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Purpose: Attention performance in chronic migraine remains unclear. The present study aimed to explore the pre-attentive detection
and attention orienting ability in individuals with chronic migraine (CM) measured by mismatch negativity (MMN) and P3a
components and assess their associations with migraine characteristics.

Methods: This cross-sectional observational study recruited 25 individuals with episodic migraine (EM), 25 individuals with CM and
25 healthy controls (HC) matched for age, sex, and educational level. The MMN and P3a components were measured using event-
related potential (ERPs) tools with auditory oddball paradigms and migraine characteristics were collected.

Results: Individuals with CM exhibited a longer MMN latency (p =0.010) and a lower P3a amplitude than HC (p =0.004) and EM (p = 0.002).
Correlation analysis showed that P3a amplitude was negatively correlated with headache attack frequency and the Migraine Disability
Assessment Scale (MIDAS), Hamilton Anxiety Scale (HAMA), and Hamilton Depression Scale (HAMD) scores.

Conclusion: Individuals with CM showed deficits in pre-attentive detection and attention orientation. Moreover, attention-oriented
dysfunction is associated with headache attack frequency, headache-related disability, anxiety and depression.
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Introduction
Migraine is a common neurovascular disorder characterized by recurrent attacks of moderate-to- severe headaches accom-
panied by nausea, vomiting, photophobia and phonophobia.'™ Migraine is the second most disabling disorder, affecting
9-35% of the adult population worldwide. Approximately 3% of individuals with episodic migraine (EM) progress to chronic
migraine (CM) each year.” Individuals with CM experience headache for more than 15 days per month for at least 3 months,
with features of migraine headache lasting at least 8 days.” CM has a substantial impact on daily activities and quality of life,
causes considerable individual and societal costs, and is associated with multiple comorbidities.®™®

The cerebral cortex, brainstem, and trigeminovascular system are central to migraine pathogenesis. Cortical spreading
depression (CSD) may underlie the pathophysiology of migraine aura, characterized by a wave of neuronal depolarization
followed by inhibition®'°. The trigeminovascular system plays a key role in the pathophysiology of migraine,'" where activation
of the trigeminal nerve leads to the release of vasoactive peptides, leading to neuroinflammation and central sensitization causing
pain and vasodilation. The brainstem, particularly the periaqueductal gray (PAG), modulates descending pain inhibition, and
dysfunction in this system contributes to the chronic pain processing in migraines.'” Additionally, cortical excitability in
migraineurs has been extensively studied, showing altered habituation patterns during the interictal phase.'* ' Unlike healthy
controls, individuals with migraines often show increased or unchanged responses to repetitive stimuli, indicating a disruption in
habituation. These disturbances may contribute to the heightened sensory sensitivity and sensory overload experienced during
migraine attacks, emphasizing the importance of cortical excitability in migraine pathophysiology.
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Among the non-painful symptoms closely related to migraines, cognitive dysfunction has been reported in individuals with
migraines, especially in the domains of attention, executive functioning and memory.*'”'® Factors associated with CM, such
as anxiety, depression, and sleep disturbances, may contribute to the development of cognitive disabilities. Attention is one of
the most important domains of cognitive processing, ensuring the correct allocation of processing resources to relevant
stimuli.'®?° Individuals with migraine often report impaired subjective attention, such as difficulty concentrating, thinking,
and losing concepts of things.'”'*? Although several studies have shown interictal attention impairment in migraine,>>**
limited information is available regarding attention deficits in individuals with CM. Hence, it is necessary to further explore
attention performance in CM and to identify the underlying brain function involved in these neuropsychological impairments.

