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Abstract

Background Cluster headache is one of the most severely disabling primary headache disorders and is frequently
associated with diagnostic delay, inappropriate treatment, disability, and substantial psychosocial burden. Because
primary healthcare (PHC) physicians are commonly the first point of contact for patients with new headache pre-
sentations, their ability to recognize the disorder and initiate evidence-based management is clinically important.
However, data on PHC-level cluster headache competency across the Middle East and North Africa (MENA)
and Tiirkiye are limited. We assessed knowledge, attitudes, practice patterns, perceived barriers, and educational
needs among PHC physicians across this region.

Methods We conducted a cross-sectional study of 3,045 PHC physicians in 14 countries from May to July 2026
using non-probability, network-based recruitment. A pilot-tested, study-specific questionnaire aligned with the
International Classification of Headache Disorders, third edition, and contemporary treatment guidance assessed
knowledge, attitudes, practice, resources, barriers, and educational needs. Prespecified pragmatic thresholds
defined adequate performance. Multivariable logistic regression estimated adjusted odds ratios, and modified
Poisson regression with robust standard errors provided sensitivity estimates as adjusted prevalence ratios.
Results Adequate knowledge was observed in 42.2% of participants, positive attitudes in 53.4%, adequate prac-
tice in 23.9%, and adequate composite performance in 34.4%. Only 13.3% correctly recognized the complete

This Article in Press is shared early to give you faster access to new research. It is citable and carries a permanent DOI.
The final edited version will replace it automatically.

The Journal of Headache and Pain https://doi.org/10.1186/s10194-026-02528-3

B BMC

™|

Check for
updates

Published online: 26 September 2026



http://crossmark.crossref.org/dialog/?doi=10.1186/s10194-026-02528-3&domain=pdf&date_stamp=2026-9-26
https://doi.org/10.1186/s10194-026-02528-3
http://orcid.org/0000-0002-0478-8486
http://orcid.org/0000-0002-6931-4986
http://orcid.org/0000-0002-5169-2233
http://orcid.org/0000-0003-3811-5017
http://orcid.org/0000-0003-0984-1909
http://orcid.org/0000-0002-1852-7906
http://orcid.org/0000-0002-3779-337X
http://orcid.org/0009-0004-4192-7643
http://orcid.org/0000-0002-5240-8652
http://orcid.org/0000-0002-6876-9794
http://orcid.org/0000-0003-3868-9889
http://orcid.org/0000-0002-9577-3887
http://orcid.org/0009-0000-6311-6359
http://orcid.org/0009-0005-4205-1310
http://orcid.org/0009-0006-9961-3705
http://orcid.org/0000-0001-7480-371X
http://orcid.org/0000-0003-4514-1889
http://orcid.org/0000-0002-6452-9208
http://orcid.org/0009-0006-8817-3847
http://orcid.org/0009-0002-6369-1665

Article in Press https://doi.org/10.1186/510194-026-02528-3

constellation of cranial autonomic features. High-flow oxygen was routinely available in 36.0% of facilities.
Previous formal headache training was associated with a higher prevalence of adequate knowledge (adjusted
prevalence ratio 2.80, 95% confidence interval 2.46-3.18), adequate practice (1.57, 1.32—1.86), and adequate
composite performance (3.53, 2.97—4.19). Limited neurology referral access was associated with lower preva-
lence of adequate knowledge (0.60, 0.52—0.70) and adequate composite performance (0.63, 0.53—0.75).
Conclusions This large multinational study documents substantial, actionable gaps in cluster headache compe-
tency among PHC physicians. The findings support targeted headache-specific continuing medical education,
reliable facility-level oxygen access, and structured referral pathways as priorities for improving care.

Clinical trial number Not applicable.

Keywords Cluster headache - Trigeminal autonomic cephalalgias -+ Knowledge - Attitudes - Practice -
Primary healthcare - Middle East and North Africa - Tiirkiye

Abbreviations

AHS American Headache Society

aOR adjusted odds ratio

aPR adjusted prevalence ratio

AUC Area under the receiver operating characteristic curve

CH Cluster headache

CHERRIES Checklist for Reporting Results of Internet E-Surveys

CI Confidence interval

CME Continuing medical education

ECG Electrocardiography / electrocardiogram

EAN European Academy of Neurology

GP General practitioner

HC3 Heteroskedasticity-consistent robust standard error estimator, type 3
ICHD-3 International Classification of Headache Disorders, third edition
IQR Interquartile range

KAP Knowledge, attitudes, and practice

MBBS Bachelor of Medicine, Bachelor of Surgery

MBChB Bachelor of Medicine and Bachelor of Surgery

MENA Middle East and North Africa

OR Odds ratio

PHC Primary healthcare

SD Standard deviation

STROBE Strengthening the Reporting of Observational Studies in Epidemiology
TACs Trigeminal autonomic cephalalgias

UAE United Arab Emirates

Background

Headache disorders affected an estimated 2.9 billion people worldwide in 2023 and accounted for an age-stan-
dardized rate of 541.9 years lived with disability per 100,000 population [1]. Within this broad neurological bur-
den, cluster headache (CH) represents a comparatively uncommon but exceptionally disabling primary headache
disorder. The International Classification of Headache Disorders, third edition (ICHD-3), classifies CH among the
trigeminal autonomic cephalalgias and defines it by recurrent attacks of severe or very severe, strictly unilateral
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orbital, supraorbital, and/or temporal pain lasting 15-180 min, accompanied by ipsilateral cranial autonomic
manifestations and/or marked restlessness or agitation [2]. CH affects approximately 0.1% of the population,
with reported prevalence estimates varying substantially across settings [3, 4]. Its clinical importance, how-
ever, extends beyond prevalence. Recurrent attacks disrupt sleep, employment, family functioning, and social
participation, while fear of subsequent attacks can produce substantial interictal psychological distress [5]. CH
also generates considerable direct healthcare expenditure and indirect costs through work absence and reduced
productivity [6]. A recent meta-analysis estimated suicidal ideation in 8.0% of patients overall, with markedly
higher estimates in specialist clinical samples, although substantial between-study heterogeneity requires cau-
tious interpretation [7]. These findings establish CH as a neurological disorder whose individual and societal
burden is disproportionate to its epidemiological frequency.

Despite its recognizable clinical phenotype and the availability of effective acute and preventive treatments,
CH remains frequently unrecognized or incorrectly managed. A 2025 systematic review and meta-analysis esti-
mated a mean diagnostic delay of 10.43 years [8]. Patients commonly receive initial diagnoses of migraine,
sinusitis, dental disease, trigeminal neuralgia, or ocular disorders, leading to ineffective treatments, unnecessary
procedures, repeated consultations, and delayed access to appropriate headache care [9]. Several features may
contribute to this delay, including the relative rarity of CH, episodic presentation, incomplete cranial autonomic
manifestations, overlap with migraine symptoms, and limited clinician familiarity with formal diagnostic criteria,
particularly at primary healthcare level. Inadequate treatment readiness can compound diagnostic deficiencies
because evidence-aligned care requires rapid access to high-flow oxygen or non-oral triptans for acute attacks and
structured pathways for preventive treatment, monitoring, and specialist referral [3, 4].

Primary healthcare (PHC) physicians commonly provide the first clinical assessment for patients with new or
recurrent severe headache. Their ability to recognize the characteristic temporal pattern of CH, identify associ-
ated autonomic manifestations, distinguish primary CH from secondary headache syndromes, initiate appropriate
acute measures, and arrange timely referral can substantially influence the subsequent care pathway. Available
evidence nevertheless suggests that frontline clinicians remain insufficiently prepared. A qualitative study involv-
ing general practitioners and neurologists identified persistent diagnostic uncertainty, misdiagnosis, treatment
difficulties, and disagreement regarding the respective responsibilities of primary and specialist care [10]. More
recently, a 2025 survey of 120 family medicine physicians and 98 emergency physicians in Tiirkiye found that
only 15% considered their CH knowledge sufficient, while 70% reported concern about misdiagnosing the disor-
der [11]. These studies identify an important frontline-care problem but do not provide a multinational evaluation
of objective knowledge, clinical attitudes, evidence-aligned practices, treatment resources, and referral capacity.

