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Primary headache is a very common and disabling disease. The burden of pain and
recurrent attacks may lead to a poor quality of life, anxiety and depression. An increased
risk of low functioning and curricular performances in young patients with primary
headache has been described. The mechanisms underlying the relationship between
migraine and poor school achievement may be various and could be a reflection of
weak cognitive skills. Data concerning the cognitive functioning in the free pain interval
in pediatric age are under-investigated and results are far from conclusive. The present
review article suggests that, though considered a benign disease, pediatric migraine may
be associated to altered neuropsychological functioning in the interictal phase. Although
children and adolescents with migraine generally have a normal intelligence, they may
show a not homogeneous cognitive profile, characterized by possible difficulties in verbal
skills, in particular comprehension abilities. Pediatric primary headache may present
altered neuropsychological functioning involving attentional resources, processing speed
and memory, particularly verbal memory. Given the impact that this disease can have
on school performance and the tendency to persist from childhood to adulthood, a
cognitive screening in young patients affected by primary headache is pivotal. Additional
neuropsychological research using more homogenous methods is needed.

Keywords: headache, children, neuropsychology, cognitive performance, intelligence, memory, attention

INTRODUCTION

Primary headache is a very common and disabling disease (1, 2). Migraine is characterized by
moderate to severe pulsating pain attacks lasting even 72h and aggravated by routine physical
activity (3). In pediatric age, pain is more often bilateral than in adults. Migraine pain is often
associated with nausea and/or vomiting, phonophobia and photophobia. In migraine with aura,
pain may be accompanied or preceded by reversible visual, sensory or motor symptoms (3).
Bilateral and pressing/tightening attacks of moderate or mild intensity pain are the main features
of tension-type headache (TTH) (3). The burden of pain and recurrent attacks may lead to a
poor quality of life, social isolation, anxiety and depression. The impact of headache on academic
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achievement and school attendance has been described since’80.
In an early study, Leviton et al. showed that, out of 150
elementary-school children with headache referred to his center,
~40% had academic difficulties (4). Over the time, several studies
highlighted an increased risk of low functioning and curricular
performances in young patients with migraine, even compared
with patients with cardiomyopathy, cancer and diabetes (5-10).
Some vulnerability factors, such as the frequency and intensity
of pain and the presence of associated symptoms, have been
identified as determinants in the association between migraine
and academic failure (10). The mechanisms underlying the
relationship between migraine and poor school achievement may
be various and could also include: (1) absenteeism from school
(11); (2) sleep deprivation as a consequence of pain (12); (3)
emotional and behavioral symptoms associated with recurrent
pain, affecting the learning process (13); (4) reduced attention in
the classroom due to pain and unwellness (12).

Poor academic performance in children and adolescents
with migraine may also be a reflection of weak cognitive
skills (14). Although cognitive difficulties are not considered
“core” symptoms of migraine, a low percentage of patients
may experience transient and premonitory cognitive symptoms,
such as speech or language impairment, as part of typical aura,
but also color and face recognition difficulties, and memory
abnormalities (3, 15). Transient neuropsychological problems,
such as poor ability to concentrate and feeling of distraction,
incapacity to think clearly and to deal with multiple tasks, are
often described in the ictal phase of the migraine attacks and
may contribute to the attack-related disability (16-18). These
reversible neuropsychological disturbances have been attributed
to the widespread and complex brain modifications and
dysfunction underlying the development of the migraine attacks
(16). Since transient cognitive symptoms may also persist after
the resolution of pain (16, 19), they cannot be merely explained
by pain (16). Electrophysiological and functional alterations in
cortical functioning during the free pain interval have been
reported in both children and adults (20-23), suggesting the
presence of interictal cognitive dysfunctions in patients suffering
from migraine. Neurophysiological data on adult and pediatric
populations, have evidenced altered processing of stimuli in
patients with migraine and TTH (17, 18, 24-26). Moreover,
several neuro-imaging studies disclosed structural abnormalities
of the brain, such as reduced cortical thickness (27-30) and
decreased frontal and parietal lobe gray matter density (31),
areas of hypoperfusion (32), and focal or generalized atrophies
(i.e., temporal lobe) (33), that may represent the anatomical
counterpart of the low performance in cognitive tests (34, 35).

