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Neuropsychological findings in migraine:
a systematic review

Hanna Hakamäki1 , Mervi Jehkonen1,2 

ABSTRACT. Patients with migraine often experience cognitive dysfunction during a migraine attack, but they have also been 
reported to complain about cognitive impairment after an attack and during the interictal period. Objective: The aim of this study 
was to determine what neuropsychological test methods are used to assess cognitive functioning in migraine patients and to 
examine the neuropsychological findings in adult (≥18 years) migraineurs compared to adult (≥18 years) healthy controls (HC). 
Methods: A systematic review was conducted on the literature published between 2012 and the present. The search results 
were screened and additional studies identified in the lists of references in the selected articles. A total of 16 articles met the 
inclusion criteria. Results: The 16 articles included in the review compared chronic migraineurs (CM), migraineurs with (MwA) 
and without aura (MwoA), and migraineurs without aura classification (MIG) to HC. A total of 45 neuropsychological assessment 
methods were identified. CM and MwA were found to perform significantly worse than HC in executive function, attention, and 
visual functioning. Additionally, both MwA and MwoA performed significantly worse than HC in memory functions. CM and 
both MwA and MwoA also performed significantly worse than HC in general cognitive functioning. Surprisingly, MIG performed 
significantly better than HC in several cognitive domains, including executive, motor, and language functioning and general 
cognitive functioning. Conclusions: This systematic review mostly concurs with the results of an earlier systematic review on 
the topic from 2012, but with the important addition that different migraine diagnostic groups should be assessed separately.

Keywords: Adult; Cognition; Migraine Disorders; Neuropsychological Tests.

ACHADOS NEUROPSICOLÓGICOS NA ENXAQUECA: UMA REVISÃO SISTEMÁTICA

RESUMO. Pacientes com enxaqueca frequentemente apresentam disfunção cognitiva durante uma crise, mas também foram 
relatadas queixas de comprometimento cognitivo após uma crise e durante o período interictal. Objetivo: Determinar quais 
métodos de testes neuropsicológicos são usados para avaliar o funcionamento cognitivo em pacientes com enxaqueca e 
examinar os achados neuropsicológicos em adultos (≥ 18 anos) com enxaqueca em comparação com adultos (≥ 18 anos) 
controles saudáveis (CS). Métodos: Foi realizada uma revisão sistemática da literatura publicada entre 2012 e o presente. 
Os resultados da pesquisa foram selecionados e estudos adicionais identificados nas listas de referências nos artigos 
selecionados. Dezesseis artigos preencheram os critérios de inclusão. Resultados: Os 16 artigos incluídos na revisão 
compararam enxaqueca crônica (EC), enxaqueca com (EcA) e sem aura (EsA), e enxaqueca sem classificação de aura (E) em 
CS. Foram identificados 45 métodos de avaliação neuropsicológica. Indivíduos com EC e EcA apresentaram desempenho 
significativamente pior do que CS em função executiva, atenção e funcionamento visual. Além disso, tanto a EcA quanto 
a EsA tiveram desempenho significativamente pior do que em CS nas funções de memória. A EC, a EcA e a EsA também 
tiveram desempenho significativamente pior do que CS no funcionamento cognitivo geral. Surpreendentemente, a E teve um 
desempenho significativamente melhor do que os CS em vários domínios cognitivos, incluindo o funcionamento executivo, 
motor e de linguagem e o funcionamento cognitivo geral. Conclusões: Esta revisão sistemática concorda principalmente com 
os resultados de uma revisão sistemática anterior sobre o tema de 2012, mas com o importante adendo de que diferentes 
grupos diagnósticos de enxaqueca devem ser avaliados separadamente.

Palavras-chave: Adulto; Cognição; Transtornos de Enxaqueca; Testes Neuropsicológicos.

INTRODUCTION

Migraine is a primary headache disease 
causing moderate-to-severe pain 

attacks1. It differs from tension-type head-
ache in that migraine pain has a unilateral 
localisation; the pain is pulsating in quality; 
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and the intensity of pain varies from moderate to se-
vere. Attacks may last from a few hours to up to 3 days 
and may be associated with nausea and/or vomiting. 
Another common symptom of migraine is sensitivity 
to lights or sounds during attacks1. Migraine is classi-
fied as having aura symptoms (migraine with aura) if 
the symptoms listed above are accompanied with fully 
reversible visual, sensory, speech and/or language, mo-
tor, brainstem, or retinal aura. Migraine is diagnosed as 
chronic when the patient has more than 15 headache 
days per month and 8 or more of these headaches meet 
the migraine criteria1.

