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Abstract Background Migraine underdiagnosis and undertreatment are so widespread, that
hence is essential to diagnose migraine sufferers in nonclinical settings. A systematic
review of validation studies on migraine diagnostic tools applicable to nonclinical
settings can help researchers and practitioners in tool selection decisions.

Objective To systematically review and critically assess published validation studies
on migraine diagnostic tools for use in nonclinical settings, as well as to describe their
diagnostic performance.

Methods A multidisciplinary workgroup followed transparent and systematic proce-
dures to collaborate on this work. PubMed, Medline, and Web of Science were searched
for studies up to January 17, 2022. The QUADAS-2 was employed to assess methodo-
logical quality, and the quality thresholds adopted by the Global Burden Disease study

Keywords were used to tail signaling questions.

= Migraine Disorders Results From 7,214 articles identified, a total of 27 studies examining 19 tools were

= Diagnosis eligible for inclusion. There has been no high-quality evidence to support any tool for

= Sensitivity and use of migraine diagnosis in nonclinical settings. The diagnostic accuracy of the ID-

Specificity migraine, structured headache and HARDSHIP questionnaires have been supported by

= Systematic Review moderate-quality evidence, with sensitivity and specificity above 70%. Of them, the
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HARDSHIP questionnaire has been the most extensively validated. The remaining 16
tools have provided poor-quality evidence for migraine diagnosis in nonclinical
populations.

Conclusions Up till now, the HARDSHIP questionnaire is the optimal choice for
diagnosing migraine in nonclinical settings, with satisfactory diagnostic accuracy
supported by moderate methodological quality. This work reveals the crucial next
step, which is further high-quality validation studies in diverse nonclinical population
groups.

Antecedentes O sub-diagnéstico e o subtratamento da enxaqueca sdo tdo difundidos
que, portanto, é essencial para diagnosticar os portadores de enxaqueca em ambientes
nao-clinicos. Uma revisdo sistematica dos estudos de validacao das ferramentas de
diagnéstico da enxaqueca aplicaveis a ambientes nao-clinicos pode ajudar os pesqui-
sadores e profissionais nas decisdes de selecdo de ferramentas.

Objetivo Revisar sistematicamente e avaliar criticamente estudos de validacio
publicados sobre ferramentas de diagnéstico da enxaqueca para uso em ambientes
nao-clinicos, bem como descrever seu desempenho diagnéstico.

Métodos Um grupo de trabalho multidisciplinar sequiu procedimentos transparentes
e sistematicos para colaborar neste trabalho. PubMed, Medline e Web of Science foram
pesquisados por estudos até 17 de janeiro de 2022. O QUADAS-2 foi empregado para
avaliar a qualidade metodoldgica, e os limites de qualidade adotados pelo estudo da
Global Burden Disease foram usados para responder a questdes de sinalizacao.
Resultados De 7.214 artigos identificados, um total de 27 estudos examinando 19
ferramentas foram elegiveis para inclusao. N3o houve evidéncia de alta qualidade para
apoiar qualquer ferramenta para o uso de diagnéstico de enxaqueca em ambientes ndo
clinicos. A precisao diagnoéstica do ID-Migraine, questiondrio de dor de cabeca
estruturada e questiondrio HARDSHIP foram apoiados por evidéncias de qualidade
moderada, com sensibilidade e especificidade acima de 70%. Deles, o questionario
HARDSHIP foi o mais amplamente validado. As 16 ferramentas restantes forneceram
provas de ma qualidade para o diagnéstico de enxaqueca em populagdes ndo-clinicas.
Conclusdes Até agora, o questionario HARDSHIP é a escolha ideal para o diagndstico
da enxaqueca em ambientes ndo-clinicos, com precisdo diagnostica satisfatoria
apoiada por uma qualidade metodoldgica moderada. Este trabalho revela o préximo
passo crucial, que é a realizacdo de mais estudos de validacdo de alta qualidade em
diversos grupos populacionais ndo-clinicos.