This evidence gap is particularly relevant across the Middle East and North Africa (MENA) and Tiirkiye,
where health systems differ substantially in primary-care organization, neurology workforce capacity, medica-
tion availability, continuing medical education, and access to specialist referral. Regional headache research has
concentrated predominantly on migraine, leaving cluster headache epidemiology, physician preparedness, and
service readiness comparatively underexamined [12]. Emerging studies from Egypt have documented prolonged
diagnostic delay among patients with cluster headache and incomplete awareness of its clinical presentation and
management among physicians [13, 14]. However, the available studies used patient-based or single-city samples,
included heterogeneous medical specialties, and did not focus specifically on physicians delivering first-contact
primary care. They also did not examine physician preparedness alongside practical determinants of implemen-
tation, including high-flow oxygen availability, confidence in preventive prescribing, neurology referral access,
perceived barriers, and educational preferences. Consequently, regional policymakers lack comparative evidence
to determine whether deficiencies primarily reflect limited knowledge, unfavorable attitudes, inadequate clinical
routines, constrained resources, or combinations of these factors.

We therefore conducted this multinational cross-sectional study of PHC physicians practicing across 14 coun-
tries in the MENA region, including Tiirkiye. The primary objective was to evaluate CH-related knowledge, atti-
tudes, self-reported evidence-aligned practices, clinical resource availability, perceived barriers, and educational
needs. The secondary objectives were to identify demographic, professional, educational, and health-system
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factors independently associated with adequate performance; examine variation across countries and subregions;
and determine whether favorable attitudes translated into appropriate clinical practice. By integrating a knowl-
edge-attitudes-practice framework with measures of treatment and referral readiness, this study aimed to generate
actionable evidence for PHC continuing medical education, clinical decision support, facility preparedness, and
regional headache-care pathways.

Methods
Study design

We conducted a multinational, cross-sectional study to evaluate CH-related knowledge, attitudes, self-reported
clinical practices, care readiness, perceived barriers, and educational needs among primary healthcare (PHC) phy-
sicians. The study covered 14 countries in the MENA region, including Tiirkiye. We designed and reported the
study in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement for cross-sectional studies and the Checklist for Reporting Results of Internet E-Surveys (CHERRIES)
[15, 16]. Because exposure and outcome variables were measured at one time point, all associations should be
interpreted as non-causal.

Setting and participating countries

Data collection occurred from May to July 2026. Country collaborators distributed the study questionnaire
through professional medical networks, institutional communication channels, PHC and family-medicine groups,
and professional social media platforms. For prespecified descriptive comparisons, countries were grouped into
North Africa (Algeria, Egypt, Libya, Morocco, and Sudan), the Levant and Tiirkiye (Lebanon, Palestine, the
Syrian Arab Republic, and Tiirkiye), and the Gulf-adjacent region (Iraq, Oman, Saudi Arabia, the United Arab
Emirates, and Yemen). Country-level analyses retained each country as a separate category.

Table 1 shows the countries participating and the number of participants from each country.

Table 1 Participating coun- Region/ country Participants, n % of total sample
tries, subregional grouping,  North Africa 1002 32.9%
and number of participants Egypt 575 18.9%
Morocco 114 3.7%
Algeria 109 3.6%
Libya 103 3.4%
Sudan 101 3.3%
Levant and Tiirkiye 1321 43.4%
Palestine 423 13.9%
Lebanon 392 12.9%
Syrian Arab Republic 270 8.9%
Tiirkiye 236 7.8%
Gulf-adjacent region 722 23.7%
Iraq 244 8.0%
United Arab Emirates 122 4.0%
Oman 120 3.9%
Yemen 119 3.9%
Saudi Arabia 117 3.8%
Total 3,045 100.0%
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Participants, eligibility criteria and recruitment

Eligible participants were licensed physicians delivering first-contact, comprehensive outpatient care in commu-
nity or primary-care settings. General practitioners, family physicians, family-medicine residents assigned to pri-
mary care, medical officers, and community-clinic physicians were eligible. Neurologists, headache specialists,
physicians practicing exclusively in secondary or tertiary services, interns, students, non-physician professionals,
persons who did not give consent, and submissions failing eligibility requirements were excluded.

Recruitment was non-probability, network-based, voluntary, and uncompensated. The term country collabora-
tors referred to author-affiliated investigators who supported dissemination in their countries; affiliation-based
country coverage is listed in Supplementary Table S1. Collaborators documented 7,224 initial invitations. The
survey link was distributed through a country-specific mix of institutional e-mail lists, closed professional mes-
saging groups, primary-care and family-medicine groups, and professional social media pages. Platforms and
reach were not standardized across countries.

A total of 4,050 questionnaires were submitted, corresponding to 56.1% of the documented initial invitations.
Before data locking, we excluded 317 submissions because they were ineligible or identified as duplicates and
688 because they were substantially incomplete. We defined “substantially incomplete™ a priori as failure to com-
plete one or more entire scored sections after passing the mandatory eligibility and consent screen. Submissions
with isolated missing responses confined to non-core descriptive items were retained. The four primary outcomes
and all covariates included in the regression analyses were complete; therefore, no imputation was performed.

The final analytic sample comprised 3,045 complete, eligible, consented, non-duplicate responses (75.2% of
submissions). The screening log retained ineligible and duplicate submissions as a combined category, so these
317 records could not be subdivided reliably. The recruitment funnel is shown in Fig. 1. Because country partici-
pation depended on voluntary network-based recruitment, country-level estimates were considered exploratory
descriptive estimates rather than nationally representative measures. Differences between countries may reflect
true variation in competency, differential exposure to headache education, recruitment characteristics, or combi-
nations of these factors.

Because recipients could forward the link through overlapping closed groups and open electronic channels,
the total number of unique physicians exposed to the survey and the number who viewed the landing page could
not be determined. Accordingly, a landing-page view rate could not be calculated. The 56.1% figure is therefore
reported as a submission proportion based on documented initial invitations, not as a unique-recipient response
rate. Eligibility was assessed at the beginning of the form using qualifying medical degree, current practice in an
eligible first-contact setting, participating country, survey language, and electronic-consent criteria.

Sample size calculation

We calculated the minimum sample size for estimating a single population proportion using n=Z?p(1-p)/d>. With
a two-sided 95% confidence level (Z=1.96), an expected proportion of 0.50, and absolute precision of 0.05, the
minimum required sample was 385 physicians. The final analytic sample comprised 3,045 respondents. The least
frequent primary outcome, adequate practice, occurred in 729 participants; this provided more than 30 outcome
events per parameter in the largest prespecified regression model. The calculation supported the overall analysis
but was not intended to generate nationally representative country estimates.

Questionnaire development
The study investigators developed a structured, self-administered questionnaire specially designed for this study

after reviewing the International Classification of Headache Disorders, third edition (ICHD-3), contemporary
international cluster headache treatment guidance, clinical reviews, regional headache literature, and published
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Documented initial invitations

n=7,224

v

Survey submissions received
n = 4,050 (56.1% of documented initial invitations)

v

Excluded before analysis
n= 1,005

Ineligible or duplicate: n = 317 (combined category)
Substantially incomplete: n = 688

v

Complete, eligible, consented, non-duplicate
responses analyzed

n = 3,045 (75.2% of submissions)

\ v

Fig. 1 Recruitment and analysis flow
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physician-awareness surveys [2, 3, 11, 13, 17, 18]. Neurology and primary-care experts co-investigators reviewed
the draft for clinical relevance, content coverage, clarity, and suitability for first-contact practice.