In a large population study in the United States, 
11.7% of participants over the age of 12 years suffered 
from migraine2. The prevalence of migraine has been 
reported to be highest in middle life (age 35–45 years), 
and it is roughly twice or even three times more com-
mon in women than in men2,3. According to the 2016 
Global Burden of Disease Study, it is one of the leading 
causes of disability globally4. Several triggering factors 
are known to provoke an attack: stress and relaxation 
after stress, normal female hormonal cycle and changes 
in it, irregular meals, alcohol, certain odours or foods, 
low levels of magnesium in brain tissue, or altered levels 
of signal substances, such as serotonin (5-HT)5. 

In addition to pain and other symptoms, migraine 
patients have consistently reported cognitive dysfunc-
tion during migraine attacks. A 2018 systematic review 
on cognitive functioning during a migraine attack seems 
to confirm that cognitive dysfunctions do indeed occur 
in both the headache phase and the postdrome phase 
of migraine6. The most reported cognitive dysfunctions 
during a migraine attack were related to concentration 
problems and difficulties in attention. Lower intellectual 
capacity or “fog” was also reported6. 

Abnormalities in white matter are common in 
long-standing and highly frequent migraine, and it 
seems that they are a result rather than the cause of 
migraine7,8. However, Evans et al.7 reported that clini-
cally meaningful abnormalities requiring intervention in 
the migraineur’s central nervous system were relatively 
rare. Kruit et al.8, in contrast, found that especially mi-
graineurs with aura had a higher prevalence of subclinical 
infarcts in the posterior circulation and that migraineurs 
in general had a higher prevalence of brainstem hyper-
intense lesions. However, in the absence of longitudinal 
assessments, it is still unclear whether these imaged 
lesions and abnormalities have relevant functional cor-
relates and whether they can explain possible dysfunc-
tions in a migraineur’s cognitive functioning.

If migraine can cause abnormalities in brain tis-
sue5,7,8, then it is reasonable to assume that migraineurs 

might perform worse than healthy non-migraineurs on 
neuropsychological assessment, even during the inter-
ictal period. Evidence to this effect would contribute to 
a better understanding of migraine and the burden it 
places on the people affected. The most recent system-
atic review on the effect of migraine on cognition inter-
ictally was published in 20129. In this review, de Araújo 
et al.9 reported that adult migraineurs performed worse 
than healthy controls (HC) in the following cognitive 
domains: memory, attention, information processing 
speed, and executive function. In memory functions, de-
cline was detected in recognition memory10, verbal and 
visual memory11,12, and working memory13. In attention, 
migraineurs showed declined performance compared 
to HC in sustained attention10,11, concentration14, and 
verbally supported attention12. Additionally, Hooker 
and Raskin10 and Zeitlin and Oddy15 reported decline 
in information processing speed, while Calandre et al.16 
reported that migraineurs performed worse than HC 
in visual-motor processing. In executive functions, 
Meyer et al.14 reported that migraineurs’ capacity to 
solve problems and judgment changes was declined 
compared to HC. Furthermore, Mongini et al.13 report-
ed that migraineurs’ ability to plan their actions was 
declined compared to HC. However, de Araújo et al.9 
did not report their results according to different mi-
graine diagnoses, and therefore, the effects of chronicity 
and aura symptoms remained unclear. The systematic 
review in 2012 was also unable to ascertain whether 
these findings were directly associated with migraine. 
Therefore, it encouraged further studies with greater 
methodological refinement9.

The possible impacts of migraine on cognitive func-
tioning warrant closer investigation, as this could give 
a clearer picture of the underlying causes of possible 
cognitive decline. This is especially important in later 
years of life when cognitive decline can be a symptom 
of dementia. The effects of migraine on cognitive func-
tions outside attacks have been studied from at least the 
1980s15, but controversy continues to surround the issue.

This study reviews the literature published during the 
past decade (2012–2021) on the effects of migraine on 
cognition. Neuropsychological methods play a key part in 
diagnosing and identifying changes in cognitive function-
ing. However, there are no global standards on what tests 
should be used to assess migraineurs’ cognitive function-
ing; as a result, multiple different methods are used. This 
review focuses on neuropsychological findings in adult 
(≥18 years) migraineurs. We have two research questions: 

•	 What neuropsychological test methods are used 
to assess cognitive functioning in migraine pa-
tients? and 
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•	 What the neuropsychological findings in mi-
graineurs are compared to HC?

METHODS
This systematic review was conducted according to the 
guidelines for Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P 2015 
statement)17. The search was conducted on 13 February 
2021, in the following databases: Cinahl, Pubmed MED-
LINE, PsycArticles, Ovid PsycINFO, Scopus, and Web of 
Science. The search terms used were migraine combined 
with cognition or cognitive and neuropsychological assess-
ment or evaluation or test. The search was limited to the 
period from 2012 to the present. No language limita-
tions were applied. Detailed search strategies for all the 
databases are presented in Supplementary material. 