Therefore, considering the low disease awareness, it is
essential to allow more patients to be diagnosed in nonclinical

Migraine ranks as the second leading cause of disability
worldwide according to the 2017 Global Burden of Disease
(GBD) study.1 Even though migraine does not cause death,?
this condition leads to 45.1 million (95% uncertainty interval
[UI]: 29 to 62.8) disability-adjusted life years (DALYs) each
year, and is responsible for 599 (95% Ul: 386 to 833) per
100,000 population of age-standardized DALY rate.> That is
equivalent to 45.1 million years of healthy life lost each year.
It has been estimated that approximately 2% of the gross
domestic product globally is lost annually due to migraines.*
However, despite the debilitating effects of migraines, more
than half of migraine patients have never consulted a medical
practitioner,5 and more than two-thirds have not received
any treatments.®
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settings. Several systematic reviews of migraine identification
tools have been published, but their inclusion criteria are tools
that support clinical decisions for primary care practi-
tioners.”® Even though advanced digital diagnostic tools
such as wearable headsets and machine learning programs
have appeared recently,’ the diagnosis of migraines remains
largely reliant on physician interpretation. The performance of
currently available migraine diagnostic tools that are usable in
nonclinical setting is unclear. We attempted to bridge this gap
by conducting a systematic review and providing tool selection
advice for researchers and practitioners.

Although evidence-based International Classification of
Headache Disorders (ICHD) criteria are available, they are
intended for professional use only.'® This is because the
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technical concepts in the criteria, such as photophobia and
phonophobia, are not easily understood by lay respondents.
If a study is trying to apply a diagnostic tool for migraine in
nonclinical settings, the tool must be validated to demon-
strate that it is methodologically reasonable in comparison
to the “gold standard”'". The “gold standard” for migraine
diagnosis has been widely accepted as a clinical diagnosis
made by a neurologist, based on the latest ICHD criteria after
physical examinations and reviewing the patients’ medical
history,'? as there has been no objective biological/instru-
mental marker for the diagnosis of migraine.13

A systematic review of validation studies can aid in
understanding existing evidence on diagnostic tools for
use in nonclinical settings. As a result, we performed this
systematic review with the objectives of 1) assessing the
methodological quality of published validation studies on
migraine diagnostic tools that have been reported to be
usable in nonclinical settings, and 2) describing their diag-
nostic accuracy, including sensitivity, specificity, positive
predictive value (PPV), or negative predictive value (NPV).

Following the introduction, section 2 details the methods
for this systematic review. Next, section 3 is the presentation
of the results. This is followed by section 4, which discusses
the findings and quality issues of existing evidence. Ulti-
mately, the conclusions on tool selection and suggestions for
future work are provided.

METHODS

We followed the Cochrane guidelines' for methodology, and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) for reporting. The obtained data
was secondary; therefore, ethical approval was not required.
The protocol for this systematic review was registered on the
International Prospective Register of Systematic Reviews
(PROSPERO), with registration ID CRD42021296848.

Multidisciplinary workgroup
In August 2021, a workgroup that included five academics
with extensive knowledge in public health, one with

Table 1 Inclusion and exclusion criteria
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knowledge in statistics, and one neurologist with practical
experience, was formed for this systematic review. Addition-
ally, as supporting members, both methodologists and med-
ical librarians were involved.

From August 2021 to April 2022, the workgroup and
supporting members met at least once a week, either face
to face or virtually, to conceptualize the research framework,
establish objectives and eligibility criteria, search for evi-
dence, appraise quality, integrate and analyze evidence, and
conclude.

Eligibility criteria

The inclusion and exclusion criteria are illustrated
in =Table 1. We examined validation studies that focused
on tools for migraine diagnosis, classification, or screening
(hereinafter referred to as diagnostic tools) in nonclinical
settings, whose eligible users were adults (> 18 years old).
The “gold standard” reference was a clinical diagnosis given
by a neurologist, relying on the ICHD criteria, who was blind
to the tool’s diagnosis.

Information sources and search strategies

Prior to commencing, a search had been conducted to ensure
that we were not unnecessarily duplicating a review that had
been done by other scholars. Studies published from the
foundation of the databases until January 17, 2022, were
searched in three electronic databases: PubMed, Medline,
and Web of Science. To avoid missing any relevant studies,
subject terms from the controlled vocabulary were com-
bined with free-text terms. The complete search strings for
the three databases are mentioned in »Table S1
(Supplementary Material, available online only). Additional
articles were manually located from citations and refer-
ences of the included studies.