The questionnaire comprised 44 numbered questions organized into seven sections; several numbered questions
contained multiple subitems, response matrices, or multi-select options. The first section contained mandatory
eligibility and electronic-consent items. The second collected sociodemographic and professional information,
including age, sex, country, years of practice, highest qualification, practice type and location, previous headache-
related education, sources of training, and access to neurology referral services. The knowledge section con-
tained 20 objectively scored questions across four clinically defined domains: epidemiology and clinical features
(seven questions), ICHD-3 classification and differential diagnosis (five questions), acute pharmacological and
non-pharmacological treatment (four questions), and preventive treatment (four questions). Nineteen questions
used a single-best-answer format, and one question assessed recognition of cranial autonomic features using a
multi-select format. This section included a clinical vignette to assess applied diagnostic reasoning rather than
factual recall alone [19]. Item content reflected ICHD-3 diagnostic criteria, the 2023 European Academy of
Neurology guideline, American Headache Society evidence-based recommendations, and contemporary clinical
reviews [2, 3, 17, 18]. The attitude and confidence section contained ten statements rated on a five-point Likert
scale from 1 (strongly disagree) to 5 (strongly agree). The statements assessed the perceived importance of CH
competency in PHC, diagnostic confidence, willingness to initiate acute treatment, views regarding high-flow
oxygen availability, attribution of diagnostic delay, confidence in preventive prescribing, and perceived adequacy
and value of continuing medical education (CME). Two negatively framed items were reverse-coded to reduce
acquiescence bias [20]. The practice section assessed headache caseload, previous diagnostic exposure to CH,
differential diagnoses considered for unilateral headache with autonomic manifestations, diagnostic approach,
acute and preventive treatment selection, availability of high-flow oxygen, referral thresholds, and routine clini-
cal behaviors. Ten practice-habit statements used a three-level response scale: always, sometimes, and never or
rarely. Separate multi-select questions assessed six perceived diagnostic barriers and five treatment barriers. The
final section assessed interest in additional CH education and preferred CME formats, including live workshops,
online courses, educational videos or webinars, pocket algorithms, mobile applications, and guideline-based
materials [21, 22]. The full study questionnaire is available as supplementary file.

Pilot testing and survey administration

The complete questionnaire was piloted with a convenience sample of 90 PHC physicians from four participating
countries who were not included in the final study. The pilot assessed face validity and usability, including com-
prehension, ambiguity, response-option fit, sequencing, technical display, and completion burden. Mean comple-
tion time was 11.4 min (range, 8—16 min). Feedback led to clarification of ambiguous wording, harmonization
of response anchors and multi-select instructions, and formatting adjustments for electronic administration; the
construct map, scoring framework, and intended content domains remained unchanged.

We administered the final questionnaire using Google Forms (Google LLC, Mountain View, CA, USA). The
landing page described the purpose of the study, eligibility requirements, voluntary nature of participation, ano-
nymity, estimated completion time, data use, and investigators’ contact details. Respondents could proceed only
after confirming eligibility and providing electronic consent. Mandatory response settings were used for core
survey fields. During data harmonization, the four primary outcomes and all covariates entered in the regression
models were checked for completeness and were complete. The survey did not request names, contact details, or
other direct personal identifiers.

Scoring procedures and outcome definitions

Each knowledge response received 1 point when correct and 0 when incorrect. The multi-select cranial-auto-
nomic-feature question received 1 point only when the respondent selected all correct options and no incorrect
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option. The total knowledge score ranged from 0 to 20. We classified scores as poor (<8), below average (8—11),
borderline or fair (12—13), adequate (14-16), and good or excellent (17-20). For the primary binary outcome,
adequate knowledge was defined a priori as at least 14 of 20 points (70% of the maximum) [23].

Attitude responses received 1-5 points, with higher values representing a more favorable orientation after
reverse-coding the two negatively framed items using the transformation 6 minus the original response. The total
attitude score ranged from 10 to 50. We classified scores as negative (<25), neutral or mixed (25-34), positive
(35-42), and highly positive (43—50). The binary outcome positive attitude included scores of at least 35 of 50.

The practice score combined three evidence-aligned clinical-decision questions with ten practice-habit items.
Correct or guideline-concordant responses to diagnostic approach, acute treatment, and preventive treatment
questions received 1 point; other responses received 0. High-flow oxygen and subcutaneous or intranasal triptan
therapy were both accepted as evidence-aligned acute treatments. Practice-habit responses received 2 points for
always, 1 point for sometimes, and 0 for never or rarely. The total practice score ranged from 0 to 23 and was
categorized as inadequate (<8), below adequate (8—13), borderline (14—16), adequate (17—19), and good or excel-
lent (20-23). Adequate practice was defined as at least 17 of 23 points.

We created a composite KAP score after standardizing domain contributions to reduce the influence of their
different raw ranges. The knowledge score was multiplied by 2 to contribute a maximum of 40 points; the atti-
tude score was multiplied by 30/50 to contribute a maximum of 30 points; and the practice score was multiplied
by 28/23 to contribute a maximum of 28 points. The composite score therefore ranged from 0 to 98. We defined
adequate composite KAP as at least 69 points. The 70% thresholds were prespecified pragmatic interpretive cut
points rather than validated clinical thresholds; continuous domain scores were retained for correlation analyses.

We assessed internal consistency in the final analytic sample because the study-specific instrument had no pre-
viously established reliability estimates. The Kuder-Richardson 20 coefficient was 0.868 for the dichotomously
scored knowledge scale. Cronbach’s alpha coefficients were 0.891 for the attitude scale and 0.748 for the practice
scale. These coefficients indicate acceptable to good internal consistency but do not establish construct validity
or cross-cultural measurement equivalence across participating countries.

Ethical considerations

The Institutional Review Board of the Faculty of Medicine, Alexandria University approved the study (approval
no. 0307950; May 2026). The study complied with the principles of the 2013 revision of the Declaration of
Helsinki. It involved an anonymous physician survey and did not include patient contact, clinical intervention,
medical-record access, biological specimens, or collection of direct personal identifiers. All participants provided
electronic informed consent before opening the questionnaire and could decline participation without penalty.
The research team stored the dataset in password-protected electronic files and restricted access to authorized
investigators. We analyzed and reported data only in aggregate form. No participant received compensation, and
the survey collected no patient-level data.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows, version 27.0 (IBM Corp., Armonk, NY, USA). Sen-
sitivity analyses and reproducibility checks were conducted in Python 3.13 using pandas 2.2.3 and statsmodels
0.14.6. Before analysis, we checked allowable ranges, coding consistency, duplicate records, and the prespecified
ranges of all derived scores. No data were missing for the four primary outcomes or for covariates entered in the
regression models. Categorical variables are reported as frequencies and percentages. Because the knowledge,
attitude, practice, and composite KAP scores were bounded and non-normally distributed on graphical inspec-
tion, we report both means with standard deviations and medians with interquartile ranges.

Spearman rank correlation coefficients quantified associations among continuous knowledge, attitude, and prac-
tice scores. Country- and subregion-specific adequacy estimates were treated as descriptive because recruitment
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used non-probability network sampling and country samples were not population-weighted. Multiple-response
barrier and educational-format items were summarized as the proportion of the full sample endorsing each option;
their percentages were therefore not expected to sum to 100%.

We fitted four multivariable binary logistic regression models to identify factors independently associated
with: (1) adequate knowledge, (2) positive attitude, (3) adequate practice, and (4) adequate composite KAP.
Candidate covariates were selected a priori on clinical and health-system grounds and entered simultaneously
rather than selected by automated stepwise procedures. Core covariates were age group, sex, years of clinical
experience, highest professional qualification, practice location, previous formal headache training, neurology
referral access, and subregion. The attitude model additionally included knowledge adequacy, and the practice
model additionally included knowledge adequacy and positive attitude. The composite KAP model excluded the
individual KAP domains because they were components of the dependent variable.