Event-related potentials (ERPs) are specific potential changes in electroencephalography (EEG), reflecting the neural activity
in response to particular stimuli or events.”> ERPs are one of the most widely used tools to study neural activity during cognitive
processing due to their high temporal resolution, objectivity and non-invasiveness.”® ERPs can reflect neurophysiological
changes in the cerebral regions and have been used as markers of cognitive function in various neurological disorders.?’
Recent studies provide evidence that migraineurs exhibit alterations in auditory attention, as reflected in ERP patterns.”® Some
studies report exacerbated attention orienting responses in migraineurs during the interictal state, suggesting increased cortical
excitability and dysfunction in sensory processing.”’ Conversely, other studies have identified impairments in visual spatial
attention, target processing, and orienting responses, indicating deficits in visual attention mechanisms in individuals with
migraine.* Mismatch negativity (MMN) and P3a are potential biomarkers that are closely related to attention.>' MMN is usually
observed in auditory cortex, reflects automatic pre-attentive processing of novelty detection and is associated with auditory
memory and attention shifting. MMN is an early negative ERP component elicited when deviant stimuli occur in a sequence of
repetitive standard auditory stimuli.***®> The MMN is followed by a positive P3a component, which is distributed fronto-
centrally, representing automatic orienting or shifting of attention to novel stimulation.>* The amplitude and latency of P3a are
influenced by individual attention, working memory, and cognitive load, etc. The amplitude of P3a usually increases as the
“novelty” of the stimulus increases, while the latency may be prolonged by the allocation of attention or cognitive load.?”*
Findings regarding MMN and P3a changes in individuals with migraine have been inconsistent. Previous ERP studies have
reported increased MMN and P3a amplitudes following a recurring pattern of oddball stimuli, suggesting a lack of sensory
habituation in individuals with migraine.***® The disturbance of habituation plays a pivotal role in the pathophysiology of
migraine which leads to a general vulnerability of sensory overload, which aligns with the symptom of enhanced sensitivity to
light and sound in individuals with migraine.'®*° Nevertheless, a previous study assessed MMN in individuals with EM and did
not observe any differences between individuals with migraine and controls.** These inconsistencies may be due to differences in
the stimulation and recording parameters used for ERPs. Additionally, a reduced P3a amplitude was reported in individuals with
migraine during the interictal state*' while there was also evidence that individuals with migraine exhibited a larger P3a,
indicating exacerbated attention orienting to auditory stimulation in individuals with migraine.** The inconsistencies may be due
to the diverse clinical characteristics of the patient cohorts, such as headache frequency and duration of migraine history. These
previous studies primarily recruited individuals with EM, implicating attention abnormalities in individuals with migraine.
However, changes in MMN and P3a components in individuals with CM remain unexplored.

Therefore, the present study aimed to explore pre-attentive information processing and attention orienting ability in
individuals with migraine, especially those with CM, by measuring the MMN and P3a components using ERP tools with the
dual-stimulus oddball paradigm. In addition, we assessed the correlations between these ERP components and the clinical
characteristics of individuals with migraine. We hypothesize that individuals with CM will exhibit MMN and P3a abnormalities,
such as reduced amplitude and/or prolonged latency, and that these changes will be significantly correlated with the clinical
features of individuals with migraine.

Methods

Study Design

This cross-sectional observational study was approved by the First Affiliated Hospital of Nanjing Medical University
Ethics Committee (approval No.2024-SR-288) and performed in accordance with the principles of the Declaration of
Helsinki. Written informed consent was obtained from all individuals.
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Participants

We recruited 25 healthy controls (HC) and 50 individuals diagnosed with EM (n = 25) and CM (n = 25) from the
Department of Neurology of the First Affiliated Hospital of Nanjing Medical University. Individuals with migraine were
diagnosed by an experienced neurologist according to the criteria of the International Classification of Headache
Disorders (ICHD-III). All the individuals had normal or corrected-to-normal vision and hearing. Individuals who did
not receive daily prophylactic therapy and were drug-free for at least 48 hours. Individuals with a history of analgesic
drug abuse, other headache types, or other neurological, psychiatric, or systemic disorders were also excluded. Healthy
controls were voluntarily recruited from the clinical staff and the community, and they had no personal or family history
of migraine.

Clinical data, including the duration of migraine history, presence or absence of aura, headache days per month,
duration of headache attack and pain intensity using the visual analogue scale (VAS,0-10), were obtained via the
headache diary and structural headache questionnaire. The Migraine Disability Assessment Scale (MIDAS) was used to
assess the impact of migraine on the daily life, study, and work of individuals. In addition, all participants were required
to complete the Hamilton Anxiety Scale (HAMA) and Hamilton Depression Scale (HAMD) in a psychological clinic to
evaluate anxiety and depression.