Study screening

The Endnote 20 (Clarivate Analytics, London, UK) software
was used for screening, removing duplicates, and recording.
After searches and removal of duplicates, two independent
reviewers (DW and HNZ), blinded to each other, decided

Inclusion Exclusion
Population Human adults (> 18 years old) Nonhumans; Humans aged < 18 years old
Setting Nonclinical settings Clinical settings
Tool Tools intended to diagnose, classify, or screen for migraine, Tools not for migraine
including migraine subtypes
Reference The gold standard, diagnosis by a neurologist based on the Others
ICHD criteria
Outcome Reporting at least the following diagnostic accuracy No report of diagnostic accuracy
outcomes: sensitivity, specificity, PPV, or NPV
Language English Others
Publication | Peer-review publications Unpublished studies, gray literature, reviews,
guidelines, letters, commentaries,
conference abstracts, and editorials

Abbreviations: ICHD, international classification of headache disorders; NPV, negative predictive value; PPV, positive predictive value.
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simultaneously whether each article was meeting the afore-
mentioned eligibility criteria via studying titles and
abstracts. After the initial screening, full-text articles were
reviewed by at least two workgroup members (DW and RRT).
Any discrepancies between both reviewers in terms of the
inclusion and exclusion of studies were resolved through a
consensus after discussing with a third reviewer (LPW).

Methodological quality assessment

The methodological quality of the included studies was ap-
praised using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2), which is separated into two parts: risk of
bias and applicability. The signaling questions in QUADAS-2,
according to its developers, should be tailored to the subject of
the review.'> The quality thresholds for population-based
studies on headaches were established by the GBD studies
(~Table S2 - Supplementary Material),16 which were
then applied to tail signaling questions in the present study
(~Table S3 - Supplementary Material).

Each QUADAS-2 domain was assessed, and each study was
given a rating of “high risk/concern,” “low risk/concern,” or
“unclear.” For the overall rating of risk of bias or applicability,
overall “low risk of bias” or “low concern regarding applica-
bility” was given to a study that obtained “low” in all
domains, and overall “at risk of bias” or “concerns regarding
applicability” was given to a study that obtained “high” or
“unclear” in one or more domains.'® Furthermore, we clas-
sified “quality” into 3 groups: “high quality” (overall “low
risk of bias” in combination with overall “low concern
regarding applicability”), “moderate quality” (one domain
receiving “high” or “unclear” risk of bias in combination with
overall “low concern regarding applicability”), and “poor
quality” (all other rating combinations). Two independent
reviewers (DW and YC) appraised the methodological quality
of included studies. To resolve any disagreements, a third (TL)
was invited.

Data collection

For the included articles, construct data collection forms
were developed and piloted. Fields extracted from each
study included tool characteristics (name, aim, and lan-
guage), first author, year of publication, sample character-
istics (sample size and participant demographics), reference
standard, time interval, and diagnostic accuracy (sensitivity,
specificity, PPV, and NPV). Two reviewers (DW and MKAK)
registered independently for data extraction. Any disagree-
ments were identified and resolved by another reviewer
(LPW). Insufficient accuracy statistics were calculated and
supplemented by the RevMan (Cochrane, London, UK) soft-
ware, version 5.4, and all outcomes were double-checked and
recalculated. Pooled data were demonstrated when possible.

RESULTS

Literature search results

~Figure 1 describes the PRISMA flow diagram. The search
retrieved 7,213 publications, of which 3,362 duplicates were
excluded. A manual search yielded 1 additional article. After
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determining eligibility on titles and abstracts, 119 papers
remained for full-text review. Finally, 27 studies, published
between 1991 and 2022, were included.

