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Supplementary File S1. MIGRAGILE Questionnaire (English version)

Instructions
Please answer the following questions about your headaches and their impact. Unless otherwise stated, refer to the last 30 days. This questionnaire is self-administered.
1. We know it is variable, but in general, how many days PER MONTH do you have a headache?
☐ ____ days (0–31)
2. The usual duration of a headache is:
☐ <15 minutes
☐ 16 minutes–<3 hours
☐ 3–24 hours
☐ 1–3 days
☐ >3 days
3. The usual intensity of the pain is:
☐ Mild 
☐ Moderate 
☐ Severe
4. Is the headache new for you and has it started in the last 2 months?
☐ Yes 
☐ No
5. Indicate which symptoms accompany the headache:
Select all that apply:
☐ Sensation of feeling the heartbeat in the head (pulsatile)
☐ Usually starts on one side of the head or temple
☐ Bothered by light (photophobia)
☐ Bothered by noise (phonophobia)
☐ Bothered by smells (osmophobia)
☐ Worsens with movement or needs to stretch/sit down
☐ Has nausea and/or vomiting
☐ Has restlessness and need to move
☐ None of the above
6. Headache:
Select all that apply:
☐ It is always in the same location
☐ It reaches maximum intensity in less than 1 minute
☐ It worsens with effort or when bending the head
☐ It is accompanied by tearing or redness of the eye or eyelid drooping
☐ I have none of the above 
7. When you have a headache, do you take any pills?
☐ No, I usually wait for it to go away
☐ Yes, as soon as possible
☐ Yes, but I usually wait until the pain is strong or when it doesn't go away
8. The painkiller you take is:
Select all that apply:
☐ Paracetamol
☐ NSAIDs (e.g., naproxen, ibuprofen, dexketoprofen/Enantyum)
☐ Triptans (e.g., rizatriptan, eletriptan, almotriptan, zolmitriptan, sumatriptan, frovatriptan)
☐ Metamizole (Nolotil)
☐ Combinations (e.g., Hemicraneal, Tonopan, Cafergot, Analgilasa)
☐ Tramadol
☐ Lasmiditan
☐ Rimegepant
☐ Other (please specify): __________
9. How many days per MONTH does a headache (or next-day hangover) affect your concentration or ability to carry out usual daily activities such as housework, work, studies, or family and social activities?
☐ ____ days (0–31)
10. When you have a headache, how often do you wish you could lie down?
☐ Never
☐ Rarely
☐ Sometimes
☐ Often
☐ Always
11. Do you take or have you taken any of the following preventive medications for headaches? (medication taken daily)
Select all that apply:
☐ No
☐ Beta-blockers (e.g., propranolol, atenolol, metoprolol, nadolol)
☐ Topiramate (Topamax)
☐ Zonisamide (Zonegran)
☐ Flunarizine (Sibelium, Flurpax)
☐ Amitriptyline (Tryptizol)
☐ Antihypertensives (candesartan or lisinopril)
☐ Valproic acid (Depakine)
☐ Botulinum toxin (Botox)
☐ Anti-CGRP monoclonal antibodies ("migraine vaccine")
☐ Gepant (rimegepant or atogepant)
☐ Others (specify): __________

Note: This English version is provided for research reporting purposes. The validated implementation used the Spanish (Spain) digital version.

Supplementary File S2. MIGRAGILE Questionnaire (Spanish version, Spain)

Instrucciones
Responda a las siguientes preguntas sobre sus dolores de cabeza y su impacto. Salvo que se indique lo contrario, piense en el último mes (últimos 30 días). Este cuestionario es autoadministrado.