Neuropsychological studies in adults found impaired
cognitive functions, such as attention, processing speed (reaction
time), executive functioning, verbal and visual memory, during
the interictal phase of migraine (16, 35, 36). With regard
to children and adolescents, data concerning the cognitive
functioning in the free pain interval are under-investigated and
results are far from conclusive (14). Considering that school
functioning is one of the most important domains of children’s
life and that childhood and adolescence are critical periods
for appropriate academic achievements and personal growth,

an analysis of cognitive interictal impairment associated with
migraine is essential for an appropriate management of children
and adolescents with headache.

Aims
In the present review, we aimed to explore and summarize the
current literature on neuropsychological difficulties in children
and adolescents with migraine, attempting to describe patients’
cognitive profile in the interictal phase of the migraine cycle.
Moreover, in order to better understand patients’ global needs,
we investigated the literature data on the association between
headache features, duration of disease and cognitive impairment.
Given the results issued from studies in adult patients
with migraine, we hypothesized that: (1) neuropsychological
difficulties, particularly those involving memory and attention,
may be common also in pediatric migraine, and (2) impairment
of cognitive abilities may depend on frequency of migraine
attacks and duration of disease.

METHODS

Suitable studies were identified using MEDLINE and Web
of Science. Our research considered studies published

347 potentially relevant articles
according to search study

(stage 1)

l

283 articles were excluded

(duplicates, no use of English language,
irrelevant titles to the topic)

(stage 2)

!

64 articles were analyzed for more details

(stage 3)

|

25 studies included

(stage 4)

FIGURE 1 | Flow diagram of the study methodology.
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up to December 2021. We considered only papers in the
English language. Search terms included “Pediatric migraine”
or “Pediatric headache” and “Cognitive performance,”
“Cognitive impairment” or “Neuropsychology,” “Intelligence,”
“Attention,” “ADHD;” “Memory,” “Language,” “Visuo-spatial,”
“Coordination” and “Difficulties” or “Problems.” We considered
papers involving subjects of an age ranging from 0 to 18 years.
We considered also articles that, though focusing on adults,
included subjects <18 years old. Prospective, observational and
retrospective studies were considered as well as multicentric
studies and clinical trials (Figure 1).

RESULTS

Using the above described strategy, we identified 25 articles
concerning the neuropsychology in pediatric migraine. Among
them, 1 was a research letter, 2 were retrospective study,
la longitudinal research and 2 were population studies. As
for multicentric studies, we identified 3 papers. One study
evaluated neuropsychological performance in both adults and
children. Several different tests were employed to measure
neuropsychological abilities across studies.

General Intelligence and Language

Over the last decades, several authors aimed to study the general
intelligence in children with migraine, reporting discrepancies
depending on the nature of the tests administered (non-verbal
vs. verbal) (Table1). In 1989, D’Andrea et al. explored the
general non-verbal intelligence and reasoning in a small cohort
of 20 children with migraine (age range 7-11 years) (37). By
using “Raven’s Colored Progressive Matrices” (CMP), the authors
demonstrated normal cognitive performances and the absence of
difference in intelligence levels between patients with migraine
and control subjects. Normal general non-verbal intelligence
and reasoning were confirmed by Riva et al. (38). In particular,
comparing the performance of children suffering from migraine
with (n. 17) and without aura (n. 31), the authors did not
identify significant differences in the distribution of Progressive
Matrices scores between the groups of patients. In a more
recent study, Margari et al. evaluated the non-verbal intelligence
abilities, including fluid intelligence, attention skills and non-
verbal memory, in pediatric patients with primary headache
(39). Thirty-five children suffering from migraine (n. 26) or
TTH (n. 9) and 23 healthy subjects were evaluated with the
cognitive battery “Leiter-3” (57). In line with previous studies,
the headache group did not show global cognitive deficits (the
IQ mean value in patients was 97.6 & 11.3). In particular, no
statistical significant difference in the non-verbal IQ mean value
was found between patients and control group. The study did not
find a significant correlation between the attack frequency and
duration of headache and Leiter-3 scores.

