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Abstract
Objective: To study the impact of chronic migraine (CM) on the cognition and quality of life (QoL) of patients in the
interictal period, and to analyse the degree of reversibility of any observed alterations following the use of preventive
treatment.
Background: CM is a highly disabling disease, and migraineurs often have associated comorbidities, such as sub‑
jective memory problems, that are involved in the development of cognitive impairment. Our hypotheses are that
patients suffering from chronic migraine experience objective cognitive alterations that are not only due to the pain
that they suffer or their current emotional state. Furthermore, preventive treatment should be capable of reversing, or
at least reducing, the impact of CM on the cognition and QoL of migraineurs.
Methods: The cognition and QoL of 50 control subjects and 46 patients with CM were assessed using a battery
of tests, prior to the use of preventive treatment based on botulinum toxin or oral drugs and after 3 months of this
treatment.
Results: Compared with controls, patients with CM had lower scores on the assessment of cognitive performance
(Rey-Osterrieth Complex Figure test [ROCF] (p<0.05), Trail Making Test [TMT] B) (p < 0.05) and QoL (p < 0.05). Three
months after the use of preventive treatment, improvement was observed in all cognitive parameters (p < 0.05) and
QoL (p < 0.05), except the ROCF copy task (p = 0.79). No statistically significant differences were observed when these
outcomes were compared based on treatment.
Conclusions: This study confirms poor cognitive performance that is not explained by migraine pain itself, as it
occurs in the interictal period, irrespective of the patient’s emotional status. Our findings show that these effects are
reversible in some cases with preventive treatment of CM, reaffirming the important impact of this condition on the
QoL of these patients, and the need to establish preventive treatment guidelines.
Introduction
Chronic migraine (CM) is a complication of migraine
that is defined by the presence of ≥ 15 headache days
per month for at least 3 months, with at least 8 of those
days meeting criteria for migraine, in the absence of
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medication overuse and other causes to which the headache could be attributed [1].
The estimated global prevalence of migraine is 14.0%
[2]. It is the second leading cause of disability worldwide, and the first among young women [3]. It usually
begins episodically, with the nervous system returning to a normal or premorbid functional state between
attacks. However, approximately 2.5% of patients with
episodic migraine experience transformation to CM
[4]. The pathophysiology of CM and the mechanisms
responsible for migraine chronification are not fully
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understood, although atypical pain processing during
migraine episodes, central sensitization, cortical hyperexcitability, and neurogenic inflammation have been
proposed as possible causes [3].
Management of CM consists of acute treatment of
attacks with non-steroidal anti-inflammatory drugs or
triptans, and preventive treatment to try to reduce the
frequency, duration and intensity of attacks. Topiramate, beta-blockers, amitriptyline, and flunarizine are
oral drugs commonly used as preventive agents in CM
[5]. Within the injectable drug group, the use of botulinum toxin has been found to be beneficial in 75% of
cases, and positive results have also been reported for
anti-calcitonin gene-related peptide monoclonal antibodies in refractory cases [6, 7].
Patients with CM have more intense headaches and
more severe symptoms than patients with episodic
migraine, and the impact on their quality of life (QoL)
is greater [8]. Some epidemiological studies have suggested that migraine is bidirectionally associated with
several other disorders, including psychiatric disorders
and chronic fatigue. It has also been associated with
other pain-causing conditions, such as fibromyalgia,
that are responsible for non-painful disabilities associated with migraine [9, 10]. Certain functional neurologic disorders, like psychogenic non-epileptic episodes
and other functional movement-related disorders
have also been linked to migraine and attempted suicides have also been reported amongst relatively young
migraine patients [10, 11].
Migraine patients also frequently attend consultations for subjective cognitive complaints that are
mainly attention- and memory-related and appear during or after migraine attacks, and contribute to the disability of patients experiencing them [12, 13]. Some
factors related to CM, such as preventive therapies and
comorbidities like depression, anxiety, and sleep disturbance, may contribute to the development of these
cognitive deficits, although they are not the only cause
of cognitive impairment in migraineurs [14, 15]. It has
been suggested that certain biological mechanisms may
be shared between migraine, fatigue, mood and cognition. Rather than true comorbidities, these mechanisms
may be the reason for these associations. It is, however,
currently unknown whether the treatment of migraine
could influence the associated alterations [9–11].
Although several clinically based studies of patients
with CM have described interictal impairment of cognitive function [16–18], results from studies based on
other populations differ [19–21]. Longitudinal studies do not suggest any progressive decline in cognitive function [22, 23], while existing studies analysing
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cognitive performance in patients with CM have been
generally limited in scope and number [15, 16, 24].
The functional organization of the neural networks
associated with cognitive and pain processes may be
altered by migraine at different levels, including pain
processing and modulation. The impairment of structural network integrity increases with the presence of
migraine attacks, indicating that CM causes the strongest structural abnormalities [25]. Affective, emotional
and cognitive processing is also affected, specifically in
the hippocampus, parahippocampal gyrus and orbitofrontal cortex, and other areas in which differences
have been identified on functional magnetic resonance imaging (MRI) in CM patients [26–30]. These
structural changes are already seen in patients with a
migraine frequency of > 9 days per month [31]. Other
cognitive domains affected in these patients include
processing speed, attention span, memory, verbal skills,
and executive function processes (working memory,
divided attention, and planning) [32].
Despite evidence of the cognitive deficit associated
with CM, few studies have been conducted in the context of cognitive impairments between attacks or on the
effect of preventive treatment of CM on the reversibility of these impairments, emotional status and QoL. It
is also still unclear whether the comorbidities present in
patients with CM contribute indirectly to cognitive dysfunction or whether the underlying pathophysiological
process of CM directly affects cognition. Given the high
prevalence of migraine in the population, establishing
an association between CM and cognitive decline could
have substantial public health implications. Our hypotheses are that patients suffering from chronic migraine
experience objective cognitive alterations that are not
only due to the pain that they suffer or their current emotional state. Furthermore, preventive treatment should be
capable of reversing, or at least reducing, the impact of
CM on the cognition and QoL of migraineurs. With this
in mind, the present study analyses impaired cognition in
CM and the impact of this impairment on the QoL of CM
patients before and after receiving preventive treatment
based on oral therapies or botulinum toxin.

