

Enrolment ran from March to May 2019. Participants were recruited
either directly by the participating clinical sites or through advertis-
ing on social media and then referred to one of the clinical sites for
confirmation of eligibility. No formal sample size calculation was per-
formed. However, the aim was to include at least 10 participants per
AIM-D item for both the EM and CM subpopulations, in accordance
with standard practices.?®

Eligible participants were English-speaking adults (18-80 years
of age) with EM or CM of at least 1 year's duration who met
International Classification of Headache Disorders, 3rd edition cri-
teria for migraine with or without aura. The EM group had 4-14 mi-
graine days/month in the previous 3 months, and the CM group had
an average of 215 headache days/month (with migraine headache on
>8 days) in the previous 3 months. Participants were recruited who
had changed migraine medication or dosing in the 2 weeks prior to
enrollment (to facilitate assessment of the AIM-D’s responsiveness)
or who had been on stable treatment for at least 12 weeks (to facil-
itate assessment of reliability). People who had changed migraine
medication 2-12 weeks previously were excluded.

Potential participants were excluded if they were participating
in a clinical trial; had difficulty distinguishing migraine headache
from other headache types; had a history of retinal migraine or mi-
graine accompanied by diplopia or decreased consciousness; had
responded inadequately to =5 prescription preventive medications

for migraine; had used opioids or barbiturates for >4 days/month
in the previous 3 months (CM only); had a confounding psychiatric
condition, a significant risk of self-harm, dementia, epilepsy, or a sig-
nificant neurological disorder other than migraine; were also suffer-
ing from another pain condition; or had a current diagnosis of new
persistent daily headache, trigeminal autonomic cephalgia, or painful

cranial neuropathy.

AIM-D

Participants completed PRO assessments at home using an eDiary
and at the clinical site using an eTablet. They completed the AIM-D
daily throughout the study. Each AIM-D item asks respondents to
rate level of difficulty on a six-point rating scale ranging from (0)
“Not difficult at all” to (5) “I could not do it at all.” Three items (er-
rands, leisure outside the home, and strenuous activities) include a
response option allowing respondents to indicate that the activity
was not planned. The headache and non-headache versions of the
AIM-D include the same sets of items and instruct respondents to
answer each question based on the level of difficulty experienced
“in the past 24 hours.” However, the headache version instructs re-
spondents to specifically consider the period “during [their] head-
ache.” This is because the impact of migraine on patient functioning
on a given day depends on whether or not the patient experiences
a headache. This approach also aimed to make the items easier to
respond to by anchoring them to a period that is clearly recognizable
to respondents. The non-headache version provides a more com-
prehensive evaluation of functional impairment for days when the
respondent does not experience a headache.

In addition to the AIM-D, participants provided daily responses
to supplementary items evaluating activity level and activity limita-
tion. Activity level was assessed on a 5-point scale ranging from “No
activity - Spent all day lying down” to “Exercised - Brisk walk, run-
ning, jogging, biking or other activity for 30 or more minutes,” and
activity limitation on a 5-point scale ranging from “Not at all limited

- | could do everything” to “Extremely limited.”

Additional PRO measures for psychometric evaluation

To test the psychometric properties of the AIM-D, participants
completed additional PRO assessments using the eDiary or eTab-
let, including a daily headache diary in which participants recorded
whether they had experienced a headache (Yes/No). Other PRO as-
sessments were the EuroQoL 5 Dimensions 5 Levels (EQ-5D-5L),242°
FIMQ,2  HIT-6,12
Information System (PROMIS) Pain Interference - Short Form
6a,%¢?” PROMIS Pain Intensity Numeric Rating Scale (NRS),?% MSQ
v2.1,27%% and MIDAS.!! Participants also completed the Patient

Global Impression - Severity (PGI-S), a single-item measure that

Patient-Reported Outcomes Measurement

assesses overall severity of migraine symptoms over the previous

7 days on a 5-point scale ranging from “None” to “Very severe”; and
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the Patient Global Impression of Change (PGIC), a single-item meas-
ure that assesses change in migraine symptoms over time on a 7-
point scale ranging from “Very much better” to “Very much worse.”
The version of the PGIC used in this study asked participants to rate
the change in migraine symptoms since the beginning of the study.
Further details on these additional PRO assessments, including their
timing, are provided in Tables S3 and S4.