While results of studies evaluating non-verbal intelligence
agree in showing normal values in children and adolescent with
migraine, findings obtained from global intelligence tests show a
peculiar profile characterized by subclinical difficulties in verbal
skills (14, 34, 40, 45). Results, however, are largely heterogeneous
(Table 1). Waldie et al. explored the cognitive performances

of headache patients from the age of 3-26 years (34). To the
best of our knowledge, the authors were the first to evaluate
the general intellectual ability of children and adolescents with
migraine and TTH, focusing on different and specific cognitive
domains (verbal and performance abilities). Using the “Wechsler
Intelligence Scale for Children-Revised” (WISC-R) (58) at ages
of 7,9, 11, and 13 years, the authors observed lower verbal skills
(in particular verbal comprehension) in patients with migraine
compared not only with free control subjects (Verbal-IQ mean
score = 100.6 & 11.4 and 105.7 & 13.5, respectively), but also
with patients with TTH (mean score = 104.4 & 13.8). Low verbal
receptive performances were also found in 3 years old migraine
patients tested with “Peabody Picture Vocabulary test” (PPVT)
(59), which evidenced a strong correlation with the mean WISC
Verbal-IQ (p < 0.001). Data analysis showed that the verbal
performance in patients with migraine did not decline with age
and remained lower than other groups over the time. On the
other hand, verbal expression measured by the “Illinois Test
of Psycholinguistic Ability” (ITPA) (60) did not differ between
the headache groups. The cognitive abilities were not related to
duration of disease, use of medications or duration and severity
of migraine attacks. These findings led the authors to suppose
that the low verbal abilities evidenced in migraine group could
not be imputable to a cause-effects relationship between history
of migraine and cognitive performance, but was rather due to
a “not-identified” common risk factor presumably occurring in
a prenatal developmental phase. As alternative hypothesis, the
authors suggested that the lower performances could be due to
patients’ attention and concentration difficulties (34).

The absence of association between the intelligence profile and
migraine features in children and adolescents was also confirmed
in a more recent study (45). The authors described the risk
of lower verbal performance in young patients with headache
diagnosis (20 children with migraine and 10 with TTH, age
ranging from 11 to 14 years) in comparison with healthy children.
Patients’ group showed a normal TIQ (mean = 112.80 £ 13.4),
but exhibited a characteristic neuropsychological functioning
regarding memory and verbal skills. The authors identified lower
scores in the “Working memory” and, though not statistically
significant, in “Verbal Comprehension” indexes of WISC-IV test
(61). Duration of headache and frequency of the attacks did not
influence the results. Moreover, patients with migraine and TTH
had a similar cognitive profile.

In pediatric patients with headache, lower resources in verbal
skills and in total intelligence were also reported by Parisi et
al. (40) who compared the functioning of children diagnosed
with migraine without aura (n. 63) and TTH (n.19) with that
of a control healthy group (n. 79) by using the WISC-R edition
(58). The authors found lower total quotient (TIQ) scores in
children with migraine than in control subjects, although no
difference between headache groups was found. Moreover, the
study confirmed the lower performance in verbal quotient (VIQ),
in particular comprehension subscale, in children with migraine
and TTH, as compared to control group. On the other hand,
no difference between groups was found in the performance
scale (PIQ). In disagreement with the previous study by
Waldie et al. (34) the authors showed a significant negative
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TABLE 1 | Summary of the results issued from the available studies.

References

Sample

Neuropsychological domains assessed (Tests used)

Main neuropsychological results

D’Andrea et al. (37)

Riva et al. (38)

Margari et al. (39)

Waldie et al. (34)

Parisi et al. (40)

Esposito et al. (41)

20 Migraine (7 M; 13F; age range: 7-11 years) 20
Control subjects (8 M; 12 F; age range: 7-11 years)

31 Migraine without aura (13 M; 18 F, age range
6-16 years) 17 Migraine with aura (6M; 11 F; age
range: 9-17 years)

24 Migraine without aura

2 Migraine with aura

9TTH

Patients were merged in a group (20 M; 15F; mean
age: 14.89 £ 3.2)