Categorical predictors were dummy-coded using the following reference groups: age 20-30 years, female sex,
6—10 years of clinical experience, MBBS/MBChB or equivalent qualification, rural practice, no previous formal
headache training, neurology referral within two weeks, and the Levant and Tiirkiye subregion. We assessed mul-
ticollinearity using variance inflation factors, verified model convergence, and inspected outcome-predictor com-
binations for sparsity. Adjusted odds ratios (aORs), 95% confidence intervals (Cls), and two-sided Wald p values
are reported. Model performance was summarized using the likelihood-ratio chi-square statistic, Nagelkerke R?,
and the area under the receiver operating characteristic curve (AUC). Because all four outcomes were common,
modified Poisson regression with heteroskedasticity-consistent (HC3) robust standard errors provided sensitiv-
ity estimates as adjusted prevalence ratios (aPRs). Statistical significance was defined as p <0.05; interpretation
emphasized effect magnitude and 95% Cls. Because exploratory analysis identified extreme between-country
variation in knowledge-adequacy estimates (Table 5), a post hoc sensitivity analysis re-estimated knowledge ade-
quacy and the corresponding multivariable model after excluding the countries with the most extreme estimates,
to assess whether this finding was driven disproportionately by a small number of national samples (Supplemen-
tary Table S2).

Results
Participant characteristics

The analysis included 3,045 eligible, consented, non-duplicate responses. Physicians aged 31-40 years consti-
tuted the largest age group (37.7%), and 53.5% were female. The Levant and Tiirkiye contributed 43.4% of the
sample, North Africa 32.9%, and the Gulf-adjacent region 23.7%. Most participants practiced in urban settings
(74.6%); 64.6% had received a prior formal headache education or training, and 47.0% reported access to neurol-
ogy referral within two weeks (Table 2).

Knowledge, attitudes, practice, and composite performance

The mean knowledge score was 12.01 (SD, 5.11) of 20, and 1,285 physicians (42.2%) met the prespecified ade-
quacy threshold. Classification and diagnosis had the highest mean domain percentage score (67.2%), followed
by acute treatment (63.5%), preventive treatment (61.4%), and epidemiology and clinical features (52.2%).
Recognition of the complete constellation of cranial autonomic features was the weakest item (13.3% correct),
whereas 73.9% correctly identified the clinical vignette as cluster headache.

The reverse-coded attitude score averaged 32.17 (SD, 9.13) of 50; 1,625 participants (53.4%) demonstrated a
positive or highly positive attitude. Agreement was strongest for the value of dedicated continuing medical edu-
cation (mean, 3.57; SD, 1.39) and the need to make high-flow oxygen available in primary care (mean, 3.54; SD,
1.34). Confidence in initiating verapamil was lowest (mean, 2.85; SD, 1.19).
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Table 2 Study participants’ Characteristic n %
demographic and profes- Age group
sional characteristics 20-30 years 771 253
(n=3,045) 31-40 years 1147 377
41-50 years 691 22.7
51-60 years 325 10.7
>60 years 111 3.6
Sex
Male 1415 46.5
Female 1630 53.5
Subregion
Gulf-adjacent region 722 23.7
Levant and Tiirkiye 1321 43.4
North Africa 1002 329
Years of clinical practice
Less than 2 years 417 13.7
2-5 years 669 22.0
6-10 years 862 28.3
11-20 years 765 25.1
>20 years 332 10.9
Highest professional qualification
MBBS/MBChB or equivalent 809 26.6
Diploma in family medicine/general practice 686 22.5
Board-certified specialist/fellowship 803 26.4
Master’s degree 323 10.6
Other postgraduate qualification 424 13.9
Practice location
Urban 2272 74.6
Rural 773 25.4
Previous formal headache education/training
Yes 1966 64.6
No 1079 354
Neurology referral access
Within 2 weeks 1432 47.0
Significant delay (>4 weeks) 782 25.7
Limited access 509 16.7
No neurology referral service 322 10.6

Practice represented the weakest performance domain. The mean practice score was 13.87 (SD, 4.10) of 23,
and 729 physicians (23.9%) met the adequacy threshold. The mean composite KAP score was 60.22 (SD, 15.74)
0f 98; 1,046 physicians (34.4%) achieved adequate composite performance (Table 3).

Clinical exposure, diagnostic approach, and service readiness

Most physicians (69.9%) evaluated no more than 15 patients with headache per month. Although 71.7% had
diagnosed at least one patient with cluster headache during their career, only 7.4% had diagnosed more than
10 cases. Cluster headache (65.5%) and migraine with autonomic features (56.0%) were the most frequently
selected initial differential diagnoses for severe unilateral headache with ocular autonomic manifestations.

Only 1,095 physicians (36.0%) reported routine access to high-flow oxygen; 24.3% could obtain oxygen only
through a special request, 26.8% reported that it was unavailable, and 12.9% did not know whether it was avail-
able. Red flags suggesting a secondary headache disorder were the most frequently selected referral indication
(54.9%), followed by diagnostic uncertainty (49.9%) and failure of first-line treatment (44.9%) (Table 4).
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Table 3 Knowledge, attitude, practice, and composite KAP scores (n=3,045)

Domain (range) Mean+SD Median IQR Adequate n (%) Adequacy criterion
Knowledge (0-20) 12.01+5.11 12.00 8.00-17.00 1285 (42.2) >14/20
Attitude (10-50) 32.17+9.13 35.00 27.00-39.00 1625 (53.4) >35/50
Practice (0-23) 13.87+4.10 14.00 11.00-16.00 729 (23.9) >17/23
Composite KAP (0-98) 60.22+15.74 61.70 46.76-73.24 1046 (34.4) >69/98

K AP, knowledge-attitudes-practice; IQR, interquartile range

Table 4 Clinical exposure, Variable n %
oxygen availability, and Monthly headache patient volume
referral practices (n=3,045) Less than 5 patients/month 1084 35.6
6—15 patients/month 1044 343
16-30 patients/month 627 20.6
More than 30 patients/month 290 9.5
Career cluster headache diagnoses
None 861 28.3
1-3 patients 1181 38.8
4-10 patients 777 25.5
More than 10 patients 226 7.4
Initial differential diagnosis*
Cluster headache 1993 65.5
Migraine with autonomic features 1704 56.0
Acute angle-closure glaucoma 1449 47.6
Sinusitis 1174 38.6
Cavernous sinus thrombosis 1114 36.6
Trigeminal neuralgia 566 18.6
High-flow oxygen availability
Routinely available 1095 36.0
Auvailable after special request 740 243
Not available 817 26.8
Unknown 393 12.9
Neurology referral threshold*
Secondary-headache red flags 1671 54.9
Diagnostic uncertainty after assessment 1519 49.9
*Multiple responses were per- Failure of first-line treatment 1366 44.9
I, Confirmed or suspected cluster headache 1001 329
mitted; percentages therefore do
not sum to 100% Any headache disorder 596 19.6

Subregional and country variation

Performance varied across subregions. Knowledge adequacy was similar across the three groups (41.3%—43.4%),
whereas attitude and practice did not move in parallel. North Africa had the highest proportion with positive
attitudes (66.9%) and the lowest proportion with adequate practice (17.6%). The Gulf-adjacent region had the
highest practice adequacy (34.5%), whereas the Levant and Tiirkiye had the highest composite adequacy (39.2%)
(Fig. 2).

Country-level estimates showed pronounced heterogeneity (Table 5). Because recruitment used non-proba-
bility professional networks, country sample sizes differed, and estimates were not population-weighted, these
results describe only the participating samples and should not be interpreted as national prevalence estimates or
as rankings of health-system performance.