ERP Recording and Analysis

In this study, each participant underwent ERP recording. For individuals with EM and CM, the recordings were
conducted during the interictal period, defined as the absence of migraine attacks 48 h before and after the ERP
recordings. Specifically, background or interval headaches during this period were allowed in individuals with CM.*?
The experiment was conducted in a room with attenuated sound and light levels. Participants sat in a comfortable chair,
placed 50 cm in front of a computer screen, and fixed their eyes at the center of the screen. Auditory oddball paradigms
were used in this ERP study. MMN and P3a were collected and processed following the standard protocols.** ¢
Participants were asked to relax and watch a silent cartoon film to help keep them engaged and relaxed. Two distinct
auditory stimuli were successively presented using headphones. The stimuli consisted of standard (80 dB, 1000 hz, 50 ms
duration, p = 0.8) and deviant stimuli (80 dB, 1200 hz, 100 ms duration, p = 0.2), with the stimulus interval varying
randomly between 2 and 3 seconds. The task lasted about 10 minutes (Figure 1).

Electroencephalography (EEG) was continuously recorded from 32 Ag/AgCl electrodes placed on the scalp according
to the international 10/20 standard using a BrainAmp MR ERP system. All the electrodes were referenced to the linked
electrodes placed on the earlobes. Horizontal and vertical electrooculograms were simultaneously recorded with
electrodes placed above and below the midpoint of the left eye and 10mm from the outer canthus of each eye to remove
eye movement artifacts. The electrode impedance was maintained below 5 kQ throughout the recording, with a low-pass
filter set at 100 hz and a sample rate of 1000Hz.

The EEG was segmented into epochs from 100 ms pre-stimulus to 600 ms post-stimulus, using EEGLAB. In the
offline analysis, the EEG was band-pass filtered between 0.01 and 30 hz. A =100 to 0 ms pre-stimulus baseline was used

Time(s) Os 1s 2s 3s 4s 5s 6s 7s 8 9s 10s 11s 12s 13s 14s 15s 16s 17s === 600s

Auditory
stimulation . R

Standard stimulation [ ] Deviant stimulation

Figure | Auditory oddball paradigms. Two distinct auditory stimuli were successively presented using headphones. The stimuli consisted of standard (80 dB, 1000 hz, 50 ms
duration, p = 0.8) and deviant stimuli (80 dB, 1200 hz, 100 ms duration, p = 0.2), with the stimulation interval (SI) varying randomly between 2 and 3 seconds. The task lasted
about 10 minutes.
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for all ERP wave-form corrections and measurements. EEG signals with amplitudes greater than £100 uV were excluded
from analysis.

MMN and P3a were obtained from the midline electrode sites Fz and Cz. The mismatch negativity (MMN) waveform
was extracted by subtracting the ERP waveforms induced by the deviant auditory stimulus from those induced by the
standard auditory stimulus and peaks around 100-250ms after the stimulus. The same procedures were used to identify

P3a, which was defined as the maximum positive wave within a time window of 250-350ms.

Statistical Analysis

All statistical analyses were performed on IBM SPSS 26.0 for Windows. All data are expressed as the mean + standard
deviation. The Mann—Whitney U-test was used to evaluate continuous clinical parameters between the EM and CM
groups. To compare the demographic and clinical variables among the CM, EM, and control groups, a Chi-square test
was used for categorical variables, and the Kruskal-Wallis test was used for continuous clinical parameters. MMN and
P3a data were analyzed using Generalized Estimating Equations (GEE).*”*° The model included group, electrode site,
and their interaction as the primary independent variables, while the presence or absence of aura and the presence or
absence of background or interictal headaches were included as covariates for adjustment. A task-related covariance
matrix was selected as the structure for the independent variables. To avoid alpha inflation, post-hoc pairwise analyses
were performed using the Bonferroni correction only when GEE indicated significant results. Spearman correlation
analysis was used to assess the correlations between ERP components and the clinical characteristics of migraines.

Statistical significance was set at p < 0.05.