23 Control subjects (14 M; 9F; mean age: 14.75
+3.17)

114 Migraine

109 TTH

Patients were evaluated from 3 to 26 years old, with
amean step of 2 years

63 Migraine without aura (25 M; 38 F; mean age
11.0 £+ 2.9 years)

19 TTH (9M; 10F; mean age 10.9 + 2.6 years) 79
Control subjects (27 M; 52 F; matched with
headache patients)

75 Migraine without aura (43 M; 32 F)

72 TTH (49M; 23F)

137 Control subjects (93 M; 44 F; mean age 10.78
+ 2.35 years)

- General non-verbal intelligence abilities (CMP)
- Memory (Digit Span item of the Wechsler Intelligence Scale; Rey
Figures; Logical memory; Ten words learning)

- General non-verbal intelligence (CMP)

- Verbal and visuo-spatial memory (Digit Span Test- an item of the
Wechsler Intelligence Scale for verbal recall; Corsi Span Test for
visuospatial memory);

- Divided and selective visual attention (Trail-Making Test and
Cancellation test)

- Information speed processing (computerized simple visual reaction
time task, RT)

- General non-verbal intelligence abilities (Leiter International
Performance Scale- Third Edition, Leiter-3)

- Attention/Memory (Leiter International Performance Scale- Third
Edition, Leiter-3)

- General intelligence abilities (WISC-R)

- Receptive and expressive language (The Peabody Picture Vocabulary
for receptive language; lllinois Test of Psycholinguistic Ability-
Comprehension and Verbal Expression subscales)

- Reading (the Burt Word Reading Test)

- Academic achievement was estimated from the total scores national
exams and a standardized grading system during the final 2 years of
high school (ages 15-17)

- General intelligence (WISC-R)

- General intelligence (WISC-III)

No significant difference in non-verbal intelligence
and visual perceptive capacity between patients
and control.

Short and long-term memories were impaired in
migraine group

Normal non-verbal intelligence, visual, selective and
divided attention in both groups of migraine.
Dysfunction in the information processing speed
(delay in the reaction time) in migraine with and
without aura.

An influence of the frequency of attacks, but not of
the duration of the disease, on the simple reaction
time

Normal cognitive performance in patients and
control.

A significant association between the frequency of
attacks and the headache disability with the
non-verbal memory and sustained attention

Subtly, but significantly, lower verbal performance
(especially language reception) in patients with
migraine.

These results were independent of headache
history.

No significant differences between groups in spatial
and motor ability, reading, and arithmetic
performances.

The association between migraine and verbal
functioning impacted on later academic success

Lower scores in Total and Verbal Intelligence
Quotients in patients, especially in children with
migraine. No significant differences in the
Performance Quotient between the three groups.
Total IQ, verbal and performance abilities showed a
Significant negative correlation between the Total
IQ, Verbal and Performance Quotients and the
frequency of attacks. A significant association was
found between the age of headache onset and the
general intelligence

No difference in Total IQ between the three groups.
TTH had a lower Verbal Intelligence Quotient but
higher Performance Intelligence Quotient compared
with migraine and control subjects

(Continued)
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TABLE 1 | Continued

References

Sample

Neuropsychological domains assessed (Tests used)

Main neuropsychological results

Costa Silva et al. (42)

Petrusic et al. (43)

Haverkamp et al. (44)

Chiappedi et al. (45)

Calandre et al. (32)

28 Migraine (6 M; 22 F; age range 10-18 years,
mean age 14.39 + 2.6 years)

26 Control subjects (18 M; 12 F; similar age range,
mean age 14.58 + 2.43 years)

44 Migraine with aura (21 M; 23 F; age range 13-19
years; 16.09 + 2.05 year)

44 Control subjects matched with migraineurs in
terms of gender and age

37 Migraine (22 M; 15F; mean age 10 years + 2.10)
17 Healthy non-affected siblings (6 M; 11 F; mean
age 8.81 + 2.61)

16 Migraine (9 without and 7 with aura)

14 TTH

30 Control subjects

Mean age cases: 12.4 years, mean age controls:
12.6 years

10 Migraine with aura and 50 migraine without aura
(28 adults and 32 pediatric; age range 15 to 68
years)

30 Control subjects (17M; 13F)

- Memory and learning (Rey Auditory Verbal Learning Test).