Given the magnitude of the between-country variation in knowledge adequacy observed in Table 5, a sensitiv-
ity analysis was performed excluding the two countries with the lowest estimates (Palestine, Iraq) and, separately,

The Journal of Headache and Pain B BMC



Article in Press https://doi.org/10.1186/510194-026-02528-3

80 7

70 1 66.9%

60 -

50 4

40
35.2%

34.5%

30 A

20 A

10 1

Participants meeting adequacy threshold (%)

Gulf-adjacent region Levant and Turkiye North Africa

B Knowledge ~ W Attitude B Practice B Composite KAP

Fig. 2 Subregional proportions meeting prespecified adequacy thresholds

Table 5 Descriptive ade- Country n  Knowledge n (%) Attitude n (%) Practice n (%) Composite KAP 1 (%)
quacy estimates by partici-  ggypt 575 217 (37.7) 430 (74.8) 42(7.3) 117 (20.3)
pating-country sample* Saudi Arabia 117 99 (84.6) 97 (82.9) 98 (83.8) 99 (84.6)
Palestine 423 0(0.0) 27 (6.4) 65 (15.4) 1(0.2)
United Arab Emirates 122 73 (59.8) 68 (55.7) 69 (56.6) 52 (42.6)
Sudan 101 57(56.4) 63 (62.4) 30 (29.7) 34(33.7)
Yemen 119 61(51.3) 56 (47.1) 38 (31.9) 41 (34.5)
Iraq 244 2(0.8) 89 (36.5) 5(2.0) 1(0.4)
Oman 120 70(58.3) 58 (48.3) 39 (32.5) 61 (50.8)
* Adequacy thresholds: Libya 103 63(61.2) 53 (51.5) 24 (23.3) 42 (40.8)
knowledge > 14/20; atti- Algeria 109 49 (45.0) 60 (55.0) 50 (45.9) 41 (37.6)
tude>35/50 after reverse coding;  Morocco 114 49 (43.0) 64 (56.1) 30 (26.3) 40 (35.1)

practice>17/23; composite

e o mposte  Lebanon 392 378 (96.4) 332(847)  98(25.0) 377 (96.2)
. ntr 1m.
=077 O SSUMALES gy jan Arab Republic 270 102 (37.8) 106 (39.3) 75 (27.8) 82 (30.4)
are descriptive and are not >
population-weighted Tiirkiye 236 65(27.5) 122(51.7)  66(28.0) 58 (24.6)

all four countries with the most extreme estimates in either direction (Palestine, Iraq, Lebanon, Saudi Arabia)
(Supplementary Table S2). Knowledge adequacy was 42.2% in the full sample, 43.1% after excluding the four
most extreme countries, and 54.0% after excluding only the two lowest-performing countries; the asymmetry
between these two exclusions reflects that the low- and high-performing outlier countries partially offset one
another in the pooled estimate. The adjusted association between prior headache training and adequate knowl-
edge remained statistically significant in every sensitivity sample (full sample: adjusted odds ratio [aOR] 5.66,
95% confidence interval [CI] 4.66—6.88; excluding four flagged countries: aOR 2.91, 95% CI 2.34-3.63; exclud-
ing Palestine and Iraq: aOR 3.85, 95% CI 3.11-4.76; all p<0.001), although its magnitude was smaller once the
flagged countries were removed, indicating that these countries contributed disproportionately, but not exclu-
sively, to the strength of this association. The adjusted association between restricted neurology referral access
and lower knowledge adequacy was stable in direction, magnitude, and significance across all sensitivity samples
(aOR range 0.31-0.54 across models, all p<0.001).
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Associations among KAP domains

Knowledge correlated moderately with attitude (Spearman r=0.483, p<0.001) and weakly with practice
(r=0.296, p<0.001). Attitude showed a very weak positive correlation with practice (r=0.113, p<0.001). These
associations indicate that more favorable knowledge and attitude scores did not consistently translate into reported
clinical behavior.

Independent correlates of adequate performance

All four multivariable logistic models were statistically significant (likelihood-ratio p<0.001) (Table 6).

Previous formal headache education was the strongest modifiable correlate of adequate knowledge (aOR 5.66,
95% CI 4.66—6.88) and adequate composite KAP (aOR 6.07, 95% CI 4.88-7.54). Compared with referral within
two weeks, limited referral access was associated with lower odds of adequate knowledge (aOR 0.37, 95% CI
0.29-0.48) and adequate composite KAP (aOR 0.45, 95% CI 0.35-0.58). All models converged, and no problem-
atic multicollinearity was detected (maximum variance inflation factor, 3.16).

Adequate knowledge was associated with positive attitude (aOR 4.28, 95% CI 3.57-5.12). In the practice
model, both adequate knowledge (aOR 1.44, 95% CI 1.18-1.75) and positive attitude (aOR 1.63, 95% CI 1.34—
1.98) were independently associated with adequate practice. The practice model had lower explanatory perfor-
mance than the other models (Nagelkerke R* = 0.124; AUC=0.688), indicating that important organizational or
resource determinants were not captured by the measured covariates.

Age was retained in the prespecified five-category model rather than collapsed post hoc at 40 years. Com-
pared with physicians aged 20-30 years, those aged 31-40 years did not differ significantly in adjusted odds of
adequate knowledge, positive attitude, adequate practice, or adequate composite KAP. Lower adjusted odds were
concentrated in older categories: physicians aged 41-50 years had lower odds of adequate knowledge (aOR 0.62,
95% CI 0.43-0.88); those aged 51-60 years had lower odds of adequate knowledge (0.58, 0.38-0.89), adequate
practice (0.61, 0.38-0.99), and adequate composite KAP (0.62, 0.40—0.96); and those aged > 60 years had lower
odds of adequate knowledge (0.19, 0.10-0.36), positive attitude (0.28, 0.15-0.50), and adequate composite KAP
(0.18, 0.09-0.37). These estimates are adjusted for years of practice and the other prespecified covariates and
should not be interpreted causally.

Sensitivity analysis

Modified Poisson models produced attenuated but directionally concordant estimates. Previous formal headache
training remained associated with adequate knowledge (aPR 2.80, 95% CI 2.46-3.18), adequate practice (aPR
1.57, 95% CI 1.32—-1.86), and adequate composite KAP (aPR 3.53, 95% CI 2.97—4.19). Limited neurology refer-
ral access remained associated with lower prevalence of adequate knowledge (aPR 0.60, 95% CI 0.52—0.70) and
adequate composite KAP (aPR 0.63, 95% CI 0.53-0.75). Adequate knowledge and positive attitude remained
associated with adequate practice (aPR 1.30, 95% CI 1.12-1.50 and aPR 1.42, 95% CI 1.23—1.64, respectively).