Statistical analysis

This was the primary analysis of these data and was based on a
prespecified statistical analysis plan for the psychometric analy-
ses. Analyses were conducted using SAS® version 9.4 or later (SAS
Institute Inc., Cary, NC). Data for all enrolled participants were used
for the content analysis and internal consistency reliability analysis;
the full analysis set (FAS), which comprised participants with AIM-D
data for baseline and for at least 1 week from day 1 to week 12 (end
of study), was used for other analyses. All statistical tests used a
two-sided significance level of 0.05. Descriptive statistics were cal-
culated for demographics and baseline characteristics. For the AIM-
D, scores were calculated by summing the individual scores (out of
5) for the non-missing items, dividing the result by the number of
non-missing items, and multiplying by the total number of items. For
exploratory factor analysis and subsequent psychometric evalua-
tion, raw scores were transformed to a 0-100 scale by dividing them
by the maximum possible score and multiplying by 100.

The factor structure of the AIM-D was determined using random
draws, with one observation per participant. The item-level analy-
ses used data from one headache day and one non-headache day
per participant, drawn at random from day 1 through day 28 using
the SAS function “ranuni.” Floor effects were defined as >30% of
participants selecting the minimum response and ceiling effects as
>30% of participants selecting the maximum response. Iltem-item
and item-total correlations were calculated as Spearman rank-order
correlations using data for the same randomly drawn headache day
and non-headache day used to assess floor and ceiling effects.

Exploratory factor analysis was conducted to examine the po-
tential factor structure of the AIM-D using data for each participant
from four randomly drawn days, each of which could be a headache or
non-headache day. Factors with eigenvalues near to or greater than 1
were favored for retention. Root mean square error of approximation
(RMSEA; acceptable if <0.07)%! and root mean square of residuals were
calculated to evaluate model fit. Confirmatory factor analysis was used
to confirm the domain structure of the AIM-D using data from three
randomly drawn days (headache or non-headache). Weighted least
squares (LS) mean and variance-adjusted maximum likelihood estima-
tion was used to estimate the models. Model fit was assessed by cal-
culating comparative fit index (CFl; acceptable if >0.9),%? Tucker-Lewis
Index (TLI; acceptable if >0.9),%2 RMSEA,%! and standardized root
mean square residual (SRMR; acceptable if <0.08).% Factor loadings of
>0.40 were considered acceptable.34 For each of the factor analyses,
data are presented for one random draw.

Internal consistency reliability was separately assessed for head-
ache and non-headache days by calculating Cronbach's alpha using
data for a randomly drawn day (headache or non-headache). A value
0.7 is considered good internal consistency reliability.?%°>

We compared weekly average scores at baseline with weekly aver-
age scores at week 2 and monthly average scores at week 4 for partic-
ipants who selected the same response for the PGI-S at baseline and
week 2 or at baseline and week 4, and for patients who indicated “no
change” on the PGIC at week 4. A weekly average AIM-D score was
calculated if AIM-D scores were available for 24 days within a period
of seven consecutive days; monthly average AIM-D scores were calcu-
lated if AIM-D scores were available for 214 days in the relevant 28-
day period. In calculating weekly and monthly AIM-D scores, data for
all days in the given period were used (i.e., headache and non-headache
days were not distinguished from each other). Data for the pairs of
time points were compared by a paired t-test. To assess test-retest re-
liability, intraclass correlation coefficients (ICCs) were calculated using
a random-effects analysis of variance model.3¢ An ICC of 0.41-0.60
indicates moderate agreement, 0.61-0.80 substantial agreement, and
0.81-1.00 near-perfect agreement.37

To examine the convergent validity of the AIM-D, Spearman's
rank-order correlations were calculated between AIM-D scores and
scores for other PRO measures using baseline data. A correlation co-
efficient >0.30 among measures of similar concepts indicates mod-
erate convergent validity and a correlation coefficient >0.50 strong
convergent validity.®

Known-groups validity was evaluated by comparing least squares
mean AIM-D scores at baseline between different subgroups of par-
ticipants, grouped according to number of migraine days, MSQ v2.1
RFR score (dichotomized around the median score: <54 vs. 254), and
HIT-6 score category.39 Analysis of covariance was conducted to as-
sess the significance of the differences in AIM-D scores between
participant subgroups, with age and sex included in the models as
covariates.

Finally, responsiveness was explored by using regression mod-
els to evaluate the associations of changes in monthly AIM-D scores
between baseline and month 3 with change in PGI-S score (cate-
gorized as worsened, no change, improved), percentage change in
number of monthly migraine days (no change or increased, reduced
by <30%, reduced by >30%), change in activity limitation (worsened,
no change, improved), and change in HIT-6 total score (no change or
increased, reduced by <2.5 points, reduced by >2.5 points). Effect
sizes for the magnitude of differences between categories were cal-

culated using Cohen's d.%8

RESULTS
Qualitative development
The targeted literature review identified 17 existing PRO meas-

ures that could be used to assess treatment outcomes in adults
with EM or CM. Migraine-specific instruments addressing migraine
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symptoms, impacts, and/or patient satisfaction and with information
available on development of the instrument were subjected to an
in-depth review. Evaluation of the seven PRO measures included in
the in-depth review revealed limitations in content validity and de-
velopment according to FDA PRO guidance, and indicated that none
of the instruments identified adequately measured the proximal im-
pacts of migraine (Table S5).

