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Abstract

Clinic-based headache registries collect data for a wide variety of purposes including delineating disease characteristics,
longitudinal natural disease courses, headache management approaches, quality of care, treatment safety and effective-
ness, factors that predict treatment response, health care resource utilization, clinician adherence to guidelines, and
cost-effectiveness. Registry data are valuable for numerous stakeholders, including individuals with headache disorders
and their caregivers, healthcare providers, scientists, healthcare systems, regulatory authorities, pharmaceutical com-
panies, employers, and policymakers. This International Headache Society document may serve as guidance for devel-
oping clinic-based headache registries. Use of registry data requires a formal research protocol that includes: I) research
aims; 2) methods for data collection, harmonization, analysis, privacy, and protection; 3) methods for human subject
protection; and 4) publication and dissemination plans. Depending upon their objectives, headache registries should
include validated headache-specific questionnaires, patient reported outcome measures, data elements that are used
consistently across studies (i.e., “common data elements”), and medical record data. Amongst other data types, reg-
istries may be linked to healthcare and pharmacy claims data, biospecimens, and neuroimaging data. Headache diagnoses
should be made according to the International Classification of Headache Disorders diagnostic criteria. The data from
well-designed headache registries can provide wide-ranging and novel insights into the characteristics, burden, and
treatment of headache disorders and ultimately lead to improvements in the management of patients with headache.
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Introduction

A patient registry is an organized method of collecting
data from a group that shares a disease, condition, or
exposure (1). Registry goals might be epidemiological,
clinical, and/or policy related. On the population level,
registries collect information of all cases that occur
within a specific setting, often within a specific geo-
graphical region. As the underlying population size is
generally known, such registries may allow for esti-
mates of disease incidence and prevalence for condi-
tions that are nearly completely ascertained (2).
Registering of patients with a specific condition can
also be done in the clinical setting, which is referred
to as a “clinic-based” or “hospital-based” registry.
The general approach, however, is similar in that all
patients with a given disease or condition in that
clinic or hospital should be included in the registry.
Clinic-based registries are either cross-sectional or lon-
gitudinal cohort studies. They collect data from a large
group of patients as they receive usual medical care (see
Table 1 for a comparison of clinic-based registries vs.
controlled trials vs. patient level survey data vs. elec-
tronic health record/medical claims/pharmacy data).
Registry data can be obtained from multiple sources,
including structured patient interviews, validated ques-
tionnaires, symptom diaries, patient reported outcomes
(PRO) measures, medical records, insurance claims,
and pharmacy claims (3). Patient registries might
include physical examination findings, biological speci-
mens, imaging data, physiological data, and diagnostic
test results. Registries collect data that can be used for
numerous purposes, including defining disease charac-
teristics, identifying heterogeneity amongst those with a
disease or condition, understanding longitudinal natu-
ral disease course or its modification by treatment,
quantifying long-term tolerability, safety, and effective-
ness of treatments, measuring health care resource uti-
lization, defining and comparing different treatment
strategies, identifying patients for clinical trials, identi-
fying potentially new indications for existing therapies,
discovering biomarkers that predict treatment response
and disease outcomes, measuring clinician adherence to
guidelines, measuring quality of care, and calculating
cost-effectiveness of various care strategies (1,4,5).
Registry data are valuable to numerous stakeholders,
including patients and their families, healthcare pro-
viders, scientists, healthcare systems, regulatory agen-
cies, pharmaceutical companies, healthcare payers,
employers, and policymakers (6,7).

For conditions that are underdiagnosed, like
migraine, certain patient identification strategies may
lead to incomplete ascertainment of the disease of inter-
est and underestimation of prevalence and incidence.
For example, if registries are derived from primary care

clinics, many people with migraine may go undiag-
nosed. Particular caution is required if there are sys-
tematic differences among persons who are ascertained
and those who are not enrolled in a registry. In the US,
about 60% of people with migraine report having
received a medical diagnosis (8). Consultation and
medical diagnosis are more likely in people with
severe migraine and high disability (9,10). This problem
may be amplified if a clinic-based registry is derived
from headache subspecialty centers, as this would
result in non-representative samples that would not
allow for prevalence and incidence estimates unless
the headache condition is rare. While these factors do
not undermine the value of clinic-based registries in
tracking clinical course, health care utilization or bar-
riers to treatment among people with headache who are
identified, they may limit generalizability of findings
and must be considered when interpreting results.
Nonetheless, there are some advantages associated
with patient enrollment from headache subspecialty
centers, such as the ability to include rarer headache
disorders and greater patient willingness to provide
data that deeply phenotypes their condition.
Headache subspecialty registries may also be particu-
larly advantageous for studying rare disorders which
may not be diagnosed accurately outside of subspeci-
alty centers, such as paroxysmal hemicrania or short-
lasting unilateral neuralgiform headache attacks with
conjunctival injection and tearing (SUNCT) and for
studies of treatments primarily given in subspecialty
care, such as onabotulinumtoxinA and nerve blocks.

This International Headache Society guideline on
Clinic-Based Headache Registries was developed by a
panel of authors who have experience with developing
and managing clinic-based headache patient registries.
Of note, clinic-based registries are sometimes referred
to as “patient databases”. The document may serve as
guidance when developing clinic-based headache
patient registries, including recommendations about
developing a registry, data sources, data harmonization
and quality, human subject protection, patient engage-
ment, data and specimen sharing, and result dissemi-
nation and publication. Table 2 summarizes key
considerations when developing clinic-based headache
registries.