Results

Participants

A total of 75 participants were included in this study, with an overall average age of 45.07 + 1.61 years. The average ages
of the participants in the healthy control group, EM group, and CM group were 45.52 + 3.46, 42.96 + 1.94, and 46.72 +
2.80 years, respectively. There were no significant differences in age, sex, or educational level among the three groups.
All sociodemographic data and the questionnaires used can be found in the Table 1. Compared to individuals with EM,
individuals with CM had a longer duration of migraine history (p = 0.044), higher headache frequency (p < 0.001), longer
duration of headache attack (p = 0.003), and more severe disability, as assessed using the MIDAS (p < 0.001). No
significant difference was found in headache severity between the EM group and CM group (p = 0.092). Individuals with
EM had more severe anxiety symptoms than the HC (p = 0.007). Individuals with CM showed more severe anxiety and
depressive symptoms than individuals with EM (p = 0.014 and p = 0.006, respectively) and HC (p < 0.001) (Table 1).

MMN

For MMN amplitude, after adjusting for aura status and headache presence, GEE analysis revealed a significant main
effect of electrode (Wald y*> = 18.237, df = 1, p < 0.001), with higher amplitudes observed at Cz compared to Fz (§ =
2.380, 95% CI: [1.288, 3.473], p < 0.001). However, neither the main effect of group (Wald ¥ =4.719, df =2, p = 0.094)
nor the group x electrode interaction (Wald > = 2.235, df = 2, p = 0.327) reached statistical significance. Covariates of
aura and background or interval headaches did not significantly contribute to the model (Wald > = 2.531, df =1, p =
0.112; Wald *> = 2.412, df = 1, p = 0.120). Nevertheless, MMN latency showed a significant main effect of group (Wald
x* = 8.672, df = 2, p = 0.013), whereas neither the electrode main effect (Wald > = 0.542, df = 1, p = 0.462) nor the
groupx electrode interaction effect (Wald y2 = 2.188, df = 2, p = 0.335) was statistically significant. Post-hoc pairwise
analyses using Bonferroni correction showed that the CM exhibited a longer MMN latency than the HC (B = 21.05, 95%
CI: [3.890, 38.220], p = 0.010), with no statistically significant difference between the other groups. Similarly, covariates
of aura and background or interval headaches did not significantly contribute to the model (Wald y*> = 0.255, df=1,p =
0.613; Wald > = 1.233, df = 1, p = 0.267). (Figure 2 and Table 2).
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Table | Clinical and Demographic Characteristics of HC and Individuals With CM and EM

Characteristics HC(n=25) EM(n=25) CM(n=25) HC vs EM HC vs CM CM vs EM
Statistics | p-value | Statistics | p-value Statistics | p-value

2Sex, male/female 8/17 6/19 6/19 NS

®Age(years) 45.52 + 3.46 42.96 £ 1.94 46.72 + 2.80 NS

PEducation(years) 11.04 + 1.03 11.92 + 0.90 11.52 + 1.06 NS

“Duration of migraine NA 6.44 + 1.30 13.08 + 2.55 NA NA NA NA -2.016 0.044*

history (years)

“Headache frequency NA 4.16 + 0.53 2420 = | .41 NA NA NA NA —6.154 < 0.00 | ##*

(days/month)

“Duration of headache NA 11.28 £ 2.56 17.52 £ 1.67 NA NA NA NA -3.020 0.003%*

attack (hours)

“VAS NA 6.72 £ 0.19 720 £0.22 NA NA NA NA —1.684 0.092

“MIDAS NA 10.64 £ 1.95 85.40 + 7.82 NA NA NA NA —5.635 < 0.00 | ##*

PHAMA 3.76 + 0.44 9.44 + 1.47 1448 £ 1.22 -18.620 0.007** | —35.980 < 0.001*** | —17.360 0.014*

®*HAMD 3.32+£038 7.88 + 1.68 1.8+ 1.15 —12.040 0.148 -31.040 <0.001*** | —19.000 0.006%*

Note: Bold fonts indicate statistically significant data. *Chi-Square test; ® Kruskal-Wallis test; “mann-Whitney U-test. *p < 0.05; *¥p < 0.01; **p < 0.001.
Abbreviations: HC, healthy controls; EM, episodic migraine; CM, chronic migraine; NS, not significant; NA, not applicable; VAS, Visual Analogue Scale; MIDAS, Migraine
Disability Assessment Scale; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale.