Demographics and clinical characteristics of the 40 adults with
EM (n = 20) or CM (n = 20) who participated in the mixed CE/cog-
nitive interviews are shown in Table Sé6. Concepts that frequently
emerged in these interviews included impacts on ability to con-
centrate (92.5%), ability to move around (80.0%), social activities
(80.0%), leisure activities (75.0%), ability to communicate (65.0%),
and household activities (65.0%) (Table S7). Saturation of all impact-
related concepts was achieved for both EM and CM. The identified
impacts were considered during subsequent development of the
AIM-D, whose preliminary conceptual framework comprised two
domains of items on PI and difficulties with daily activities, as well
as a total score.

The AIM-D was debriefed in three waves of cognitive inter-
views with a total of 38 adults with EM (n = 18) or CM (n = 20).
In addition to the AIM-D items measuring Pl and PDAs, items on

» o«

cognitive functioning (“concentrating,” “thinking clearly,” and “re-
membering things”), activity level, and activity limitations were de-
veloped and debriefed outside of the AIM-D conceptual framework.
Demographics and clinical characteristics of the cognitive interview
participants are shown in Table S8. Changes to the initial pool of
AIM-D items were made based on expert panel review of partici-
pant feedback from the interviews. These changes are summarized
in Table S9. To reduce redundancy and shorten the instrument, the
three items pertaining to the home were consolidated as two items
(household activities at home and leisure activities at home) after
the first wave of cognitive interviews (n = 11), and daily activities
outside the home was removed. Three other items were also re-
moved: moving the head, due to issues in attributing the concept to
something other than migraine; moving the body, due to its generic
nature and because it was likely captured through another item on
walking; and getting around, because participants incorrectly inter-
preted the item as pertaining to transportation.

Following debriefing of the revised AIM-D in a second wave of
cognitive interviews (n = 13), moving the head and moving the body
were reinstated based on their clinical relevance. In the third wave
of cognitive interviews (n = 14), participants reported that the in-
structions, response options, and recall period of the headache and
non-headache versions of the AIM-D were easily understood and
relevant. Eight participants (57.1%) suggested that relevant concepts
such as emotional impact or pain were not covered by the AIM-D,
but none of these concepts were reported by more than two partic-
ipants. Because the instructions, items, and response options were
interpreted as intended, no changes to the AIM-D were made based
on the results of the third wave of cognitive interviews. However,
at the recommendation of the FDA and following further discussion
with clinical experts, two of the items on cognition (“concentrating”

N=375

Excluded N=61
Data collection problems

Y

Consented and eligible

N=369
Excluded N=53%
Not enrolled n=2
Inappropriately enrolled: n=1
L, Lost to follow-up: n=3

Withdrew consent: n=5
Non-compliance: n=2
Ineligible for FAS: n=47
Other reasons: n=2

A
Analysis population (FAS)
N=316

! I

Episodic migraine Chronic migraine
N=186 N=130
Treatment change$§: n=68 Treatment change§: n=79
Stable treatment: n=118 Stable treatment: n=51

FIGURE 2 Participant disposition. TParticipants from two
clinical sites were excluded because of data collection problems.
*Reasons for exclusion were not mutually exclusive. *Change of
current treatment, including change of dosing (preventive or acute
for episodic migraine; preventive for chronic migraine) within the
previous 2 weeks. FAS, full analysis set

and “thinking clearly”) were added to the preliminary conceptual
framework, and the AIM-D was psychometrically evaluated as an

11-item measure (Table S9).

Observational study participants

The observational study was conducted from March to August 2019.
A total of 375 participants provided written informed consent and
were enrolled, of whom 316 (186 with EM and 130 with CM) were
included in the FAS (Figure 2). Forty-seven participants were ex-
cluded from the FAS because they did not have AIM-D data for both
baseline and at least one subsequent study week.

The mean (standard deviation [SD]) age of participants was
45.0 (12.8) years (range 18-79) and 86.4% of participants were fe-
male (Table 1). Most participants were White (74.7%), not Hispanic
or Latino (74.1%), and living with a spouse or partner (78.8%).
Participants with EM and CM were well balanced in terms of
demographics.