- Attention- executive functions (Trail Making Test-A and B, and Stroop
Test)

- Language: Verbal Fluency Test

- Attention/orientation,

- Memory,

- Verbal fluency,

- Language,

- Visuospatial abilities

The neuropsychological evaluation was performed by using the
Addenbrooke’s Cognitive Examination test

- Mental processing and cognitive development in children (Kaufman
Assessment Battery for Children- 1)

- General intelligence abilities (WISC-IV)

- General intellectual functions (WAIS)

- Attention (Digits backwards -subtest from WAIS; Stroop test; Strub
and Black letter list; Trail Making Test- Parts A and B; icture
completion- subtest from WAIS)

- Memory (Digits forwards- subtest from WAIS; Rey Auditory Verbal
Learning Test; Logical memory; Visual reproductio- subtest from the
Wechsler Memory Scale; Short and delayed reproduction of
Rey-Osterrieth’s Complex Figure Test; Benton Visual Retention Test)
- Visuo-motor speed processing (Digit Symbol Substitution Test; Visual
reaction time

- Motor coordination (Luria Sequential Motor Tests; Rapid alternating
hand movements; Rhythm test)

- Visual perception (Poppelreuter Test; Benton’s Recognition Form
Test/Visual Form Discrimination; Benton’s Facial Recognition Test)

- Abstract reasoning. Similarities- subtest from WAIS)

- Mental calculation (Arithmetic-subtest from WAIS)

- Praxias (Rey’s Complex Figure Reproduction; Block design)

Patients with migraine displayed lower performance
in short and long-term verbal memories and in
semantic verbal fluency. Migraine children also had
lower scores in visuo-motor tracking, selective
attention and speed of processing

Lower attention/orientation, memory and verbal
fluency in patients. No differences between patients
and controls in language and visuospatial abilities.
Adolescents with more complex aura (higher cortical
dysfunctions) showed a poorer cognitive outcome

Patients as well as their siblings demonstrated a
neurocognitive performance within the average
range.

Both patients and their siblings had worse
performance in sequential information processing
task compared with simultaneous information
processing task.

No neuropsychological vulnerability in children with
aura

No significant differences in the Total IQ score
between groups. Patients displayed lower
performance in memory skills. A borderline
statistical difference between patients and controls
in “Verbal Comprehension” Index.

No statistically significant differences in cognitive
performance according to the headache subtypes,
the frequency of attacks and duration of headache

Migraine group showed a poor performance only in
the visuo-motor speed processing (measured by the
reaction time).

A significant association between the frequency of
attacks and the history of migraine with low
attention, visuo-motor speed processing and
memory abilities.

No relevant difference between patients with and
without aura

(Continued)
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TABLE 1 | Continued

References

Sample

Neuropsychological domains assessed (Tests used)

Main neuropsychological results

Riva et al. (46)

Villa et al. (47)

lacovelli et al. (25)

Arruda et al. (48)

Attygalle et al. (49)

Genizi et al. (50)

Pavone et al. (51)

Genizi et al. (52)

14 Migraine with aura (mean age 12.9 £+ 2.10)
29 Migraine without aura (11.9 + 2.8)

19TTH (12 £ 2.11)

52 Control subjects (11.10 &+ 2.1)

25 Patients suffering from migraine without aura.

5 Children with migraine with aura

(15M, 15F; age range 8-12 years, mean age 10.8
+1.5)

30 Control group children (16 M; 14 F; age range
8-12 years, mean age 9.9 + 1.3)

16 Migraine without aura (10 M; 6 F; mean age 11.7
+ 2.7 years)

12 TTH (4 M; 8F; mean age 12.3 + 2.8)

10 Control subjects (5 M; 5F; mean age 11.7 + 2
years

510 Episodic migraine (242 M; 268 F)

36 Chronic migraine (18 M; 18F)

726 Episodic TTH (369 M; 357 F)

1 Chronic TTH (1 M; OF)

(age range 5-12 years)

141 Migraine (mean age 10.6 + 2.4 years; 56.8%
females)

85 Control subjects (9.2 + 2.8 years; 38.1%
females)

(age range 5-14 years)

279 High-school students (158 M; 121 F; age range
15-16 years) of whom 230 reported headache
56 Migraine

224 TTH

280 Control subjects

(age range 4-14 years)

