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Migraine is a common yet enigmatic disease that, despite its high prevalence and 

familial presentation, lacks exhaustive genetic or environmental causative factors. It is the 

most prevalent neurological disease and the primary determiner of years lived with 

disability among the young population worldwide, and it can be diagnosed and followed 

up exclusively through clinical criteria, collected in the third edition of the International 

Classification of Headache Disorders (ICHD-3) [1,2]. Indeed, migraine, understood as a 

spectrum of clinical syndromes (migraine with or without aura, chronic migraine, etc.), 

has no reliable biomarker for establishing the correct diagnosis, disease progression, or 

therapeutical response. Moreover, headache is also the principal manifestation of very 

common primary headaches (e.g., tension-type headache—TTH) and secondary 

neurological diseases (e.g., subarachnoid hemorrhage), which span from harmless to life-

threatening, making the development of specific biomarkers paramount. 

Patients can also fit multiple diagnostic criteria, and in some cases, diagnoses often 

overlap, as is the case for TTH and migraine, during the follow-up of a single patient. 

Conversely, entities with the same clinical diagnosis, such as treatable low-frequency 

episodic migraine and drug-resistant high-frequency episodic migraine, represent 

completely different therapeutical challenges. The development of predictive biomarkers 

for migraine transformation can aid in preventing it by intercepting susceptible subjects. 

The anatomical basis of migraine conveys peripheral harmless stimuli from the 

trigeminal nerve, coupled with meningeal vessels (trigeminovascular pathway) to be 

relayed into the thalamus and interpreted consciously as painful [3]. However, in 

migraine, the genesis of the cyclic pain, interictal symptoms, and associated comorbidities 

probably depend on morphofunctional modifications of the brainstem (the spinal 

trigeminal nucleus, periaqueductal gray, and ventral tegmental area) and diencephalic 

regions (hypothalamus) that contribute to the alteration of cortical excitability. 

Aside from the conflicting results of morphology, functionality, imaging, and 

molecular tracing studies have given a general understanding of the networks that are 

differently impaired in migraine pathophysiology. However, these data have not been 

translated in terms of consistent advances in diagnosis or prognosis so far [4]. 

The biomolecular challenge was paved with the search for the “substance of pain”, 

which is very controversial due to the lack of a good animal model for the disease. The 

key molecule substance P involved in neurogenic inflammatory pain and the antidromic 

signaling of sensory axons represent an unreliable target in the clinical translation of the 

results. The revolution of migraine biomarkers was brought about by the calcitonin gene-

related peptide (CGRP) and the associated receptor and co-receptor, which are currently 

the most prevalent topic in headache research [5,6]. CGRP, collected from the jugular vein 

after the headache attack, is the most reliable biomarker to be found but is useless in the 
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clinical setup and in large cohorts of patients due to its invasiveness and the need for a 

strict timing of sampling. 

The emergent role of CGRP has been paralleled by changes in the experimental 

settings, whereas the induction of migraine-like attacks with nitric oxide has been 

substituted by the more specific molecule. However, CGRP can reproduce a headache in 

only 77% of patients. The adenosine 5′-triphosphate-sensitive K+ (KATP) channel seems to 

be more powerful. Levcromakalim infusion opening the KATP channel provokes migraine 

attacks associated with the vasodilation of extracerebral arteries in all migraine patients 

[7]. This discovery has opened a very important field of investigation and has probably 

found the final common pathway for the development of migraine attack, which can be 

downstream of CGRP or activated independently through other receptors. The common 

activation of metabolic pathways towards dysfunctional cortical hyperactivity and 

metabolic failure was conducive to the exploration of the redox state as a putative 

biomarker [5,8]. However, even if the increase in plasma biomarkers of oxidative stress is 

related to migraine disability and chronicity, more data are needed to consider it 

predictive for migraine diagnosis or response to treatments. 

The research on plasma and other biomarkers has not had promising results, 

particularly considering the genotyping of migraine patients [4]. However, non-invasive 

and less canonical approaches could give an answer where more powerful instruments 

have failed. 

Values of intracranial blood flow, measured through transcranial Doppler, showed 

encouraging results, considering asymmetric velocities of arterial circulation in paired 

vessels (right-lower compared to left) and lower velocities measured in the basilar artery 

expressed by migraine patients responding to anti-CGRP treatment. Moreover, the 

treatment itself with Erenumab normalized the measured values. This study should be 

replicated before drawing definite results but could offer a non-invasive, replicable, and 

consistent tool to predict drug response, further validating the trigeminovascular 

hypothesis [6]. 