1. Sabemos que es variable, pero en general, ¿cuántos días al MES tiene cefalea (dolor de cabeza)?
☐ ____ días (0–31)
2. La duración habitual del dolor de cabeza es:
☐ <15 minutos 
☐ 16 minutos–<3 horas 
☐ 3–24 horas
☐ 1–3 días
☐ >3 días
3. La intensidad habitual del dolor es:
☐ Leve 
☐ Moderada
☐ Severa
4. ¿El dolor de cabeza es nuevo para usted y se ha iniciado en los últimos 2 meses?
☐ Sí
☐ No
5. Señale qué síntomas acompañan al dolor de cabeza:
Puede marcar varias opciones:
☐ Sensación de notar el latido del corazón en la cabeza (pulsátil) 
☐ Suele empezar en un lado de la cabeza o sien
☐ Le molesta la luz (fotofobia)
☐ Le molesta el ruido (sonofobia)
☐ Le molestan los olores (osmofobia)
☐ Empeora con el movimiento o tiene que estirarse/sentarse
☐ Tiene náuseas y/o vómitos
☐ Tiene nerviosismo y necesidad de moverse
☐ Ninguno de los anteriores
6. El dolor de cabeza:
Puede marcar varias opciones:
☐ Siempre es en la misma localización 
☐ Llega a la máxima intensidad en menos de 1 minuto
☐ Empeora con los esfuerzos o al agachar la cabeza
☐ Se acompaña de lagrimeo o enrojecimiento del ojo o caída del párpado
☐ No tengo nada de lo anterior
7. ¿Cuándo tiene dolor de cabeza, toma alguna pastilla?
☐ No, suelo esperar a que se pase 
☐ Sí, lo antes posible
☐ Sí, pero suelo esperar a que el dolor sea fuerte o cuando no se me pasa
8. El analgésico que toma es:
Puede marcar varias opciones:
☐ Paracetamol 
☐ AINEs (p. ej., naproxeno, ibuprofeno, dexketoprofeno/Enantyum)
☐ Triptanes (p. ej., rizatriptán, eletriptán, almotriptán, zolmitriptán, sumatriptán, frovatriptán)
☐ Metamizol (Nolotil)
☐ Combinaciones (p. ej., Hemicraneal, Tonopan, Cafergot, Analgilasa)
☐ Tramadol
☐ Lasmiditan
☐ Rimegepant
☐ Otro (especifique): __________
9. ¿Cuántos días al MES el dolor de cabeza (o la resaca del día siguiente) afecta a su concentración o capacidad para realizar actividades diarias habituales como tareas domésticas, el trabajo, los estudios o actividades familiares y sociales?
☐ ____ días (0–31)
10. Cuando tiene dolor de cabeza, ¿con qué frecuencia desearía poder acostarse?
☐ Nunca 
☐ Pocas veces
☐ A veces
☐ A menudo
☐ Siempre
11. ¿Toma o ha tomado alguna de las siguientes medicaciones preventivas para el dolor de cabeza? (medicación fija cada día)
Puede marcar varias opciones:
☐ No 
☐ Betabloqueantes (p. ej., propranolol, atenolol, metoprolol, nadolol)
☐ Topiramato (Topamax)
☐ Zonisamida (Zonegran)
☐ Flunarizina (Sibelium, Flurpax)
☐ Amitriptilina (Tryptizol)
☐ Antihipertensivos (candesartán o lisinopril)
☐ Ácido valproico (Depakine)
☐ Toxina botulínica (Botox)
☐ Anticuerpos monoclonales anti-CGRP ("vacuna para la migraña") 
☐ Gepante (rimegepant o atogepant)
☐ Otros (especifique): __________
Supplementary File S3. COSMIN Reporting Guideline Checklist (MIGRAGILE)
COSMIN Reporting guideline for studies on measurement properties of patient-reported outcome measures (Version August 2021).
Joel J Gagnier, Jianyu Lai, Lidwine B Mokkink, Caroline B Terwee. COSMIN reporting guideline for studies on measurement properties of patient-reported outcome measures. Qual Life Res. 2021 Aug; 30(8):2197-2218. doi: 10.1007/s11136-021-02822-4.
Checklist completed for the manuscript: “Development and validation of MIGRAGILE: a brief digital patient-reported outcome measure to identify disabling migraine in primary care and support referral to specialised care”.
General reporting recommendations relevant for all studies on measurement properties
	Item number
	Item name
	Item Description

	Report section: Title
	 
	 

	T1
	Patient-reported outcome measure (PROM)
	MIGRAGILE (digital patient-reported outcome measure).

	T2
	Measurement property (MP)
	Content validity, face validity, reliability (test–retest; inter-observer), criterion validity/classification performance, convergent validity, feasibility/usability, and clinical utility.

	T3
	Study sample
	Adults (≥18 years) consulting for headache evaluation in primary care; multicentre sample across 20 primary care centres and one tertiary hospital (Spain).

	Report section: Abstract
	 
	 

	A1
	PROM
	The aim was to develop and validate MIGRAGILE, a novel brief digital patient-reported outcome measure (PROM) in Spanish (Spain), designed to identify, in primary care, patients who are likely to have disabling migraine and to support structured referral decisions to specialised care.

	A2
	Measurement property
	Feasibility/usability, reliability (test–retest and inter-observer agreement), criterion validity/classification performance, convergent validity with comparator PROMs (HIT-6 and MSQ), and clinical utility reflected by care pathway and management decision alignment.

	A3
	Design
	A multicentre cross-sectional study with an embedded implementation component was conducted between June 2023 and May 2025 in 20 primary care centres and one tertiary hospital in Spain. Instrument development included expert consensus and a systematic literature review, followed by pilot testing and psychometric evaluation (content and face validity, reliability, inter-observer agreement, classification performance against an ICHD-3 headache-specialist reference diagnosis, and convergent validity with HIT-6 and MSQ).

	A4
	Sample
	Adults (≥18 years) consulting for headache evaluation in primary care in Spain were included. Three samples were used: (a) a validation sample (n=300), of whom 277 with complete data were included in the classification performance analysis; (b) a pilot usability sample (n=70); and (c) a test–retest reliability subsample (n=70). In addition, face validity was assessed in an independent patient group (n=20).

	A5
	Methods
	Feasibility/usability, content and face validity, reliability (test–retest and inter-observer agreement), classification performance against an ICHD-3 headache-specialist reference standard (including ROC/AUC and Youden-index cut-off), convergent validity with HIT-6 and MSQ, and clinical utility based on care pathways and management decisions were assessed.