The following inclusion criteria were applied: 
•	 studies on patients with migraine (episodic, 

chronic, and with or without aura) were in-
cluded if; 

•	 the studies compared adult (≥18 years) migraine 
patients’ cognitive functioning to adult (≥18 
years) HC; 

•	 migraine patients’ cognitive functioning was 
assessed in the interictal period; and 

•	 cognitive functioning was assessed with neuro-
psychological test methods. Single case studies 
and non-English articles were excluded. 

Cluster headache and other types of headache pa-
tients were also excluded. Additionally, the reference lists 
of the articles retrieved from the database were screened 
for additional studies. The quality of the studies included 
was appraised with the AXIS Scale18. The quality assess-
ment is provided in Supplementary material (Table S1).

RESULTS
The database search yielded 545 articles, of which 159 
duplicates were removed. Additionally, 20 articles were 
retrieved from the reference lists. Out of the 406 articles 
screened based on title and abstract, 373 were excluded 
because they did not meet the inclusion criteria. The re-
maining 33 full texts were assessed for eligibility. A further 
17 articles were judged not to meet the inclusion criteria, 
leaving 16 articles for this systematic review. The exclusion 
reasons and number of articles excluded based on these 
reasons are presented in the PRISMA flowchart (Figure 1). 

The following data were retrieved from the articles 
included in the review: patient’s diagnostic statuses and 
diagnostic criteria, sample size, age at examination, 
gender, neuropsychological assessment methods, and 
results on the relation of migraine and neuropsycho-
logical functioning. The information extracted from the 
articles is presented in Table 1.

The articles reviewed are also described in Table 119-34. 
The articles compared HC to patients with different 
migraine statuses: migraine without aura (MwoA), 
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Additional records identified through 
references

(n = 20) 

Records after duplicates were 
Removed (n = 406)

Full-text articles assessed for 
Eligibility (n = 33)

Records excluded, with reasons (n = 373):
- Irrelevant topic or population (e.g. children) (n = 288);
- Irrelevant disease (e.g. headache, concussion, etc.) (n = 61);
- Neuropsychological assessment not done or not statistically assessed
(n = 23);
- No healthy controls (n = 1).

Studies included in systematic literature 
review (n = 16)

Records excluded, with reasons (n = 17):
- Irrelevant topic or population (e.g. children) (n = 1);
- Irrelevant disease (e.g. headache, concussion, etc.) (n = 1);
- Neuropsychological assessment not done or not statistically assessed
(n = 5);
- No healthy controls (n = 5);
- Not in English (n = 5).

Records screened based on title and 
abstract (n = 406)

Figure 1. PRISMA flowchart of the systematic literature search.

https://www.demneuropsy.com.br/imagebank/pdf/DN_2022004_suppl_17-08.pdf
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Table 1. Description of the studies reviewed and the neuropsychological findings comparing migraineurs and healthy controls.

Study

Sample size 

and migraine 

diagnosis

Age at 

examination 

mean (sd)

Gender 

(male/

female, n)

Neuropsychological  

assessment methods

Results on the relation of migraine and 

neuropsychological functioning

Baschi 
et al., 
201919

Total: n=42
MwoA: n=21

HC: n=21

29.0 (64.3)
27.9 (3.2)

18/24
9/12
9/12

Corsi Test, Buschke Selective 
Reminding Test, Trail-Making Test 

(TMT) A and B

MwoA performed significantly better than HC 
only in tasks evaluating visuospatial memory 
(short-term p=0.002; long-term p=0.001).

Dresler 
et al., 
201224

Total: n=55 
(130)*

MIG: n=24
HC: n=31

37.4 (NA)
38.4 (NA)

21/34
5/19
16/15

TMT, Go/No-go Task and Stroop Task
MIG differed significantly from HC only in the 

Stroop interference task (p=0.04).

Ferreira 
et al., 
201827

Total: n=60
CM: n=30
HC: n=30

33.7 (11.2)
33.7 (9.7)

2/58
1/29
1/29

Montreal Cognitive Assessment 
(MoCA), Verbal Fluency Test, Stroop 

Test, Color Trails Test, Wechsler Adult 
Intelligence Scale (WAIS-III) Digit 
Span (digits forward), Vocabulary 

and Matrix Reasoning; Rey Auditory 
Verbal Learning Test (RAVLT)

CM performed worse than HC in MoCA 
(p=0.00), Verbal Fluency (p=0.00), Clock 

Drawing Test (p=0.00), Stroop Test (p=0.01), 
WAIS-III Digit Span (p=0.00), and WAIS-
III Matrix Reasoning (p=0.01). In a linear 
regression model, CM continued to be 
an independent factor predicting lower 
performance compared to HC in Verbal 

Fluency, Clock Drawing Test, and Stroop Test.