Developing a clinic-based headache
registry

Existing guidelines/advice on registry development

There is existing guidance on patient registry develop-
ment from the United States Food and Drug
Administration (FDA), the European Medicines
Agency (EMA), the Agency for Healthcare Research
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Table 2. Key considerations for a clinic-based headache registry.

Key Considerations for a Clinic-Based Headache Registry
Developing the Registry
e Determine the overarching aims of the registry prior to
developing research methods
e Develop a well-balanced registry leadership team with a
defined governance structure
e Develop the registry infrastructure (e.g. electronic platform
and database)
e Write a formal research protocol that details:
Registry design
Patient eligibility, sampling, and recruitment methods
Methods for assigning ICHD headache diagnoses
Questionnaires, patient-reported outcome measures, and
common data elements to be included
O Statistical considerations
Selecting the Registry Data Sources
e Patient provided data
O Questionnaires
O Headache diaries
O Passive monitoring (e.g. mobile device applications,
wearables)
Clinician/Researcher provided data
Medical record data
Health care claims data
Biospecimens
Neuroimaging
Other (e.g. neurological examination findings, vital signs,
diagnostic test results)
Data Harmonization and Quality
e Plans for harmonizing data that are collected from multiple
data sources
e Plans for monitoring and maximizing data quality
e Plans for limiting and handling missing data
Human Subject Protection
e |Institutional Review Board/Medical Ethics Committee
approvals or waivers
e Patient informed consent or waiver
e Data and biospecimen protection
Patient Engagement
e Involve patients when planning the registry, conducting the
research, interpreting and disseminating results
e Methods to enhance patient interest, participation, and
compliance with the registry
Data and Specimen Sharing
e Rules for data and specimen sharing
e Methods for preparing and submitting data and specimen
requests, including required elements in the proposal (e.g.
specific research aims, needed data, analytic approach, sample
size considerations, funding)
e Registry Use and Access Committee reviews data access
proposals
e Data transfer agreements/contracts
e Safe and compliant methods for sharing data and specimens
Result Dissemination and Publications
e Determine authorship policies
e Develop statements of attribution to the registry that are
included when results are disseminated and within
publications

o O O O

ICHD = International Classification of Headache Disorders.

and Quality (AHRQ), the Patient Centered Outcomes
Research Institute (PCORI), and other agencies and
medical societies (1,11-13). This International
Headache Society guideline incorporates recommenda-
tions from these other agencies, but is unique since it
includes guidance specific to clinic-based headache
registries.

Setting goals for the registry

Overarching goals for a registry are determined prior to
developing the research and data collection methods.
Doing so ensures that the chosen methodology, data
collected, and sample size are optimal for addressing
the overarching registry goals. Goals may be very
narrow or broad. For example, a narrow goal might
be to assess the safety of a particular migraine treat-
ment during pregnancy. Such a registry would enroll
pregnant women, some of whom were exposed to and
others who were unexposed to the migraine treatment
of interest. Another narrow registry might seek to iden-
tify genotype-phenotype correlations among people
with migraine. Such a registry might deeply phenotype
each enrolled patient and include their genetic informa-
tion. An example of a registry with broad goals is one
that seeks to characterize the clinical course of migraine
and predictors of migraine outcomes. Such a registry
might enroll and follow a broad, representative sample
of people with migraine.

It is recommended that specific research aims be
determined when developing the registry, to ensure
that the data that are then collected will allow those
research aims to be addressed. However, additional
specific research aims might first be identified after
the registry is populated with data. Of note, these addi-
tional analyses might require approval by the
Institutional Review Board (IRB)/Medical Ethics
Committee (METC). Whether aims are determined
prior to or after data collection, when registry data
are used for analyses, the specific aims of the analyses
should be determined « priori and contained within a
formal document.

Registry team composition and governance

The optimal composition of the team developing and
managing a headache registry depends on the size of
the registry and its goals and methods. Large registries
may include headache specialists, general practitioners,
registry experts, information technology experts, epi-
demiologists, statisticians, data managers, patients
who have the disease of interest, lawyers with expertise
in clinic-based registries, and registry administrators. If
relevant, the team also includes experts in biospecimen
collection and processing, genetics, neuroimaging,
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economics, survey design and administration, and
healthcare policy. The registry team can be divided
into committees:

(1) Executive/Core Committee: The core committee is
responsible for the day-to-day activities of the
patient registry and consists of the principal inves-
tigators and registry administrators.

(2) Scientific Advisory Committee: The Scientific
Advisory Committee is a larger committee that
includes individuals with complementary areas of
expertise, such as headache specialists, individuals
experienced with clinic-based registries, statisti-
cians, patient representatives, other content
experts (e.g., geneticists, epidemiologists, imaging
experts), and the principal investigators. The
Scientific Advisory Committee is responsible for
defining the goals and strategies for the registry,
advising the registry study team, and ensuring that
the registry is meeting its defined goals.

(3) Use, Access, and Publication Committee: This
committee is responsible for reviewing data
access requests and determining if the proposed
scientific questions and study methods included
in such requests are adequate. The committee also
determines data sharing and publication policies
and reviews and/or tracks result dissemination
materials and publications. This committee might
include the principal investigators, epidemiologists,
statisticians, data managers, experts in research
ethics, headache experts, and specific domain
experts depending on the nature of the registry
(e.g., geneticists, molecular biomarker experts).