	A6
	Results
	MIGRAGILE showed excellent classification performance for disabling migraine, with sensitivity 93.7% and specificity 94.0% at the optimal Youden cut-off, and an AUC of 0.91. Test–retest reliability was excellent for quantitative items (ICC[2,1]=0.998–0.999) and categorical items (weighted κ=0.784–1.000). Convergent validity was supported by significant between-group differences in HIT-6 (χ²=115.99; p<0.001; Cramér’s V=0.46) and MSQ (Kruskal–Wallis H=45.62; p<0.001; ε²=0.159), and MIGRAGILE classification was strongly associated with differentiated care pathways and management decisions (χ²=234.8; p<0.001; Cramér’s V=0.65).

	A7
	Discussion/
Conclusions
	The MIGRAGILE questionnaire is a brief, feasible and psychometrically robust digital PROM that accurately identifies patients with disabling migraine and supports clinically meaningful stratification in primary care. Its association with patient-reported burden and real-world clinical decisions suggests that it may facilitate more appropriate referral to specialised care and contribute to more timely and targeted management in routine practice.

	Report section: Introduction
	 
	 

	I1
	Name and describe the PROM of interest
	There remains a need for brief, actionable patient-reported instruments that go beyond migraine case-finding to support early identification, in primary care, of patients likely to have disabling migraine and to inform structured referral decisions to specialised care, particularly in the context of expanded access to targeted preventive therapies. The aim of this study was to develop and validate MIGRAGILE, a novel brief digital patient-reported outcome measure (PROM) in Spanish (Spain), designed to identify disabling migraine and support referral to specialised care.

	I2
	Target population
	The target population comprises adults (≥18 years) consulting for headache evaluation in primary care, with the purpose of identifying patients with disabling migraine—high-frequency episodic migraine or chronic migraine—who may require prioritised referral and specialist management within routine care pathways.

	I3
	Citation for original development of the PROM
	Not applicable. This study reports the development of a novel PROM for the first time.

	I4
	State of knowledge & rationale
	Migraine remains highly prevalent and disabling, yet is frequently underdiagnosed and undertreated in primary care, despite recent therapeutic advances (e.g., CGRP-targeted preventives). Existing self-administered tools (e.g., ID-Migraine™, MS-Q, HARDSHIP) support case-finding, and others (e.g., VARS, MHQ-8) capture specific clinical domains; however, most were not designed to provide an actionable stratification of clinical complexity to guide referral pathways and early management decisions in routine primary care. This gap provided the rationale for developing MIGRAGILE, a brief digital PROM intended to identify disabling migraine and support structured referral decision-making within clinical care pathways.

	I5
	Definitions
	Definitions and abbreviations are provided in the manuscript (Abbreviations section), including key terms such as PRO/PROM, HFEM/CM, weighted κ, ICC, AUC, LR+/LR−, and the comparator PROMs (HIT-6 and MSQ). Additional instrument details are provided in Supplementary Table S1 and Supplementary Files S1–S2.

	I6
	Objectives and hypotheses
	The aim of this study was to develop and validate a novel brief digital patient-reported outcome measure (PROM) to assess key clinical dimensions of migraine, to identify, in primary care, patients who are likely to have disabling migraine, and to explore its utility for structured referral decision-making to specialised care. It was hypothesised that MIGRAGILE would demonstrate high classification performance, good reliability, and significant associations with validated PROMs (HIT-6 and MSQ) and with clinical care pathways.

	Report section: General Methods
	 
	 

	GM1
	Study design
	A multicentre cross-sectional study with an embedded implementation component was conducted between June 2023 and May 2025 across 20 primary care centres and one tertiary hospital in Spain.

	GM2
	Participants
	Participants were consecutively recruited among adults (≥18 years) consulting for headache evaluation in primary care. The intention was to include a clinically realistic diagnostic spectrum (migraine and non-migraine headaches) for classification performance assessment. Inclusion criteria were ability to provide written informed consent and complete a digital Spanish-language questionnaire. Exclusion criteria included confirmed secondary headache, severe cognitive impairment, current hospitalisation, or significant language barriers.

	GM3
	PROM administration
	MIGRAGILE was self-administered digitally by participants in the primary care setting as part of the routine workflow (e.g., via smartphone/tablet). The full patient-facing versions of the questionnaire are provided in Supplementary Files S1–S2, and a technical description of items, domains, response options and variable types is presented in Supplementary Table S1.

	GM4
	Data collection procedures
	Sociodemographic and clinical variables were collected alongside MIGRAGILE responses. Participants also completed validated comparator PROMs (HIT-6 and MSQ v2.1). The reference standard diagnosis (disabling migraine: HFEM/CM vs non-disabling migraine/other headaches) was established by headache-specialist neurologists according to ICHD-3 criteria, blinded to MIGRAGILE results. Data were recorded using standardised procedures across centres.

	GM5
	Power/sample size considerations
	A single formal power calculation was not performed because the study comprised several sequential phases (pilot testing, test–retest reliability and classification performance evaluation). Sample sizes were determined pragmatically based on published methodological recommendations for PROM development and reliability/classification performance studies [19–21]. The planned samples were: validation n=300 (with complete-case classification performance analyses in n=277), pilot usability n=70, and test–retest reliability n=70; the 7–14 day interval was selected to balance clinical stability and recall effects.