Gil-Gouveia 
et al., 
201620

Total: n=48
MwoA: n=24

HC: n=24
33.3 (7.2)

12/36
6/18
6/18

Finger Tapping, TMT, Stroop Test, 
Wechsler Memory Scale (WMS-III) – 
Reverse Digit Span, Phonemic Verbal 

Fluency, the Aachen Aphasia Test, 
naming of five compound nouns.

All patients underwent neuropsychological tests 
twice (average time between tests was 45 days, 
sd 13.6 days). No significant differences were 
found between MwoA and HC in performance 
between first and second evaluation or in test 

performances between evaluations.

Han et al., 
201921

Total: n=64
MwoA: n=32

HC: n=32

38.0 (8.9)
39.1 (11.4)

26/38
12/20
14/18

Mini-Mental State Examination 
(MMSE), Stroop Test, Shape Trail Test 
(STT), Attentional Networks Test (ANT)

Significant differences were found only in 
Stroop III (p=0.03) and STT B (p=0.001). MwoA 

performed worse than HC. In ANT, MwoA 
demonstrated significantly longer response 
times in executive control tasks (p=0.01).

Huang 
et al., 
201729

Total: n=58
MwA; n=10
MwoA: n=24

HC: n=24

36.1 (10.1)
36.1 (13.0)

12/46
6/28
6/18

MoCA, Rey-Osterrieth Complex 
Figure Test (ROCFT), Digit Symbol 

Substitution Test (DSST)

Migraineurs performed significantly worse in 
MoCA total (p=0.007) and in language (p=0.005), 

executive functions (p=0.042), memory 
(p=0.006), orientation (p=0.012), and calculation 

tasks (p=0.018). Migraineurs also performed 
worse than HC in ROCFT recall (p=0.012).

Le Pira 
et al., 
201430

Total: n=60
MwA: n=12
MwoA: n=32

HC: n=16

42.1 (10.2)
36.7 (9.7)
35.8 (12.6)

11/49
1/11
7/25
3/13

Frontal Assessment Battery 
(FAB), TMT, Controlled Oral Word 
Association Test (COWAT), Stroop 
Test, Boston Scanning Test (BST)

In FAB, MwA performed significantly worse than 
MwoA (p=0.003) and HC (p=0.0001). In BST, 
HC performed significantly better than MwA 
(p=0.0001) and MwoA (p=0.001). In COWAT, 
a significant difference in performance was 
reported between HC and MwoA (p=0.001).

Lo Buono 
et al., 
201931

Total: n=150
MwA: n=50
MwoA: n=50

HC: n=50

41.1 (14.1)
38.3 (11.8)
38.2 (11.3)

NA
NA
NA
NA

Attentive Matrices (AT), TMT, 
RAVLT, Semantic and Phonemic 

Verbal Fluency

Migraineurs performed worse than HC in 
RAVLT delayed memory (MwA: p=0.001; 

MwoA: p=<0.001) and in TMT-B compared 
to HC (MwA: p=0.005; MwoA: p=<0.001). 

MwoA performed significantly worse in 
Semantic Verbal Fluency than HC (p=0.02).

Martins 
et al., 
201225

Total: 
n=428*(478)
MIG: n=61
HC: n=367

61.9 (7.6)
66.8 (9.0)

159/269
5/56

154/213

MMSE, California Verbal Learning 
Test, WMS-III – visual reproduction 

and faces I, TMT, Semantic and 
Phonemic Verbal Fluency, Stroop Test, 
Digit Span, Symbol Search, Wechsler 

Abbreviated Scale of Intelligence 
(WASI) – vocabulary, matrix reasoning, 

information, Famous Faces Test.

MIG were found to have a significantly lower 
performance in Symbol Search Test compared 

to HC (p<0.001). No other statistically 
significant differences were found between 
MIG and HC. MIG were significantly younger 
than non-migraine headache patients and 

HC and scores from neuropsychological tests 
were not adjusted by age.

Continue...
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Study

Sample size 

and migraine 

diagnosis

Age at 

examination 

mean (sd)

Gender 

(male/

female, n)

Neuropsychological  

assessment methods

Results on the relation of migraine and 

neuropsychological functioning

Baena 
et al., 
201832

Total: n=2466 
(4208)*

MwA: n=435
MwoA: n=804
HC: n=1227

48.1 (7.2)
49.5 (7.9)
55.3 (9.4)

1075/
1391

82/353
216/588
777/450

Consortium to Establish a Registry for 
Alzheimer’s Disease Word List Memory 

Test (CERAD-WLMT), Semantic 
Fluency Test (SFT), and TMT-B

In CERAD-WLMT, both migraine groups 
performed significantly worse than HC 

(p<0.001). After adjusting for gender, age, 
race, education level, and physical illnesses, 

no significant differences were found. In 
SFT, no significant differences were found. 
In TMT-B, MwA (p=0.005) performed worse 
than HC. After adjusting, MwoA performed 

significantly worse than HC (p=0.01; p=0.03).

