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Abstract: Patients with chronic (CM) and high frequency episodic migraine (HFEM) report cognitive
complaints that contribute to migraine burden. Although, there is little evidence about the effects of migraine
treatments on these symptoms. Objective: To evaluate the effect of preventive treatment on the impact of
cognitive symptoms, specifically the ability to concentrate, in individuals with CM and HFEM. Methods:
Prospective cohort study in patients with CM and HFEM initiating treatment with botulinum toxin (BT) or
anti-CGRP/R monoclonal antibodies (mAbs). Patients were evaluated at baseline and after 3 months of
treatment, using a headache diary and a question about the impact of migraine attacks on concentration (never,
rarely, sometimes, often, and always). Results: 108 patients (105 females, 44.3 years of age on average), 75%
with CM and 27% with HFEM were included, 55 received a first session of BT and 53 received 3 injections of a
monthly mAb. In both groups, there was a significant decline on the impact of migraine in concentration
(related samples Wilcoxon signed rank test <0.001) compared to baseline. Reduction in monthly headache days
was the main predictor of any concentration improvement, while treatment group, age, ongoing medication
with topiramate or baseline medication overuse were not significant. Conclusion: Preventive treatment of
HFEM or CM with drugs not acting on central nervous system is associated with a decrease of the impact of
migraine attacks on concentration, predicted by the decline in headache days. These results indicate that
migraine preventive treatment also improves non-pain symptoms, which is relevant given the contribution of
cognitive complaints to the impact of headache attacks

Keywords: cognitive impact; chronic migraine; migraine burden

1. Introduction

Migraine is a very disabling condition, with impact in familial, social and professional life [1]
and is associated with depression, anxiety, sleep disorders and other comorbidities [2,3]. Its impact
is particularly severe in patients with frequent migraine attacks, either chronic migraine, defined
according to the ICHD-2018 [4] by the presence of headache in 15 or more days per month, for more
than three months, eight days fulfilling the diagnosis of migraine, or high frequency episodic
migraine (between 8 and 14 days of migraine per month).

It has been increasingly recognized that migraine involves much more than pain and is
associated with a wide spectrum on non-headache features, including cognitive complaints [5,6].
These complaints affect about 73% of chronic migraine patients [7] and consist in poor attention and
concentration, difficulty performing simultaneous tasks, slower processing speed, poor word
retrieval and memory difficulties. These symptoms are reported in the different phases of a migraine
attack but also interictally [8]. They affect daily activities in work, school, household or social life
contributing to migraine interictal burden [9]. The cognitive assessment of patients with chronic
migraine has confirmed that they achieve lower scores in executive and memory tasks compared to
either healthy individuals or those with episodic migraine. This dysfunction cannot be attributed to
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pain since evaluations were performed during the headache free days [10]. Furthermore, this
impairment has been consistently found in chronic migraine [7,11-15].

The mechanism behind cognitive difficulties in chronic migraine remains unclear. While these
difficulties may arise from the recurrence nature of migraine attacks, all studies have shown that
chronic migraine is, per se, an independent predictor of low cognitive performance [7,11-15].
However, few studies have established a direct association between cognitive performance and the
frequency of the attacks. Additionally, factors such as sleep disorders, depression, and certain
preventive medication, like topiramate, may also contribute to the cognitive impairment.

Despite the recommendation to include non-headache features of migraine as possible outcomes
of migraine in clinical trials, there is limited evidence regarding the benefit of current migraine
treatments on patients” cognitive complaints or performance [16-18]. Yet the improvement in
cognitive symptoms is relevant because they have been shown to contribute to the disability of
migraine attacks [19]. In this study we aimed to investigate a) the effect of migraine preventive
treatment on the impact of migraine attacks on the ability to concentrate, b) whether improvement is
related to a particular migraine treatment; and c) to identify the main predictors of cognitive
improvement following treatment.

2. Materials and Methods

The study was designed as a real-world, observational cohort study and was carried out in the
Headache Unit of a University Hospital. Patients with migraine attending the headache outpatient
clinic or the ambulatory treatment unit were invited by the attending neurologists to participate
during their regular scheduled appointment.