	GM6
	Statistical analyses
	Criterion validity and classification performance were evaluated by comparing MIGRAGILE classification against the ICHD-3 headache-specialist reference diagnosis, considered the gold standard in the absence of objective biomarkers. Sensitivity, specificity, positive and negative predictive values, likelihood ratios (LR+ and LR−), and the area under the receiver operating characteristic curve (AUC) were calculated. The optimal cut-off point was determined using the Youden index. Ninety-five per cent confidence intervals were estimated for all classification performance measures. Convergent validity was assessed by examining associations between MIGRAGILE classification and validated patient-reported outcome measures (HIT-6 and MSQ), using χ² tests and Kruskal–Wallis tests as appropriate, with effect sizes quantified using Cramér’s V and ε².

	GM7
	Missing data
	Missing data were described and were low across key variables; therefore, no imputation was performed. Classification performance analyses were conducted using complete cases (n=277), given the limited extent of missingness and its minimal expected impact on primary outcomes

	GM8
	Post hoc analyses
	Not applicable. No post hoc analyses were performed; subgroup classification performance by sex and age was pre-specified and reported as planned.

	Report section: General Results
	 
	 

	GR1
	Missing data
	Table 1 reports the sociodemographic and clinical characteristics of the validation, pilot and test–retest samples. Missing data were low across key variables; therefore, no imputation was applied. Classification performance analyses were performed on complete cases (n=277).

	GR2
	Participant characteristics
	Baseline sociodemographic and clinical characteristics of the validation, pilot and test–retest samples are reported in Table 1.

	GR3
	Sample size
	Sample sizes were reported for each study phase: validation sample n=300; pilot usability sample n=70; test–retest reliability sample n=70; and complete-case classification performance analyses n=277.

	Report section: Discussion
	 
	 

	D1
	MP evidence
	See the Discussion section, which synthesises evidence across measurement properties, supported by the Results section (Tables 1–6 and Figures 1–3), including criterion validity/classification performance, reliability (test–retest and inter-observer agreement), feasibility/usability, convergent validity with HIT-6 and MSQ, and real-world clinical utility reflected by care pathways and management decisions.

	D2
	Practical relevance
	The practical relevance of MIGRAGILE lies in its feasibility for routine primary care use (brief digital self-administration and high usability) and its clinically actionable outputs, which were associated with differentiated referral pathways and first-visit management decisions, supporting efficient triage and prioritisation of specialist resources.

	D3
	Strengths and limitations
	Strengths include the multicentre primary care setting, the integration of MIGRAGILE into routine workflow with evaluation of clinical utility, and the comprehensive assessment of key measurement properties (classification performance, reliability, usability and convergent validity). Limitations include validation within a single healthcare system and geographic region, and the instrument’s purpose being focused on identifying disabling migraine rather than providing an exhaustive classification of all headache disorders.

	D4
	Generalizability
	Generalizability beyond the current setting may be limited because validation was conducted within a single healthcare system and geographic region. External validity in other languages, countries and care models should be evaluated in future studies.

	D5
	Instrument changes
	Following the first Delphi round, minor wording revisions were made to improve item clarity (particularly for monthly headache days, acute medication use and pain intensity). No further item changes were required after pilot testing and validation, and the final version retained 11 items. Further external validation in other settings and languages is recommended.

	D6
	Future research
	Future studies should evaluate external validity in other countries, languages and healthcare systems, including different primary care models and referral structures. Longitudinal research is also needed to assess the real-world impact of MIGRAGILE on clinically and organisationally relevant outcomes, such as time to specialist referral, initiation of preventive therapies (including CGRP-targeted treatments), healthcare resource use, and changes in patient-reported impact and quality of life over follow-up.

	Report section: Conclusions
	 
	 

	C1
	Conclusions
	MIGRAGILE is a brief, feasible and psychometrically robust digital PROM that accurately identifies patients with disabling migraine and supports clinically meaningful stratification in primary care, while informing referral to specialised care.

	Report section: Other information
	 
	 

	O1
	Conflict of interest / other disclosures
	Provided separately at submission in accordance with journal requirements for double-blind peer review.


Specific reporting recommendations for studies on Content Validity
	Item number
	Item name
	Item Description

	CV1
	Relevance
	The questionnaire development process began with the formation of a multidisciplinary expert panel (three neurologists, two advanced practice nurses specialised in headache, one expert patient, and one health-outcomes research specialist). Item relevance was rated on a 4-point Likert scale, and item–domain congruence was formally evaluated using the Hambleton–Rovinelli procedure. Unanimous expert agreement was required for item retention in the preliminary version.