The mean time since diagnosis of migraine was 16.5 (13.6) years
(range 14 months to 58 years) (Table 1). The most frequently used
preventive treatment for migraine was topiramate (26.9% for CM,
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13.4% for EM). Two-thirds (66.1%) of participants with EM and 15.4%
of participants with CM were not taking a preventive treatment for
migraine. Sumatriptan (21.8% overall) was the most frequently used
acute treatment for migraine.

Mean (SD) HIT-6 total score at baseline was 62.4 (6.0) (Table 1),
indicating a substantial impact on participants' ability to function.
Similarly, the mean (SD) PROMIS Pain Interference total score of
60.8 (8.1), which is approximately 1 SD above the US population
norm of 50,%° indicated the impact of pain on participants' lives. For
the AIM-D, the mean (SD) total score at baseline was 13.8 (12.8) for
participants with EM and 24.3 (18.6) for participants with CM.

Content analysis
Item distributions

On a randomly drawn headache day, item responses were gener-
ally well distributed, with only one floor effect (31.8%) for item 6
(walking). Floor effects were observed for all items on a randomly
drawn non-headache day and ranged from 78.5% for item 5 (strenu-
ous activities) to 86.0% for item 6 (walking). No ceiling effects were
observed.

Item correlations

Item-item correlations on a randomly drawn headache day ranged
from 0.65 to 0.93 and item-total correlations ranged from 0.85 to
0.92 (Table S10). On a randomly drawn non-headache day, item-item
correlations ranged from 0.61 to 0.89 and item-total correlations
ranged from 0.84 to 0.94.

Exploratory factor analysis

One- and two-factor models showed similar fit to the data. All load-
ings in the single-factor model were >0.40 (Table S11). In the two-
factor model, items 1-5, 10, and 11 loaded together (factor loadings
0.420-0.957) and items 6-9 loaded together (0.615-0.894). The
correlation between factors 1 and 2 was 0.76.

Confirmatory factor analysis

Confirmatory factor analysis supported one- and two-factor struc-
tures (Table 2). Factor loadings for all items were >0.90. Model fit
was acceptable for both the one-factor structure (CFl = 0.997,
TLI = 0.996) and the two-factor structure (CFl = 0.999, TLI = 0.998).
For the one-factor structure, RMSEA was 0.14 and SRMR was 0.016;
RMSEA was 0.10 and SRMR 0.010 for the two-factor structure.
Based on these findings, and in accordance with both the AIM-D
conceptual framework and recommendations from the FDA in their

assessment of the qualitative research, both the one- and two-factor

models were evaluated in subsequent psychometric analyses.

Final scoring of the AIM-D

The final version of the AIM-D comprises a PDAs domain (items 1-5,
10, and 11) and a Pl domain (items 6-9). A total score is also calcu-
lated (Figure 3). Domain scores and AIM-D total score are calculated
on a 0-100 scale, with a higher score indicating a greater level of
impairment. The minimum number of non-missing responses for a
score to be calculated is 4 out of 7 for the PDA domain, 2 out of 4
for the Pl domain, and 6 out of 11 for AIM-D total score. Otherwise,
the score is set to missing. Across day 1 through day 28 of the ob-
servational study, data for the AIM-D were missing for an average of
5.3 days (18.9%).

Psychometric evaluation
Internal consistency reliability

Internal consistency reliability was high. For the total sample (all par-
ticipants, EM or CM), Cronbach's alpha on a randomly drawn head-
ache day was 0.97 for the PDA domain, 0.95 for the Pl domain, and
0.98 for AIM-D total score (Table S12). Deletion of individual items
had little impact on Cronbach's alpha. Similar results were obtained
for participants with EM and participants with CM (Table S12), and
for a randomly drawn non-headache day (Table S13).

Test-retest reliability

Reproducibility of AIM-D scores was good. For the total sample,
ICCs for AIM-D domain scores and total score were >0.60 for
participants with no change in PGI-S between baseline and week
2 (Table 3). ICCs for EM and CM were also >0.60. For participants
with no change between baseline and week 4 in PGI-S (Table S14)
or PGIC (Table S15), ICCs for the total sample, EM, and CM were
similarly all >0.60.