Padilla 
et al., 
201633

Total: n=63
MwA: n=24
MwoA: n=16

HC: n=23

25.0 (5.8)
27.0 (6.8)
25.0 (4.7)
24.0 (5.0)

17/46
5/19
4/12
8/15

Complutense Verbal Learning 
Test (TAVEC), ROCFT, Grober and 
Buschke Free and Cued Selective 

Reminding Test (FCSRT)

In the ROCFT direct and percentile copy 
strategy, both migraine groups performed 

significantly worse than HC (p>0.001). 
After merging the two migraine groups, the 
study found significant differences in the 

ROCFT direct and percentile copy strategy 
and in direct and percentile recall between 

migraineurs and HC, with migraineurs 
performing worse (p=0.001).

Santangelo 
et al., 
201622

Total: n=144
MwoA: n=72

HC: n=72

34.9 (11.2)
33.8 (11.9)

15/129
9/63
6/66

MoCA

Migraineurs performed significantly lower 
than HC on the total MoCA score (p<0.001) 

and on attention (p<0.001), memory 
(p<0.001), visuospatial (p<0.001), and 

executive domains (p=0.001).

Santangelo 
et al., 
201823

Total: n=175
MwoA: n=91

HC: n=84

33.8 (10.5)
32.3 (10.4)

34/141
16/75
18/66

MoCA, Memory for Intentions 
Screening Test (MIST)

Migraineurs had significantly lower 
MoCA scores than HC (p=0.003). In MIST, 

migraineurs achieved lower scores on 
time-based (p<0.001) and event-based 

(p=0.018) tasks than HC.

Wen et al., 
201626

Total: n=6420 
(6708)*

MIG: n=1021
HC: n=5399

63.8 (11.1)
65.9 (11.4)

2675/3645
191/830

2584/2815

MMSE, 15-word Learning Test, 
Letter–Digit Substitution Test, Stroop 

Test, Verbal Fluency Test, Purdue 
Pegboard Test

MwA had the highest mean difference 
in general cognition compared to HC in 

MMSE. Migraineurs as a group performed 
better than HC on the Stroop colour-naming 

and colour–word interference subtasks. 
Migraineurs also scored higher on the Verbal 
Fluency Test and Purdue Pegboard Test. No 

p-values were presented.

Yetkin-
Ozden et 
al, 201534

Total: n=111
MwA: n=21
MwoA: n=53

HC: n=37

35.3 (12.0)
38.9 (10.5)
36.1 (11.6)

22/89
13/61
9/28

Benton Face Recognition Test (BFRT), 
Line Orientation Test (LOT)

Migraineurs showed significantly lower 
performance in both BFRT (p=0.027) and 
LOT scores (p=0.014) compared to HC. 

Additionally, MwoA showed significantly lower 
performance in BFRT than MwA (p=0.031).

Zucca, 
et al., 
202028

Total: n=93
CM: n=37
EM: n=27
HC: n=29

46.1 (11.3)
45.1 (12.2)
42.9 (14.8)

30/63
9/28
9/18
12/17

Wisconsin Card Sorting Test (WCST)

Migraineurs presented worse performance 
when compared to HC in accuracy score 
(p=0.012), global monitoring (p=0.015), 
monetary gains (p=0.022), and control 

sensitivity (p=0.027). Also, comparing CM 
to EM patients, CM performed significantly 
worse in accuracy score (p<0.001), free-

choice improvement (p=0.004), global 
monitoring (p=0.001), monetary gains 

(p=0.001), and control sensitivity (p<0.001).

Table 1. Continuation.

CM: chronic migraine; EM: episodic migraine; HC: healthy controls; MIG: migraine (aura not classified); MwA: migraine with aura; MwoA: migraine without aura; NA: not available; *Other 

participants also included.
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migraine with aura (MwA), migraine without the clas-
sification of aura symptoms (MIG), chronic migraine 
(CM), and episodic migraine (EM). MwoA was compared 
to HC in five studies19-23, but there were no studies that 
compared only MwA to HC. Three studies compared 
MIG to HC24-26, and two studies compared CM or EM 
to HC27,28. Six studies included patients with both MwA 
and MwoA and HC29-34.