P3a

For P3a amplitude, GEE showed a significant main effect of group (Wald y*>=13.108, df =2, p = 0.001) and a significant
main effect of electrode (Wald %2 = 39.235, df = 1, p < 0.001), but no significant groupx electrode interaction (Wald y2 =
3.240, df = 2, p = 0.198) was found. Covariates of aura and background or interval headaches did not significantly
contribute to the model (Wald y* = 0.000, df = 1, p = 0.983; Wald y* = 0.411, df = 1, p = 0.522). Post-hoc multiple
comparisons using Bonferroni correction showed that the CM exhibited a lower P3a amplitude than the HC (B = —4.967,
95% CI: [-9.125, —0.809], p = 0.004) and EM (B = —4.757, 95% CI: [-8.148, —1.366], p = 0.002) groups, with no
statistically significant difference between the HC and EM groups. P3a latency showed a significant main effect of the
electrode (Wald y*> = 5.027, df = 1, p = 0.025). However, neither a significant main effect of group (Wald x> = 1.694, df =
2, p = 0.429) nor a significant groupx electrode interaction (Wald ¥ = 1.195, df = 2, p = 0.550) was found. Similarly,

Amplitude (uV)
Amplitude (uV)

MMN _—

T T T 1 -8 T T T 1
0 100 200 300 400 500 0 100 200 300 400 500

Time (msec) Time (msec)

Figure 2 Grand average waveforms of MMN and P3a in HC and individuals with CM and EM (A) at electrode site Fz and (B) at electrode site Cz.
Abbreviations: CM, chronic migraine; MMN, mismatch negativity; EM, episodic migraine; HC, healthy control.
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Table 2 Amplitudes and Latencies of MMN and P3a in HC and Individuals With CM and EM

Difference

HC EM CM Statistics Covariate
(n=25) (n=25) (n=25) Group Electrode Group % Background or Presence or
Electrode interval absence of aura
headaches
ERPs Fz Cz Fz Cz Fz Cz Wald »* Wald »* Wald »* Wald »* Wald »*
MMN Amplitude -2.03 -5.70 -2.31 -3.85 -1.78 —4.36 4719 18.237%%% 2.235 2412 2.531
(0.45) (1.09) (0.56) (0.50) (0.30) (0.59)
Latency 177.74 178.28 187.84 185.84 193.38 197.60 8.672* 0.542 2.188 1.233 0.255
(4.58) (4.24) (5.89) (6.09) (4.55) (4.73)
P3a Amplitude 5.34 10.56 5.40 11.17 1.30 4.97 13.108%#* 39.235%* 3.240 0411 0.000
(1.33) (1.78) (0.75) (1.22) (0.32) (1.02)
Latency 309.00 312.39 306.68 308.36 317.79 319.67 1.694 5.027* 1.195 0.291 0.151
(3.95) (4.03) (2.83) 2.77) (4.29) (4.37)

Note: Generalized Estimating Equations (GEE) was used for data analysis, and post-hoc pairwise analyses were performed using the Bonferroni correction. *p < 0.05; **p < 0.001.

indicate statistically significant data.

Abbreviations: HC, healthy controls; EM, episodic migraine; CM, chronic migraine;

SD in parentheses below the mean value. Bold fonts
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Table 3 Correlation Analysis Between ERP Components and Clinical Characteristics of Migraine

MMN Latency P3a Amplitude

Fz Cz Fz Cz

r p r P r P r [
Duration of migraine history (years) | 0.203 0.158 | 0.089 0.538 | —0.103 | 0.481 —0.266 | 0.065
Headache frequency (days/month) 0.006 0.966 | 0.093 0.519 | —0.458 | 0.001** | —0.472 | 0.001%**
Duration of each headache (hours) | 0.058 0.691 | 0.113 0.433 | —0.012 | 0.932 —0.132 | 0.367
VAS —0.054 | 0.712 | —0.003 | 0.983 | —0.169 | 0.244 —0.167 | 0.253
MIDAS —0.065 | 0.656 | 0.012 0.933 | —0.461 | 0.001** | —0.355 | 0.012*
HAMA —0.005 | 0.975 | 0.066 0.651 | —0.351 | 0.014* | —0.363 | 0.01*
HAMD —-0.023 | 0.876 | 0.063 0.662 | —0.386 | 0.006** | —0.374 | 0.008**