Methods
We conducted an observational study in the headache
clinic at Hospital Universitari Arnau de Vilanova (Lleida,
Spain) to analyse factors related to the cognitive status
and QoL of patients with CM before receiving preventive
treatment with botulinum toxin or oral drugs commonly
used in the management of CM, and 3 months after
receiving any of these therapies.
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Study population

The study was approved by the ethics committee of
Hospital Universitari Arnau de Vilanova (CEIC-2073),
and informed consent was obtained from all participants. The cognitive status and QoL of 46 patients with
CM and 50 healthy controls were evaluated. There
were no significant differences in the age, sex or level
of education of the subjects included in the groups.
The CM patient group included individuals with normal brain MRI scans and CM diagnosed according to
International Classification for Headache DisordersIII criteria [33]. Preventive treatment was initiated in
these patients (treatment-naïve) or a second preventive drug was added if > 50% efficacy was not achieved
with previous therapies. Patients with CM who had
an oncological, inflammatory, or neurodegenerative
disease and patients with decompensated psychiatric
disease or who had experienced changes in the past
3 months if they were receiving psychiatric treatment
were excluded (Supplementary Table S1).
Variables analysed

The factors analysed in this study were assessed in the
interictal period so that acute pain did not interfere with
the study results. We analysed general (age, sex, education level and work activity) and clinical variables (intensity and frequency of attacks pre- and post-treatment,
age at onset of migraine, preventive treatment, acute
treatment of attacks).
Variables related to mood, QoL, and cognition were
also analysed. For mood, we used the Hospital Anxiety and Depression Scale [HADS] [34], which is one of
the scales most commonly used in trials to evaluate the
combination of anxiety and depression, and also the
Beck Depression Inventory-II [BDI-II] [35], which combines 21 items that measure the degree to which people feel sorry or guilty, lack energy, and note changes in
their ability to do tasks in their real life. For QoL we used
the 36-item Short Form Health Survey [SF36], which
includes 36 items that are often used in trials, and also the
Pittsburgh Sleep Quality Index [PSQI] [36, 37], to assess
healthy sleep. For cognition, we used the Rey-Osterrieth
Complex Figure test [ROCF] copy and reproduction
task. We were therefore able to measure executive functions and visuospatial ability. With the second part of the
test, we measured memory (ROCF memory task [ROCFm] [38, 39] and used the Taylor Complex Figure Test for
longitudinal evaluation [40] to avoid the learning effect.
We then used the Trail Making Test (TMT) A and B [41]
to measure attention and information processing speed
(IPS). These tasks consist of finding ordered numbers
on a sheet of paper and then, for the second part of the
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test, relating ordered numbers to letters of the alphabet
which are also in order. This gave us a measure of working memory with which to make our evaluation.
Table 1 Preventive treatments scheme (n = 46; 67% patients,
treatment-naïve)
Preventive treatment

n (%)

Botulinum toxin

19 (41.3)

Oral treatments

13 (28.26)

BB

3 (6.52)

TPM

10 (21.74)
14 (30.43)

Botulinum toxin + oral treatments
Botulinum toxin + BB

3 (6.52)

Botulinum toxin + TPM

4 (8.7)

Botulinum toxin + FNZ

4 (8.7)

Botulinum toxin + BB + TPM

3 (6.52)

BB beta-blockers, FNZ flunarizine, TPM topiramate
a

BB, 50 mg/day; TPM, 25 mg/12 h; or FNZ, 10 mg/day

Table 2 Comparison between the CM group (n = 46) and the
control group (n = 50) in the cognition and quality of life scales
used at baseline
CM
(n = 46)
x (SD)

Control group
(n = 50)
x (SD)

P Value

Cognitive measures
ROCF-c

30.09 (5.4)

33.1 (2.84)

0.001

ROCF-m

15.78 (7.01)

23.22 (5.9)

0.000

TMT-A

56.79 (48.25)

43.7 (38.72)

0.016

TMT-B

112.04 (49.99)

90.84 (72.03)

0.004

Emotional state
HADS—A

9.69 (4.04)

5.35 (2.83)

0.000

HADS—D

7.91 (4.71)

2.78 (2.54)

0.000

BDI-II

18.2 (13.4)

5.2 (4.88)

0.000

Quality of life
SF-36 PF

67.93 (22.42)

90.5 (19.15)

0.000

SF-36 RP

20.65 (31.76)

87.2 (28.98)

0.000

SF-36 BP

26.58 (23.16)

86.75 (91.48)

0.000

SF-36 GH

39.24 (19.63)

71.2 (16.65)

0.000

SF-36 VT

48.57 (81.38)

64.27 (19.41)

0.000

SF-36 SF

53.53 (26.44)

84.5 (20.6)

0.000

SF- 36 RE

42.78 (46.98)

87.34 (26.87)

0.000

SF-36 MH

53.11 (19.61)

75.32 (16)

0.000

PSQI-GS

10.49 (4.65)

5.28 (3.47)

0.000

ROCF-c Rey-Osterrieth Complex Figure test, copy task, ROCF-m ROCF, memory
task, TMT-A Trail Making Test A, attention test, TMT-B Trail Making Test B, divided
attention test, HADS-A Hospital Anxiety and Depression Scale, anxiety subscale,
HADS-D Hospital Anxiety and Depression Scale, depression subscale, BDI-II Beck
Depression Inventory II, SF-36 PF 36-item Short Form Health Survey, physical
functioning, SF-36 RP role-physical, SF-36 BP bodily pain, SF-36 GH general
health, SF-36 VT vitality, SF-36 SF social functioning, SF-36 RE role-emotional, SF36 MH mental health, PSQI-GS Pittsburgh Sleep Quality Index, global score
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A description of the sample and comparison with the
controls was performed to evaluate the presence of cognitive impairments in the interictal period. Baseline
(pre-treatment) and longitudinal (post-treatment) analyses were conducted to (i) analyse whether the cognitive
impairment in CM are reversible after preventive treatment, (ii) determine the impact of these impairments on
the QoL of CM patients, and (iii) study the differences
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in cognition and QoL of patients according to the drugs
used for the treatment of CM.
To this end, descriptive analyses and comparison of
the differences between the CM and control groups
(Mann–Whitney U test) were performed at baseline.
We used the Wilcoxon test to determine the changes
resulting from the treatment at the longitudinal level.

