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ABSTRACT
The objective of the present study was to assess the presence of cognitive deficits in patients with chronic migraine, and to assess the main factors 
that trigger cognitive disorders, such as comorbidities or the use of medications. Methods: Chronic migraine and control groups were interviewed 
in a case-control study. The frequency and intensity of the headache, medication used and associated comorbidities were determined. All patients 
were submitted to an extended neuropsychological assessment. Results: The chronic migraine group (n = 30) had a worse performance in the 
Montreal Cognitive Assessment Test (p = 0.00), Verbal Fluency (p = 0.00), Stroop (p = 0.00), Clock Drawing Test (p = 0.00), Digit Span (p = 0.00) 
and Matrix Reasoning (p = 0.01). After statistical adjustment by linear regression, migraine continued to be the only relevant factor in the poorer 
performance in the Montreal Cognitive Assessment, Verbal Fluency, Clock Drawing and Stroop tests. Conclusion: Patients with chronic migraine 
have cognitive deficits in multiple tasks, regardless of the presence of comorbidities or the use of medications. 

Keywords: headache; migraine disorders; cognitive dysfunction.

RESUMO
O objetivo do presente estudo foi avaliar a presença de déficits cognitivos em pacientes com migrânea crônica e avaliar os principais fatores 
que desencadeiam transtornos cognitivos, como comorbidades e uso de medicações. Métodos: Pacientes com migrânea crônica (n = 30) e 
controles foram entrevistados, em um estudo caso-controle. A frequência e intensidade da cefaleia, medicações utilizadas e comorbidades 
associadas foram determinadas. Todos os pacientes foram submetidos a uma avaliação neuropsicológica estendida. Resultados: Os 
pacientes com migrânea crônica apresentaram uma pior performance no Montreal Cognitive Assessment (p = 0.00), Fluência Verbal (p 
= 0.00), Teste de Stroop (p = 0.00), Teste do Relógio (p = 0.00), Subteste Dígitos (p = 0.00) e Raciocínio matricial da WAIS-III (p = 0.01). 
Após ajuste estatístico através de Regressão Linear, a migrânea se manteve como único fator relevante para pior desempenho em MoCA, 
Fluência verbal, Teste do relógio e Teste de Stroop. Conclusão: Pacientes com migrânea crônica apresentam déficits cognitivos incluindo 
múltiplas tarefas, independentes da presença de comorbidades e uso de medicações.

Palavras-chave: cefaleia; transtornos de enxaqueca; disfunção cognitiva. 

In general, chronic migraine (CM) is a frequent symptom 
in the population1,2,3. In Brazil, epidemiological studies of CM 
have shown a prevalence of 5.12%4. CM is a type of headache 
that fulfills the criteria of migraine with or without aura of the 
International Headache Society, and persists for more than 
15 days per month over at least three consecutive months3.  

The chronification of pain involves not only a specific period 
of time, but also changes in pain modulation at the brain 
and brainstem level that develops in patients affected by the 
disease. Functional imaging research has reported that CM 

may be associated with metabolic, functional, and struc-
tural abnormalities in the brainstem5. Besides this, patients 
experiencing migraine chronification may report increased 
non-headache pain, fatigue, psychiatric disorders and other 
somatic conditions associated with their long-term experi-
ence with migraine pain6.

Several studies have looked at the association between 
migraine and cognitive function but results from these stud-
ies are mixed. Some cross-sectional studies found no differ-
ences between migraine patients and controls7,8,9,10,11, while 
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others found evidence of worse cognitive performance 
among migraine patients12,13,14,15. A variety of tests were used 
to assess cognitive function and many of these studies were 
small, which may limit their ability to detect differences 
between those with and without migraine. None of them 
evaluated CM. 

A multicenter prospective cohort study, which aimed to 
investigate factors associated with the development and pro-
gression of cardiovascular disease, evaluated participants for 
migraine with and without aura and for cognitive function. 
Three cognitive tests were used in this study: the Consortium 
to Establish a Registry for Alzheimer’s Disease word list 
memory test, the Semantic Fluency Test and the Trail Making 
Test. Migraine without aura was associated with poorer cog-
nitive performance, but CM was not evaluated specifically15. 