Note: All data were analyzed using the Spearman correlation analysis. *p < 0.05; **p < 0.01. Bold fonts indicate statistically significant data.
Abbreviations: VAS, Visual Analogue Scale; MIDAS, Migraine Disability Assessment Scale; HAMA, Hamilton Anxiety Scale; HAMD,
Hamilton Depression Scale;

covariates of aura and background or interval headaches did not significantly contribute to the model (Wald y*>=0.291, df
=1,p=0.589; Wald y* = 1.151, df = 1, p = 0.698). This suggests that no significant difference was found in P3a latency
among the three groups (Figure 2 and Table 2).

Correlation Analysis Between ERP Components and Migraine Characteristics

No correlation was found between MMN latency and clinical characteristics of individuals with migraine. The P3a
amplitude at the Fz electrode negatively correlated with the frequency of headache attacks (r = —0.458, p = 0.001),
MIDAS score (r =—0.461, p=0.001), HAMA (r = —0.351, p = 0.014) and HAMD (r = —0.386, p = 0.006). Similarly, the
P3a amplitude at the Cz electrode negatively correlated with the frequency of headache attacks (r = —0.472, p = 0.001),
MIDAS score (r = —0.355, p = 0.012), HAMA (r = —0.363, p = 0.01) and HAMD (r = —0.374, p = 0.008) (Table 3).

Discussion

In this study, we first investigated MMN and P3a changes in individuals with CM using ERP tools in the auditory oddball
paradigm. Our results suggest that individuals with CM exhibit longer MMN latency and lower P3a amplitude,
representing an abnormal pre-attentive process of novelty detection and attention orienting in CM. Our study provides
comprehensive insights into the attention performance in individuals with CM from the perspective of neural activity and
highlights the importance of addressing cognitive dysfunction in CM in clinical practice. Additionally, we observed that
P3a amplitude was negatively associated with headache frequency, headache-related disabilities, anxiety, and depression.

The MMN component originates from the bilateral auditory cortex and is an automatic response of the brain to relevant
events without the active participation of the individuals.*® This reflects automatic processing of the brain in response to
deviant stimuli. MMN is currently the only technical method to objectively evaluate auditory recognition and sensory
memory, with no active consciousness involved.”® The prolonged MMN latency in individuals with CM in this study
objectively reflected a deficit in the pre-attentive novelty detection process. A previous study showed no difference in
MMN amplitudes between episodic individuals with migraines and controls,*® which is consistent with our results. It has
been shown that changes in frontal grey matter structure correlate with changes in MMN.>" Individuals with migraine showed
frontal grey matter alterations as a consequence of repeated migraine attacks.>? This may explain the abnormal MMN latency
observed in individuals with CM.

P3a involves an early attention process in the fronto-central areas.”” P3a reflects the automatic allocation of attention.**
Our study showed that individuals with CM had a lower P3a amplitude, which reflects a dysfunction in the involuntary
attentional switch. Nevertheless, no significant differences in the latency or amplitude of P3a were observed between
individuals with EM and healthy individuals. An fMRI study reported that attention-specific networks can be modulated by
pain.*’” Hence, early attention processes and top-down control of attention processing remain preserved in individuals with
EM. Chronic recurrent migraine attacks might have caused a constant abnormality in brain networks, resulting in attention
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deficits.**® Thus, a reduced P3a amplitude may be a clinical marker of migraine progression. Consistently, a previous study
also reported reduced P3a wave amplitudes in individuals with migraine.41 Furthermore, reduced P3a amplitude indicated
dysfunction in the frontal lobe. The frontal cortex plays a crucial role in pain perception and modulation, and previous studies
have reported frontal dysfunction in individuals with migraine with decreased gray matter density in the frontal lobe.’*>’
Therefore, frontal dysfunction indicated by a reduced P3a amplitude might produce abnormal pain perception and modulation,
leading to migraine progression. It is crucial to recognize and address cognitive impairments in CM to improve the
individuals’ quality of life. MMN and P3a may serve as valuable biomarkers for assessing attentional deficits in CM in
both clinical and research settings. These biomarkers may help track the progression of attention impairments and assess the
efficacy of interventions aimed at improving attention performance in individuals with CM.