	CV2
	Comprehensiveness
	Comprehensiveness was ensured by grounding item generation in (i) a systematic literature review (PubMed, Scopus and Embase) and (ii) the ICHD-3 diagnostic framework, complemented by input from a multidisciplinary expert panel including an expert patient. The initial item pool was designed to cover the key clinical dimensions required for actionable primary care stratification, including monthly headache frequency and disability, attack duration, pain intensity and features, associated migrainous symptoms, red flags/secondary headache warning features, acute medication behaviour and type, and current/past preventive treatments. During content validation, migraine content experts assessed whether each item adequately captured the predefined domains (item–domain coverage), supporting the comprehensiveness of the instrument.

	CV3
	Comprehensibility
	Items were worded in affirmative phrasing and designed to capture a single concept, using simple language intended to be easily understood and answered in routine primary care. Response options were defined a priori for each item (categorical and numeric formats) and presented in a digital self-administered interface. Comprehensibility was evaluated through expert review and subsequently in the target population during pilot testing (n=70) and face validity assessment (patients n=20), where participants assessed clarity, ease of understanding and ease of response. Minor wording revisions were implemented after the first Delphi round to improve semantic clarity, particularly for items on monthly headache days, acute medication use and pain intensity.

	CV4
	Relevance results
	After the first Delphi round, three items (monthly headache days, acute medication use and pain intensity) were reworded to improve semantic clarity. In the second round, all 11 items achieved maximal content validity indices for both relevance and clarity (I-CVI=1.00 for each item), and the overall scale reached S-CVI/Ave=1.00, indicating unanimous expert agreement and supporting item retention in the final version.

	CV5
	Response options and recall period
	Response options and formats are specified for each item in Supplementary Table S1 and Supplementary Files S1–S2 (numeric open fields, multiple-choice and multi-select items). For numeric frequency items, the recall period is anchored to the past month (0–31 days) for both monthly headache days (MHD) and monthly disability days.

	CV6
	Comprehensiveness results
	Comprehensiveness was supported by expert consensus confirming that the final 11-item set adequately covered all predefined clinical domains required for primary care stratification. During face validity assessment, patients (n=20) did not propose any additional relevant domains, suggesting that no clinically important content was missing.

	CV7
	Comprehensibility results
	Comprehensibility results were supported by face validity testing in patients (n=20), who rated the questionnaire as clear, easy to understand and not redundant, with no items perceived as confusing. In pilot testing (n=70), acceptability was high, the mean completion time was 5.3 minutes (SD 1.7), and item-level missingness remained ≤5%, further supporting comprehensibility and ease of completion in routine primary care.


Specific reporting recommendations for studies on Structural Validity
	Item number
	Item name
	Item Description

	SV1
	Factor analyses: Classical Test Theory (CTT) PROMs
	Not applicable. MIGRAGILE is not intended to measure a latent construct through a summed scale score or subscale structure. Instead, it is a rule-based digital PROM that collects a small set of clinically relevant patient-reported inputs and generates categorical, clinically actionable outputs (reason for consultation and referral level). Therefore, exploratory or confirmatory factor analyses are not appropriate for this instrument.

	SV2
	Item Response Theory (IRT) analyses
	Not applicable, for the same reason: MIGRAGILE does not produce a unidimensional/latent trait score suitable for IRT modelling.


 Specific reporting recommendations for studies on Internal Consistency
	Item number
	Item name
	Item Description

	IC1
	Unit of measurement
	Not applicable. MIGRAGILE is a rule-based classification instrument and does not yield a total score or subscale scores. Its outputs are categorical, clinically actionable classifications (reason for consultation and referral level), therefore internal consistency is not an appropriate measurement property.

	IC2
	Continuous scores
	Not applicable. MIGRAGILE does not produce continuous scale scores intended to reflect an underlying latent construct; consequently, internal consistency metrics (e.g., Cronbach’s alpha, omega) are not applicable.

	IC3
	Dichotomous scores
	Not applicable. Although MIGRAGILE contains categorical items, these are not intended to form a unidimensional dichotomous scale score; therefore dichotomous internal consistency estimates (e.g., KR-20) are not applicable.


 
	
Specific Reporting recommendations for studies on Cross-Cultural Validity\Measurement Invariance

	Item Number
	Item Name
	Item Description

	CCV1
	Comparator Group(s)
	Not applicable. MIGRAGILE was developed and validated in Spanish (Spain) and this study did not include cross-cultural adaptation or comparisons between language/cultural groups.

	CCV2
	Factor Analyses: Classical Test Theory (CTT) PROMs
	Not applicable. Cross-cultural validity/measurement invariance was not assessed because no multi-group comparisons were performed. In addition, MIGRAGILE does not generate latent scale scores suitable for factorial invariance testing.

	CCV3
	Item Response Theory (IRT) analyses 
	Not applicable. IRT-based differential item functioning (DIF) or measurement invariance analyses were not conducted because no cross-cultural comparator groups were included and MIGRAGILE is a rule-based classification tool rather than a latent trait scale.


 
Specific reporting recommendations for studies on Reliability
	Item number
	Item name
	Item Description

	R1
	PROM administrations
	Test–retest reliability was assessed in a stable subsample (n=70) drawn from the validation cohort. Participants self-administered the same digital MIGRAGILE questionnaire twice, with a 7–14 day interval between administrations, selected to balance clinical stability and recall effects. The assessment was conducted in the primary care setting using the same administration procedures at both time points. Item-level test–retest results are reported in Supplementary Table S2.