One study analyzed the performance of patients with 
CM in cognitive tests comparing them with healthy con-
trols. However, the cited study did not analyze in depth the 
influence of factors such as psychiatric disorders, sleep disor-
ders or the use of medications12. Important confounding fac-
tors are detected when patients with migraine and cognitive 
complaints are evaluated. First of all, depressive disorders or 
anxiety disorders were involved in many of these patients, 
comorbidities related to attention deficits and to impaired 
performance in cognitive tests. Second, some medications 
frequently taken by patients with migraine, such as topira-
mate, have been proven to cause cognitive deficits16,17.

Rist and Kurth18 and Rist et al.19 presented results for the 
association between migraine and cognitive decline over 
time, in elderly men and women. Participants reported a life-
time history of migraine in the past, and they were assessed 
for cognitive function (mean age of 69 years). The authors 
found no evidence that migraine was associated with faster 
cognitive decline over time.

Thus, considering the importance of this subject, and the 
differences among previous studies, the objective of the pres-
ent study was to evaluate the presence of cognitive deficits 
in patients with CM, compared to control patients without 
migraine. An additional objective was to assess the main fac-
tors that trigger cognitive disorders in the population with 
CM, such as depressive disorder, anxiety disorder, use of 
medications acting on the central nervous system as topira-
mate, non-repairing sleep, alcohol abuse, a history of head 
trauma, and other comorbidities. Based on the results, it 
would be possible to outline strategies for a better approach 
to cognitive disorders in patients with CM. 

METHODS

A descriptive cross-sectional study was conducted by 
interviewing patients treated at a Neurology Clinic from 
a School of Medicine in Brazil. Patients of both sexes, aged 
18 to 60 years with CM with or without aura according to 

the criteria of the International Headache Society, who gave 
written informed consent to participate, were included in 
the study. Exclusion criteria were the presence of diagnosed 
dementia, organic brain dysfunction (including neurological 
diseases that influence cognitive function and head trauma) 
or illiteracy and age older than 60 years.

Each patient was interviewed personally for the evalu-
ation of demographic and clinical data and for the applica-
tion of neuropsychological tests for cognitive evaluation. 
Individuals matched for sex, age and schooling, with no diag-
nosis of migraine were used as controls.

Clinical data
Data regarding age, sex, diagnosis of headache, frequency 

and intensity of headache attacks, doses of daily medications 
and use of analgesics were obtained during the interview. The 
patients were also assessed for comorbidities such as depres-
sive and anxiety disorders (Diagnostic and Statistical Manual 
of Mental Disorders – DSM-5)20, sleep aspects (“Do you have 
any kind of sleep problems such as insomnia, unrefreshed 
sleep or sleep apnea?”), alcohol abuse (“How many glasses of 
alcohol do you drink weekly?), history of head trauma (“Have 
you ever had any kind of head trauma?”), and other comor-
bidities that were previously diagnosed by other clinicians 
such as thyroid dysfunction, diabetes and hypertension. They 
were also questioned about the impact of these conditions 
on their life. 

Patients and controls were then submitted to neuro-
psychological evaluation, including the Montreal Cognitive 
Assessment (MoCA) test validated for the Portuguese lan-
guage21; Verbal Fluency Test; Stroop Test ( for attention 
and working memory)22; Color Trails Test23; Wechsler Adult 
Intelligence Scale (WAIS-III) Digit Span (digits forward), 
Vocabulary and Matrix Reasoning24; Rey Auditory Verbal 
Learning Test (RAVLT)25; the Beck Depression Inventory26; 
and the Beck Anxiety Inventory27. 

Statistical analysis
Data were analyzed using the SPSS software, version 

18.028. The Chi-square test or Fisher’s exact test was applied 

for the analysis of the categorical variables according to the 
expected frequency in the cells. The Kolmogorov-Smirnov 
test was applied for the analysis of numerical variables in 
order to define the type of variable distribution. Data with 
normal distribution were analyzed by parametric tests such 
as the Student’s t test or analysis of variance (ANOVA) and 
data with non-normal distribution were analyzed by the 
Mann-Whitney test.  Binary logistic regression and linear 
regression were used to correlate two or more variables. 