The mean quality of the studies included was 16.1 
when evaluated with the AXIS Scale18. Sample sizes 
ranged from 42 to 6,420 participants. Most of the stud-
ies had 175 participants or fewer. Participants’ mean 
age ranged from 27.0 to 48.1 years in MwA patients, 
from 25.0 to 49.5 years in MwoA patients, from 37.4 to 
63.8 years in MIG patients, and from 33.7 to 46.1 years 
in CM patients. The mean age of HC ranged from 24.0 
to 66.8 years. One study also included EM patients, 

whose mean age was 45.1 years28. All studies except Lo 
Buono et al.31 reported the gender distribution of the 
participants. In all studies, females accounted for more 
than half of the participants: the proportion of female 
migraineurs varied from 57.1 to 99.7%. The gender dis-
tribution for HC was similar: the proportion of female 
participants varied from 46.7% to 96.6%. 

Migraine and migraine status were mainly diagnosed 
using the International Classification of Headache Disor-
ders (ICHD) third edition (beta version, 2013)19-23,27,29,31,33 
or second edition (2004)24,26,30,32,34-36.Zucca et al.28 used 
the ICHD-III (2018)1 and Martins et al.25 used the 
ID-Migraine37 to diagnose migraine and migraine status. 

All neuropsychological test methods used in the 
articles reviewed are presented according to cognitive 
domain in Table 219-34,38-70. In the 16 articles, the cogni-
tive performance of migraineurs and HC was assessed 

Cognitive 

domain
Neuropsychological test Articles in which the test method was used

Executive 
functions 
and 
attention

The Attentional Networks Test (ANT)38 Han et al., 201921

The Attentive Matrices (AT)39 Lo Buono et al., 201931

The Boston Scanning test40 Le Pira et al., 201430

The Color Trail Test41 Ferreira et al., 201827

The Digit Symbol Substitution Test (DSST)29 Huang et al., 201729

The Frontal Assessment Battery (FAB)42 Le Pira et al., 201430

The Go/No-go Task43 Dresler et al., 201224

The Letter-Digit Substitution Test44 Wen et al., 201626

The Memory for Intentions Screening Test (MIST)45 Santangelo et al., 201823

The Rey-Osterrieth Complex Figure Test (ROCFT)46,47 Huang et al., 201729; Padilla et al., 201633

The Shape Trail Test (STT)21 Han et al., 201921

The Stroop Test48

Dresler et al., 201224; Ferreira et al., 201827; Gil-Gouveia et al., 
201620; Han et al., 201921; Le Pira et al., 201430; Martins et al., 

201225; Wen et al., 201626

The Trail-Making Test A and B49

Baschi et al., 201919; Dresler et al., 201224; Gil-Gouveia et al., 
201620; Le Pira et al., 201430; Lo Buono et al., 201931; Martins 

et al., 201225; Baena et al., 201832

The Wechsler Adult Intelligence Scale (WAIS-III) – Digit Span, forward50 Ferreira et al., 201827; Martins et al., 201225

The Wechsler Memory Scale III (WMS-III) – The Reverse Digit Span51 Gil-Gouveia et al., 201620

The Wisconsin Card Sorting Test (WCST)52 Zucca et al., 202028

Memory The Grober and Buschke Free and Cued Selective Reminding Test53 Padilla et al., 201633

Visual 
memory

The Corsi Test54 Baschi et al., 201919

Table 2. Neuropsychological test methods used to assess cognition according to cognitive domain.

Continue...
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Cognitive 

domain
Neuropsychological test Articles in which the test method was used

The Wechsler Memory Scale III (WMS-III) – Visual Reproduction50 Martins et al., 201225

Verbal 
memory

The 15-Word Learning Test26 Wen et al., 201626

The Buschke Selective Reminding Test55 Baschi et al., 201919

The California Verbal Learning Test (CVLT)56 Martins et al., 201225

The Complutense Verbal Learning Test (TAVEC)57 Padilla et al., 201633

The Consortium to Establish a Registry for Alzheimer’s Disease 
Word List Memory Test (CERAD-WLMT)58 Baena et al., 201832

The Rey Auditory Verbal Learning Test (RAVLT)59 Ferreira et al., 201827; Lo Buono et al., 201931

Language 
function

The Aachen Aphasia Test, naming of five compound nouns60 Gil-Gouveia et al., 201620

The Controlled Oral Word Association Test (COWAT)61 Le Pira et al., 201430

The Phonemic Verbal Fluency62 Gil-Gouveia et al., 201620

The Semantic Fluency Test63 Baena et al., 201832

The Semantic and Phonemic Verbal Fluency25,31 Lo Buono et al., 201931; Martins et al., 201225

The Verbal Fluency Test26,27 Ferreira et al., 201827; Wen et al., 201626

Language 
function

The Wechsler Abbreviated Scale of Intelligence (WASI) – Information64 Martins et al., 201225

The Wechsler Abbreviated Scale of Intelligence (WASI) – Vocabulary64 Martins et al., 201225