	R2
	Statistical analyses
	For categorical items, test–retest agreement was quantified using weighted Cohen’s κ. For numeric items, reliability was assessed using ICC(2,1) (two-way random-effects, absolute agreement). Interpretation followed Landis & Koch (κ) and Koo & Li (ICC).

	R3
	Methods to improve reliability
	Reliability was supported by standardised digital administration, explicit predefined response options, and a pre-specified retest interval. Clinical stability between administrations was ensured by selecting participants without clinically relevant changes during the 7–14 day period.


Specific reporting recommendations for studies on Measurement Error
	Item number
	Item name
	Item Description

	ME1
	PROM administrations
	Not applicable as a distinct measurement error study. Measurement precision was addressed through the test–retest reliability design (two administrations in a stable subsample, n=70, 7–14 days apart), rather than separate estimation of measurement error indices (e.g., SEM/SDC), because MIGRAGILE does not produce a summed scale score and outputs are primarily categorical/decision-support.

	ME2
	Statistical analyses
	Not applicable. Formal measurement error parameters (e.g., SEM, SDC, limits of agreement) were not calculated; reliability was quantified using weighted κ (categorical items) and ICC(2,1) (numeric items). Item-level reliability results are reported in Supplementary Table S2.


Specific reporting recommendations for studies on Criterion Validity
	Item number
	Item name
	Item Description

	CriV1
	Criterion
	The criterion (reference standard) was the headache-specialist neurologist diagnosis of disabling migraine (high-frequency episodic migraine or chronic migraine) established according to ICHD-3 criteria. Neurologists were blinded to MIGRAGILE results.

	CriV2
	Continuous scores
	Not applicable. MIGRAGILE does not produce a continuous criterion-referenced scale score; its primary outputs are categorical classifications.

	CriV3
	Categorical scores
	Criterion validity for categorical classification was evaluated by comparing MIGRAGILE outputs against the ICHD-3 reference diagnosis, reporting sensitivity, specificity, PPV, NPV, LR+ and LR−, and ROC/AUC with 95% confidence intervals. The optimal cut-off was identified using the Youden index, and a 2×2 contingency table was presented.


Specific reporting recommendations for studies on Hypotheses Testing for Construct Validity
	Item number
	Item name
	Item Description

	ConV1
	Comparator instrument(s)
	Construct validity was examined using validated comparator PROMs assessing migraine impact and migraine-specific quality of life: HIT-6 and MSQ v2.1 (validated Spanish versions).

	ConV2
	Comparator group(s)
	Comparator groups were defined by MIGRAGILE clinical strata: non-disabling migraine, disabling migraine (HFEM/CM), and other headaches.

	ConV3
	Hypotheses
	It was hypothesised a priori that patients classified as disabling migraine would show greater disease burden, reflected by higher HIT-6 impact categories and worse MSQ scores, and would be managed through higher-intensity care pathways (specialist referral and CGRP-targeted treatments) compared with the other groups.

	ConV4
	Statistical analyses
	HIT-6 impact categories were compared across MIGRAGILE strata using χ² tests with Cramér’s V as effect size. MSQ scores were compared using Kruskal–Wallis tests with ε² effect size estimation. Associations with care pathways/management decisions were evaluated using χ² or Fisher’s exact tests, as appropriate.

	ConV5
	Results
	Between-group differences supported the hypotheses, with significant associations and large effect sizes for HIT-6 (χ²=115.99; p<0.001; Cramér’s V=0.46) and MSQ (H=45.62; p<0.001; ε²=0.159), consistent with convergent validity of MIGRAGILE classification.


Specific reporting recommendations for studies on Responsiveness
	Item number
	Item name
	Item Description

	Resp1
	Comparison instrument(s)
	Not applicable. Responsiveness was not assessed because the study design was cross-sectional; longitudinal comparator measures were not collected for change assessment.

	Resp2
	Comparator group(s)
	Not applicable. No longitudinal change groups (improved/unchanged/worsened) were defined.

	Resp3
	Hypotheses
	Not applicable. No a priori hypotheses on change over time were formulated due to the absence of longitudinal follow-up.

	Resp4
	Measurement procedures
	Not applicable. No follow-up administrations were performed for responsiveness assessment.

	Resp5
	Interim period
	Not applicable. No longitudinal interval for change detection was defined.

	Resp6
	Intervention/Exposure
	Not applicable. The study did not evaluate change in response to a defined intervention or exposure over time.

	Resp7
	Patients changed
	Not applicable. Change status was not assessed because follow-up data were not collected.

	Resp8
	Statistical analyses
	Not applicable. No responsiveness analyses (e.g., effect sizes of change, SRM, ROC-based change thresholds) were conducted.

	Resp9
	Results
	Not applicable. Responsiveness is recommended for evaluation in future longitudinal studies (see Discussion/Future research).