(4) Safety/Adverse Event Committee: If a registry is
collecting data on safety and adverse events, an
independent committee is responsible for monitor-
ing the registry for such events, adjudicating the
reports, and ensuring timely and appropriate com-
munication of the information to regulatory
bodies in accordance with rules and regulations.

(5) Patient Committee: In addition to including
patient representatives on the Scientific Advisory
Committee, a patient committee can provide
insights into patient-oriented outcomes of interest,
best methods for promoting patient retention
and engagement with the registry, the patient-
friendliness of data collection methods, and the
dissemination of results to patient-related popula-
tions. The patient committee should meet regular-
ly with representatives from the other committees.

(6) Registry Sponsor Committee: Depending on the
sponsorship model for the registry, representatives
from the sponsoring organizations could provide
input via their participation in a sponsor panel. In
some situations (e.g., sponsor is a federal agency),

sponsor representatives might serve on the

Scientific Advisory Committee.

The size, areas of expertise, and complexity of the
registry team should reflect the magnitude, research
methods, and goals of the registry itself. Smaller, less
complex registries might be led by a smaller number of
individuals and fewer committees, as long as there is
sufficient leadership and expertise to oversee the regis-
try functions.

Protocols and proposals

Registry development and use of registry data require
proper documentation and should follow a standard-
ized process. Registries typically have general overarch-
ing aims, such as studying the course of a headache
disorder, as well as more specific aims that test focused
hypotheses, such as persistence with specific therapies
or the predictive ability of a specific biomarker.

Formal research protocol for developing a
clinic-based registry

A formal research protocol is developed prior to initi-
ating a registry. The protocol includes the evidence gap
and rationale for conducting the registry, global goals
and initial specific aims, study design and its limita-
tions, participant eligibility criteria, selection of data
elements and methods for data collection, data sources
that will be used, methods for data cleaning and ensur-
ing data quality, plans for protecting human subjects
and their data and specimens, and the registry gover-
nance structure. If multiple data sources are used,
methods for data harmonization are included. A statis-
tical analysis section for addressing key research aims
and sample size calculations for the overarching aims
should be included. Plans for publications, result dis-
semination, and data sharing are included. The dura-
tion of time that registry data and specimens will be
collected and stored are included in the protocol.
Registration of the protocol within a publicly available
database, such as the European Network of Centres
for Pharmacoepidemiology and Pharmacovigilance
(ENCePP) (https://www.encepp.eu/encepp/resources
Database.jsp) or clinicaltrials.gov, should be consid-
ered and might be required depending on the research
aims, funding sources, locations from which patients
are enrolled, and journal publication policies.

Formal research protocol for using data from a
clinic-based registry
Use of data from the clinic-based registry should be

requested by submitting a formal proposal to the
Use, Access, and Publication Committee. This
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proposal should include the specific scientific ques-
tions, the data needed, the methods that will be used
to analyze the data, a power estimate for the analysis,
and the sources of study funding. Requesters must pro-
vide assurance that registry data and/or specimens will
be protected from unauthorized or inappropriate use.
Although the method of providing assurance might
vary, this is typically accomplished through IRB/
METC approvals, and data and materials transfer
agreements.

Registry infrastructure

New headache registries should be supported by a
strong electronic infrastructure. Although paper
forms might still be used in some registries, direct
entry of data into electronic forms and the use of
mobile apps has several advantages. Direct data entry
into electronic forms and transfer of electronic medical
record data into the registry without the need for
human intervention can reduce data entry errors and
the time required for manual data entry. Furthermore,
direct electronic entry allows for automated data
checking and warnings when there are missing data
and when data are not within pre-determined ranges,
suggesting they might be erroneous. Direct electronic
entry facilitates participation by individuals who are
physically distant from the research center while obvi-
ating the need for mailing paper forms or attachments
by e-mail. However, registries that require direct elec-
tronic data exclude participation from individuals who
do not have access to devices or the internet, and thus
risk excluding patients of lower socio-economic status,
the elderly, and other groups (14). In addition, some
patients who have extreme photosensitivity might find
it difficult to view digital screens. To not exclude cer-
tain individuals, when feasible and consistent with the
registry goals, registries could include options for data
collection that do not require electronic data entry. All
data entries should be time and date stamped and fully
auditable, meaning there are records of who entered
the data and of all data revisions. It is important that
the registry has proper data management support and
oversight, ideally from a dedicated data manager.

Registry design

Patient registries are observational studies. Depending
on the specific goals for the registry and the resources
available, registries can be cross-sectional or longitudi-
nal, and data can be collected prospectively or retro-
spectively. Commonly, a combination of prospective
(e.g., patients answering questionnaires, maintaining
headache diaries) and retrospective data collection
(e.g., data from medical records) is used. The

limitations of retrospective data need to be recognized,
especially differential misclassification if data were not
collected using standardized methods. In rare occa-
sions, registries can be part of a cluster randomized
trial in which the clusters are compared. However,
each individual registry remains observational.

One of the advantages of a clinic-based registry is to
have an available target population for enrollment into
randomized clinical trials. In addition, causal inference
from large observational registries can be used to emu-
late a target trial when the randomized experiment
cannot be conducted (15,16).

Patient Recruitment, Eligibility, and Retention

Specific inclusion and exclusion criteria need to be
defined a priori and included within the registry proto-
col. The specifics of the criteria depend on the over-
arching goals for the registry. However, large patient
registries typically have broad eligibility criteria that
allow for a wide range of patients with the same disease
or condition to be studied, an approach that strength-
ens the external validity/generalizability of registry
results. Headache registries might focus on one or
more specific ICHD headache diagnoses or enroll indi-
viduals with any headache type.