107 Migraine

116 TTH

(108 M; 135F; age range 6-18 years; mean age
11.24 + 3.08)

- Intellectual abilities (Raven Progressive Matrices)
- Sustained attention and response inhibition (Conners’ Continuous
Performance Test)

- Visual attention, mental flexibility, visual scanning, alternate attention
and psychomotor velocity (Trail Making Test-A and B; Letter-Canceling
Test; Test of Visual Attention)

- Visual Attention (Deux Barrage test)

- ADHD (Multimodal Treatment Study for Attention-Deficit/Hyperactivity
Disorder- IV and Strengths and Difficulties questionnaires performed by
parents and teachers)

- ADHD (the abbreviated version of the Swanson, Nolan, and Pelham
(SNAP) Questionnaire (SNAP-IV)

A computerized general health questionnaire

Parents were requested to answer questions regarding of ADHD
symptoms

- ADHD (Conners’ Parents and Teacher Rating Scales-Revised)
- Parents and patients evaluated school performance

Faster mean reaction time, associated with highly
activated response and errors, in patients.

No relationship between the frequency of attacks,
the duration of headache and the attention abilities.
No significant neuropsychological differences
between the three groups of patients

No difference between patients and control in the
reaction time performance. The migraine group had
a low performance in all other variables, in particular
alternate attention

Patients had similar performance in attentive
neuropsychological test compared with healthy
control.

No difference between migraine and TTH was
found. A positive correlation between the
neurophysiological pattern and the cognitive
performance was found only in migraine group

The prevalence of ADHD was significantly higher in
children with migraine overall.

An association between ADHD symptoms (in
particular inattentive) and headache frequency

Higher percentage of ADHD inattention and
impulsive-hyperactive symptoms in patients with
migraine

27% of students who reported headache had a
diagnosis of ADHD

No difference in ADHD symptoms between groups

Among patients with headache, 24,7% were
diagnosed with learning disabilities and 28% with
ADHD.

Children with recurrent attacks (>10 in a month)
and long headache duration were more prone to
learning disabilities.

ADHD and poor school academic performance
were less prevalent among patients with migraine
compared with TTH patients. Migraine showed a
higher prevalence of learning disabilities

(Continued)
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TABLE 1 | Continued

References

Sample

Neuropsychological domains assessed (Tests used)

Main neuropsychological results

Genizi et al. (50)

Moutran et al. (53)

Esposito et al. (54)

Esposito et al. (55)

Precenzano et al. (56)

262 Migraine (124 M; 138F; mean age 12 + 2.9
years):

68 Migraine with aura

59 Children met the criteria for episodic TTH/mixed
headaches in addition to migraine headaches

30 Migraine (15 M; 15F; age range 8-12 years,
mean age 10.8 + 1.6 years)

30 Control subjects (18 M; 12 F; similar age range,
mean age 10.0 + 1.3 years)

27 Migraine without aura (11 M; 16 F) (mean age:
8.7 + 2.1 years)

59 Control subjects (34 M; 25F) (mean age: 8.0 +
2.1 years)

71 Migraine without aura (39 M; 32 F females; mean
age: 9.13 & 1.94 years)

93 Control subjects (44 females, 49 males; mean
age: 8.97 + 2.03 years)

84 Children with migraine without aura (45M; 39 F;
mean age: 8.91 + 2.46 years), randomly divided
into two groups

- General intelligence (WISC- )

- General intelligence (WISC-IIl)

- General intelligence (WISC-III)
- Visual-motor integration skills (Beery visual-motor integration test,
VMI)

- Visual-motor integration skills (Beery visual-motor integration test,
VMI)

- Motor coordination performance (Movement Assessment Battery for
Children, M-ABC)

- Nintendo Wii Fit Plus™ system as a rehabilitative device

- Motor coordination (VMI)

- Software “Allenare le abilita visuo-spaziali” for strengthening of
non-verbal and skills visual-spatial

Children with mixed headaches were more likely to
have a learning disability than children with migraine
alone

Patients had normal intelligence performance.
Migraine group displayed a significant lower score
on vocabulary, information, arithmetic and object
assembly subtests.