Supplementary Tables:
Supplementary Table S1. MIGRAGILE items, domains, response options, and variable type
	Item
	Domain
	Question (Spanish, Spain)
	Response options / format
	Variable type

	1
	Headache frequency
	¿Cuántos días al mes tiene cefalea (dolor de cabeza)?
	Numeric open field (0–31)
	Quantitative

	2
	Attack duration
	La duración habitual del dolor de cabeza es:
	<15 min / 16 min–<3 h / 3–24 h / 1–3 days / >3 days
	Categorical

	3
	Pain intensity
	La intensidad habitual del dolor es:
	Mild / Moderate / Severe
	Categorical

	4
	Recent onset
	¿El dolor de cabeza es nuevo y se ha iniciado en los últimos 2 meses?
	Yes / No
	Categorical

	5
	Migraine-associated symptoms
	Señale qué síntomas acompañan al dolor de cabeza:
	Multiple response (8 symptoms) + 'None of the above'
	Categorical (multi-select)

	6
	Warning features / red flags
	El dolor de cabeza:
	Multiple response (4 features) + 'None of the above'
	Categorical (multi-select)

	7
	Acute medication timing/behaviour
	¿Cuándo tiene dolor de cabeza, toma alguna pastilla?
	3 options
	Categorical

	8
	Acute medication type
	El analgésico que toma es:
	Multiple response (incl. rimegepant) + Other
	Categorical (multi-select)

	9
	Disability days
	¿Cuántos días al mes afecta a concentración/actividades diarias (dolor o 'resaca')?
	Numeric open field (0–31)
	Quantitative

	10
	Need to lie down
	Cuando tiene dolor de cabeza, ¿con qué frecuencia desearía poder acostarse?
	Never / Rarely / Sometimes / Often / Always
	Categorical (ordinal)

	11
	Preventive treatments
	¿Toma o ha tomado medicación preventiva fija cada día?
	Multiple response (incl. anti-CGRP; gepants) + Other
	Categorical (multi-select)



Supplementary Table S2. Item-level test–retest reliability of MIGRAGILE
Weighted Cohen’s κ is reported for categorical items; ICC (2,1) for numeric items.
	Item
	Description
	Statistic
	Value
	Interpretation

	1
	Headache days per month
	ICC (2,1)
	0.998
	Excellent

	9
	Disability days per month
	ICC (2,1)
	0.999
	Excellent

	2
	Headache duration
	Weighted Cohen’s κ
	0.899
	Excellent

	3
	Pain intensity
	Weighted Cohen’s κ
	0.979
	Excellent

	4
	Recent onset
	Weighted Cohen’s κ
	1.000
	Excellent

	5
	Pulsatile pain
	Weighted Cohen’s κ
	0.911
	Excellent

	5
	Unilateral pain
	Weighted Cohen’s κ
	0.911
	Excellent

	5
	Photophobia
	Weighted Cohen’s κ
	0.826
	Excellent

	5
	Phonophobia
	Weighted Cohen’s κ
	0.825
	Excellent

	5
	Osmophobia
	Weighted Cohen’s κ
	0.889
	Excellent

	5
	Worse with movement
	Weighted Cohen’s κ
	0.941
	Excellent

	5
	Nausea/vomiting
	Weighted Cohen’s κ
	0.967
	Excellent

	5
	Restlessness
	Weighted Cohen’s κ
	0.915
	Excellent

	6
	Same location
	Weighted Cohen’s κ
	0.942
	Excellent

	6
	Maximum intensity <1 min
	Weighted Cohen’s κ
	1.000
	Excellent

	6
	Triggered by exertion
	Weighted Cohen’s κ
	0.913
	Excellent

	6
	Tearing/redness/ptosis
	Weighted Cohen’s κ
	1.000
	Excellent

	6
	None
	Weighted Cohen’s κ
	0.883
	Excellent

	7
	Acute treatment behaviour
	Weighted Cohen’s κ
	0.842
	Excellent

	8
	Paracetamol
	Weighted Cohen’s κ
	0.883
	Excellent

	8
	NSAIDs
	Weighted Cohen’s κ
	0.884
	Excellent

	8
	Triptans
	Weighted Cohen’s κ
	0.922
	Excellent

	8
	Metamizole
	Weighted Cohen’s κ
	0.784
	Good

	8
	Ergot derivatives
	Weighted Cohen’s κ
	1.000
	Excellent

	8
	Tramadol
	Weighted Cohen’s κ
	1.000
	Excellent

	8
	Other
	Weighted Cohen’s κ
	0.933
	Excellent

	8
	Lasmiditan
	Weighted Cohen’s κ
	1.000
	Excellent

	10
	Need to lie down frequency
	Weighted Cohen’s κ
	0.882
	Excellent

	11
	No preventive treatment
	Weighted Cohen’s κ
	0.941
	Excellent

	11
	Beta-blockers
	Weighted Cohen’s κ
	0.892
	Excellent

	11
	Topiramate
	Weighted Cohen’s κ
	0.964
	Excellent

	11
	Zonisamide
	Weighted Cohen’s κ
	1.000
	Excellent

	11
	Flunarizine
	Weighted Cohen’s κ
	0.817
	Excellent

	11
	Amitriptyline
	Weighted Cohen’s κ
	0.899
	Excellent

	11
	Antidepressants
	Weighted Cohen’s κ
	0.901
	Excellent

	11
	Valproate
	Weighted Cohen’s κ
	1.000
	Excellent

	11
	OnabotulinumtoxinA
	Weighted Cohen’s κ
	0.915
	Excellent

	11
	Anti-CGRP mAbs
	Weighted Cohen’s κ
	0.915
	Excellent

	11
	Gepants
	Weighted Cohen’s κ
	0.735
	Good

	11
	Other preventives
	Weighted Cohen’s κ
	0.951
	Excellent


Abbreviations: CGRP, calcitonin gene-related peptide; ICC, intraclass correlation coefficient; κ, kappa.