Perceived barriers and educational needs

The leading perceived diagnostic barriers were confusion with migraine or sinusitis because of overlapping
symptoms (63.8%), low clinical exposure to a rare disorder (58.9%), and limited familiarity with ICHD-3 criteria
(57.6%). Treatment barriers centered on inadequate access to high-flow oxygen (49.8%), limited experience with
preventive prescribing (47.3%), delayed or limited neurology consultation (44.7%), and restricted availability
or affordability of triptans (42.7%). Most respondents expressed demand for further education: 72.2% answered
yes and 20.6% answered maybe. The preferred formats were self-paced online courses (54.3%), short clinical

The Journal of Headache and Pain B BMC



//doi.org/10.1186/510194-026-02528-3

https

Article in Press

9AIND o1sLIgYORILYD SuneI1ado IOAIEd0I A} IOpUN BAIE ‘DY "SPOYIRA oY) Ul payroads sopow oy ur A[uo papnjour
a1om apmme aanysod pue Koenbope oSpomouy] uwn[oo 10301pard oy} UTYIIM UMOYS oIk SILI0F0)Ed d0UAIAY 'sonfea d plepy {(STEAISIUT 90UIPYUOD 9,G6) SOTEI SPPO pajsnipe a1e sonjep

LLL'O
LLTO
100°0>4:(07) S°789

260°0=4 (€0 1-L9°0) £8°0
0°0=4 (66'0-+9°0) 08°0
100°0>4 {(SS'0-87°0) 6£°0
100°0>d {(85°0-S€°0) St°0
100°0>4d (S9°0-€+°0) TS0

100°0>4 {(¥S°L-88°t) LO9
100°0>4 {(¥8°1-CC'1) 0S'1
S10°0=4 (€8'1-L0'1) OV’
0v0°0=4 {(66'0-2S"0) TL'0
1L1°0=4 {(80°1-99°0) $8°0
100°0>4 5(28°0-05°0) ¥9°0
100°0>4d {(LS+-007) T0°€
100°0>4 {(¥1°€-99'1) 8T'C
100°0>d (81C+T'1) ¥9'1
661°0=4 (69 1-06°0) €T'1
L6T0=4(0¢'T-76'0) 60'T
100°0>4d “(LE0-60°0) 81°0
€€0°0=4 (96'0-0t"0) 79°0
0Z1°0=4 %(80°1-TS°0) SL'0
684°0=4 (05 1-28°0) IT'T

889°0

pro

100°0>4(27) 6°79T
100°0>d (86 1-+€'1) €9°1
100°0>4d (SL1-81'D 1
100°0>4d (£8°0-2S°0) 99°0
1000>d0€T-6¥'1) S8°1
€$9'0=4 (67 1-99°0) 260
12L°0=4 (ST 1-CL0) S6°0
0S€°0=4d (T1'1-TL°0) 06°0

1000>4(STT97' 1) 181
T1T0=4d ¢y’ 1-¢6°0) ST'I
LTL'0=d 9T 1-TL0) $6°0
6vL0=4d (St 1-LL0) SO'T
2100=4 (£6'0-95°0) TL0
62r'0=4 (L1 1-0L°0) 060
1000>d91°¢-$€°1) LOT
£98°0=4 ‘(' T-¥L"0) €0'1
LST0=d (€1 1-€9°0) ¥8°0
200°0=4 (977071 $9°'1

099'0=4 {(ST'1-18°0) 96°0

8T1'0=4(91'T-1£€°0) 09°0
9%0'0=4 (66'0-8£°0) 19°0
75S0=4 (1€ 1-09°0) 68°0
8hr0=d {(4S'1-€8°0) €1'1

09L°0
957°0
100°0>4:(127) ¥°6v9

1000>d (21°S-LS°€) 8TY
100°0>4d (L' €-0€77) €8T
801°0=4 (9% 1-96°0) 61°1
185°0=4 (€2 1-69°0) 760
€50°0=4 (00" 1-29°0) 6L°0
8Py 0=4d (¥1'1-5L°0) T6°0

L20°0=4 (8%’ 1-20°1) €T'1
100°0>4d X(86'1-S€'1) ¥9'1
¥98'0=4d (87 1-SL°0) 860
1€€0=4 (91 1-¥9°0) 98°0
966'0=4 (97 1-6L°0) 00'T
¥r8°0=d (6T 1-18°0) 20'1
100°0>4d 0T€-8%'1) 81°CT
1000>4d (9v'T-LET) ¥8°1
L20°0=4 (€L T-€0'T) ¥€'1
LT 0=4 (61 1-99°0) 68°0

609'0=4 {(£1'1-78°0) 960

100°0>4d (0S°0-S1°0) 8T'0
¥21'0=4 (60'1-8%'0) €L°0
8CL0=4 (T T-L9°0) ¥6°0
005°0=4 (0T’ 1-69°0) 16°0

S9L°0
vLTO
100°0>4:(07) 8°269

100°0>d (YT T-8%'1) 78’1
099°0=4 {(0€'1-58°0) SO'1
100°0>4 S(0L°0-6£0) TS0
100°0>4 {(8%°0—67°0) LE0
100°0>4 (09°0-0%°0) 6+°0

100°0>4 4(88°9-99%) 99°S
100°0>4d X(9L°1-611) St'1
820°0=d {(LL'1-€0'1) SE'I
YT 0=4d (T1°'1-19°0) £8°0
SO’ 0=d (41" 1-2L°0) 160
100°0>4 %(28°0-15°0) ¥9°0
100°0>d (LEY-96'1) T6'T
1000>4 “(¥S'€-26'1) 09°C
1000>d (L1T9C1) §9°1
900°0=4(90°C—€1'1) TS'1

101°0=4 (SE1-L6'0) ST'T
100°0>4d (9¢0-01°0) 61°0
€10°0=4 (68°0-8€°0) 850
800°0=4 (88°0—€t"0) 79°0
90L°0=4 ‘(1%'1-6L°0) 90'T

anv

2 MINPIeN

(p) X onel-pooyrpyIy

opmIIE 9ATISOJ

(eINdU/ANESIN :9IUIIIYAT) SNYB)S IPMINY
o3pajmouy] arenbapy

(9yenbape joN :90ud19)3.) Ad>enbape aGpajmouyy
BOLYY YHON

uo1gal judoelpe-Jino

(9ADLIN ], PUB JUBAJT :99UIIJII) UOISAIqNS
9OIAIQS [e1I9JoI AZ0[0INoU ON

SS9008 PIJIWI|

(syoam § <) Aejop jueoyusig

(SY99M T UIYIIAN :IIUIIIJII) SSIIIE [B.LIIJII AZ0[0ININ
SOX

(0N :99ud19)3.1) FuruIe.I) AYIEPEIY [BULIOJ SNOIAIJ
ueqin

([eIny] :92UdIJII) UOBIO] IR

uoneoyienb aenpesdisod 1oy1Q

20139p S, IASEN

diysmoreyasijeroads paynied-pieogq

sonoead [erouaF eurorpaw Afrwey ur ewordiq
(GUDIIN/SIIIA :92ud19§d.1) uonedyienb euorssajoad 3saysry
SIBAA ()7 <

SI1BOA 0711

s1eak G-

SIBOK 7 UBY) SSO

(s1e3£ (T—9 :99udIdJa1) dndead [edTUI JO SIBIX
RN

(A[BWd :9UIIAYII) XIS

s1eak )9 <

SIBK 09— S

SIBK 0G—T+

sIedk Op—1¢€

(saeaf 0€—(7 :99ud139)a.1) dnoas I3y

AV onsodwoos ayenbapy

Jonoerd 9jenbopy

opNIINE AATISO]

o3pajmouy] ayenbapy

10)01paId

(S¥0°c =u) sowoomo Jy3 Aenbape 10J Sopow UOISSAIZAI dNSISO[ pAIsnlpy 9 3|qel

The Journal of Headache and Pain

N BMC



https://doi.org/10.1186/510194-026-02528-3 Article in Press

Table 7 Perceived barriers Ttem n %

and preferred educational Diagnostic barriers*

responses (n=3,045) Confusion with sinusitis or migraine 1943 63.8
Rare condition/low clinical exposure 1793 58.9
Limited familiarity with ICHD-3 criteria 1753 57.6
Lack of formal headache training 1293 42.5
Limited consultation time 1269 41.7
Lack of practical PHC diagnostic guidance 856 28.1
Treatment barriers*
Lack of access to high-flow oxygen 1516 49.8
Limited experience prescribing preventive treatment 1441 473
Limited or delayed neurology consultation 1362 44.7
Limited availability or affordability of triptans 1300 42.7
Formulary restrictions or referral bottlenecks 1252 41.1
Interest in additional education
Yes 2199 72.2
Maybe 628 20.6
No 218 7.2
Preferred educational formats*

* Multiple responses were per- Online self-paced courses 1652 54.3

mitted; percentages therefore do  Short clinical algorithms or pocket cards 1619 53.2

not sum to 100%. CME, continu-  printed or digital clinical guidelines 1608 52.8

ing med.ical educati.on; I,CHD'3’ Live CME workshops or conferences 1430 47.0

International Classification of . . .