Ethical aspects
The study was approved by the Ethics Committee 

of the University Center Barão de Mauá, Brazil, CAAE 
38707014.3.0000.5378. 
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RESULTS 

A total of 73 individuals were preselected and 13 of them 
were excluded. Of these, three were selection failures (one 
was older than 60 years, one was younger than 18 years, one 
no longer had CM), one did not complete the tests and nine 
withdrew their consent to participate in the study. Finally, 60 
subjects were included in the study, 30 of them with CM and 
30 as healthy controls. 

Of the patients assigned to the CM group, 29 (96.7%) were 
female, and the same distribution occurred in the control 
group (CG), with 29 females (96.7%). The mean age was 33.7 
years for both the CM (SD 11.2) and the CG (SD 9.7) groups. 
Regarding schooling, 10 patients in the CM group (33.3%) 
had completed high school and 20 (66.7%) had higher educa-
tion. Similarly, in the CG, 10 had completed high school and 
20 (66.7%) had higher education.  Fifteen CM patients (50%) 
and 11 CG subjects (36.7%) were married (Table 1). 

Among the CM patients, pain was pulsatile in 19 (63.3%). 
Associated characteristics were nausea in 26 (86.6%) patients, 
photophobia in 27 (90%) and phonophobia in 24 (80%). The 
mean (±SD) total time of pain was 14.7 ± 11.3 years. The mean 
current frequency of pain was 12.0 ± 9.2 days/month. The mean 
pain intensity, according to the numerical pain scale, was 8.5 ± 
1.9. Pain disrupted the daily activity of all 30 (100%) patients 
and caused absenteeism from work in 22 (73.3%) (Table 2).

Fifteen CM patients (50%) took topiramate, four (13.2%) took 
tricyclic antidepressants, four (13.2%) took pregabalin, one (33%) 
took valproic acid, two (6.6%) took beta-blockers, and two (6.6%) 
took muscle relaxants. The analgesics most frequently used were 
nonhormonal anti-inflammatory drugs (n = 6 [19.8%]), triptans 
(n = 9 [27.7%]), and chlorpromazine (n = 4 [13.2%]). The fre-
quency of analgesic use was 8.2 days/month. Only seven (23.1%) 
patients took analgesics in an abusive manner.

Among the CG subjects, the medications most frequently 
used were selective serotonin re-uptake antidepressants (n = 
1 [3.3%]), sleep inducers (n = 1 [3.3%]) and anti-hypertensive 
drugs (n = 3 [10%]). 

The most frequent comorbidities observed in the CM group 
were generalized anxiety disorder (n = 21 [70%]), major depres-
sive disorder (n = 6 [20%]), non-repairing sleep (n = 16 [53.3%]), 
and hypothyroidism (n = 1 [3.3%]). No patients had hyperten-
sion, diabetes, previous head trauma, epilepsy, or alcohol abuse. 

The most frequent comorbidities observed in the CG were 
generalized anxiety disorder (n = 8 [26.7%]), major depressive 

disorder (n = 4 [13.3%]), non-repairing sleep (n = 7 [23.3%]), 
hypertension (n = 2 [6.6%]), and diabetes (n = 1 [3.3%]). No 
CG subject reported previous head trauma, hypothyroidism, 
epilepsy or alcohol abuse. 

According to the DSM-5 criterion for major depressive 
disorder and generalized anxiety disorder, there was no sig-
nificant relationship between CM and major depressive dis-
order (p = 0.73), but CM was significantly related to general-
ized anxiety disorder (p = 0.00).  

According to the Beck Depression Inventory, and Beck 
Anxiety Inventory, there was a relationship between CM and 
the Beck Depression Inventory scores (p = 0.01) and the Beck 
Anxiety Inventory scores (p = 0.01). CM was also related to 
non-repairing sleep (p = 0.03).

Twenty-two of the patients with CM (73.3%) had memory 
complaints, as opposed to only one (3.3%) of the controls. 

Regarding the cognitive tests applied, the following mean 
results are listed in Table 3. 