Fig. 1 Results of the ROCF copy task in the CM group and the control group. ROCF-c: Rey-Osterrieth Complex Figure test, copy task; CM: chronic
migraine

Fig. 2 Results of the QoL assessment in the CM group and the control group. Results were evaluated for the SF-36, HADS, PSQI, and BDI scales. QoL:
quality of life; CM: chronic migraine; SF-36 PF: 36-item Short Form Health Survey, physical functioning; SF-36 RP: role-physical; SF-36 BP: bodily pain;
SF-36 GH: general health; SF-36 VT: vitality; SF-36 SF: social functioning; SF-36 RE: role-emotional; SF-36 MH: mental health; BDI-II: Beck Depression
Inventory II; PSQI-GS: Pittsburgh Sleep Quality Index, global score
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Results
Sample description

The study included 46 CM patients, 40 of whom completed the study, and 50 controls of similar sex and age.
The mean age of the sample was 47.17 years in the CM
group and 47.82 years in the control group. No significant differences were found in the educational profile of
the participants or in the duration of studies of the individuals included in each group (12.41 ± 4.76 years in the
CM group and 13.72 ± 3.07 years in the control group).
The measurement with respect to the time since onset of
CM in the patients was 3.42 ± 4.34 years. Two-thirds of
patients (67%) with CM were treatment-naïve, while the
remaining 33% were already receiving oral preventive
treatment at the time of inclusion in the study.
With regard to the preventive treatments used, 28.6%
of patients used oral treatment only (beta-blockers,
50 mg/day; topiramate, 25 mg/12 h), 41.3% of cases used
botulinum toxin only, and in 30.43% of cases, botulinum
toxin was added to previous oral treatment (Table 1).
Regarding the response to preventive therapy after
3 months of treatment, a > 50% improvement was found
in terms of a reduction in both the number of days and
intensity of migraine in 79% of cases (p < 0.0001). No differences were found in the response rate in the treatment
groups; the > 50% reduction in number of migraine days
occurred in 85% of CM patients in whom oral preventive
treatment was initiated, and in 83% of cases in which botulinum toxin was used.
Comparison between patients with CM and control
subjects at baseline

Analysis of the differences between patients with CM
and individuals in the control group was statistically
significant for all the cognitive parameters analysed,
QoL, and emotional status, with worse scores in the
CM group (p < 0.0001) (Table 2, Figs. 1 and 2). No differences were observed between patients according to
the drug used (p = 0.79).
Comparison between baseline and 3 months
after treatment with preventive therapies in patients
with CM

The differences in the results of the ROCF-m and TMT
A tests after 3 months of treatment were statistically
significant (p < 0.0001; p = 0.007), as were those comparing QoL (SF-36 bodily pain, p = 0.040; and SF-36
general health, p = 0.003); and PSQI, p = 0.025) before
and after treatment (Table 3, Fig. 3). There was also a
trend toward an improvement in depression (p = 0.052),
although it did not reach statistical significance.
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Table 3 Quality of life and cognition test scores before and
three months after the start of preventive treatment in patients
with CM
Pre-treatment
(n = 46)
x (SD)

Post-treatment
(n = 40)
x (SD)

P Value

Frequency

21.58 (5.96)

9.54 (9.8)

0.000

Intensity

8.25 (1.42)

6.24 (1.98)

0.000

ROCF-c / TFT-c

30.09 (5.4)

30.98 (4.95)

0.227

ROCF-m / TFT-m

15.78 (7.01)

19.6 (7.55)

0.000

TMT-A

56.79 (48.25)

44.14 (30.31)

0.007

TMT-B

112.04 (49.99)

104.19 (56.88)

0.080

HADS—A

9.69 (4.04)

9.38 (4.79)

0.485

HADS—D

7.91 (4.71)

7.45 (4.86)

0.171

BDI-II

18.2 (13.4)

15.23 (13.52)

0.052

SF-36 PF

67.93 (22.42)

69.73 (25.74)

0.679

SF-36 RP

20.65 (31.76)

28.75 (36.93)

0.305

SF-36 BP

26.58 (23.16)

31.48 (19.07)

0.040

SF-36 GH

39.24 (19.63)

45.13 (19.82)

0.003

SF-36 VT

48.57 (81.38)

39.85 (18)

0.830

SF-36 SF

53.53 (26.44)

58.75 (26.88)

0.386

SF- 36 RE

42.78 (46.98)

60 (43.51)

0.091

SF-36 MH

53.11 (19.61)

57.33 (21.22)

0.294

PSQI-GS

10.49 (4.65)

8.97 (4.82)

0.025

Migraine

Cognitive measures

Emotional state

Quality of life

ROCF-c Rey-Osterrieth Complex Figure test, copy task, ROCF-m Rey-Osterrieth
Complex Figure test, memory task, TFT-c Taylor Figure test, copy task, TFT-m
Taylor Figure test, memory task, TMT-A Trail Making Test A, attention test,
TMT-B Trail Making Test B, divided attention test, HADS-A Hospital Anxiety and
Depression Scale, anxiety subscale, HADS-D Hospital Anxiety and Depression
Scale, depression subscale, BDI-II Beck Depression Inventory II, SF-36 PF 36-item
Short Form Health Survey, physical functioning, SF-36 RP role-physical, SF-36 BP
bodily pain, SF-36 GH general health, SF-36 VT vitality, SF-36 SF social functioning,
SF-36 RE role-emotional, SF-36 MH mental health, PSQI-GS Pittsburgh Sleep
Quality Index, global score

Comparison between patients with CM and control
subjects after 3 months of treatment with preventive
therapies in CM patients