Convergent validity

The AIM-D demonstrated construct validity. For the total sample,
AIM-D domain scores and total score at baseline showed moder-
ate correlations with activity level (-0.41 to -0.45), moderate to
strong correlations with number of headache days (0.49-0.58), and
strong correlations with activity limitation (0.80-0.86) and num-
ber of migraine days (0.59-0.69) (Table 4). Correlations with PGI-S
(0.53-0.55), PROMIS Pain Interference total score (0.54-0.57), and
FIMQ total score (0.56-0.60) were strong and those with HIT-6 total
score (0.36-0.38) and MSQ domain scores (-0.36 to -0.50) were
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TABLE 1 Demographics and baseline characteristics

Total sample (N = 316)

Demographics

Age, years
Mean (SD) 45.0(12.8)
Range 18-79
Sex, n (%)
Female 273 (86.4)
Race, n (%)?
American Indian/Alaskan Native 4(1.3)
Asian 22 (7.0)
Black or African American 58 (18.4)
Native Hawaiian/Pacific Islander 0
White 236 (74.7)
Other 5(1.6)
Ethnicity, n (%)
Hispanic or Latino 82 (25.9)
Not Hispanic or Latino 234 (74.1)
Living/domestic situation, n (%)
Living alone 64 (20.3)
Living with spouse or partner 249 (78.8)
Other 3(0.9)
Clinical characteristics”
Diagnosis, n (%)
Migraine without aura 241 (76.3)
Migraine with aura 143 (45.3)
Years since diagnosis of migraine
Mean (SD) 16.5(13.6)
Range 1.2-58.0

History of 4-14 migraine days/month, n (%)
Average number of migraine days/month,® n (%)
4-5 days
6-7 days
8-9 days
10-14 days
History of 15 or more headache days/month, n (%)
Preventive medication for migraine ever prescribed, n (%)
None 143 (45.3)
Baseline PRO assessments®

HIT-6 total score

Mean (SD) 62.4 (6.0)
PROMIS Pain Interference total score

Mean (SD) 60.8 (8.1)
PROMIS Pain Intensity NRS

Mean (SD) 5.9(2.3)
MSQv2.1
Role Function-Restrictive

Mean (SD) 51.7 (23.6)

Episodic migraine (N = 186)

43.9 (12.8)
18-79

160 (86.0)

3(1.6)

14 (7.5)
33(17.7)
0

141 (75.8)
2(1.1)

54 (29.0)
132 (71.0)

40 (21.5)

145 (78.0)
1(0.5)

143 (76.9)
81 (43.5)
15.7 (13.0)
1.2-55.0
186 (100.0)
67 (36.0)
51(27.4)
26 (14.0)
42 (22.6)

0

123 (66.1)

61.7 (6.0)

59.7 (8.8)

5.6 (2.4)

55.0(23.6)

Chronic migraine (N = 130)

46.7 (12.7)

21-75

113 (86.9)

1(0.8)
8(6.2)
25(19.2)
0
95(73.1)
3(2.3)

28 (21.5)
102 (78.5)

24 (18.5)

104 (80.0)
2(1.5)

98 (75.4)

62 (47.7)

17.7 (14.4)

1.3-58.0
0

130 (100.0)

20(15.4)

63.4(5.9)

62.4(6.9)

6.2 (2.0)

47.1(23.0)
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TABLE 1 (Continued)

Total sample (N = 316)

Role Function-Preventive

Mean (SD) 64.4(24.6)
Emotional Function

Mean (SD) 62.2(30.2)
MIDAS

Mean (SD) 71.8 (85.4)

Missing, n 5
EQ-5D-5L
Utility score

Mean (SD) 0.86(0.11)

Missing, n 48
VAS

Mean (SD) 79.2 (13.6)

Missing, n 48
FIMQ

Mean (SD) 46.6(19.1)
AIM-D¢
PDA domain

Mean (SD) 20.5 (17.7)
Pl domain

Mean (SD) 14.5(15.0)
AIM-D total score

Mean (SD) 18.1(16.3)

Episodic migraine (N = 186) Chronic migraine (N = 130)

66.2 (24.0) 61.8(25.2)
65.8 (29.6) 57.1(30.5)
66.6(91.7) 79.4(75.0)
2 3
0.88(0.10) 0.82(0.11)
28 20

81.7 (12.0) 75.6 (15.0)
28 20
43.0(18.1) 51.6 (19.6)
15.7 (14.0) 27.3(20.1)
11.0(11.7) 19.5(17.5)
13.8 (12.8) 24.3 (18.6)

Abbreviations: AIM-D, Activity Impairment in Migraine Diary; EQ-5D-5L, EuroQoL 5 Dimensions 5 Levels; FIMQ, Functional Impact of Migraine
Questionnaire; HIT-6, Headache Impact Test; MIDAS, Migraine Disability Assessment; MSQ v2.1, Migraine Specific Quality of Life Questionnaire,
Version 2.1; NRS, Numeric Rating Scale; PDA, performance of daily activities; Pl, physical impairment; PRO, patient-reported outcome; PROMIS,
Patient-Reported Outcomes Measurement Information System; SD, standard deviation; VAS, Visual Analog Scale.

#Not mutually exclusive.