Headache Disorders, third edi- Educational videos or webinars 1427 46.9

tion; PHC, primary healthcare Mobile diagnostic application 1225 40.2

algorithms or pocket cards (53.2%), and printed or digital guidelines (52.8%). Table 7 presents the complete bar-
rier and education profile.

Discussion

This multinational study identified a substantial gap between cluster headache recognition and readiness to
deliver evidence-aligned care in primary healthcare. Although 42.2% of participants achieved adequate knowl-
edge and 53.4% had positive attitudes, only 23.9% achieved adequate practice and 34.4% achieved adequate
composite KAP. Practice correlated only weakly with knowledge and attitude, and the practice model had mod-
est discrimination. Together, these findings indicate that clinical behavior reflects not only factual knowledge or
professional willingness but also treatment resources, prescribing confidence, referral access, and organizational
support. Modified Poisson sensitivity analyses attenuated the effect estimates but confirmed the direction of the
principal associations.

This pattern extends the limited evidence from frontline physicians. In the Turkish survey cited earlier, few
family and emergency physicians considered their cluster headache knowledge sufficient, and most reported con-
cern about misdiagnosis [11]. The present study adds objective item-level assessment, self-reported practice, and
service-readiness measures across 14 countries. It also offers a plausible first-contact-care context for the persis-
tent diagnostic delay reported internationally [8, 9]. These cross-sectional data cannot establish that primary-care
deficiencies cause diagnostic delay, but they identify modifiable points at which delay may arise or persist.
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Diagnostic recognition and clinical reasoning

The largest knowledge deficit concerned recognition of the complete constellation of cranial autonomic features,
which only 13.3% of physicians identified correctly. In contrast, 73.9% recognized a classic clinical vignette.
This discrepancy suggests that many physicians can identify an archetypal presentation but may not apply the
full ICHD-3 phenotype systematically. Such pattern recognition may perform adequately when laterality, orbital
pain, attack duration, autonomic manifestations, and agitation occur together, but it is less reliable when presen-
tations are incomplete, early in the disease course, or complicated by migrainous symptoms. This distinction
matters because cluster headache is commonly confused with migraine, sinusitis, dental disorders, trigeminal
neuralgia, and ocular disease [9].

The barrier profile supports this interpretation. Confusion with migraine or sinusitis, low clinical exposure, and
limited familiarity with ICHD-3 criteria were the three most frequently endorsed diagnostic barriers. Primary-
care interventions should therefore focus on structured diagnostic reasoning rather than isolated factual recall.
A concise consultation aid could prompt physicians to document laterality, pain location and severity, attack
duration and frequency, restlessness, ipsilateral autonomic signs, circadian or circannual periodicity, remission
pattern, and treatment response. It should also distinguish features supporting cluster headache from red flags
requiring urgent investigation. Such tools may strengthen clinical recognition while reducing unnecessary inves-
tigations and delayed specialist referral.

An important observation deserving emphasis is that physicians aged 40 years or younger constituted 63.0%
of the sample. Internet-based professional-network recruitment may have facilitated participation by younger and
more digitally connected clinicians, while the absence of harmonized country-specific PHC workforce denomi-
nators prevents formal standardization of the age distribution. The observed age profile may therefore reflect
regional workforce composition, recruitment pathways, or both. Importantly, the broad digital recruitment net-
work enabled rapid inclusion of 3,045 eligible PHC physicians across 14 countries—nearly eight times the mini-
mum required sample—and provided sufficient outcome events for the prespecified multivariable analyses. In
adjusted models, physicians aged 3140 years did not differ from the 20-30-year reference group; lower perfor-
mance was concentrated in several older categories, providing an actionable signal for age-sensitive CME design.
These findings are interpreted as patterns within the participating sample rather than estimates of the underlying
regional workforce. Future probability-based studies can build on this regional baseline by using country-specific
sampling frames and workforce weighting.

Treatment readiness and the attitude-practice gap

Practice represented the weakest domain despite generally favorable attitudes toward primary-care responsibility
and continuing education. North Africa showed the clearest subregional discordance: 66.9% met the positive-
attitude threshold, but only 17.6% achieved adequate practice, indicating that positive attitudes did not ensure
evidence-aligned behavior. This pattern is compatible with behavioral models in which intention translates into
action only when clinicians have sufficient perceived and actual control over the clinical environment [24]. In the
present study, relevant forms of control likely included access to oxygen, rapid-acting medications, electrocar-
diographic monitoring, decision support, consultation time, and specialist advice.

The limited availability of high-flow oxygen provides the clearest service-readiness signal. Only 36.0% of
physicians reported routine availability, although current European guidance recommends oxygen and non-oral
triptans as principal acute treatments [17], and randomized evidence supports high-flow oxygen for aborting
attacks [25]. A physician who recognizes cluster headache but cannot access oxygen, a non-rebreather mask, or
an appropriate triptan cannot deliver guideline-concordant acute care. The survey measured facility-level oxygen
access and perceived triptan availability rather than national regulatory or formulary status; therefore, country
differences should not be interpreted as market-access comparisons. Low practice performance should not be
interpreted as an educational deficit alone; facility preparedness and medication access also warrant attention.

B BMC The Journal of Headache and Pain



https://doi.org/10.1186/510194-026-02528-3 Article in Press

Preventive-treatment confidence showed a similar implementation challenge. Physicians reported the low-
est agreement for confidence in initiating verapamil. This finding is clinically plausible because verapamil use
requires attention to contraindications, dose escalation, drug interactions, and electrocardiographic monitoring.
Primary care pathways should not encourage unsupervised prescribing; instead, they should define when a trained
physician may initiate treatment, specify baseline and interval ECG requirements, establish titration and stopping
rules, and provide rapid specialist support. Clear shared-care protocols would reduce both therapeutic delay and
inappropriate prescribing.

Training, experience, and referral access

Previous formal headache education emerged as the strongest modifiable correlate of performance. The modified
Poisson models estimated substantially higher prevalence of adequate knowledge, practice, and composite KAP
among trained physicians. This finding agrees with evidence that structured headache education can improve
general practitioners’ knowledge and management [26] and with regional migraine studies linking prior educa-
tion to better primary-care preparedness [21, 22]. The results support incorporating cluster headache into family-
medicine curricula and continuing medical education rather than limiting headache teaching to migraine.

Education should nevertheless move beyond a single didactic session. The weak translation of knowledge and
attitude into practice suggests that effective programs should combine brief evidence-based teaching with case
simulation, diagnostic checklists, prescribing algorithms, facility resource review, and feedback from confirmed
referrals. The preferred learning formats reported by participants—self-paced online courses, pocket algorithms,
and digital or printed guidelines—provide a feasible delivery platform. Programs should include periodic reas-
sessment because guideline knowledge, medication availability, and referral arrangements change over time.

Restricted neurology access independently reduced the odds of adequate knowledge and composite KAP.
Referral systems may therefore function not only as routes to specialist care but also as learning networks. Diag-
nostic confirmation, management advice, and feedback expose primary care physicians to verified cases and
reinforce future recognition. Where neurology access is delayed or absent, this feedback loop weakens. Global
inequities in neurological workforce distribution make this problem especially relevant [27]. Tele-neurology con-
sultations, rapid advice lines, regional headache networks, and standardized referral templates could strengthen
both patient access and continuing professional learning.

Geographic heterogeneity and interpretation of country-level findings

The substantial subregional and country-level variation underscores the heterogeneity of the participating health
systems. Differences in primary-care organization, workforce capacity, postgraduate training, medicine avail-
ability, and referral infrastructure across the Eastern Mediterranean region are well recognized [28]. Regional
analyses likewise describe disparities in headache care across North Africa [29] and the Arabic Gulf [30]. The
observed subregional patterns are compatible with differences in service readiness, but the present design cannot
identify the mechanisms responsible.