The Wechsler Adult Intelligence Scale (WAIS-III) – Vocabulary50 Ferreira et al., 201827

Visual 
function

The Line Orientation Test (LOT)65 Yetkin-Ozden et al., 201534

The Wechsler Abbreviated Scale of Intelligence (WASI) – Matrix 
Reasoning64 Martins et al., 201225

The Wechsler Adult Intelligence Scale (WAIS-III) – Matrix Reasoning50 Ferreira et al., 201827; Martins et al., 201225

The Wechsler Adult Intelligence Scale III (WAIS-III) – Symbol Search50 Martins et al., 201225

Facial 
recognition

The Benton face recognition test (BFRT)66 Yetkin-Ozden et al., 201534

The Famous Faces Test25 Martins et al., 201225

The Wechsler Memory Scale III (WMS-III) – Faces 151 Martins et al., 201225

Motor 
function

The Finger Tapping Test67 Gil-Gouveia et al., 201620

The Purdue pegboard Test68 Wen et al., 201626

General 
screening 
tests

Mini-Mental State Examination (MMSE)69 Han et al., 201921; Martins et al., 201225; Wen et al., 201626

Montreal Cognitive Assessment (MoCA)70 Ferreira et al., 201827; Huang et al., 201729; Santangelo et al., 
201622; Santangelo et al., 201823

Table 2. Continuation.

with a total of 45 different neuropsychological test 
methods, addressing different cognitive domains. 
These neuropsychological test methods are divided into 
the following cognitive domains: executive functions 
and attention, memory, language functions, visual 
functions, and motor functions. Memory functioning 

tests were further divided into general memory, visual 
memory, and verbal memory functioning. Also, a sub-
category of facial recognition was added in the visual 
functions category. Some studies furthermore applied 
general cognition screening tests. Arithmetic functions 
were not assessed in any of the studies.
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In addition to descriptive facts about the articles in-
cluded in the review, Table 1 presents the main neuropsy-
chological findings for each article. Overall, the articles 
reported contradictory findings on all migraine groups 
compared to HC. The clearest differences were seen in 
executive functions, attention, and verbal memory, where 
especially MwA performed worse than HC. For CM, 
the clearest differences compared to HC were reported 
in executive functions and attention27,28. Even though 
some differences were also reported in other cognitive 
domains, no firm conclusions can be drawn about the 
performance of CM compared to HC in these domains. 
Across the various fields of cognition, almost all articles 
reported no significant differences between MIG and 
HCs. In contrast, MIG actually performed significantly 
better than HC in executive, motor, and language func-
tioning and, in general, cognitive functioning25,26. 

Comparisons of MwA to HC also yielded contra-
dictory results. The clearest differences were reported 
in executive functions, attention, and verbal memory. 
No significant differences were reported between MwA 
and HC in language functions30-32. A significantly worse 
performance was reported for MwA than HC in both 
visual functioning and general cognitive functioning29,34. 
Additionally, it was reported that MwA performed 
significantly worse than MwoA in executive and visual 
functions34. Comparisons of MwoA and HC yielded 
no clear conclusions on any of the cognitive domains, 
except general cognitive functioning21-23.

DISCUSSION
The aim of this systematic review was to determine what 
neuropsychological test methods are used to assess cog-
nitive functioning in migraine patients and to explore the 
neuropsychological findings in migraineurs compared to 
HC. The review included 16 articles which compared adult 
(≥18 years) CM, EM, MIG, MwA, and/or MwoA to adult 
(≥18 years) HC using neuropsychological test methods.

The articles used a wide range and a large number 
of neuropsychological test methods: a total of 45 dif-
ferent tests were applied in the articles included in this 
systematic review. The fields of cognition that received 
the most attention were executive functioning and 
attention, which were studied in 14 articles with 16 
different test methods19-33. The most commonly used 
methods were executive functioning and attention tests, 
the Stroop test, and the Trail-Making test. The least 
studied field of cognition was motor functioning, which 
was tested with two different tests20,26.

The neuropsychological findings were quite diverse. 
The clearest differences were reported between CM and 

HC and between MwA and HC in executive functioning. 
In memory functioning, MwA were reported to perform 
significantly worse than HC in verbal memory31,32, but 
the comparisons between MwoA and HC yielded less 
conclusive results19,31,32. All migraine groups were re-
ported to perform worse than HC in visual functioning, 
but no firm conclusions can be drawn because of the 
sporadic results27,34. Additionally, migraineurs quite con-
sistently performed worse than HC on general cognitive 
functioning22,23,27,29. For language and motor function-
ing, however, differences between migraine groups and 
HC were not reported consistently enough and possible 
differences were rarely reported. Surprisingly, MIG per-
formed significantly better than HC in several cognitive 
domains: executive, motor, and language functioning 
and general cognitive functioning25,26. It is also notable 
that MwA were reported to perform significantly worse 
than MwoA in executive and visual functions34.