PReported by the clinical site.

“Only collected for participants with episodic migraine.
9No assessments were missing, except where indicated.
€AIM-D scores were transformed to a 0-100 scale.

moderate. Similar results were obtained for participants with EM
(Table S16) and participants with CM (Table S17).

Known-groups validity

The AIM-D also demonstrated known-groups validity. For EM,
mean AIM-D domain scores and total score at baseline were higher
for participants with an average of 10-14 migraine days/month
than for those with 4-5 migraine days/month (Table 5). Similarly,
for CM, mean AIM-D scores at baseline were higher for partici-
pants with an average of 14-22 or 23-28 migraine days/month
than for those with 0-7 migraine days/month (Table 6). Known-
groups validity was also demonstrated when baseline AIM-D
scores were analyzed according to MSQ RFR score (Table $18) and

HIT-6 total score (minimal/mild impact vs. moderate/severe im-
pact) (Table 519).

Responsiveness

The AIM-D showed evidence of being responsive to changes in
migraine frequency and severity. For the total sample and for par-
ticipants with EM, changes in AIM-D domain scores and total score
between baseline and month 3 were significantly higher in par-
ticipants with a 21-point improvement in PGI-S score than in those
whose PGI-S score worsened by 21 points (Table 7). Changes in
AIM-D domain score and total score between baseline and month
3 were also higher in participants with a 230% decrease in number
of monthly migraine days compared to those with no change or an
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TABLE 2 Confirmatory factor analysis: Randomly drawn headache or non-headache day (day 1 through day 28), total sample
One-factor model Two-factor model
Factor
Factor 1 Factor 1 (PDA) 2 (P1)
Factor loadings for individual items
1. Chores 0.973 0.977
2. Errands 0.990 0.991
3. Leisure home 0.970 0.975
4. Leisure outside 0.975 0.977
5. Strenuous activities 0.951 0.955
6. Walk 0.958 0.968
7. Move body 0.974 0.983
8. Bend forward 0.962 0.976
9. Move head 0.954 0.967
10. Concentrate 0.958 0.963
11. Think clearly 0.958 0.964
Factor intercorrelation
Factor 1 with factor 2 0.957
Model fit
X2 (df)* 352.13 (44) 191.55 (43)
p-value <0.01 <0.01
CFI 0.997 0.999
TLI 0.996 0.998
RMSEA (90% CI) 0.14 (0.12-0.15) 0.10(0.08-0.11)
SRMR 0.016 0.010

* indicates p less than or equal to 0.05.

Abbreviations: CFl, comparative fit index; Cl, confidence interval; df, degrees of freedom; PDAs, performance of daily activities; P, physical

impairment; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; TLI, Tucker-Lewis Index.

CONCEPT

DOMAIN

ITEMS

Difficulty with household chores

Difficulty with errands (e.g., grocery shopping)

Difficulty with leisure activities at home

Performance of

daily activities

Difficulty with leisure or social activities outside the home

(PDA)

Activity
impairment

Difficulty doing strenuous physical activities

Difficulty concentrating

Difficulty thinking clearly

Difficulty walking

Difficulty moving body

Physical

impairment (PI)

Difficulty bending forward

Tl It Tri

Difficulty moving head

FIGURE 3 Final conceptual framework for the AIM-D
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TABLE 3 Test-retest reliability: Participants with no change in PGI-S between baseline and week 2

Characteristic N

Total sample

PDA domain 147

Pl domain 147

AIM-D total score 147
Episodic migraine

PDA domain 87

Pl domain 87

AIM-D total score 87
Chronic migraine

PDA domain 60

Pl domain 60

AIM-D total score 60

Weekly average score, mean (SD)

Baseline

19.3(16.3)
13.2(14.0)
16.9 (15.0)

15.3(13.7)
10.3(11.5)
13.3(12.5)

25.1(18.0)
17.4 (16.2)
22.1(16.8)

Week 2

17.2 (15.0)
13.0(13.¢)
15.6 (14.0)

13.9 (12.0)
10.2(10.8)
12.4(11.1)

21.9 (17.6)
17.2(16.2)
20.1(16.5)

Difference t? p-value? ICC
-2.1 -2.24 0.027 0.73
-0.2 -0.19 0.849 0.74
-14 -1.56 0.120 0.73
-14 -1.21 0.228 0.67
-0.1 -0.16 0.874 0.74
-0.9 -0.90 0.372 0.69
-3.2 -1.95 0.056 0.74
-0.2 -0.12 0.908 0.72
-2.0 -1.29 0.201 0.73

Abbreviations: AIM-D, Activity Impairment in Migraine Diary; ICC, intraclass correlation coefficient; PDAs, performance of daily activities; PGI-S,
Patient Global Impression - Severity; Pl, physical impairment; SD, standard deviation.