There was no relationship between the use of topiramate 
and performance in the MoCA test (p= 0.28, Mann Whitney 
test), Clock Drawing Test (p = 0.35), Vocabulary (p = 0.39), 
Color Trails Test (p = 0.89), or RAVLT (p = 0.82). There 
was a relationship between the use of topiramate and the 
Verbal Fluency Test (p = 0.00), Stroop Test (p = 0.00), Matrix 
Reasoning (p = 0.03) and Digit Span (p = 0.00), according to 
the Mann Whitney test.

To assess patient performance in the MoCA and the pos-
sible factors involved in the results, a linear regression model 
was used, controlled for the variables of CM, major depres-
sive disorder, generalized anxiety disorder, non-repairing 
sleep and use of topiramate. The CM variable was an inde-
pendent factor for the worst MoCA results; a result that was 
maintained when the use of topiramate was included in the 
model (Table 4). 

Assessment of patient performance in the Verbal Fluency 
Test, Clock Drawing Test, Stroop Test, Color Trails Test, 
WAIS-III Digit Span, Vocabulary and Matrix Reasoning, and 
the RAVLT were repeated in order to clarify the results, using 
linear regression models, controlled for the variables of CM, 
major depressive disorder, generalized anxiety disorder, non-
repairing sleep and use of topiramate. The CM variable was 
an independent factor for the worse results in the Verbal 
Fluency Test, Clock Drawing Test and Stroop Test (Table 5). 
The group taking topiramate also showed a poorer perfor-
mance in the Digit Span and in the Vocabulary tests.

Table 1. Demographic data of patients with chronic migraine (CM) and controls (CG).

Variable CM / n = 30 CG / n = 30 p-value
Mean age 33.7 (SD ± 11.2) 33.7 (SD ± 9.7) 0.79
Gender 29 (96.7%) women 29 (96.7%) women 1.0
Marital status 15 (50%) married 11 (36.7%) married 0.37
High school educational level 10 (33.3%) 10 (33.3%) 0.64

Higher education 20 (66.7%) 20 (66.7%)  
 SD: standard deviation. 
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DISCUSSION

In the present study, patients with CM showed a poorer 
performance than controls in the MoCA test. According to an 
adjusted linear regression model, this result was not influenced 
by the use of topiramate or the main comorbidities involved in 
the results. CM patients also showed a poorer performance than 
the CG in the Verbal Fluency, Clock Drawing Test, Stroop Test, 
WAIS-III Digit Span and the WAIS-III Matrix Reasoning. When 
the results were adjusted using a linear regression model, the 
presence of CM continued to be an independent factor influ-
encing the results of the Verbal Fluency, Clock Drawing Test and 
Stroop Test, but not of the other tests, indicating that other fac-
tors influence this relationship. These data indicate significant 
impairment of cognition caused specifically by CM, including 
language use (Verbal Fluency Test), visuospatial skills (Clock 
Drawing Test), and attention (Stroop Test). 

Comorbidities such as non-repairing sleep and the use 
of topiramate elicited the worst results in patients with CM 
in the WAIS-III Digit Span. In the WAIS-III Matrix Reasoning 
test, depressive disorder was the main independent factor for 
worse results.

The poorer performance of the patients taking topira-
mate in the Digit Span, which evaluates short-term memory, 

is understandable within a clinical context. Patients taking 
topiramate seem to have an attention deficit, as also reported 
in previous studies16,17.

Although the scientific literature has frequently reported 
a poorer performance by patients with depressive disorder 
in cognitive tests, in the present study only the WAIS-III 
Matrix Reasoning test was influenced by this comorbidity. 
In addition, anxiety disorder was a factor of influence on the 
Vocabulary Test, associated with the use of topiramate.

How can we explain these findings? The topic of cognition 
and chronic pain has recently been reported in the search for 
possible reasons for a poor performance in cognitive tests by 
patients with chronic pain, such as the presence of depres-
sive symptoms (which is detected in 40% to 50% of patients 
with chronic pain) and the use of medications29.

A previous study30 reported that the patients with chronic 
pain had a poorer performance in the MoCA instrument 
(total score), Verbal Fluency Test, Clock Drawing Test and 
Stroop Test. The group with chronic pain also had a higher 

Table 2. Characteristics of migraine in patients with 
chronic migraine.