Tool description
In total, 19 tools have been reported as being able to diagnose
migraine for adults in nonclinical contexts. The studies’
characteristics arranged by tool names are detailed
in =Table 2. Among them, 14 tools were designed for total
migraine diagnosis (ID-migraine,'’"'® extended version of
ID-migraine,?® MS-Q,2'~23 simple questionnaire,>* Michel’s
standardized migraine diagnosis questionnaire,25 diagnostic
headache diary,?® DMQ3,%’ ID-CM,?® HUNT,>® HUNT3,3°
HUNT4,>' self-administered headache questionnaire,’?
HARDSHIP questionnaire,>-3® and POEM?®’), 9 tools for
migraine with aura (extended version of ID—migraine,20
visual aura rating scale,®3° DMQ3,%’ Finnish migraine-
specific questionnaire," LUMINA,*' HUNT3,>® HUNT4,>’
Italian ICHD-II-based questionnaire,*? and POEM?’), and 4
tools for migraine without aura (DMQ3,%’ Finnish migraine-
specific questionnaire,*® Italian ICHD-II-based question-
naire,*? and POEM?’). The structured headache question-
naire*> and ID-CM?® can determine chronic migraine, and
the self-administered headache questionnaire32 can recog-
nize a combination of migraine and tension-type headaches.
The HARDSHIP questionnaire has been validated by 4
studies,®>3® the ID-migraine'’"'® and MS-Q*'"% by 3
each, and the visual aura rating scale has been validated by
2 studies.3®3 All of the other tools have been validated by a
single study.

Study description

Among included research papers, 10 studies conducted the
validation by enrolling a general population
s;;1mp1e,20'26'28‘31'33"35’36’43 2 by enrolling university stu-
dents,'®?> 14 by enrolling patients,!%-21-24:27,32,34,37-42
and 1 by enrolling workers.!” Approximately 37% (10 out
of 27) of studies involved probability sampling or
census,'9:21:23.24.33,35,36,40.4243 \yhereas the remainder in-
volved nonprobability sampling. In sum, 17,198 individuals
took part in the 27 validation studies, with sample sizes
ranging from 49%° to 9,346.%' The mean age varied between
22.03'® and 58.4,3" notwithstanding 11 studies which failed
to provide this information. The percentage of female
patients was higher than that of males among studies
reporting sex ratios.

The 27 validation studies covered 17 languages, with
English being the most frequent one.®?%3741 Among
cross-cultural works that required translation, adaptation,
and validation, 8 studies implemented a backward-transla-
tion verification,'”+23:33-36.39.43 \yhereas 4 studies did
not.'819:25.26 A great number of studies (n=15) adminis-
tered migraine diagnostic tools through self-completed
questionnaires;20"23’25’27'32'3‘7’3‘9"41 9 of them administered
tools through interviews by headache experts or trained
interviewers,'7-26:33-36.38.42.43 3p( the remaining 3 works
did not specify how the validations were conducted.'®1%-24
The reference standard of the included studies was a clinical
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Identification of studies via databases
_E Records identified from (n =
= 7,214):
.LE PubMed (n =2,697) > Records removed before screening:
= Medline (n = 1,932) Duplicate records removed (n = 3,362)
% Web of Science (n = 2,584)
= Hand searching (n=1)
Records excluded based on titles and
Records screened
(n=3.852) — abstracts
‘é" ’ (n=3,733)
'S
5)
[<P]
=
[5)
199]
Studies assessed for eligibility Studies excluded (n = 92):
m=119) P 9 not diagnostic tool
8 not standard reference
8 not reported diagnostic accuracy
50 for clinical use
9 review
7 conference abstract/no full text
: % -
.E Studies included in review I not in English
- (n=27)
[5)
=
=
Figure 1 PRISMA flow diagram of the study screening process.
diagnosis based on the ICHD, editions 1, 2, 3B, or 3, depend- and timing domain,8-20-24.26-31,33,35-37.40-43  \jaregver,

ing on when the validations were completed. The time
interval between tool diagnosis and the reference standard
was less than 1 month in 11 studies,'”»1%-21-23.25,32,34,38,39,42
whereas in others it was more than 1 month or was not
mentioned.

Quality assessment

A summary table of methodological quality assessments for
each study is presented in =Table 3. Overall, all studies are
“at risk of bias,” with 63% of them related to the participant
selection domain,'”-18:20.22.:25-32.34.37-39.41 70 49 to the in-
dex test domain,'872527-32.37-41 379 tg the reference stan-
dard domain,'9:20-22:23.28.31.37.38.40.41 354 63% to the flow
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51.9% of studies were identified as having “concerns regard-
ing applicability‘”9'21'24’27'32'34'37"42, with the domain of
participant selection being the most dominant
cause. =Figure 2 depicts the cumulative bar plot of included
studies’ risks of bias and applicability concerns.

