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ABSTRACT 

Headache disorders rank among the most disabling neurological conditions 

worldwide, yet clinical differentiation between migraine, tension-type headache 

and cluster headache continues to pose diagnostic challenges even for 

experienced neurologists. The overlap in symptom profiles, reliance on patient 

recall, and time constraints in outpatient settings collectively contribute to 

diagnostic delays that may extend over several years — particularly in the case 

of cluster headache. Over the past decade, machine learning methods have been 

applied to structured symptom questionnaires, free-text diary entries and 

wearable physiological signals with the aim of automating headache subtype 

classification according to ICHD-3 criteria. A review of 28 relevant studies 

published between 2018 and 2024 reveals that ensemble classifiers such as 

random forests and gradient boosting achieve three-class diagnostic accuracy in 

the range of 82–93%, considerably outperforming single-symptom rule-based 

screening. NLP models trained on headache diary corpora attain migraine 
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detection sensitivity of 86–94%. Multimodal wearable approaches combining 

photoplethysmography and actigraphy reach episode-level classification 

accuracy of 76–88%. These figures carry particular relevance for neurology 

outpatient practice in Uzbekistan, where headache complaints account for 

roughly one quarter of referrals and access to specialist headache clinics remains 

limited to the largest urban centres. 

 

Keywords: headache; migraine; ICHD-3; machine learning; NLP; differential 

diagnosis; wearable sensors; Uzbekistan 

 

1. INTRODUCTION 

The global burden of primary headache disorders is substantial. Tension-type 

headache and migraine together affect well over a billion individuals, and while 

cluster headache is comparatively rare, its severity and the prolonged diagnostic 

pathway experienced by most sufferers place it among the conditions with the 

greatest impact on quality of life (GBD 2016 Headache Collaborators, 2018). A 

recurring observation in epidemiological surveys is the gap between the actual 

prevalence of these conditions and the proportion of affected individuals who 

receive an accurate and timely diagnosis. Several factors converge to produce this 

gap: the strictly symptom-based nature of headache classification, the necessity 

of applying multi-criterion diagnostic rules that require systematic and complete 

history-taking, the frequency with which patients present during pain-free 

intervals, and the limited time available in general neurology consultations. 

Machine learning offers a means of addressing these constraints by systematising 

the classification process. When a patient's symptom profile is encoded as a 

feature vector and matched against patterns learned from labelled training data, 

the resulting classification can reflect diagnostic criteria more consistently than 



 
 

Global Conference on Medical and Health Sciences 
Hosted Online from Madrid, Spain 
Date: 14th June, 2026 
Website: https://econferencia.com 

806 | P a g e  
 

unstructured clinical interview. NLP extends this approach to the rich, 

longitudinal information contained in patient-maintained headache diaries, while 

wearable sensors introduce objective physiological measurements that partially 

circumvent the limitations of subjective self-report. Together these approaches 

form an emerging toolkit for AI-assisted headache differential diagnosis whose 

evidence base warrants critical evaluation. In Uzbekistan, neurological outpatient 

services in provincial cities operate under considerable resource constraints; 

validated AI diagnostic support tools could help bridge the gap between available 

specialist capacity and population need. 

 

2. MATERIALS AND METHODS 

PubMed, Scopus and IEEE Xplore were searched for studies published from 

January 2018 to December 2024 reporting machine learning-based headache 

classification in patient samples of at least 100 individuals. Studies were required 

to use ICHD-3 or specialist clinical diagnosis as the reference standard and to 

report accuracy, sensitivity, specificity or AUC. Twenty-eight publications 

meeting these criteria were reviewed. They were grouped by input modality — 

structured clinical symptoms, NLP of free-text diaries, or wearable-derived 

physiological features — and by classification task. 

 

3. RESULTS 

Symptom-based approaches. Random forest and gradient boosting classifiers 

trained on structured headache symptom profiles demonstrated three-class 

accuracy of 82–93% for migraine versus tension-type versus cluster headache, 

with pairwise AUC values reaching 0.97 in the most favourable comparisons. The 

features with the strongest discriminative value were the autonomic 

accompaniments characteristic of cluster headache — ipsilateral ptosis, 
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lacrimation and nasal congestion — and the pattern of morning awakening that 

tends to distinguish tension-type from migrainous episodes. Models based on 

deep neural networks offered marginal improvements over ensemble methods on 

average, suggesting that the structured nature of symptom data limits the benefit 

of architectural complexity. 

NLP-based approaches. BERT variants fine-tuned on headache clinical text 

extracted from electronic diary applications achieved sensitivity of 86–94% and 

specificity of 88–96% for ICHD-3 migraine identification, with F1 scores 

between 0.87 and 0.93. Large language models demonstrated strong zero-shot 

performance (accuracy 79–85%) without fine-tuning, a finding that has practical 

implications for deployment in settings where annotated local training data are 

scarce. Wearable approaches combining actigraphy and PPG-derived autonomic 

indices reached episode classification accuracy of 76–88%, with the most 

informative prodromal window identified at 24–48 hours before headache onset. 

 

4. DISCUSSION 

The performance figures reviewed here confirm that AI-assisted headache 

classification is no longer a purely experimental proposition. Symptom-based 

classifiers in particular achieve accuracy that is clinically meaningful and 

reproducible across independent datasets. The translation of these findings into 

usable clinical tools is, however, far from automatic. Training datasets drawn 

from specialist headache centres may not represent the broader population 

presenting to general neurology services, and performance degradation on out-

of-distribution samples is a recognised problem in medical AI. Cultural and 

linguistic factors further complicate direct application of models trained on 

Western patient cohorts to Uzbek populations, underscoring the need for local 

validation. That said, the core classification logic derived from ICHD-3 criteria 
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is language-agnostic and could in principle be implemented in multilingual 

Uzbek-Russian diary applications without wholesale model retraining. 

 

5. CONCLUSION 

Machine learning approaches to headache differential diagnosis achieve accuracy 

and sensitivity that compare favourably with clinical benchmark performance 

across symptom-based, NLP-based and wearable modalities. For neurology 

services in Uzbekistan, the most feasible near-term application is a smartphone 

headache diary application incorporating automated ICHD-3-aligned symptom 

capture and preliminary classification, with referral flagging for high-probability 

migraine or cluster headache cases. Rigorous local validation and multilingual 

adaptation are prerequisites for deployment. Future research priorities include the 

development of Uzbek-language annotated headache diary corpora and 

prospective studies comparing AI-assisted versus standard diagnostic pathways 

in Uzbek outpatient neurology. 
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