Characteristics Frequency – mean (± SD)
Pulsatile 19 (63.3%)
Nausea 26 (86.6%)
Photophobia 27 (90%) 
Phonophobia 24 (80%)
Aura 1 (3.3%)
Use of topiramate 15 (50%)
Disruption of activities  30 (100%)
Absenteeism from work 22 (73.3%)
Mean headache intensity* 8.5 (SD 1.9)
Total time of migraine pain (in years) 14.7 (SD 11.3)
Frequency (days/month) 12.0 (SD 9.2)

SD: standard deviation; *Visual analogue pain scale.

Table 3. Mean scores in neuropsychological tests for patients 
with chronic migraine (CM) and controls (CG).

Test CM
n = 30

CG
n = 30 p-value

MoCA* 24.4 26.7 0.00
Verbal Fluency 13.7 19.1 0.00
Clock Drawing Test 2.2 2.7 0.00
Stroop Test (1)*** 14.3 11.6 0.00
Stroop Test (2)*** 17.9 14.3 0.01
Stroop Test (3)*** 24.5 18.8 0.00
RAVLT 49.5 50.8 0.70
WAIS-III Matrix Reasoning 17.8 18.9 0.01
Color Trail Test 1*** 47.7 45.3 0.38
Color Trail Test 2*** 92.8 79.7 0.24
WAIS-III Digit Span 13.0 15.8 0.00
WAIS-III Vocabulary 35.1 37.4 0.23
Beck Depression Inventory 10.2 6.8 0.01
Beck Anxiety Inventory 11.9 6.2 0.01

RAVLT: Rey Auditory Verbal Learning Test; WAIS-III: Wechsler Adult 
Intelligence Scale;*MoCA: Montreal Cognitive Assessment; **Mann-
Whitney test *** seconds.

Table 4. Linear regression model in which the MoCA test was the dependent variable, controlled by the independent variables 
chronic migraine, use of topiramate, major depressive disorder, generalized anxiety disorder, and nonrepairing sleep.

Model Unstandardized coefficients B  Std error p-value 95%CI for B
Chronic migraine 2.26 0.66 0.00 0.94–3.59
Depressive disorder -1.20 0.91 0.19  -3.03–0.61
Generalized anxiety disorder 0.28 0.83 0.73 -1.38–1.95 
Nonrepairing sleep -0.47 0.77 0.54 -2.02–1.07
Second model with the addition of topiramate

Chronic migraine 2.47 0.76 0.00 0.92–4.01
Use of topiramate -0.45 0.86 0.60 -2.20–1.28
Depressive disorder -1.18 0.91 0.20 -3.02–0.65
Generalized anxiety disorder 0.22 0.85 0.79 -1.47–1.92
Nonrepairing sleep -0.37 0.79 0.63 -1.98–1.22

MoCA: Montreal cognitive assessment.
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frequency of depressive disorder, generalized anxiety dis-
order, non-repairing sleep and hypothyroidism. However, 
after linear regression analysis, these comorbidities no lon-
ger influenced the cognitive performance of the patients. The 
cited study was the first conducted in Brazil on chronic pain 
and cognition, with emphasis on the fact that this research 
area is still a great challenge31. 

Several studies have assessed the association between 
migraine and cognitive function; nevertheless, most of them 
did not evaluate CM specifically. Some large studies found 
evidence of worse cognitive performance among patients 
with migraine without aura and controls13,14,15, and others 
evaluated cognitive decline over time in elderly men and 
women with migraine18,19. Different tests were used to evalu-
ate cognitive function, without a pattern.

Specifically regarding the relationship between CM and 
cognition, one study evaluated patients with migraine and 
control patients using the Mini-Mental State Examination and 
MoCA test and detected a poorer performance by migraine 
patients in the MoCA, but not in the Mini-Mental State 
Examination. No other tests were carried out to assess cog-
nition in general, executive functions, language processing, 
delayed recall, visuospatial functions or inhibitory control. In 
addition, the influence of factors such as psychiatric disorders, 
sleep disorders and use of medications was not investigated12.