To determine if CM patients who improved after
receiving preventive therapies could achieve the level
of cognitive performance of the controls, we examined
cognition and QoL parameters in CM patients after
3 months of preventive treatment compared with controls. We found that after 3 months of preventive treatment, CM patients only reached normal values in the
TMT A (p = 0.561), whereas the differences between
the patients and the controls in the rest of the study
variables remained statistically significant (Table 4,
Fig. 4).
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Fig. 3 Results of the ROCF memory task in the CM group at baseline and 3 months after preventive treatment. ROCF-m: Rey-Osterrieth Complex
Figure test, memory task

Table 4 Comparison between the CM group after three months
of preventive treatment (n = 40) and the control group (n = 50)
in the cognition and quality of life scales used
CM Post-treatment
(n = 40)
x (SD)

Control group
(n = 50)
x (SD)

P Value

Cognitive measures
TFT-c

30.98 (4.95)

33.1 (2.84)

0.001

TFT-m

19.6 (7.55)

23.22 (5.9)

0.022

TMT-A

44.14 (30.31)

43.7 (38.72)

0.561

TMT-B

104.19 (56.88)

90.84 (72.03)

0.157

Emotional state
HADS—A

9.38 (4.79)

5.35 (2.83)

0.000

HADS—D

7.45 (4.86)

2.78 (2.54)

0.000

BDI-II

15.23 (13.52)

5.2 (4.88)

0.000

Quality of life
SF-36 PF

69.73 (25.74)

90.5 (19.15)

0.000

SF-36 RP

28.75 (36.93)

87.2 (28.,98)

0.000

SF-36 BP

31.48 (19.07)

86.75 (91.48)

0.000

SF-36 GH

45.13 (19.82)

71.2 (16.65)

0.000

SF-36 VT

39.85 (18)

64.27 (19.41)

0.000

SF-36 SF

58.75 (26.88)

84.5 (20.6)

0.000

SF- 36 RE

60 (43.51)

87.34 (26.87)

0.002

SF-36 MH

57.33 (21.22)

75.32 (16)

0.000

PSQI-GS

8.97 (4.82)

5.28 (3.47)

0.000

TFT-c Taylor Figure test, copy task, TFT-m Taylor Figure test, memory task, TMT-A
Trail Making Test A, attention test, TMT-B Trail Making Test B, divided attention
test, HADS-A Hospital Anxiety and Depression Scale, anxiety subscale, HADS-D
Hospital Anxiety and Depression Scale, depression subscale, BDI-II Beck
Depression Inventory II, SF-36 PF 36-item Short Form Health Survey, physical
functioning; SF-36 RP: role-physical; SF-36 BP: bodily pain; SF-36 GH general
health; SF-36 VT vitality, SF-36 RP social functioning, SF-36 RE role-emotional, SF36 MH mental health, PSQI-GS Pittsburgh Sleep Quality Index, global score

Furthermore, a group of 15 patients with cognitive
impairment showed no significant improvement despite
effective preventive treatment. We found that this lack of
cognitive improvement was due not to a higher frequency
or intensity of migraine, but to the greater presence of
anxiety (p = 0.03) and depression (p = 0.02), which was
associated with a lower level of education (p = 0.019).
Differences in cognitive performance between patients
with CM and controls without mood alterations at baseline

We examined the impact of mood alterations on cognitive performance in CM patients. To this end, the sample of CM patients and controls was divided into those
with normal mood, defined as scores < 9 on HADS
and < 10 on BDI (n = 14), and cases with altered mood
with higher scores (n = 32). The comparison between CM
patients and controls without mood alterations revealed
statistically significant differences in the ROCF-m test
(p = 0.001), SF-36 score (p = 0.001), and in the variables
analysed for depression (p = 0.004) and sleep (p < 0.05)
(Table 5, Fig. 5).
Differences in cognitive performance based on patient
mood before and after 3 months of preventive treatment

When comparing the pre- and post-preventive treatment results in the evaluation of cognition and QoL in
the subgroup of patients with CM and normal mood, an
improvement was observed in all the parameters analysed, although these differences were not statistically significant. In this case, we found that patients who showed
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Fig. 4 Results of the Taylor memory task in the CM group and the control group after 3 months of treatment with preventive therapies.
Figure-Taylor-M-Long: Taylor Figure test, memory task (longitudinal); CM, chronic migraine

Table 5 Comparison between patients with normal mood in
the CM group (n = 14) and the control group (n = 50) at baseline
CM NMA
(n = 14)
x (SD)

Control group
(n = 50)
x (SD)

P Value

improvement achieved the scores of the controls in the
Taylor Figure Test for longitudinal evaluation (Table 6,
Fig. 6).
Comparison between patients with CM according to time
since onset of migraine

Cognitive measures
ROCF-c

3261 (3.1)

33.1 (2.96)

0.504

ROCF-m

18.46 (4.01)

23.49 (5.45)

0.001

TMT-A

45.89 (20.89)

42.61 (39.62)

0.104

TMT-B

92.97 (44.85)

82.37 (58.95)

0.111

HADS—A

5.64 (2.53)

4.77 (2.42)

0.165

HADS—D

3.5 (1.7)

2.02 (1.77)

0.004

BDI-II

5.64 (1.6)

3.71 (3.3)

0.040

SF-36 PF

80 (14.14)

90.85 (19.39)

0.000

SF-36 RP

35.71 (38.87)

86.22 (31.5)

0.000

SF-36 BP

35.36 (18.93)

92.62 (99.79)

0.000

SF-36 GH

55.36 (12.16)

73.05 (17.32)

0.001

SF-36 VT

48.04 (17.02)

67.34 (17.57)

0.001

SF-36 SF

74.11 (24.25)

89.02 (16.34)

0.023

SF- 36 RE

59.55 (47.47)

91.07 (22.4)

0.006

SF-36 MH

66 (19.3)

78.46 (12.41)

0.022

PSQI-GS

7.08 (3.68)

4.98 (3.31)

0.026

Emotional state

Quality of life

NMA No mood alterations ROCF-c Rey-Osterrieth Complex Figure test, copy task,
ROCF-m ROCF, memory task, TMT-A Trail Making Test A, attention test, TMT-B Trail
Making Test B, divided attention test, HADS-A Hospital Anxiety and Depression
Scale, anxiety subscale, HADS-D Hospital Anxiety and Depression Scale,
depression subscale, BDI-II Beck Depression Inventory II, SF-36 PF 36-item Short
Form Health Survey, physical functioning, SF-36 RP role-physical, SF-36 BP bodily
pain, SF-36 GH general health, SF-36 VT vitality, SF-36 SF social functioning, SF-36
RE role-emotional, SF-36 MH mental health, PSQI-GS Pittsburgh Sleep Quality
Index, global score

Patients with CM were divided into 2 groups according to the time since onset of migraine (0–2 years,
n = 23; > 2 years, n = 17). Although no statistically significant differences were observed in any of the variables
analysed, patients with > 2 years since onset obtained better scores than those with migraine 0–2 years since onset
(Table 7).