Offering enrollment into a patient registry is often
achieved via convenience sampling, which however,
may result in selection bias. Patients might be enrolled
as they are seen in clinical practice or be recruited from
healthcare organizations or pre-existing research
panels. The settings from which individuals are
recruited, the proportion offered enrollment, and the
proportion of those offered enrollment who partici-
pate, all impact the representativeness of the enrolled
participants and the generalizability of registry results.
Thus, details regarding the settings from which individ-
uals are recruited, the number of patients screened,
enrolled, and excluded should be collected and
reported. When possible, comparing characteristics of
patients who do not enroll into the registry with those
who do enroll may help determine the generalizability
of registry results. Methods of enrollment into regis-
tries should include diversity, equity, and inclusion
plans that assess the characteristics of registry patients
relative to the source population that forms the sam-
pling frame. To the extent that full representation is not
achieved, the influence of non-representativeness on
registry results should be carefully considered and
reported.

In longitudinal registries, retention of participants is
crucial. Several methods might increase retention rates,
including but not limited to 1) communications with
registry participants about the importance of the regis-
try and how the data will be used to advance headache
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science, disease management, and treatment (as appli-
cable); 2) providing feedback to participants about the
data they provide to the registry. For example, the reg-
istry could provide summaries of a patient’s headache
diary data and longitudinal patterns. Participants
might be able to share these summaries with their head-
ache clinician, enhancing the patient-clinician encoun-
ter; 3) providing reminders to participants about
completing their registry responsibilities, such as com-
pleting questionnaires and diary entries; 4) providing
compensation to participants for the time they spend
participating in registry activities; 5) when possible,
allowing flexibility on how follow-up data are collected
(e.g., in-office visit, telephone visit, mailed question-
naires) (17).

Headache diagnoses

Headache registries should assign headache diagnoses
according to International Classification of Headache
Disorders (ICHD) diagnostic criteria (18). If new
ICHD criteria are published while a patient registry is
ongoing, new diagnoses should be made using the most
recent criteria, with documentation of which ICHD
version was used for each patient. Patients must receive
all appropriate ICHD diagnoses, meaning some
patients will have more than one diagnosis (e.g., chron-
ic migraine plus migraine with aura plus migraine with-
out aura). Since an individual’s headache diagnoses can
change over time, longitudinal registries must allow for
new ICHD diagnoses to be added. Some registries may
be populated with pre-existing data, such as data
extracted from medical records. In these situations,
the diagnostic criteria that were used might not be
known, and this diagnostic uncertainty needs to be
included as a limitation when reporting the results of
scientific studies using registry data. When possible,
pre-existing diagnoses should be validated using
ICHD criteria (e.g., using patient-reported symptoms
to assign an ICHD diagnosis).

Inclusion of validated questionnaires, patient
reported outcomes, and common data elements

Validated questionnaires are included in a headache
registry. Numerous validated questionnaires relevant
to headache, associated symptoms, and comorbidities
are available (19,20). In addition, many questionnaires
have been validated specifically within headache pop-
ulations, most commonly amongst individuals with
migraine (19-21). When validated questionnaires for
the headache under evaluation are not available, regis-
tries should include questionnaires that have been val-
idated within populations that most closely resemble
the patients who will be enrolled into the registry.

When possible, questionnaires that have been validated
in the language spoken by the research participants
should be used. Headache registries also commonly
include non-validated questionnaires, such as struc-
tured interviews used to collect information about
headache characteristics and headache history. If
newly designed questionnaires are included in the reg-
istry, validation against existing validated question-
naires and/or clinician diagnoses as the gold-standard
is expected.

Patient reported outcome (PRO) measures can be
included in headache registries. PROs measure health,
quality of life, or functional status associated with
health care or treatment as reported by patients them-
selves (22). PROs do not require interpretation of
patient responses by a clinician or scientist. PROs are
particularly important when studying headache since
many of the outcomes of interest are relatively
subjective and dependent on patient self-report (e.g.,
headache intensity, headache-related disability). A sys-
tematic review of headache PROs published in 2018
found twenty-three evidence-based PRO measures,
including five specific to health-related impacts from
migraine, six to health-related impacts from headache,
six which assess migraine-specific treatment response
or satisfaction, and six generic measures (23).

When available, common data elements (CDEs) are
included in a registry. CDEs use standardized language
and associated values for specific data elements. Use of
CDEs allows for sharing data across studies and for
performance of meta-analyses. Headache CDEs are
available from the National Institutes of Health
(NIH) National Institute of Neurological Disorders
and Stroke (NINDS) (20) [https://www.commonda
taelements.ninds.nih.gov/headache]. When a goal for
the registry is to determine response to treatments,
data that correlate with endpoints included in the
International Headache Society clinical trials guidelines
for acute and preventive therapy should be collected
(24-29). When assessing real-world effectiveness of
treatments is a goal, inclusion of additional clinically
meaningful and patient-centered outcome measures is
recommended.