The sensory pathways other than the fifth cranial nerve have also been explored, 

assessing the peripheral auditory system in migraineurs using distortion product 

otoacoustic emissions (DPOAEs) [9]. DPOAE alterations and suppression were related to 

disease risk, diagnosis, duration, and characteristics such as concomitant dopaminergic 

symptoms, allodynia, and usage of painkillers. Hence, subclinical cochlear impairment 

detected by DPOAEs could provide an easy and cheap instrument for the confirmation of 

clinical diagnosis and be useful to monitor the course of the disease. 

Furthermore, the visual system, anatomic, and functional pathway from the retina to 

the primary visual cortex was also investigated as a biomarker using visual evoked 

potentials (VEP). The saturation index was used to record the response of the VEP’s 

amplitude to the contrast gain. Patients with episodic migraine showed non-linear or 

monotone growth of the saturation, defined as supersaturation. Supersaturation was 

consistently expressed in migraineurs, and a strong inverse correlation was found 

between the saturation index and the number of days separating the registration of VEP 

from the next migraine attack. Moreover, allodynia correlated with the saturation of the 

index that was not influenced by the treatment with topiramate. This pilot study described 

an electrophysiological biomarker of the retino-thalamo-cortical excitability in the 

migraine cycle associated with the ictal phase of the migraine. Moreover, the excitability 

of somatosensory and visual cortices seems to be consistently related [10]. 

Non-conventional and complementary approaches to the treatment of migraine have 

also been investigated. These treatments paralleled with the recent introduction of 

targeted drugs and other evidence-based prophylactic therapies could aid clinicians in 

managing either drug-resistant or low-frequency episodic migraineurs. In other words, a 

non-pharmacological approach can be used where other therapies have failed or where 

the risk-to-benefit ratio is not favorable. 
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The ketogenic diet has gained attention as a preventive treatment for migraine, 

sustained by pre-clinical and clinical data, although it still controversial. In the short term, 

it has been reported as being associated with a reduction in headache frequency and 

painkillers, coupled with weight loss and a reduction in fat mass. The putative mechanism 

has not been elucidated; however, if a ketogenic diet is indicated in the patient for other 

health reasons, it could add more data about the effects of dietary conduits on headaches 

[11]. 

 Musculoskeletal and soft-tissue manipulations have also been studied for their 

feedback on pain perception and theories of peripherally gated afferent signaling. The 

relationship between neck stiffness and headache, particularly migraine, has been largely 

recognized clinically. Moreover, exteroceptive non-nociceptive signaling could 

potentially interfere with the trigeminovascular dysfunction of migraine 

pathophysiology. Indeed, the manual therapy protocol of soft tissue and articulations 

reduced pain, disability, and the associated affective symptoms (depression or anxiety) in 

migraine patients [12]. 

Most migraine-related studies, however, target a homogenous young population. 

The presence of these experimental cohorts makes it difficult to deal with other categories 

of patients also experiencing similar clinical syndromes. It could be important to focus on 

the elderly, understanding the prevalence of the disease, clinical differences, response to 

treatment, and social factors, or on how the same disease could vary considering 

hormonal changes in young and post-menopause women [13,14]. In particular, the 

presence of quantifiable proteins from accessible body fluids such as urine could lead to 

a specific understanding of the atypical presentation of primary headache in the elderly. 

Taken together, these studies collected novel, out-of-the-box projects on migraine 

diagnosis, prognosis, treatment, and prevalence. Where the canonical approaches to big 

data genotyping and targeted signaling failed to reach satisfactory results, novel ideas of 

electrophysiological, vascular, redox, and urinary biomarkers can furnish a more complex 

and satisfactory picture of the most disabling primary headache. 

Author Contributions: Conceptualization, C.D.L. and F.B.; writing—original draft preparation, 

C.D.L.; writing—review and editing, F.B. All authors have read and agreed to the published version 

of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. GBD 2019 Diseases and Injuries Collaborators Global Burden of 369 Diseases and Injuries in 204 Countries and Territories, 

1990–2019: A Systematic Analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. 

https://doi.org/10.1016/S0140-6736(20)30925-9. 

2. Headache Classification Committee of the International Headache Society (IHS) The International Classification of Headache 

Disorders, 3rd Edition. Cephalalgia 2018, 38, 1–211. https://doi.org/10.1177/0333102417738202. 

3. Edvinsson, J.C.A.; Viganò, A.; Alekseeva, A.; Alieva, E.; Arruda, R.; De Luca, C.; D’Ettore, N.; Frattale, I.; Kurnukhina, M.; 

Macerola, N.; et al. The Fifth Cranial Nerve in Headaches. J. Headache Pain 2020, 21, 65. https://doi.org/10.1186/s10194-020-01134-

1. 