Discussion
Summary of results

The present study compared patients with CM to age/
sex matched controls and found that patients with CM
had worse cognitive and QoL profiles that improved
after 3 months of preventive treatment until reaching
the same scores as the controls in the cases without
mood alterations.
The patients with CM included in this study scored
worse than subjects in the control group on all parameters analysed for physical health (SF-36), quality of sleep
(PSQI), and anxiety and depression (BDI-II). These
results are consistent with those of previous studies
which concluded that patients with CM have a severe
functional disability that is related to their psychiatric
symptoms and pain [8, 17]. Moreover, some previous
studies have described how depression and anxiety are

González‑Mingot et al. The Journal of Headache and Pain

(2022) 23:121

Page 8 of 12

Fig. 5 Results of the ROCF memory task in the CM group and the control group without mood changes at baseline. ROCF-m: Rey-Osterrieth
Complex Figure test, memory task

not only comorbidities of CM, they also confer greater
disability in CM patients [12, 13]. This correlates with
the findings of this study that showed persistent cognitive impairment despite preventive treatment in
patients with a higher rate of anxiety and depression
and, in addition, in patients with a lower level of education. However, when we subdivided the study sample
based on anxiety and depression parameters, we found
that differences in cognition between CM patients and
control subjects persisted in those with a normal emotional status. This suggests that the alterations in cognition are mainly caused by the pathophysiology of CM
itself and, to a lesser extent, by its comorbidities.
This study found an association between CM and
poor cognitive performance at the level of attention,
visual memory, and executive functions, which is consistent with some previous studies in CM. Similar findings have been reported regarding poor performance
in the attention and working memory of patients with
CM during the interictal period, regardless of the use
of topiramate or the presence of comorbidities [16];
similarly, impairments have been reported in problemsolving and decision-making [28] and in somatosensory
temporal discrimination in these patients [42].
This analysis shows that 79% of the CM patients in
the sample experienced an improvement in cognitive
and QoL parameters, such as bodily pain, sleep quality and general health, after 3 months of treatment
with preventive therapies. Although some studies have
shown that this improvement may be independent

of preventive treatment as it is also observed in nonresponders [43], others conducted in CM patients with
comorbidities treated with onabotulinumtoxin A also
described improvements in the parameters of anxiety,
depression, fatigue and sleep after the use of preventive therapies [44]. Specifically, Ho et al.reported an
improvement in cognitive status, depression, and anxiety in a sample of 60 CM patients treated with botulinum toxin, although no relationship was found between
the degree of improvement at 6–12 weeks after treatment and improvement in the memory, anxiety, and
depression tests analyzed [43].
This study also showed a clear improvement in all
the items analysed in relation to cognition, suggesting
that preventive treatment improves deficits in attention, visual memory, and executive functions, although
this improvement only reached normal scores in terms
of attention in the overall group of patients with CM.
Subgroup analyses however showed that preventive
treatment did achieve normal ranges in patients with
normal mood, suggesting that, although emotional
changes alone do not explain the cognitive dysfunction
in CM, they may interfere with the reversibility of these
alterations during preventive treatment. In this specific
case, attention is the parameter that correlates most
with improvement in pain and is least influenced by
the other comorbidities. This is consistent with a recent
study that observed that patients with migraine, and
especially those with allodynia, experience a decline
in attentional inhibition during the interictal phase of
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Table 6 Results of the quality of life and cognition tests in the
subgroup of patients with CM and normal mood at baseline
(n = 14) and after three months of preventive treatment (n = 12)
CM
Pre-treatment
(n = 14)

P Value

x (SD)

CM
Post-treatment
(n = 12)

x (SD)

Frequency

22.57 (5.49)

12.75 (10.75)

0.018

Intensity

7.43 (1.24)

5.95 (1.88)

0.053

ROCF-c / TFT-c

32.61 (3.1)

33.25 (2.09)

0.888

ROCF-m / TFT-m

18.46 (4.01)

21.38 (7.78)

0.075

TMT-A

45.89 (20.89)

49.33 (46.04)

0.068

TMT-B

92.97 (44.85)

104.25 (99.18)

0.530

HADS—A

5.64 (2.53)

5.75 (3.28)

0.730

HADS—D

3.5 (1.7)

3.42 (2.78)

0.187

BDI-II

5.64 (1.6)

5.42 (4.93)

0.422

SF-36 PF

80 (14.14)

87.5 (12.52)

0.190

SF-36 RP

35.71 (38.87)

54.17 (41.06)

0.194

SF-36 BP

35.36 (18.93)

44.92 (15.2)

0.195

SF-36 GH

55.36 (12.16)

58.33 (14.97)

0.279

SF-36 VT

48.04 (17.02)

53.54 (17.44)

0.196

SF-36 SF

74.11 (24.25)

83.33 (17.94)

0.427

SF- 36 RE

59.55 (47.47)

77.75 (35.81)

0.465

SF-36 MH

66 (19.3)

75.58 (12.28)

0.060

PSQI-GS

7.08 (3.68)

6.5 (3.97)