Table 3 lists and describes headache-specific ques-
tionnaires and PROs that might be included in a head-
ache registry. Additional assessments may be included
that obtain information about socio-demographics,
patient behaviors (e.g., diet, exercise, alcohol), prior
medical history, family medical history, comorbid
and coexistent diseases (e.g., depression, anxiety), treat-
ments, exposure to headache treatments during preg-
nancy and pregnancy outcomes, and general quality of
life. However, it is crucial to avoid overburdening
patients with extensive data entry, so the value added
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Table 3. Headache Questionnaires and Patient Reported Outcome Measures (PROs). Headache questionnaires and PROs that are
used specifically to assess individuals with headache. Assessments that are not specific for headache, such as those that interrogate
general health (e.g. Patient Global Impression of Change), overall quality of life (e.g. SF-36, EQ5D), psychological symptoms (e.g.
Patient Health Questionnaire, Generalized Anxiety Disorder 7), comorbid conditions, exposure to headache treatment during
pregnancy and pregnancy outcomes, and pain other than headache, are not included in this Table, but are often included in headache
registries. This table is intended to be used as a resource to help with identifying and choosing assessments for a headache registry.
This table is not intended to be all-inclusive, and development of new questionnaires and PROs is anticipated.

Name of Assessment

Description

Quality of Life

24-Hour Migraine Quality of Life
Questionnaire (MQoLQ)37

Migraine Specific Quality of Life Questionnaire

(MsQolL v2.1)3®

Headache Needs Assessment Survey
(HANA)*?

|5 items measuring work functioning, social functioning, energy/vitality,
migraine symptoms, and feelings and concerns during the first
24 hours after taking symptomatic migraine medication

14 items measuring migraine impact on three health-related quality of life
domains: role function-restrictive, role function-preventive, and
emotional function

7 items assessing migraine impact on health status and daily life

Functional Impairment/ Disability

Migraine Disability Assessment (MIDAS)*

Pediatric Migraine Disability Assessment
(PedMIDAS)*'

Functional Assessment in Migraine
Questionnaire (FAIM)*?

Migraine Interictal Burden Scale (MIBS-4)*

Mig-Scog**
Headache Impact Test-6 (HIT-6)*°

Headache Activities of Daily Living Index
(HADLI)*

Migraine Physical Function Impact Diary
(MPFID)*78

Headache-Attributed Lost Time (HALT)*’

Migraine Functional Impact Questionnaire
(MFIQ)*®

Work-Related Difficulties in Patients with
Migraine (HEADWORK)®'

Activity Impairment in Migraine Diary
(AIM-D)*>33

5 questions assessing reduced productivity or missed days in school,
work, and personal settings

6 questions assessing reduced productivity or missed days in school and
personal settings for children ages 4-18 years

9 items assessing attention/thought and perception and 5 items (selected
from a larger list) addressing activity and participation

4 items measuring interictal impairment in work or school, family, and
social life, making plans and commitments, and emotional/affective and
cognitive distress

9 items assessing subjective cognitive symptoms during migraine attacks

6 items measuring headache impact on ability to function on the job, at
home, at school, and in social situations.

9 items assessing activities of daily living

I3 items assessing functioning during the prior 24 hours, including days
with and without migraine.

HALT-90, HALT-30, and HALT-7/30 each use 5 items to assess headache-
attributed burden over 90 days, 30 days, and 7 and 30 days,
respectively.

26 items assessing migraine impact on physical, social, and emotional
functioning, and usual activities

|7 items measuring the impact of migraine on work-related difficulties

I'l daily diary items assessing activity impairment in 2 domains, perfor-
mance of daily activities and physical impairment.

Treatment

Migraine Treatment Assessment
Questionnaire (M-TAQ)54

Migraine Assessment of Current Therapy
(Migraine-ACT)*®

Patient Perception of Migraine Questionnaire

— Revised (PPMQ-R)*®

Migraine Treatment Satisfaction Measure
(MTSM)*’

Migraine Treatment Optimization
Questionnaire (M-TOQ)>®

9 items to identify individuals who have suboptimal migraine management

4 items to identify patients who require a change to their symptomatic
migraine treatment

32 items assessing patient satisfaction with symptomatic migraine treat-
ment during the prior four weeks.

36 items to assess patient satisfaction with migraine therapy

I5 (M-TOQ-I5) or 5 (M-TOQ-5) items to determine if an individual’s
symptomatic migraine therapy is optimal

(continued)
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Table 3. Continued.

Name of Assessment

Description

Completeness of Response to Migraine
Therapy (CORS)*’

Headache Under-Response to Treatment
(HURT)*°

32 items assessing response to symptomatic migraine therapy, including
assessment of two migraine therapies simultaneously

8 items assessing headache treatment effectiveness and need for changes
to the treatment plan

Symptoms

Visual Aura Rating Scale (VARS)®'
Allodynia Symptom Checklist 12 (ASC-12)%>

5 items to identify individuals who have migraine visual aura
12 items assessing symptoms of cutaneous allodynia during severe

headaches

Photophobia Questionnair‘e63
Utah Photophobia Symptom Impact Scale
(UPSIS-12)%*

8 questions to detect photophobia in patients with migraine
12 items measuring photophobia-related disability

Other

Headache-Specific Locus of Control (HSLC)®®

33 items assessing perceptions that headache problems and relief are

determined by internal factors, health care professionals, or chance
factors

Family Impact of Migraine (IMPAC)®®

12 items assessing family burden attributed to migraine

with each additional questionnaire should be weighed
against the drawback of incomplete data collection.