Supplementary Table S3. Pairwise inter-observer agreement for “Reason for consultation”
Values represent pairwise weighted Cohen’s κ coefficients.
	
	NRL1
	NRL2
	NRL3
	EPA1
	EPA2
	IC

	NRL1
	—
	0.867
	0.874
	0.780
	0.814
	0.752

	NRL2
	0.867
	—
	0.871
	0.798
	0.812
	0.708

	NRL3
	0.874
	0.871
	—
	0.878
	0.820
	0.741

	APN1
	0.780
	0.798
	0.878
	—
	0.847
	0.778

	APN2
	0.814
	0.812
	0.820
	0.847
	—
	0.714

	CR
	0.752
	0.708
	0.741
	0.778
	0.714
	—


NRL1/2/3: Neurologist 1/2/3, APN 1/2: Advanced Practice Nurse 1/2, CR: Clinical Researcher.

Supplementary Table S4. Inter-observer agreement for referral categories (Fleiss’ κ)
	Referral category
	Fleiss κ
	Z
	p-value
	Interpretation

	PC
	0.661
	40.575
	<0.001
	Substantial

	APN
	0.716
	43.953
	<0.001
	Substantial

	OSR
	0.309
	18.981
	<0.001
	Fair

	RHU
	0.321
	19.696
	<0.001
	Fair

	PHU
	0.820
	50.308
	<0.001
	Almost perfect


PC: Primary care; APN: Advanced Practice Nurse; OSR: Outpatient specialist referral; RHU: Routine headache unit; PHU: Preferential headache unit. 

Supplementary Table S5a. Quantitative comparison of self-administered migraine tools (2023–2025)
	Instrument
	Year
	Format / context
	Sensitivity (%)
	Specificity (%)
	AUC

	ID-Migraine™
	2023
	3 items; primary care screening
	86–94
	43–56
	~0.77

	HARDSHIP
	2023
	~20 items; population surveys
	>70
	>70
	~0.80

	VARS
	2023
	Migraine with aura assessment
	96.4
	79.5
	>0.90

	MHQ-8
	2025
	8 items; sensory hypersensitivity
	-
	-
	>0.90

	MS-Q
	2025
	Screening in specific populations
	93
	81
	-

	AI-based migraine screener (multimodal)*
	2024
	AI algorithm; multimodal
	96–99
	94–99
	>0.99

	MIGRAGILE
	2025
	11 items; digital; primary care
	93.7
	94.0
	0.938


VARS: Visual Aura Rating Scale; MHQ-8: Migraine Hypersensitivity Questionnaire-8; MS-Q: Migraine Screen Questionnaire; AUC: area under the curve; *Performance depends on model and validation dataset. 

Supplementary Table S5b. Qualitative comparison: key features and limitations (2023–2025)
	Instrument
	Key features
	Limitations

	ID-Migraine™
	Very brief; widely validated; easy to implement
	Low specificity; no disability/complexity assessment

	HARDSHIP
	ICHD-3 aligned; strong population validity
	Lengthy; epidemiology-focused; limited clinical decision support

	VARS
	High accuracy for aura classification
	Not applicable without aura; not a general migraine tool

	MHQ-8
	Captures hypersensitivity domain; reliability reported (α≈0.85)
	Not diagnostic; complementary use

	MS-Q
	Useful for prevalence-oriented contexts
	Limited evidence for clinical validation/triage use

	AI-based migraine screener (multimodal)*
	Automated classification; high reported accuracy
	Requires infrastructure; transparency varies; external validation may be limited

	MIGRAGILE
	Focus on disabling migraine (HFEM/CM); referral-oriented outputs; high usability
	Validated within a single geographic area and healthcare system


VARS: Visual Aura Rating Scale; MHQ-8: Migraine Hypersensitivity Questionnaire-8; MS-Q: Migraine Screen Questionnaire; ICHD-3, International Classification of Headache Disorders, 3rd edition; HFEM/CM, high-frequency episodic migraine / chronic migraine; *Performance depends on model and validation dataset. 

Supplementary Figures:
Supplementary Figure 1. Multi-rater agreement by referral category.
[image: ] PC: Primary care; APN: Advanced Practice Nurse; OSR: Outpatient specialist referral; RHU: Routine headache unit; PHU: Preferential headache unit.

* Note: Detailed information on participating centres is available from the authors upon reasonable request.
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