Diagnostic accuracy

~Table 4 gives the diagnostic accuracy of these tools for
migraine diagnosis. Due to the fact that the majority of
studies were of poor quality, caution should be exercised
when considering pooled data; thus, no metanalysis was
performed. The sensitivity spanned from 24%° to 100%,
while the specificity spanned from 29%® to 100%.20-2%-40.42
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Figure 2 Cumulative bar plot of included studies’ risks of bias and applicability concerns.

According to the GBD criteria, diagnostic tools for migraine
with both sensitivity and specificity > 70% are desirable.'®
In included studies, , 19 studies that validated 14 tools
exhibited sensitivity and specificity levels above
70%,17:20-24.27,28,32-34,36-43 \wjjth 3 of them reporting both
above 90%.273842 However, due to the different cutoffs for
migraine-positive diagnosis among the tools, a direct compar-
ison of diagnostic accuracy was challenging.

Whether a study has good methodological quality deter-
mines if it can generate unbiased estimates of diagnostic
accuracy.' It should be noted that no tool has been sup-
ported by high-quality evidence, regarding the use in
nonclinical circumstances. The diagnostic accuracy of the
ID-migraine,'” structured headache questionnaire,*> and
HARDSHIP questionnaire®3~3® have been supported by
moderate-quality evidence, with satisfactory sensitivity
and specificity. Of them, the HARDSHIP questionnaire was
the most extensively validated. The evidence of the remain-
ing 16 tools for use in the nonclinical population has been of
poor quality; thus, their diagnostic performance should be
generalized with caution.

DISCUSSION

Summary of findings

This systematic review identified 27 studies that validated
19 tools currently used for migraine diagnosis without the
need for doctor consultation. For use in nonclinical settings,
no tool has been supported by high-quality evidence; the
diagnostic accuracy of 3 tools (the HARDSHIP questionnaire,
ID-migraine, and structured headache questionnaire) has
been supported by moderate-quality evidence, and the
remaining tools only have studies which provided poor-
quality evidence. The quality assessment findings are largely
consistent with a previously published systematic review
focusing on chronic headache disorders.’

The ID-migraine, structured headache questionnaire, and
HARDSHIP questionnaire have demonstrated satisfactory
diagnostic accuracy in nonclinical settings, supported by
moderate-quality evidence. The HARDSHIP questionnaire
has been the most widely validated of all. In poor-quality
studies, evidence for diagnostic accuracy is limited by certain
shortcomings; as these quality issues have the potential to

Arquivos de Neuro-Psiquiatria

impair the robustness of these studies, we caution against
extrapolating outcomes. Considering the evidence men-
tioned above, it is suggested that the HARDSHIP question-
naire is the optimal choice for diagnosing migraine in
nonclinical settings to date.

Public health significance
Underdiagnosis and undertreatment of migraines are com-
mon, especially due to its trivialization.** Furthermore,
migraine is stigmatized, and people typically conceal mi-
graine attacks due to guilt about missing work and fear of
workplace retaliation and dismissal.**> Patients themselves
are also an obstacle to better care, usually due to mistrust in
doctors’ abilities. However, this could be related to the fact
that few individuals contact their physicians regarding this
matter, and, hence, are unable to benefit from medical
expertise or available treatments.*®

This necessitates the advancement of a migraine diag-
nostic tool, allowing for effective case detection in nonclin-
ical contexts, such as the community or workplace. The
reason for guidelines to suggest that migraine diagnostic
tools designed for use in nonclinical settings should be
validated in populations in these settings against the
“gold standard”'! is because the diagnostic accuracy of a
tool may vary with the population being tested, target
contexts, and many other factors.'® The present systematic
review provides sufficient details about existing migraine
diagnostic tools for application in nonclinical settings. The
public health significance of this review is important, since
we anticipate that it can inform decisions on how to choose
and utilize these tools for researchers and practitioners, to
promote earlier diagnosis, initiation of appropriate treat-
ment, and reduction in disease burden.