0.403

Migraine

Cognitive measures

Emotional state

Quality of life

ROCF-c Rey-Osterrieth Complex Figure test, copy task, ROCF-m Rey-Osterrieth
Complex Figure test, memory task, TFT-c Taylor Figure test, copy task, TFT-m Taylor
Figure test, memory task, TMT-A Trail Making Test A, attention test, TMT-B Trail
Making Test B, divided attention test, HADS-A Hospital Anxiety and Depression
Scale, anxiety subscale, HADS-D Hospital Anxiety and Depression Scale, depression
subscale, BDI-II Beck Depression Inventory II, SF-36 PF 36-item Short Form Health
Survey, physical functioning, SF-36 RP role-physical, SF-36 BP bodily pain, SF-36 GH
general health, SF-36 VT vitality, SF-36 SF social functioning, SF-36 RE role-emotional,
SF-36 MH mental health, PSQI-GS Pittsburgh Sleep Quality Index, global score

migraine which is independent of confounding factors
such as mood disorders [45].
The oral and injectable drugs used in this study have
been associated with adverse effects that may be relevant when interpreting our results. One example
is the negative impact of topiramate on the concentration ability of patients [46], an adverse effect that
occurs in 2% of cases and takes place during the titration period, and in a lesser manner during the maintenance period [47]. In this study, no differences were
observed with respect to the preventive treatment used
in relation to the reversibility of cognitive impairments
or QoL, which could be due to the fact that all patients
who completed the study had good tolerance to the
therapies used.
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The effect of time since onset of CM on cognitive performance was also analysed. We observed that patients
with longer time since onset of CM obtained better
scores in all the studied items than those with shorter
time, although these differences did not reach statistical
significance. These results coincide with previous studies
in which older patients with CM showed superior cognitive performance compared to control subjects [48, 49],
as well as with longitudinal studies that showed no cognitive decline over time in migraineurs [22, 23]. These findings, including those reported here, support the theory of
neuronal plasticity, whereby changes in the organization
of the brain’s cognitive network could constitute an adaptive factor in migraine and interfere with cortical changes
that allow multimodal sensory integration, reflecting
adaptation to headache recurrence [50–52].
This study has some limitations, mainly the small size
of the patient sample analysed and the need to use short
tests for rapid assessment in the clinic, to avoid adding a component of patient mental fatigue. In addition,
there is a limitation of the learning factor in the longitudinal assessment at 3 months of treatment, which we
attempted to minimize by using Taylor Complex Figure
Test for longitudinal evaluation at this point. Nevertheless, even considering these limitations, the brevity of
the tests makes them more applicable and generalizable
to clinical practice, and in turn indicates that the changes
identified are more obvious, as they are detected with
screening tests without requiring an extensive neuropsychological battery. Another limitation may have been
the short duration of our follow-up, which may not have
been long enough to detect any other appreciable differences. It would be beneficial to increase the sample size
and also the duration of the follow-up period (from 6 to
12 months) in future studies.

Conclusions
This study confirms the cognitive impairment at the
attention-perception level, divided attention, and in
visual memory in patients with CM, impairments that
are not explained only by the pain associated with the
pathology, since they are observed in the interictal
period. These impairments may show improvement in
the post-treatment period following the use of preventive therapies, including better visual memory, attention, executive functions and, to a lesser extent, visual
perception in patients with CM. This improvement
reached the control cognition levels in patients without
emotional alterations and correlates with a reduction in
the impact on the QoL of migraineurs. Based on these
results, modifying the initiation of a preventive treatment could reduce the interictal cognitive impairment
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Fig. 6 Results of the assessment of the Taylor memory task in the subgroups of patients with CM and normal mood 3 months after preventive
treatment and of control subjects with normal mood. Figure-Taylor-M-Long: Taylor Figure test, memory task (longitudinal); CM, chronic migraine

Table 7 Comparison of the parameters analysed in relation to cognition and quality of life in patients with CM with 0–2 years since
onset of migraine (n = 23) or patients with CM with > 2 years since onset (n = 17)
CM 0–2 years
(n = 23)
x (SD)

CM > 2 years
(n = 17)
x (SD)

P Value

Frequency

21.73 (6.07)

21.37 (5.96)

0.844

Intensity

8.13 (1.57)

8.4 (1.23)

0.667

ROCF-c

29.33 (5.48)

31.08 (5.26)

0.217

ROCF-m

14.94 (7.81)

16.88 (5.82)

0.202

TMT-A

63.58 (57.34)

47.97 (32.28)

0.187

TMT-B

120.88 (48.69)

100.55 (50.53)

0.067

HADS—A

10.27 (4.41)

8.89 (3.45)

0.337

HADS—D

8.12 (5.31)

7.63 (3.86)

0.945

BDI-II

18.5 (14.91)

17.79 (11.39)

0.730

SF-36 PF

62.5 (23.16)

75 (19.8)

0.081

SF-36 RP

19.23 (30.26)

22.5 (34.32)

0.834

SF-36 BP

29.71 (28.53)

22.5 (12.95)

0.644

SF-36 GH

38.08 (19.85)

40.75 (19.75)

0.633

SF-36 VT

56.4 (107.58)

38.38 (16.21)

0.587

SF-36 SF

53.37 (27.51)

53.75 (25.68)

0.955

SF- 36 RE

39.76 (46.22)

46.7 (48.86)

0.624

SF-36 MH

51.54 (18.71)

55.15 (21.03)

0.357

PSQI-GS

10.72 (5.26)

10.13 (3.63)