Country estimates require particular caution. Recruitment relied on non-probability professional networks,
sample sizes differed, and respondent composition may have varied by qualification, training exposure, and
facility type. Some contrasts were very large and may reflect selection, differences in respondent composition, or
contextual variation that cannot be separated in this dataset. The estimates should therefore be treated as descrip-
tive signals for confirmatory research, not as national rankings. Evidence from primary care outside the region
also shows that limited headache knowledge can coexist with favorable attitudes and strong demand for training
[31], indicating that the knowledge-implementation gap is not unique to the MENA region. A sensitivity analysis
directly testing this concern for the knowledge domain (Supplementary Table S2) confirmed that the direction
and statistical significance of the two principal predictors of knowledge adequacy — prior headache training and
restricted neurology referral access — were unaffected by the exclusion of the countries with the most extreme
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estimates. However, the magnitude of the training association was approximately halved once these countries
were removed, indicating that Palestine, Iraq, Lebanon, and Saudi Arabia contributed disproportionately to the
magnitude of this association, although not to its direction. We interpret this as evidence that the qualitative
conclusion — that prior training is associated with better knowledge performance — is robust, while the precise
effect size should be regarded as sensitive to a small number of national samples and interpreted with appropriate
caution.

Implications for clinical practice and policy

The findings support an integrated education-and-readiness strategy. A minimum primary-care package should
include: an ICHD-3-aligned diagnostic checklist; a one-page acute-treatment algorithm; reliable access to oxygen
delivery equipment and non-rebreather masks; guidance on subcutaneous or intranasal triptans where available;
an ECG-supported pathway for verapamil initiation and titration; explicit red-flag criteria for urgent imaging or
referral; and a rapid specialist-advice route for uncertain or refractory cases. Each component addresses a specific
failure point identified in the survey.

Implementation should be adapted to local capacity. Better-resourced systems may prioritize integrating
cluster headache into established neurology and emergency pathways and auditing appropriate use of avail-
able therapies. Systems with positive physician attitudes but weak practice should prioritize oxygen readiness,
medication access, and point-of-care protocols. Resource-constrained settings may obtain greater value from
multilingual digital modules, mobile decision aids, regional teleconsultation, and referral triage. Across all set-
tings, performance indicators should include more than course completion: suspected-case recognition, time to
specialist confirmation, delivery of appropriate acute treatment, preventive-treatment initiation and monitoring,
and patient-reported outcomes should be measured.

Strengths and limitations

This study has several important strengths. It provides a large multinational assessment of cluster-headache
competency among PHC physicians and integrates objective knowledge, attitudes, self-reported practice, treat-
ment readiness, referral access, perceived barriers, and educational preferences across 14 countries in the MENA
region and Tiirkiye. The sample substantially exceeded the prespecified minimum and provided ample outcome
events for the planned multivariable models. The instrument was explicitly anchored to ICHD-3 and contempo-
rary treatment guidance, underwent multidisciplinary review, and pilot testing, and demonstrated acceptable-to-
good internal consistency. However, formal psychometric validation of the instrument — including exploratory
or confirmatory factor analysis, cognitive interviewing, and differential item functioning across participating
countries or relevant respondent subgroups — was not performed. Internal consistency coefficients (Kuder-Rich-
ardson 20 and Cronbach’s alpha) confirm that items within each domain covaried as expected within this sample,
but they do not establish that the instrument measures the same underlying construct with equal precision across
different cultural, educational, or health-system contexts. Country- and subregion-level score comparisons should
therefore be interpreted with this caveat: observed between-country differences may partly reflect unmeasured
differences in item functioning rather than true differences in underlying competency. Analytically, the study
used prespecified covariates, transparent score definitions and reference groups, model-performance diagnostics,
continuous-score correlations, and modified Poisson sensitivity analyses rather than relying solely on odds ratios
for common outcomes. The convergence of item-level, domain-level, service-readiness, and adjusted-association
findings strengthens the clinical coherence and actionability of the results. A further sensitivity analysis con-
firmed that the principal predictors of adequate knowledge remained robust in direction and statistical signifi-
cance after exclusion of countries with extreme knowledge-adequacy estimates, although the magnitude of the
training association was attenuated.
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The principal interpretive boundaries follow from the study design. Network-based recruitment does not per-
mit national prevalence estimates or a conventional response rate; accordingly, country findings were explicitly
treated as descriptive signals, and inferential conclusions were based on the pooled prespecified analyses. The
marked country-level heterogeneity requires cautious interpretation. Extreme values observed in some countries
may partly reflect differences in recruitment pathways, respondent characteristics, local educational exposure, or
sampling variability. Therefore, country comparisons should be interpreted as hypothesis-generating and should
not be considered direct estimates of national physician competency. Self-reported practice may not fully repro-
duce observed clinical behavior, although the instrument combined objective knowledge items, case-based deci-
sions, routine-practice measures, and service-readiness indicators rather than relying on confidence alone. In
particular, self-reported adherence to guideline-concordant acute and preventive treatment decisions is susceptible
to social desirability bias, whereby respondents may report the response they perceive as clinically correct rather
than their actual practice. Because this bias would be expected to inflate rather than deflate reported adequacy, the
true gap between knowledge, attitude, and practice may be larger than the present estimates suggest, and practice-
adequacy findings should be interpreted as an upper-bound estimates of actual clinical behavior. Cross-sectional
associations cannot establish causality but prespecified adjustment and concordant modified Poisson sensitivity
analyses support the robustness of the principal correlates. The study-specific performance thresholds are prag-
matic rather than validated clinical cut points; continuous scores and domain-specific results were therefore also
reported. Patient-level diagnostic accuracy and longitudinal outcomes were outside the study objectives. Within
these defined boundaries, the study provides a uniquely broad and clinically actionable regional baseline for tar-
geted CME, oxygen readiness, and referral-pathway improvement. Finally, the questionnaire was administered in
English only. Because individual first-language background and English proficiency were not reported, the extent
of any comprehension variability cannot be quantified. This limitation, together with the absence of formal cross-
cultural measurement-equivalence testing, further constrains direct comparison of country-level scores.

Future work should validate the instrument across languages and health systems using cognitive interviewing,
factor analysis, differential item functioning, and external criterion measures. Multilevel studies should distin-
guish physician-, facility-, and country-level determinants using appropriately specified random effects. Facility
audits should verify oxygen equipment, non-rebreather masks, triptan access, electrocardiography capacity, and
referral times. Prospective studies should examine whether physician knowledge and service readiness predict
diagnostic accuracy, time to treatment, and patient outcomes. The most important next step is implementation
research. Cluster-randomized or stepped-wedge trials could test an intervention bundle combining case-based
CME, an ICHD-3 checklist, acute and preventive treatment algorithms, resource-readiness assessment, and rapid
neurology support. Outcomes should include objectively observed management, diagnostic delay, inappropriate
investigations or treatments, attack relief, disability, quality of life, and healthcare use. Regional cluster headache
registries would further clarify epidemiology, care pathways, and treatment access in countries where population-
level data remain sparse.

Conclusion

Primary-care preparedness for cluster headache was limited by both physician-level knowledge gaps and imple-
mentation constraints. Fewer than one-quarter of participants achieved adequate practice despite more favorable
knowledge and attitude profiles. Previous headache education was strongly associated with better performance,
while limited oxygen availability, low confidence in preventive prescribing, and restricted referral access indi-
cated important readiness deficits. Health systems should combine cluster headache-specific education with
point-of-care diagnostic support, acute-treatment readiness, electrocardiography-supported preventive-treatment
pathways, and timely neurology referral.
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