Quality issues of existing evidence and
recommendations for future research

High risks of bias and/or applicability concerns in methodo-
logical quality are important limitations of the robustness of
a study.' Among included studies, self-administration of a
diagnostic tool, delay between diagnostic tool and reference
standard, lack of representativeness of nonclinical popula-
tions, absence of blindness, and poor study flow are the
leading sources of risk of bias, while participant selection is
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the leading source of concerns regarding applicability in
nonclinical settings.

Self-administered diagnosis, which was frequently
employed in the included studies,20-23:25:27-32,37.39-41 5y
introduce information bias because it does not help with
question clarification, low literacy assistance, or participant
engagement when compared with face-to-face or telephone
interviews.'! Furthermore, as migraine progression between
tool diagnosis and “gold standard” is likely to vary, the time
interval between them should preferably be less than
1 month."" In terms of sampling methods, some studies
enrolled patients from clinical settings,'%-21-24:27:32,34,37-42
preliminarily screen-positive subjects,'’*' or case-control
designs,32'37 who had more typical or more extreme symp-
toms, resulting in inflated sensitivity and specificity estima-
tions.” A further quality issue is that several
studies'”-18:20.25.26.28-31  recryjted an  unrepresentative
convenience/volunteer sample, despite being from nonclini-
cal circumstances, which could introduce selection bias.
Also, a low participation rate (< 70%) cannot guarantee
representativeness.'' Next, in studies where no blindness
existed between the tool’s diagnosis and the reference
standard,'%-20-22.23.28,31,37.38,4041 tha ipnterpretation of tools’
results could be influenced by knowledge of the reference
standard results.'> Additionally, not all participants received
the same reference standard in several studies: some had a
face-to-face clinical interviews with a neurologist, while
others had a telephone interview,'®242 which may lead
to biased diagnostic performance.*’

Even though all of the included tools were reported to be
applicable to nonclinical settings, we discovered a primary
applicability concern with respect to participant selection:
participants in 14 validation studies'®-21-24:2732,34,37-42
were healthcare users, who were more likely to be disabled
and had rehearsed their medical histories. They did not
match our target nonclinical population, resulting in a lack
of external validity.!! Furthermore, cross-cultural validation
was lacking for some tools.8:19:25:26

This systematic review seeks to provide relevant and up-to-
date information on the use of migraine diagnostic tools in
nonclinical contexts, as well as to uncover knowledge gaps. A
crucial next step is more high-quality validation studies in diverse
samples in the nonclinical population against the “gold standard.”

It is suggested that future studies enhance their method-
ological quality, with particular attention to interview ad-
ministration, time interval, sampling methods, response
rate, blindness, and study flow. The most important is that
tools should be validated among the general population.
Moreover, the diversity of the global population, particularly
in terms of ethnicity, culture, and language, warrants cross-
cultural validation.

Strengths and limitations

This is, to our best knowledge, the first systematic review of
studies validating migraine diagnostic tools applicable to
nonclinical settings. Multidisciplinary workgroup collabora-
tion, a combination of comprehensive search strategies for
multiple electronic databases and manual searches, an ex-
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plicit and systematic methodology, and rigorous quality
assessment are the strengths of our systematic review.

However, this work has several limitations. The first is the
inclusion of only English-language peer-review articles. Cer-
tain studies were also excluded because they did not report
diagnostic accuracy; however, if these authors provided
specific data, such as prevalence, we were able to calculate
some outcomes. Also, the probability of publication bias
cannot be ruled out. Following that, quantitative synthesis
and data comparison were not easy due to the quality of
evidence and heterogeneity of the included studies. The
various cut-off levels, which were a compromise between
false positives and false negatives, resulted in non-compara-
bility among studies.

In conclusion, up to now, the HARDSHIP questionnaire is
the optimal choice for diagnosing migraine in nonclinical
settings, with satisfactory diagnostic accuracy supported by
moderate methodological quality. The significance of this
study is to inform tool selection decisions for researchers and
practitioners, contributing to earlier diagnosis, treatment
initiation, and disease burden reduction. For better migraine
case identification in nonclinical settings, future high-quali-
ty validation studies among varied nonclinical population
groups are encouraged, with a methodological emphasis on
interview administration, time interval, sampling methods,
response rate, blindness, and study flow.
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