However, previous studies have yielded conflict results.®** Previous ERP studies have reported increased MMN and
P3a amplitudes in migraine sufferers, particularly when exposed to recurring oddball stimuli. These findings suggest
a heightened cortical excitability and a lack of sensory habituation in individuals with migraine. The inability to habituate
to repeated stimuli may lead to sensory overload, which is consistent with symptoms like heightened sensitivity to light
and sound in individuals with migraine.58 However, our results, focusing on individuals with CM, deviate from this
pattern. We found prolonged MMN latency and reduced P3a amplitude in individuals with CM, which suggests slower
pre-attentive processing and impaired attention orienting, in contrast to the heightened responses typically observed in
episodic migraine (EM). These inconsistencies may arise from several factors. First, differences in the stimulation
paradigm used for ERPs could contribute to the variation in findings. Secondly, headache frequency and migraine history
may also explain these discrepancies. Recurrent headaches in Individuals with CM could result in attentional impair-
ments, reflected in reduced P3a amplitude and delayed MMN latency, as observed in our study. In contrast, individuals
with migraine with less frequent and shorter headache episodes, may retain greater cortical responsiveness. The results of
our study suggest that individuals with CM experience impairments in sensory processing, particularly in auditory
information processing. Chronic pain is associated with cortical reorganization, which alters brain networks involved in
sensory processing and attention.*>*¢

To clarify the correlation between migraine characteristics and MMN and P3a components, we performed Spearman
correlation analysis. We found that the amplitude of P3a was significantly negatively correlated with headache frequency,
MIDAS, HAMA, and HAMD scores in individuals with migraine. These findings indicate that early diagnosis and
targeted interventions, such as strategies to reduce headache frequency and manage comorbidities like anxiety and
depression, may help mitigate attention deficits and prevent further cognitive deterioration. Grey matter alteration in the
frontal lobe is associated with the frequency of migraine attacks,’® which may contribute to the negative correlation
between P3a amplitude and headache attack frequency. In addition, psychiatric comorbidities are risk factors for the
development of migraine from episodic to chronic.’® To some extent, this is in line with our finding that individuals with
CM have severe symptoms of anxiety and depression. Several studies have shown that anxiety and depression can
negatively affect attention.®® > We speculated that anxiety and depressive symptoms would have an effect on the
dopamine system,*® and dopamine deficiency and excess can lead to a reduction in P3a amplitude.®

Nevertheless, our study had some limitations. First, the sample size was small, thus limiting further subgroup analysis
based on sex, age, and education. Second, ERP analysis was performed during the interictal period; therefore, it was not
possible to recognize attentional performance in individuals during migraine attacks. Moreover, our clinical data
collection was based on a questionnaire and headache diary, thus some retrospective questions such as headache history,
may have memory bias. In addition, as a cross-sectional study, we did not examine the progress of involuntary attention
deficits in individuals with migraine over time. Further studies with larger sample sizes are needed to evaluate changes in
involuntary attention with disease progression. Due to data limitations, we did not perform principal component analysis
(PCA) and source reconstruction analysis (SLORETA) on the ERP data to further understand the underlying neural
mechanisms and neural origins of the ERPs analysed. This is the direction of our future research.

Conclusions
In summary, we observed prolonged MMN latency and reduced P3a amplitudes in individuals with CM. In addition, we
found a negative association between P3a amplitude and the frequency of headache attacks, MIDAS, HAMA, and
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HAMD scores. These findings suggest that chronic individuals with migraines exhibit deficits in pre-attentive detection
and attentional orientation. Moreover, attention-orienting dysfunction is associated with the frequency of headache
attacks, headache-related disabilities, anxiety, and depression. Thus, early diagnosis and intervention for migraine may
be crucial to prevent deterioration of attention performance. Furthermore, these results may inform clinical interventions
aimed at improving sensory processing and attentional control in individuals with migraine, particularly those with CM.
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