Inclusion criteria were: a) the clinical diagnosis of migraine with or without aura, confirmed by
a neurologist, fulfilling the ICHD-3 criteria)(4), b) age >18 years; c) diagnosis of migraine for at least
one year and starting before the age of 50 years; d) current diagnosis of high frequency episodic (i.e.
more than 8 headache days per month, according to patients headache diary) or chronic migraine, e)
failure/intolerance or contraindication for oral preventive treatment with the need to start a treatment
either with botulinun toxin (BT) or monoclonal antibody against CGRP/receptor (mAbs). The latter
are the local requirements for patients to receive these treatments that are free of costs in a public
hospital. Patients were excluded if they had a diagnosis of severe psychiatric or of uncontrolled
medical disorder, illiteracy, or inability to provide informed consent.

After informed consent, demographic (age, gender) and clinical data were gathered. The latter
included current headache frequency and severity (categorized as monthly days with severe,
moderate or mild headache), calculation of a composite index score of headache severity extracted
from patients headache calendar (calculated by the sum of 3X severe days, 2x moderate days and 1x
mild headache days per month, ranging from a maximum of 84 and a minimum of zero in a 28 days
period,), the diagnosis of medication overuse; ongoing preventive treatment; need for new
preventive treatment (due to insufficient improvement, intolerance or contraindications of ongoing
oral preventive treatment). Patients were also asked to fill the Headache Impact Test (HIT-6)
questionnaire (to evaluate the impact of migraine attacks) [20]. The sixth item of that scale (“In the
past 4 weeks, how often did headaches limit your ability to concentrate on work or daily activities?”)
was used to evaluate the impact of headache on the ability to concentrate. This item is scored as 13,
11, 10, 8 or 6 according to patients’ response as always, very often, sometimes, rarely, or never,
respectively.

Patients taking oral preventives with some, albeit insufficient benefit were allowed to maintain
that medication while starting the new treatment. Patients receiving BT were treated according to the
PREEMPT protocol [21] ranging between 155 to 195 units per session with 31 fixed points and
additional points in a follow-the-pain strategy. Patients receiving monoclonal antibodies were
prescribed one of the hospital available anti-CGRP/R mAbs, either erenumab (70mg), fremanezumab
(225 mg) or galcanezumab (120mg), monthly subcutaneous injections. In the case of galcanezumab
the first administration consisted in a loading dose of 240 mg.
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Patients underwent a follow-up evaluation three months later during a scheduled appointment.
Mean monthly headache days and mean monthly days with moderate or severe pain, and the
composite index score were extracted from the headache diary. Patients were revaluated with the
HIT-6 scale global score and Item 6 score. Patients were classified as treatment responders if they had
a reduction of mean monthly headache days > 30% in relation to baseline. The study protocol and
informed consent were reviewed and approved by the Institution Ethics Committee.

Continuous variables (age, migraine composite index, mean monthly headache, monthly
moderate/severe headache days and scores on HIT-6) were presented in mean, standard deviation
and median and interquartile range, according to normality. Categorical variables are expressed as
number and percentage. Impact of migraine on the ability to concentrate was scored in five ranks (6,
8, 10, 11, 13). A nonparametric related-samples Wilcoxon Signed Rank Test was performed to assess
differences between baseline and 3 months on the 6-item of HIT-6 score. Additionally, a repeated
measures general linear model was employed to evaluate improvement in migraine metrics (mean
days of headache and mean of severe/moderate days per month and migraine index score). To
evaluate the impact of migraine improvement on the ability to concentrate, a Spearman correlation
was computed between the change in monthly headache days and the change on impact of migraine
in concentration. Any improvement in concentration (yes/no) was defined as any decrease between
baseline and follow up in the 6th item of HIT-6. A logistic regression analysis was undertaken to
identify predictors of improvement in concentration. This included variables that exhibited a
statistically significant difference in the univariate analysis and variables that could influence the
outcome (age, ongoing topiramate intake, treatment group (BT or mAbs) and medication overuse at
baseline).

3. Results

A total of 108 patients were included, 75% (n=81) with chronic migraine and 25% (n=27) with
high frequency episodic migraine. Fifty-five patients (50.9%) received the first treatment with BT and
53 (49.1%) received the first 3 monthly injections of a mAb. Patients’ demographics and clinical
characteristics of the study population by treatment group are summarized in Table 1. There were no
statistical differences at baseline between the two treatment groups, except on the average monthly
headache days and ongoing treatment with topiramate. The former was higher in patients treated
with BT, since that group includes more patients with chronic migraine which is in the line with
migraine treatment guidelines. Among patients receiving monoclonal antibodies, 10% (n=>5) received
erenumab, 34% (n=19) fremanezumab and 56% (n=29) galcanezumab.

Table 1. Population: baseline data.