0.904

Migraine

Cognitive measures

Emotional state

Quality of life

ROCF-c Rey-Osterrieth Complex Figure test, copy task, ROCF-m ROCF, memory task, TMT-A Trail Making Test A, attention test, TMT-B Trail Making Test B, divided
attention test, HADS-A Hospital Anxiety and Depression Scale, anxiety subscale, HADS-D Hospital Anxiety and Depression Scale, depression subscale, BDI-II Beck
Depression Inventory II, SF-36 PF 36-item Short Form Health Survey, physical functioning, SF-36 RP role-physical, SF-36 BP bodily pain, SF-36 GH general health, SF-36 VT
vitality, SF-36 SF social functioning, SF-36 RE role-emotional, SF-36 MH mental health, PSQI-GS Pittsburgh Sleep Quality Index, global score
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related to CM. However, depression and anxiety could
limit the reversibility of cognitive deficit. The implications of this observations are that a more routine
assessment of cognitive deficits and emotional status
could give a more accurate measure of cognitive performance in patients with CM and perhaps provide useful clues for finding a comprehensive treatment. Our
findings confirm the need to implement effective preventive treatment early in cases of CM and to focus on
their mood state.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s10194-022-01486-w.
Additional file 1: Supplementary Table S1. Inclusion and exclusion
criteria.
Acknowledgements
Medical writing support was provided under the guidance of the authors by
Javier Arranz-Nicolás, PhD, and Antonio Torres, PhD, from Medical Statistics
Consulting (MSC), Valencia, Spain, in accordance with Good Publication Prac‑
tice (GPP3) guidelines (Battisti, WP et al. Ann Intern Med. 2015).
Conflicts of interest
The authors declare that they have no conflicts of interest.
Authors’ contributions
The authors confirm that all authors listed: made a substantial contribution
to the concept or design of the work; or acquisition, analysis or inter‑
pretation of data; drafted the article or revised it critically for important
intellectual content; approved the version to be published; each author
has participated sufficiently in the work to take public responsibility for
appropriate portions of the content. The author(s) read and approved the
final manuscript.
Funding
The authors disclose receipt financial support for the research, authorship
and/or publication of this article.
Availability of data and materials
The data generated during this study are available from the corresponding
author upon reasonable request.

Declarations
Ethics approval and consent to participate
This study was conducted according to the ethical principles of the World
Medical Associations Declaration of Helsinki. Ethics approval was obtained
from the hospital’s ethics committee approval ID: (CEIC-2073) and written
informed consent was obtained from all participants.
Consent for publication
The author gives the publisher license of the copyright. All authors guarantee
that the research findings have not been previously published.
Competing interests
The authors declare no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.
Author details
1
Hospital Universitari Arnau de Vilanova, Lleida, Spain. 2 Biomedical Research
Institute of Lleida, Lleida, Spain.

Page 11 of 12

Received: 5 July 2022 Accepted: 9 August 2022

References
1. Carod-Artal FJ, Irimia P (2012) Ezpeleta D [Chronic migraine: definition,
epidemiology, risk factors and treatment]. Rev Neurol 54:629–637
2. Stovner LJ, Hagen K, Linde M, Steiner TJ (2022) The global prevalence of
headache: an update, with analysis of the influences of methodological
factors on prevalence estimates. J Headache Pain 23(1):34
3. Steiner TJ, Stovner LJ, Jensen R, Uluduz D, Katsarava Z, Lifting The Burden:
the Global Campaign against H (2020) Migraine remains second among
the world’s causes of disability, and first among young women: findings
from GBD2019. J Headache Pain 21:137
4. Schwedt TJ (2014) Chronic migraine. BMJ 348:g1416
5. Aurora SK, Brin MF (2017) Chronic migraine: an update on physiology,
imaging, and the mechanism of action of two available pharmacologic
therapies. Headache 57:109–125
6. Khan S, Olesen A, Ashina M (2019) CGRP, a target for preventive therapy
in migraine and cluster headache: Systematic review of clinical data.
Cephalalgia 39:374–389
7. Lipton RB, Varon SF, Grosberg B et al (2011) OnabotulinumtoxinA
improves quality of life and reduces impact of chronic migraine. Neurol‑
ogy 77:1465–1472
8. Seng EK, Buse DC, Klepper JE et al (2017) Psychological factors associated
with chronic migraine and severe migraine-related disability: an observa‑
tional study in a tertiary headache center. Headache 57:593–604
9. Karsan N, Goadsby PJ (2021) Migraine is more than just headache: is the
link to chronic fatigue and mood disorders simply due to shared biologi‑
cal systems? Front Hum Neurosci 3(15):646692
10. Pompili M, Serafini G, Di Cosimo D, Dominici G, Innamorati M, Lester D,
Forte A, Girardi N, De Filippis S, Tatarelli R, Martelletti P (2010) Psychiatric
comorbidity and suicide risk in patients with chronic migraine. Neuropsy‑
chiatr Dis Treat 7(6):81–91
11. Ziplow J (2021) The psychiatric comorbidities of migraine in children
and adolescents. Curr Pain Headache Rep 25(11):69
12. Buse DC, Manack A, Serrano D, Turkel C, Lipton RB (2010) Sociodemo‑
graphic and comorbidity profiles of chronic migraine and episodic
migraine sufferers. J Neurol Neurosurg Psychiatry 81:428–432
13. Lanteri-Minet M, Radat F, Chautard MH, Lucas C (2005) Anxiety and
depression associated with migraine: influence on migraine subjects’
disability and quality of life, and acute migraine management. Pain
118:319–326
14. Gil-Gouveia R, Oliveira AG, Martins IP (2016) The impact of cogni‑
tive symptoms on migraine attack-related disability. Cephalalgia
36:422–430
15. Santangelo G, Russo A, Trojano L et al (2016) Cognitive dysfunctions and
psychological symptoms in migraine without aura: a cross-sectional
study. J Headache Pain 17:76
16. Ferreira KS, Teixeira CT, Cafaro C et al (2018) Chronic migraine patients
show cognitive impairment in an extended neuropsychological assess‑
ment. Arq Neuropsiquiatr 76:582–587
17. Lee SH, Kang Y, Cho SJ (2017) Subjective cognitive decline in patients
with migraine and its relationship with depression, anxiety, and sleep
quality. J Headache Pain 18:77
18. Pellegrino Baena C, Goulart AC, Santos IS, Suemoto CK, Lotufo PA, Bense‑
nor IJ (2018) Migraine and cognitive function: baseline findings from
the Brazilian longitudinal study of adult health: ELSA-Brasil. Cephalalgia
38:1525–1534
19. George KM, Folsom AR, Sharrett AR et al (2020) Migraine headache and
risk of dementia in the atherosclerosis risk in communities neurocogni‑
tive study. Headache 60:946–953
20. Jiang W, Liang GH, Li JA, Yu P, Dong M (2022) Migraine and the risk of
dementia: a meta-analysis and systematic review. Aging Clin Exp Res.
34(6):1237–1246
21. Wang L, Wu JC, Wang FY, Chen X, Wang Y (2022) Meta-analysis of
association between migraine and risk of dementia. Acta Neurol Scand
145:87–93