?Paired t-test.

TABLE 4 Convergent validity: Correlations between AIM-D
scores and other measures at baseline, total sample

PDA
domain
Patient questionnaire
Activity level -0.45"
Activity limitation 0.86"
Daily headache diary
Number of headache days 0.58""
Number of migraine days 0.69"
HIT-6 total score 0.377"
MSQv2.1
Role Function-Restrictive -0.44"
Role Function-Preventive -0.49™"
Emotional Function -0.38"
PGI-S 0.54"
PROMIS Pain Interference 0.56"
total score
PROMIS Pain Intensity NRS 041"
FIMQ total score 0.59""

Note: Spearman rank-order correlations.

Pl
domain

-0.41"
0.80""

049"
0.59"
0.36""

-0.43™"
-0.49™"
-0.36 "
0.53"
0.54"

.

0.40"
0.56"

AIM-D
total score

-0.44"
0.86"

0.56"
0.67"
0.38""

-0.45"
-0.50"
-0.38""
0.55"
0.57""

042"
0.60""

Abbreviations: AIM-D, Activity Impairment in Migraine Diary; FIMQ,
Functional Impact of Migraine Questionnaire; HIT-6, Headache Impact
Test; MSQ v2.1, Migraine Specific Quality of Life Questionnaire,
Version 2.1; NRS, Numeric Rating Scale; PDA, performance of daily
activities; PGI-S, Patient Global Impression - Severity; PI, physical
impairment; PROMIS, Patient-Reported Outcomes Measurement

Information System.
***p < 0.0001.

increase in the number of migraine days (Table $20), and in those

whose activity limitation improved versus those whose activity

limitation did not change or worsened (Table $S21). AIM-D total score
and domain scores were not found to differ significantly according
to change in HIT-6 score between baseline and month 3 (Table $22).

DISCUSSION

PRO measures developed in accordance with FDA guidance are im-
portant for capturing the patient perspective on treatment efficacy
in clinical trials. The AIM-D was developed and evaluated following
FDA guidancelS"“’42 as a measure for assessing activity impairment,
with items and response options that are relevant for patients with
EM or CM. The development and evaluation process included CE
(where saturation of concepts was demonstrated); patient feedback
on each version of the measure; regular input from clinical experts;
and the assessment of quantitative evidence. Our qualitative work
indicated that activity impairment was a crucial aspect of the pa-
tient experience of migraine. In developing the AIM-D, we focused
on capturing PDAs and PI. Factor analysis supported one- and two-
factor structures for the AIM-D. This provided a basis for calculating
PDA and Pl domain scores and AIM-D total score. Internal consist-
ency reliability was excellent and reproducibility was good. The
AIM-D domains demonstrated construct validity and known-groups
validity, and showed evidence of being responsive to changes in
symptom severity and frequency, and in activity limitation, but not
to changes in HIT-6 score.

Other PRO measures developed per FDA guidance are now
available. The 13-item MPFID was published after work on the
AIM-D had begun, and is included in the label for erenumab-acoe.*®
As with the AIM-D, it evaluates the physical impact of migraine, with
a 24-h recall period that gives precision and limits the influence of
recall bias.'®!” The item content of the MPFID is similar to that of
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TABLE 7 Responsiveness between baseline and month 3 based on change in PGI-S
Change in PGI-S
1: Worsened by 21 3: Improved by 21
points 2: No change® points
AIM-D score change N Mean (SD) N Mean (SD) N Mean (SD) [=d p-value Effect size
Total sample
PDA domain 47 -0.2 (11.3) 119 -2.4(12.2) 86 -8.3(13.9) 8.01 <0.001 1vs.2:-0.18
1vs.3:-0.62
2vs.3:-0.46
Pl domain 47 2.3(10.4) 119 -0.1(10.5) 86 -4.6(12.5) 6.88 0.001 1vs.2:-0.23
1vs.3:-0.59
2vs.3:-0.40
AIM-D total score 47 0.7 (10.6) 119 -1.5(11.2) 86 -6.8(13.2) 791 0.001 1vs.2:-0.20
1vs. 3:-0.61
2vs.3:-0.45
Episodic migraine
PDA domain 34 -0.6 (10.4) 71 -2.9 (10.4) 44 -8.8(14.2) 5.45 0.005 1vs.2:-0.22
1vs. 3:-0.64
2vs. 3: -0.49
Pl domain 34 2.0(9.6) 71 -0.6(9.0) 44 -4.9(11.5) 495 0.008 1vs.2:-0.29
1vs.3:-0.65
2vs.3:-0.43
AIM-D total score 34 0.4 (9.9) 71 -2.0(9.4) 44 -7.3(13.2) 5.51 0.005 1vs.2:-0.25
1vs. 3:-0.65
2vs.3:-0.48
Chronic migraine
PDA domain 13 0.8 (13.6) 48 -1.6 (14.6) 42 -7.8(13.7) 294 0.057 1vs.2:-0.16
1vs.3:-0.63
2vs.3:-0.44
Pl domain 13 3.2(12.9) 48 0.8 (12.6) 42 -4.3(13.6) 2.48 0.089 1vs.2:-0.19
1vs.3:-0.56
2vs.3:-0.39
AIM-D total score 13 1.8(12.9) 48 -0.6 (13.5) 42 -6.4(13.4) 2.86 0.062 1vs.2:-0.18
1vs.3:-0.61
2vs.3:-0.42