Treatment group

Total
. o Botulinum CGRP monoclonal
Baseline data sample . a1 Treatment group
(n=108) toxin antibodies comparison
(n=55) (n=53) pa
Gender (F/M) 105/3 53/2 52/1 n.s.
Age 443 +10.8 43.1+10.7 455 +11.3 N
(mean + SD, range) (18-71) (18-71) (20-65) S
HFEM, N (%) 27 (25%) 11 (20%) 16 (30.2%) s
CM, N (%) 81 (75%) 44 (80%) 37 (69.8%) '
Monthly h.eadache days 195470 219462 189475 Mann-Whitney
(of any severity) (mean + SD) p=.016
Mean monthly Moderate/severe .
headache days 16972 182£72 158+7.2 Mann-Whitney
n.s.
(mean + SD)
Composite Index 46.6+184 509+17.9 433+18.1 Mann-Whitney

(mean * SD) p=.05,ns.
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Headache impact test score

68 67 68
(HIT-6) n.s.
(median, IQR) [65-70] [65-70] [64-69]
Migraine impact on 11 11 11
Concentration
(median)
Always (N) 21 12 9
Very often (N) 73 36 37
Sometimes (N) 11 6 5 s
Rarely (N) 3 1 2 '
Never (N) 0 0 0
Ongoing treatment with . 8
fopiramate Chi square=8.6
Yes, N (%) 32 (34%) 21 (50%) 31 (59.6%) 03
No, N (%) 62 (66%) 21 (50%) 21 (40.4%) p=
Medication overuse
Yes, N (%) 60 (61.2%) 29 (63%) 31(56.6%)
No, N (%) 38(38.6%)  17(37%) 21 (40.4%) s

CM = chronic migraine; F/M=female/male; HFEM= high frequency episodic migraine; n.s= non-significant; SD=
standard deviation.

After 3 months of treatment there was an improvement of migraine reflected in a reduction in
mean monthly headache days, mean monthly moderate to severe headache days, composite index
and HIT-6 total score. No significant differences were observed between the two treatment groups
(Table 2).

Table 2. Follow up data: changes in patient reported measures from baseline to the end of the 3 month

period.
Treatment group
Botulinum CGRP monoclonal
Total . 0 1 Treatment group
(n=108) toxin antibodies comparison
(n=55) (n=53) p
Change in the impact of
migraine in the ability to 20+64 1.16 2.73 n.s.
concentrate score (mean, SD)
Change in monthly headache
days (MHDY); (mean, SD) 49+71 3.6+6.3 59+75 n.s.
Change in monthly
severe/moderate headache days 53+69 47+6.3 59+75 n.s.
(mean, SD)
Composite index change 1354182  11.8+169 14.8+19.1 n.s.
(mean, SD)
Change in HIT-6 score (mean, 46469 51453 57478 n.s
SD)
Percentual decrease of MHD
compared to baseline
43 (43.4%) 15 (32.6 %) 28 (52.8%) Chi square

> 00 , OO
2 30% (responders), N (%) 56 (56.6%) 31 (67.4%) 25 (47.2%) 41, p=.04

< 30% (non-responders), N (%)

MHD=monthly headache days; n.s= non-significant; SD= standard deviation.
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There was a decrease in the score measuring the impact of migraine on the ability to concentrate
compared to baseline, and this score change correlated with the change in monthly headache days
from baseline (Spearmen’s Rho=.452, p<.001), the change in monthly moderate/severe headache days
from baseline (Spearmen’s Rho=.34, p<.001), and the change in composite index score (Spearmen’s
Rho=.412, p<.001), suggesting a direct relation with migraine improvement.

Within the entire sample, the majority of patients (N= 65, 60.2%) reported any improvement of
the impact of migraine attacks on the ability to concentrate compared to baseline (i.e. any decline in
6th item of HIT-6 scale score). This improvement was more frequent in patients receiving monoclonal
antibody (66%) than in those treated with botulinum toxin (54.5%), although the difference was not
statistically significant.

To identify factors that predicted a reduction of the impact of migraine attacks on the ability to
concentrate a logistic regression was conducted. In this analysis, the independent variable was any
decrease in HIT-6 6th item score, while the dependent variables were the difference in monthly
headache days, age, treatment group (monoclonal antibodies or botulinum toxin), ongoing treatment
with topiramate (yes, no) and baseline medication overuse (yes, no) (Table 3). The only predictor
identified was the difference in monthly headache days.