In the most recent systematic review on the subject 
from 2012, de Araújo et al.9 reported that migraineurs 
performed worse than HC in the following cognitive 
domains: memory, attention, information processing 
speed, and executive function. The results of this re-
view seem to be quite closely in line with this, since the 
clearest differences were seen in executive functions, 
attention, and memory. However, de Araújo et al.9 did 
not report the results according to different migraine 
diagnoses. It has been shown that the severity of ab-
normalities imaged in the brain can be affected by the 
length and frequency of the migraine disease and by 
the presence of aura symptoms8. Therefore, migraineurs 
who suffer from chronicity and aura symptoms might 
have more severe neuropsychological dysfunctions, 
and this is why we have chosen to report the results of 
neuropsychological assessments according to migraine 
diagnosis. This proved to be a justified decision as we 
found that MwA and MwoA differed from each other 
in two cognitive domains34. Furthermore, CM was 
reported to differ from EM in one cognitive domain28. 
Although differences between migraine groups are not 
commonly reported, these few differences underscore 
the importance of studying migraine groups separately. 

This systematic review furthers our understanding 
of the effects of migraine on cognition and shows how 
the subject has been studied over the past decade. It 
provides evidence on which cognitive domains are 
potentially affected by migraine and sheds light on the 
neuropsychological test methods that could be used — 
and currently are being used — to assess migraineurs’ 
cognition in the interictal phase. Drawing from several 
databases, the review comprises a reasonable number 
of articles that were selected based on titles, abstracts, 
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and full texts. This provides a strong foundation for 
drawing meaningful conclusions. Having said that, it is 
important to note that the large number of test methods 
used in the articles makes direct comparisons between 
the studies rather difficult. Even though all studies as-
sessed migraineurs’ cognition in a clinical setting, not 
all of the test methods used can be regarded as equally 
applicable. For example, the Mini-Mental State Examina-
tion (MMSE), which was used by Han and colleagues21, 
Martins et al.25, and Wen et al.26, has been criticized for 
its lack of sensitivity to detect minor cognitive changes71. 

The participants in the studies included in the review 
differed in terms of their demographic characteristics. 
The age and gender distributions varied across the stud-
ies, and a few studies reported that their migraineurs and 
HC were not demographically matched. Martins et al.25 
reported that their migraineurs were significantly young-
er, lower educated, and scored higher on a depression 
scale than HC and that they did not adjust the test scores 
by age. In a few studies, migraineurs were also reported 
to score higher on anxiety and depression than HC21,29,32. 
Such differences are only to be expected as migraine has 
been found to be comorbid with several psychiatric condi-
tions, especially affective and anxiety disorders and even 
bipolar disorder72-74. Some studies reported that psychiat-
ric disorders – for example, anxiety – negatively impacted 
cognitive functioning75,76. It is also noteworthy that some 
studies had quite small sample sizes or varying sample 
sizes in different groups of participants, which limits the 
validity of correlation analysis24,25,29,33,34. More carefully 
selected participant groups and larger sample sizes are 
needed to obtain more accurate or comparable results.

The aim of this systematic review was to determine 
what neuropsychological test methods are being used 
to assess cognitive functioning in migraine patients 
and to examine the neuropsychological findings in 
adult migraineurs compared to HC. The finding sug-
gests that CM might be at higher risk of cognitive 
dysfunction, especially in the domains of executive 
function, attention, and visual functioning. Similar 
results were reported for MwA, as MwA were found 

to perform worse than HC, especially in the domains 
of executive function, attention, memory, and visual 
function. It is also suggested that MwoA might be 
at higher risk of cognitive dysfunction, especially in 
memory functioning. Based on our systematic review, 
it is not possible to draw any firm conclusions regard-
ing the cognitive functioning of MIG.

This review concurs with the results of an earlier 
systematic review on the topic but makes the import-
ant addition that different migraine diagnostic groups 
should be assessed separately. It also concludes that 
more research is needed on the neuropsychological 
findings associated with migraine and that, in this 
work, greater focus should be given to ensuring the 
demographic consistency of the participant groups, 
larger sample sizes, and a more careful choice of neu-
ropsychological test methods in order to ensure sta-
tistical quality and comparability. Migraine is known 
to be one of the leading global causes of disability, a 
major burden on health care systems, and a source of 
substantial financial and social losses. It has profound 
adverse effects on the economy more generally and on 
the everyday lives and quality of lives of people who 
live with migraine. The possible impact of migraine on 
cognitive functioning warrants further research, espe-
cially in the case of aging migraineurs in later years of 
life, which is why it is important to continue to pursue 
a deeper understanding of the disease. 
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