Abbreviations: AIM-D, Activity Impairment in Migraine Diary; PDA, performance of daily activities; PGI-S, Patient Global Impression - Severity; PI,
physical impairment; SD, standard deviation.

2Same response selected at baseline and month 3.
bGeneral linear model.

the AIM-D, which further supports the content validity of the AIM-
D. However, despite their overlap, the AIM-D and MPFID measure
different aspects of the migraine burden.

One of the most widely used disease-specific measures in mi-
graine is the MSQ v2.1, which evaluates how frequently migraine
limits and prevents work and social and activities, as well as the
emotional impact of migraine.zg’30 The MSQ v2.1 RFR domain is
included in the label for galcanezumab-gnim.** While its longer
4-week recall period potentially makes it difficult for respondents

to accurately average the impacts of migraine over time, it may
focus patients on what is most salient. However, the MSQ v2.1
does not distinguish between headache and non-headache days.
Moreover, the AIM-D captures meaningful physical and cognitive
impacts not captured by the MSQ v2.1, such as difficulty walking
and difficulty thinking clearly, and assesses severity rather than
frequency of impacts. Considering also the convergent validity
between AIM-D scores and scores for the MSQ v2.1 domains (cor-
relations =0.36 to -0.50) and for the HIT-6 (0.36-0.38), together
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with the fact that three of the HIT-6 items have a 4-week recall
period, the AIM-D may be a useful complement to PRO measures
with longer recall periods.

An important limitation of the present analysis is the obser-
vational, non-interventional design of the validation study. As
is often seen with this type of study design, changes in disease
status were modest, despite design aspects aimed at producing
observable changes including active recruitment of participants
who had recently changed treatment. For this reason, the respon-
siveness analysis should be interpreted with caution and should
be replicated in datasets that are better suited to this kind of anal-
ysis, such as data from randomized controlled trials. The smaller
size of the CM sample compared with the EM sample may have
limited the power of certain analyses for CM. In addition, item-
level analyses based on randomly drawn days and psychometric
analyses based on weekly or monthly averages had the potential
to be affected by the relative frequencies of headache and non-
headache days. However, the contrasting item distributions for
headache and non-headache days do not imply lack of reliability;
rather, they suggest sensitivity to state-dependent change. The el-
igibility criteria applied are similar to those typically used in clinical
trials of treatments for migraine prevention, which supports the
generalizability of the findings. Strengths of the AIM-D include
the availability of headache and non-headache versions, which
enables day-to-day variability in the impact of migraine to be cap-
tured. By instructing respondents to focus on the period “during
[their] headache,” the headache version specifically captures their
experience during headache (rather than during the full 24-h recall
period, where impairment may be pronounced during migraine and
more modest at other times). The non-headache version meets the
growing emphasis on assessing interictal non-headache symptoms
and impacts relating to migraine. Finally, although the AIM-D was
completed daily, the average monthly rate of missing data was low
(5.3 out of 28 days).

CONCLUSION

The AIM-D is a content valid and psychometrically sound measure
of activity impairment with migraine. It was developed in alignment
with FDA PRO guidance, using qualitative data from substantial
numbers of adults with EM or CM, and its measurement properties
were confirmed in a longitudinal observational study. The robust
quantitative data support evaluation of the PDA and Pl domains
and AIM-D total score as endpoints in clinical trials of preventive
treatments in patients with EM or CM. In addition to providing
summary measures of burden of illness and benefit of treatment,
the AIM-D will facilitate comparisons of migraine burden on head-
ache, premonitory, postdromal, and interictal days. Future research
is needed to further evaluate clinically meaningful changes for the
AIM-D domains. The potential for using the AIM-D to evaluate pa-
tient outcomes in routine clinical practice, and in digital applications
for capturing real-world data, should also be investigated.
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