Statistical considerations

Prior to starting data collection, the sample size needed
to address the overarching aims of the registry should
be determined. When analyses of the collected data are
proposed, specific research aims, data analysis plans,
sample sizes, and statistical power need to be deter-
mined a priori. Sample size calculations might be
based on minimally important differences that need
to be detected or the precision with which the outcome
must be measured (1). Loss to follow-up and missing
data need to be taken into consideration for each anal-
ysis. Revisions to statistical plans should be docu-
mented. Since registries often include large datasets
from which numerous analyses are performed, statisti-
cal analysis should consider the risk of false positive
discovery due to multiple comparisons.

Data sources

Registries utilize single or multiple data sources,
including but not limited to data provided by the
patient, legal guardian, clinician/researcher, medical
records, and pharmacy and insurance claims, as well
as biospecimens, neuroimaging, and other data types.

Patient provided data

Patient provided data include patient-completed ques-
tionnaires, headache diary data, and data derived from
passive monitoring, such as that collected with mobile

device applications and wearable devices (e.g., physical
activity quantification, heart rate monitors, sleep mon-
itoring). The section above, titled “Inclusion of validat-
ed questionnaires, patient reported outcomes, and
common data elements” discusses these concepts
further.

Headache diaries prospectively collect information
about individual headache attacks (30,31). Most com-
monly, diary information is entered daily. Data on
non-attack days is often captured for comparative pur-
poses and to assess interictal symptoms. Headache
diary entries should be “time-locked” so that the
exact day and time of data submission is known.
Since headache diaries are intended for prospective
data collection, they usually include limits on the
amount of time that can pass between a calendar day
and submission of data for that day. For example,
patients might be able to retrospectively enter data
into the headache diary for up 24 to 72 hours after a
calendar day. Longer time intervals result in more
recall bias. In addition to collecting information
about headache presence, data on headache intensity
and duration, associated symptoms (e.g., photophobia,
phonophobia, nausea, vomiting, cranial autonomic
features), aura symptoms, premonitory and postdrome
symptoms, headache-related disability, general well-
being (during and between headache attacks), use of
acute and preventive treatments including over-
the-counter therapies, side effects, and perceived
headache triggers might be collected. To optimize com-
pliance with diary maintenance it is necessary to find
the right balance between collecting all desired infor-
mation and avoiding overburdening the patient. This
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might be accomplished by limiting the number of ques-
tions, making the diary user-friendly with easy to
answer questions, and rotating some of the questions
from day-to-day to not ask every question every day.
Although paper diaries are still feasible for smaller
studies and for participants who do not have access
to electronic devices, electronic headache diaries that
are completed via the internet and/or mobile applica-
tions are typically preferred for large headache
registries.

It is essential to provide participants with clear and
understandable education on how to complete registry
questionnaires and headache diaries. Such education
might be provided in-person, via printed materials,
using videos, and by placing instructions within head-
ache registry electronic platforms. It is recommended
that patient partners participate in the development
and review of educational materials, helping to ensure
that the materials will be useful and understood by
registry participants.

Even if initial recruitment is tied to the clinic, it may
be helpful to allow patient follow-ups to occur outside
of the usual clinical setting using remote data capture
methods. For example, questionnaires and PROs might
be sent directly to participants via e-mail or mobile
apps. Research visits might occur via telehealth meth-
ods. Automated data capture with devices may also be
used. For example, actigraphy can be used to measure
physical activity and sleep parameters. Heart rate mon-
itors and skin impedance can be used to capture phys-
iological stress. GPS monitoring can be used to capture
location which in turn can be linked to weather or air
pollution data. Robust protocols are required to opti-
mize data quality and to derive reliable, quantitative
indices of the measures of interest.

Clinician/researcher provided data

Commonly, the research team enters data into the reg-
istry such as the patient’s headache diagnoses, patient
answers given during structured interviews, and diag-
nostic tests performed and their results, if such results
are not populating the registry directly from an elec-
tronic medical record. When biospecimens are being
collected, information about the specimen collection
and processing must be entered.

Medical record data

Medical record data might be extracted from electronic
medical records via ‘data pulls/pushes’ that directly
populate the registry, or the research team might man-
ually enter medical record data into the registry.
Medical record data must be collected in a standard-
ized fashion. A data dictionary is required, describing

in detail each piece of data that is being extracted from
the medical record so that current and future registry
data users will understand the terms and vocabulary
used. The data dictionary should include definitions
for any labels that might be used to identify each
piece of data, a detailed description of what the data
represents, and the data source(s).

Health care claims data

Health care claims data can be helpful for identifying
patients with a specific headache type and understand-
ing health care resource utilization. Pharmacy claims
data provide medication names, doses, supply, fill
dates, and prescriber codes, allowing for longitudinal
assessments of medication compliance and persistence.
Non-prescription medications are not captured within
pharmacy claims data, a limitation when trying to
investigate total medication use. In some countries,
medical claims data provide information about all
inpatient and outpatient services, including diagnostic
codes, services provided, procedures, tests, and treat-
ments. Claims data can be used to collect information
on large groups of patients with specific diagnostic
codes. Limitations of claims data must be recognized,
such as a lack of information about patient level
encounters prior to enrollment in the health plan,
“rule-out” diagnoses (e.g., a diagnostic claim is made
but then ruled out by diagnostic testing), missing data,
selection bias, underreporting of certain diagnoses
(e.g., medication overuse headache), and lack of corre-
spondence between some diagnostic codes with ICHD
terminology and criteria (32). When possible, registries
should include methods to address these and other
limitations.