Table 3. Logistic regression on the impact of migraine attacks on concentration, controlling for age
medication overuse, ongoing topiramate treatment and treatment group.

OR 95% CI P - value
Change in monthly 1.209 1.085 -1.347 <001
headache days
Age 1.001 .948 — 1.057 .966
Medication overuse .635 .218-1.850 405
Topiramate treatment 1.155 .364-3.665 .807
Treatment group 1.449 .485-4.324 .507

4. Discussion

In this cohort of patients with high frequency episodic or chronic migraine, that were
unresponsive to oral preventives, we observed a decrease of the impact of migraine on the ability to
concentrate after treatment with either mAbs or BT. The effect occurred in both treatment groups and
there were no differences between the groups. The only predictor for this effect was the improvement
of migraine, quantified by the change from baseline in mean monthly migraine days. It could not be
predicted by patients age, or by baseline medication overuse or ongoing topiramate treatment. The
degree of improvement was correlated with the change in headache days, the change in
severe/moderate headache days and a composite measure that quantifies the days of headache based
on its severity.

Given that both treatments, anti CGRP monoclonal antibodies and botulinum toxin, do not exert
their effects on the central nervous system and are unlikely to have any direct central modifying
effect, these results suggest that the decrease of the impact of the attacks on the ability to concentrate
is mediated by an improvement of the attacks themselves, i.e. is a result of migraine improvement.
These results corroborate previous findings that showed an improvement in cognitive performance
in chronic migraine in patients treated with botulinum toxin or oral preventives [16,17]. The latter
was conduted on headache free days, with the goal of assessing the interictal cognitive performance
in chronic migraine. In these studies patients underwent cognitive tests twice [17] or three times [16],
within a follow up time of 3 months. However, the studies did not control for the learning effects
associated with test repeated test administration. Another study analyzed a large series of patients
with HFEM and CM, who participated in phase 2 clinical trials with fremanezumab [18]. Patients
were evaluated on headache free days and also reported an improvement of the subjective perception
of cognitive functioning on 3 questions related to processing speed, concentration and mental fatigue.
However, the authors could not find a direct relation of these questions with the increase in number
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of headache free days [18]. The present sample differs from those three previous reports because it
evaluated the impact of migraine attacks on the ability to concentrate. This is relevant because it has
been shown that the cognitive symptoms of migraine attacks contribute to attack related disability
[19]. Therefore, to support patients’ cognitive improvement, it is crucial to observed patients in the
interictal but also in the ictal period.

The mechanisms of cognitive disability associated to migraine are not very clear. It has been well
documented that migraine attacks are associated with a transient cognitive decline that is observed
in the preictal, ictal and postictal phase of the attacks [6,8]. In patients with very frequent attacks,
with HFEM and CM, it is possible that headache free days do not correspond to interictal days, since
on headache-free days patients might be in the preictal phase of the subsequent attack or in the
postdromal phase of the previous attacks. The continuous state of migraine, with no interictal days,
may explain the persistence of cognitive symptoms and impairment even on the headache-free days.
Additionally, it is also known that patients with chronic migraine have both structural and functional
brain changes [22,23], including increased white matter hyperintensities [24], grey matter changes
[25] and changes in neural network organization [26,27]. These changes encompass networks
involved in cognition such as the dorsal attention network and the executive network. More recently
changes in the glymphatic system have been shown to occur in chronic migraine [28]. There is some
evidence that functional changes may improve with treatment [29]. However, it remains unclear if
these changes underlie the cognitive impairment observed in migraine.

We acknowledge some limitations to the present study. We did not control for other factors that
may contribute to cognitive impairment such as mood and sleep disorders. The sample size is
relatively small, although identical to other studies focusing on cognition in chronic migraine. The
degree of migraine improvement was less pronounced than what has been observed in other real-
world studies, particularly in patients receiving botulinum toxin. Although it is important to note
that the sample comprises HFEM and chronic migraine patients who had already failed several oral
treatments. The treatment period is relatively short, particularly in what concerns botulinum toxin,
that may potentially be more effective with repeated sessions. A similar pattern can be observed in
some patients receiving monoclonal antibodies, as they may show a response later than 3 months.

5. Conclusions

We conclude that chronic and high frequency episodic migraine patients may improve their
cognitive function after treatment with drugs not acting on the CNS. We also highlight that this
change and the relation between cognitive improvement and migraine improvement suggest that
cognitive decline can be reverted with migraine treatment and should be looked upon on future
clinical trials.
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