The exact mechanism underlying the complex relation-
ship between chronic pain and cognition is not fully under-
stood. There is a direct relationship between attention, tran-
sient retention of information, immediate memory and the 
activity of the prefrontal cortex nuclei. What are the physio-
logical bases of this finding? Firstly, the neural networks that 
are engaged for many cognitive functions are also used for 
nociceptive functions. Secondly, physical sensations can lead 
a person to a state of hypervigilance and shift his attention 
from other cognitive tasks, impairing an effective response to 
new information. These findings support the “neurocognitive 
model of the pain-attention dynamics”, supporting the idea 

that patients with chronic pain have maladaptive neuroplas-
ticity that may manifest clinically as a cognitive deficit6.

Clinical studies involving chronic pain and cognition face 
important difficulties such as controlling confounding fac-
tors that influence cognitive performance and are present 
in patients with chronic pain, such as psychiatric disorders, 
sleep disorders, use of analgesics and pain prevention med-
ications, etiology of pain or patient age and lifestyle. Thus, 
studies in this field involve a complex statistical analysis and 
represent a challenge32.

A differential aspect of our study was the evaluation not 
only of memory and attention, but also of language and visuo-
spatial skills using an extended neuropsychological assess-
ment. In addition, the main variables that might influence 
the performance of patients with CM in neuropsychological 
tests were analyzed with specific statistical models. Thus, we 
believe that the present study adds original information to 
the literature on this topic. Regarding strengths and limi-
tations of the study, our main limitation was the number 
of patients. However, although the number of patients was 
small, we were able to work with a sample matched for age, 
sex and schooling, and we used a linear regression model to 
control possible confounding variables. Thus, the present 
findings lead us to believe that the relationship between CM 
and cognitive deficits represents a genuine reality in the daily 
routine of neurologists who work with the treatment of head-
aches. Considering unanswered questions about this subject, 
future studies should also investigate cognitive deficits in 
patients with episodic migraine and the exact moment when 
they appear, in a longitudinal evaluation.

Another limitation of the study was the lack of a brain 
MRI of the participants, to evaluate structural brain lesions 
and white matter hyperintensities, which have been associ-
ated with both migraine and cognitive decline. This could 
also be measured in future studies. 

As a clinical implication of these findings, we propose a 
more active search of cognitive deficits in patients with CM 

Table 5. Linear regression model in which Verbal Fluency, Clock Drawing Test, Stroop Test, Rey Auditory Verbal Learning Test, 
WAIS-III Matrix Reasoning, Color Trails Test, and WAIS-III Digit Span and Vocabulary were the dependent variables, controlled 
with the independent variables chronic migraine, use of topiramate, major depressive disorder, generalized anxiety disorder and 
nonrepairing sleep.

Test Migraine Use of 
topiramate

Major depressive 
disorder

Generalized 
anxiety disorder

Nonrepairing 
sleep

Verbal fluency 0.00* 0.40 0.10 0.11 0.62
Clock drawing test 0.00 0.48 0.48 0.99 0.55
Stroop test (1) 0.06 0.06 0.12 0.80 0.28
Stroop test (2) 0.01 0.23 0.88 0.08 0.06
Stroop test (3) 0.03 0.43 0.75 0.08 0.08
RAVLT 0.41 0.34 0.98 0.92 0.59
WAIS-III: Matrix reasoning 0.11 0.35 0.01 0.65 0.59
Color trail test 0.92 0.91 0.12 0.97 0.30
WAIS-III: Digit span 0.16 0.05 0.43 0.46 0.03
WAIS-III: Vocabulary 0.27 0.05 0.16 0.04 0.27

RAVLT: Rey auditory verbal learning test; WAIS-III: Wechsler adult intelligence scale. *p-values.
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be carried out, possibly including a brief neuropsychological 
evaluation of these patients. Once we detect these deficits, 
we can optimize the treatment of the patients. In addition, 
there are strategies for cognitive interventions to improve 

these deficits that go beyond the treatment of pain itself and 
of depressive and anxiety disorders. Thus, patients diagnosed 
with these deficits would benefit from “cognitive training”, 
improving their quality of life23.
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