Biospecimens

When biospecimens are collected, a ‘lab manual’ that
details biospecimen collection techniques, processing,
storage, retrieval, and shipping is required.
Depending on the intended use for the specimens,
data on the timing of specimen collection in relation
to the patients most recent headache (e.g., ictal vs.
interictal specimen collection), use of medications, hor-
monal status (e.g., date of last menstrual period, (peri)
menopausal status), and dietary intake might be col-
lected. The date and time of specimen collection, the
handling methods, and duration between specimen
storage, processing, and analysis are recorded. Details
about specimen processing (e.g., speed of centrifuga-
tion, storage temperature) and assays used (e.g., sensi-
tivity and specificity) are documented. Results from
specimen analyses are included within the registry,
facilitating the sharing of such results in addition to
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or instead of sharing the specimens themselves.
Existing guidance on developing biorepositories is
available (33,34). Prior to including a biospecimen in
a registry, patients need to be made aware of how their
specimens and resulting data will be used and shared,
with careful attention to informed consent.

Neuroimaging

Neuroimaging data collected as part of clinical care or
in a standardized fashion as part of the registry
research might be included. The registry should docu-
ment the dates that images were collected, the imaging
sequences performed, and the type of scanner used.
Visual inspection of the images might be used for stud-
ies interrogating brain structural findings, such as white
matter hyperintensities, cerebral infarctions, small
vessel disease markers, and cerebral atrophy.
Advanced analyses of structural data might interro-
gate other measures such as cortical thickness, region-
al volumes, and white matter tract integrity. When
brain imaging data are collected, the registry should
document the timing of headache in relation to col-
lecting the images (e.g., ictal vs. interictal, time since
end of last headache and time to the next attack).
Optimally, a standard imaging protocol is predeter-
mined and used for collecting all images. These pro-
tocols include details about the imaging equipment,
imaging sequences and their parameters, methods
to measure head movement, methods to collect or
account for physiologic data (e.g., respirations,
pulse) during functional imaging, and any tasks that
participants perform during imaging. When standard-
ized methods for collecting imaging data are not pos-
sible, the analysis of registry imaging data must
consider the use of multiple scanners and different
acquisition techniques. If neuroimaging data are
shared, care must be taken to fully anonymize the
images, the medidata associated with the images,
and the image file names.

Other data

A headache registry might include other data types,
depending on the registry goals. Examples include
neurophysiological test data, physical and neurologi-
cal examination findings, vital signs, and data from
other registries or data sets. Collection of data on
adverse events might be included within a registry.
If so, it is essential to have a well-defined plan for
identifying when adverse events are entered into the
registry and reporting the adverse events according to
current rules and regulations. Registries might also
collect data on exposure to headache therapies
during pregnancy. In many instances, regulatory

approval of new medications comes with a mandate
for post-approval pregnancy exposure registries that
follow regulatory agency guidelines. Registries that
collect data on pregnancy exposures should report
such data to these post-approval pregnancy exposure
registries. Resources for identifying and contacting
these pregnancy exposure registries can be found at
https://clinicaltrials.gov/ and https://www.fda.gov/sci
ence-research/womens-health-research/list-pregnancy-
exposure-registries.

Data harmonization and quality

Data harmonization

When more than one data source is used, a compre-
hensive plan for data harmonization is required.
Optimally, all data elements from all registry data sour-
ces are standardized prior to their collection. For exam-
ple, it is preferred that each data element has the same
label/name as it populates the registry, and that each
data element is being reported using the same unit of
measurement. However, this might not always be pos-
sible, such as when data are being extracted from mul-
tiple different medical record systems. In such a
situation, the registry must map and transform each
set of data to a core data element. For example, one
data source may rate pain intensity on a 0-3 interval
scale, while another rates pain on a 0-10 anchored
scale, and a third data source uses a 100 mm visual
analogue scale. Systematic strategies are required for
mapping one measurement set onto another, ideally
by using data which include nearly simultaneous mea-
surement using more than one strategy to develop the
calibration methodology (35,36). Challenges related to
collection of registry data using more than one lan-
guage also need to be considered, especially if there is
concern that participants who speak different lan-
guages might perceive certain questions differently.

It is essential that all data and specimens derived
from a single patient can be linked back to that indi-
vidual. Furthermore, when using multiple data sources,
some data might be duplicated for a single patient.
Duplicative data must be identified and handled
during the data harmonization process.

Data quality

Headache registries often include large datasets derived
from multiple centers and from multiple data sources
that have differing levels of quality. A registry must
have a comprehensive data monitoring plan for assess-
ing data quality, such as consistency, completeness,
accuracy, and timeliness, and for handling low quality
data (e.g., excluding such data, methods for managing
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missing data, and improving the quality of such data)
(13). Registry protocols establish methods for limiting,
quantifying, and handling missing data. The magnitude
of missing data and data imputation can substantially
impact the quality of registry data. When possible,
automated data quality checks should be built into
the database itself, providing alerts when there are
out of range data or missing data. When this is not
possible, data quality assurance measures should be
conducted intermittently (e.g., counting missing data,
plotting values to identify outliers). When data are
entered manually, double data entry can optimize accu-
racy. Ideally, each registry has a responsible data man-
ager. The person entering data into a registry should be
documented and auditable, as should the date and time
of data entry. Internal or external audits of registry
data can be performed, and key performance indicators
reported.