4. Ferrari, M.D.; Goadsby, P.J.; Burstein, R.; Kurth, T.; Ayata, C.; Charles, A.; Ashina, M.; van den Maagdenberg, A.M.J.M.; Dodick, 

D.W. Migraine. Nat. Rev. Dis. Primers 2022, 8, 1–20. https://doi.org/10.1038/s41572-021-00328-4. 

5. De Luca, C.; Baldacci, F.; Mazzucchi, S.; Lombardo, I.; Curto, L.; Ulivi, M.; Chico, L.; Papa, M.; Siciliano, G.; Gori, S. CGRP 

Inhibitors and Oxidative Stress Biomarkers in Resistant Migraine: A Real-Life Study with Erenumab, Fremanezumab, and 

Galcanezumab. J. Clin. Med. 2021, 10, 4586. https://doi.org/10.3390/jcm10194586. 



J. Clin. Med. 2022, 11, 5538 4 of 4 
 

 

6. Nowaczewska, M.; Straburzyński, M.; Meder, G.; Kaźmierczak, W. Changes in Cerebral Blood Flow after Erenumab Treatment 

in Good and Non-Responders—A Pilot Study of Migraine Patients. J. Clin. Med. 2021, 10, 2523. 

https://doi.org/10.3390/jcm10112523. 

7. Kokoti, L.; Al-Karagholi, M.A.-M.; Ashina, M. Latest Insights into the Pathophysiology of Migraine: The ATP-Sensitive 

Potassium Channels. Curr. Pain Headache Rep. 2020, 24, 77. https://doi.org/10.1007/s11916-020-00911-6. 

8. Dini, E.; Mazzucchi, S.; De Luca, C.; Cafalli, M.; Chico, L.; Lo Gerfo, A.; Siciliano, G.; Bonuccelli, U.; Baldacci, F.; Gori, S. Plasma 

Levels of Oxidative Stress Markers, before and after BoNT/A Treatment, in Chronic Migraine. Toxins 2019, 11, 608. 

https://doi.org/10.3390/toxins11100608. 

9. Albanese, M.; Di Girolamo, S.; Silvani, L.; Ciaschi, E.; Chiaramonte, B.; Conti, M.; Passali, F.M.; Di Gioia, B.; Mercuri, N.B.; Di 

Stadio, A. Distortion Product Otoacoustic Emissions and Their Suppression as Predictors of Peripheral Auditory Damage in 

Migraine: A Case-Control Study. J. Clin. Med. 2021, 10, 5007. https://doi.org/10.3390/jcm10215007. 

10. De Luca, C.; Gori, S.; Mazzucchi, S.; Dini, E.; Cafalli, M.; Siciliano, G.; Papa, M.; Baldacci, F. Supersaturation of Vep in Migraine 

without Aura Patients Treated with Topiramate: An Anatomo-Functional Biomarker of the Disease. J. Clin. Med. 2021, 10, 1–14. 

https://doi.org/10.3390/jcm10040769. 

11. Valente, M.; Garbo, R.; Filippi, F.; Antonutti, A.; Ceccarini, V.; Tereshko, Y.; Di Lorenzo, C.; Gigli, G.L. Migraine Prevention 

through Ketogenic Diet: More than Body Mass Composition Changes. J. Clin. Med. 2022, 11, 4946. 

https://doi.org/10.3390/jcm11174946. 

12. Muñoz-Gómez, E.; Serra-Añó, P.; Mollà-Casanova, S.; Sempere-Rubio, N.; Aguilar-Rodríguez, M.; Espí-López, G.V.; Inglés, M. 

Potential Add-On Effects of Manual Therapy Techniques in Migraine Patients: A Randomised Controlled Trial. J. Clin. Med. 

2022, 11, 4686. https://doi.org/10.3390/jcm11164686. 

13. Katsuki, M.; Kawahara, J.; Matsumori, Y.; Yamagishi, C.; Koh, A.; Kawamura, S.; Kashiwagi, K.; Kito, T.; Entani, A.; Yamamoto, 

T.; et al. Questionnaire-Based Survey during COVID-19 Vaccination on the Prevalence of Elderly’s Migraine, Chronic Daily 

Headache, and Medication-Overuse Headache in One Japanese City—Itoigawa Hisui Study. J. Clin. Med. 2022, 11, 4707. 

https://doi.org/10.3390/jcm11164707. 

14. Bellei, E.; Bergamini, S.; Rustichelli, C.; Monari, E.; Dal Porto, M.; Fiorini, A.; Tomasi, A.; Ferrari, A. Urinary Proteomics Reveals 

Promising Biomarkers in Menstrually Related and Post-Menopause Migraine. J. Clin. Med. 2021, 10, 1854. 

https://doi.org/10.3390/jcm10091854. 

 