González‑Mingot et al. The Journal of Headache and Pain

(2022) 23:121

22. Gaist D, Pedersen L, Madsen C et al (2005) Long-term effects of migraine
on cognitive function: a population-based study of Danish twins. Neurol‑
ogy 64:600–607
23. Rist PM, Dufouil C, Glymour MM, Tzourio C, Kurth T (2011) Migraine
and cognitive decline in the population-based EVA study. Cephalalgia
31:1291–1300
24. Latysheva N, Filatova E, Osipova D, Danilov AB (2020) Cognitive impair‑
ment in chronic migraine: a cross-sectional study in a clinic-based
sample. Arq Neuropsiquiatr 78:133–138
25. Michels L, Koirala N, Groppa S, Luechinger R, Gantenbein AR, Sandor PS,
Kollias S, Riederer F, Muthuraman M (2021) Structural brain network char‑
acteristics in patients with episodic and chronic migraine. J Headache
Pain 22(1):8
26. Gil-Gouveia R, Martins IP (2019) Cognition and Cognitive Impairment in
Migraine. Curr Pain Headache Rep 23:84
27. Gomez-Beldarrain M, Oroz I, Zapirain BG et al (2015) Right fronto-insular
white matter tracts link cognitive reserve and pain in migraine patients. J
Headache Pain 17:4
28. Mongini F, Keller R, Deregibus A, Barbalonga E, Mongini T (2005) Frontal
lobe dysfunction in patients with chronic migraine: a clinical-neuropsy‑
chological study. Psychiatry Res 133:101–106
29. Schwedt TJ, Schlaggar BL, Mar S et al (2013) Atypical resting-state
functional connectivity of affective pain regions in chronic migraine.
Headache 53:737–751
30. Zhang M, Liu Y, Hu G et al (2020) Cognitive impairment in a classical rat
model of chronic migraine may be due to alterations in hippocampal
synaptic plasticity and N-methyl-D-aspartate receptor subunits. Mol Pain
16:1744806920959582
31. Schwedt TJ, Chong CD, Wu T, Gaw N, Fu Y, Li J (2015) Accurate Clas‑
sification of Chronic Migraine via Brain Magnetic Resonance Imaging.
Headache 55:762–777
32. Vuralli D, Ayata C, Bolay H (2018) Cognitive dysfunction and migraine. J
Headache Pain 19:109
33. 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/10.1177/0333102417
738202
34. Zigmond AS, Snaith RP (1983) The hospital anxiety and depression scale.
Acta Psychiatr Scand 67:361–370
35. Beck AT, Steer RA, Brown GK (1996) Manual for the Beck Depression
Inventory-II. Psychological Corporation, San Antonio, TX
36. (AIPS) AIdPdS (1997) Vigilia Sueño
37. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ (1989) The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice
and research. Psychiatry Res 28:193–213
38. Osterrieth PA (1944) Le test de copie d’une figure complexe; contribution
a l’etude de la perception et de la memoire. Archives de psychologie.
30:206–356
39. Rey A (1941) L’examen psychologique dans les cas d’encéphalopathie
traumatique. (Les problems.). Archives de Psychologie 28:215–285
40. del Pino R, Peña J, Ibarretxe-Bilbao N, Schretlen DJ, Ojeda N (2015) Taylor
Complex Figure test: administration and correction according to a
normalization and standardization process in Spanish population. Rev
Neurol 61:395–404
41. Bowie CR, Harvey PD (2006) Administration and interpretation of the Trail
Making Test. Nat Protoc 1:2277–2281
42. Vuralli D, Evren Boran H, Cengiz B, Coskun O, Bolay H (2016) Chronic
Migraine Is Associated With Sustained Elevation of Somatosensory Tem‑
poral Discrimination Thresholds. Headache 56:1439–1447
43. Ho S, Darby D, Bear N (2020) Cognitive effects of onabotulinumtoxinA in
chronic migraine. BMJ Neurol Open 2:e000014
44. Boudreau GP, Grosberg BM, McAllister PJ, Lipton RB, Buse DC (2015)
Prophylactic onabotulinumtoxin a in patients with chronic migraine and
comorbid depression: an open-label, multicenter, pilot study of efficacy,
safety and effect on headache-related disability, depression, and anxiety.
Int J Gen Med 8:79–86
45. Su M, Wang R, Dong Z, Zhao D, Yu S (2021) Decline in attentional inhibi‑
tion among migraine patients: an event-related potential study using the
Stroop task. J Headache Pain 22(1):34
46. Hu C, Zhang Y, Tan G (2021) Advances in topiramate as prophylactic treat‑
ment for migraine. Brain Behav 11:e2290

Page 12 of 12

47. Adelman J, Freitag FG, Lainez M et al (2008) Analysis of safety and toler‑
ability data obtained from over 1,500 patients receiving topiramate for
migraine prevention in controlled trials. Pain Med 9:175–185
48. Rist PM, Kang JH, Buring JE, Glymour MM, Grodstein F, Kurth T (2012)
Migraine and cognitive decline among women: prospective cohort
study. BMJ 345:e5027
49. Wen K, Nguyen NT, Hofman A, Ikram MA, Franco OH (2016) Migraine is
associated with better cognition in the middle-aged and elderly: the
Rotterdam Study. Eur J Neurol 23:1510–1516
50. Coppola G (2015) Neural plasticity and migraine. J Headache Pain 16:A26
51. Lovati C, Giani L, Mele F et al (2016) Brain plasticity and migraine transfor‑
mation: fMRI evidences. Expert Rev Neurother 16:1413–1425
52. Tolner EA, Chen SP, Eikermann-Haerter K (2019) Current understanding of
cortical structure and function in migraine. Cephalalgia 39:1683–1699

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