Human subject and human subject data
protection

Patient registries require IRB/METC approval or a
waiver. For some registries, such as those that solely
extract clinically collected anonymized information,
waiver of informed consent might be allowed. As
with all research, the potential risks and benefits need
to be thoughtfully considered by the research team and
potential participants, so that they can comprehensive-
ly assess such risks and benefits. Specific regulatory
requirements vary from region-to-region and it is
essential to adhere to local, national, and international
regulations. IRB or METC approval should cover the
broad aims of the registry so that individual analyses of
registry data might not require additional approvals.

Protection of data and specimens against unauthor-
ized use is of the utmost importance. Methods to pro-
tect registry data must be included in the study
protocol and built into the methods being used for
data collection, data access, and data sharing.
Appropriate anonymization and coding of data, speci-
mens, and neuroimages is essential for protecting
privacy. Rules regarding who has access to non-
anonymized or anonymized data are determined and
the registry must monitor all data access. Data protec-
tion regulations must be carefully followed, such as
General Data Protection Regulation (GDPR) in the
European Union. This may also have implications if
data are pooled across registries.

When informed consent is required (i.e., a waiver of
informed consent has not been granted by the IRB or
METC), patients should be made aware of intent to
share data and specimens via the initial consent form.
The informed consent should include consent for

anonymized data storage and sharing. It should be
made clear who will have access to the data and
under which conditions they may use the data.
Patients should be made aware of situations in which
there is mandatory reporting, such as serious adverse
events attributed to a medication. Patients should also
be informed as to whether they will receive their own
registry results such as questionnaire scores, neuroim-
aging results, and results of genetic analyses.
Depending on the extent to which registry research
methods are the same as clinical methods or validated
for clinical use, some registry data (e.g., that derived
from research imaging sequences, genetic analyses)
might not be appropriate for clinical interpretation
and sharing with patients. The consent form should
describe the intended use of biospecimens, maximum
storage duration, and the patient’s right to request speci-
men destruction should they decide to withdraw their
consent.

Patient engagement

A patient engagement plan is recommended to be part
of all headache registries in which individuals with
headache are actively involved (e.g., prospective regis-
tries that actively enroll patients, as opposed to regis-
tries that only pull data from existing databases).
Individuals who are participating as patients in the
study, as well as individuals with headache who are
not serving as research participants, might be included.
Patient engagement with planning the registry, con-
ducting the research, interpreting results, and dissemi-
nating research conclusions should be strongly
considered. In addition, active engagement with
research participants is likely to improve compliance
with registry procedures, such as completing all registry
questionnaires, and adhering to longitudinal follow-up
schedules.

Compensation may be used to remunerate partici-
pants for their time and to encourage full participation
with registry procedures. Providing feedback to
patients about their own headache patterns, such as
summarized headache diary data or changes in ques-
tionnaire scores over time, can also enhance
participation.

Data and specimen sharing

Data sharing is encouraged for headache registries.
Data sharing increases the scientific productivity of a
registry and helps to advance the headache field in an
expeditious and collaborative manner. IRB or METC
approval for data sharing must be sought. Regulations
about data sharing, such as those provided by the
General Data Protection Regulation (GDPR), must
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be followed (https://gdpr-info.eu/). Data sharing plans
are included in the registry protocol prior to launching
the registry. In some settings, formal contracts need to
be in place before data can be shared. Templates of
such contracts should be developed within the registry
protocol. Data sharing plans include: 1) timing of data
sharing in relationship to collecting the data. Often,
registry investigators can access data for a defined
period of time prior to making data available to outside
researchers; 2) methods for investigators to submit a
data access request; 3) plans for reviewing investigator
data access requests (as described in the Use and
Access committee section above); and 4) methods for
safe, compliant data sharing. The registry determines if
raw data, summarized data, or data that have already
been analyzed by registry statisticians will be shared. If
raw data are shared, the recipient should be informed if
data quality checks and data cleaning have been con-
ducted prior to sharing. For the protection of registry
participants, full data anonymization is essential prior
to sharing. The registry keeps a log of all investigators
and institutions with whom data are shared. Research
specific aims associated with each project for which
data are shared are documented to avoid duplication
of efforts amongst researchers.

The rules for sharing limited resources, such as bio-
specimens, typically differ from rules used for sharing
data. If specimens themselves are shared, the registry
might require that all data derived from the analysis of
specimens be sent back to the registry for future use. If
the registry has already processed and analyzed the
specimens, the registry might decide to share the result-
ing data rather than the specimens themselves. Legal
agreements regarding data and specimen use are often
required.

Result dissemination and publication
policy

Headache registries typically have rules regarding the
dissemination, presentation, and publication of registry
results. Authorship policies are predetermined and con-
sistent with authorship guidance from agencies such as
the International Committee of Medical Journal
Editors (ICMJE) (http://www.icmje.org/recommenda
tions/browse/roles-and-responsibilities/defining-the-
role-of-authors-and-contributors.html). The registry
team documents all dissemination activities, presenta-
tions, and publications resulting from registry work to
avoid duplication of efforts and for tracking registry
productivity. Statements of attribution to the registry
should be included when results are disseminated and
within publications utilizing registry data.

Conclusions

When data are properly collected, clinic-based regis-
tries can provide substantial insights into headache,
including disease characteristics and heterogeneity, lon-
gitudinal outcomes and predictors of such outcomes,
treatment safety, tolerability and effectiveness, health-
care resource utilization, and quality of care. The gen-
eral principles for registry planning, governance, data
collection, quality assurance, human subject and data
protection, and data sharing outlined in this
International Headache Society guideline can assist
investigators with meeting the goals for their clinic-
based headache registry.
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