Patients showed significant lower performance in
perceptual organization, resistance to distraction,
and processing speed indexes

Low performance in visual motor integration abilities
and motor coordination skills in patients suffering
from migraine without aura

Low performance in visual-motor integration abilities
and motor coordination skills in patients suffering
from migraine without aura.

Positive effects of the Nintendo Wii Fit PlusTM
system as a rehabilitative device

Efficacy of the software training

CMR, colored progressive matrices; WISC-R, Wechsler intelligence scale for children-revised; WISC-IIl, Wechsler intelligence scale for children - third edition; WISC-1V, Wechsler intelligence scale for children - fourth edition; ADHD,
attention deficit hyperactive disorder.
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correlation between the frequency of attacks and total, verbal and
performance intelligence quotients of WISC test and between
the age of headache onset and the total intelligence quotient
score. It was suggested that cognitive impairment in headache,
particularly migraine, may be due to repeated hyperactivation
of several cortical or subcortical neuronal networks during
the attacks.

A different intelligence profile between migraine and TTH
patients was described by Esposito et al. (41). The authors
confirmed a normal intelligence development in patients
with primary headache, although, in disagreement with
previous literature, they showed weak perceptual organization
competences in patients with migraine as compared with both
TTH patients and healthy controls. Abnormalities in frontal
lobe structure and impairment of executive functions have been
suggested as causal mechanisms.

Studies focusing on receptive and expressive language in
young patients with headache are sparse. To the best of our
knowledge, in addition to the above mentioned study by Waldie
et al. (34), only two other studies examined specific interictal
language abilities in children/adolescents with migraine. In
2016, Costa Silva et al. evaluated semantic and phonological
fluency (“Verbal Fluency test”) in migraine patients (n. 28)
and healthy children (n. 26) (42). In patients with migraine,
there were significant lower scores in semantic verbal fluency
(“animals” subtest), but not in phonemic verbal fluency.
Petrusic et al. (43) recruited 74 adolescents (age range 13-
19 years) who suffered from migraine with aura. Compared
with healthy subjects, performances in verbal fluency, but not
in language, were lower in patients than in control subjects.
The study did not show a significant association between
the neuropsychological performance, including language and
verbal fluency, and both higher cortical dysfunctions and
aura frequency/duration.

Memory

Several studies investigated memory abilities in children and
adolescents with migraine by using standardized test (Table 1).
In an early study, D’Andrea et al. (37) described impaired short
and long-term visuo-spatial (“Rey Memory test”) and verbal
(“Logical Memory test,” the “t, and 10 word learning test”)
memory. Several years later, by using the Kaufman Assessment
Battery for Children (K-ABC) (62), Haverkamp et al. (44) found
cognitive performance within the normal range in children
with migraine (n. 37, mean age = 10 years) and in their
siblings (n.17, mean age = 8.81 years). The authors, however,
described lower performance in subtests requiring memory
competences, as in sequential information processing tasks
(SEQ). No neuropsychological vulnerability in patients with aura
was revealed. Considering that similar scores were found in both
migraine patients and their sibling, the authors hypothesized a
sample artifact and concluded that no general risk for defective
cognitive development exists in young patients with migraine.
Using the structured test “Rey Auditory Verbal Learning test”
(RAVLT) (63), deficits in verbal memory and learning were
reported (42). Compared with healthy subjects, migraine patient
performance was more influenced by distractors. Difficulties in

verbal memory and, in particular, registration, consolidation,
and recall of verbal stimuli were found. As discussed by the
authors, since these functions are associated with the ability
to use schemas to seek information and organize thoughts,
their impairment may lead to poor school performance. The
results of a study by Chiappedi et al. (45) provided confirmatory
evidence that adolescents affected by headache (migraine and
TTH) may have short-term memory difficulties. Although a
specific structured evaluation of memory was not performed,
cognitive test WISC-IV showed specific impairment in the
“Working Memory” index, especially concerning the subtest
“Digit Span,” which provides a measure of the ability to
store, manage and manipulate information indispensable for
language and learning. The study failed to find statistically
significant differences in working memory abilities according
to headache diagnosis, frequency of attacks, and duration
of headache.

In disagreement with previous studies, Margari et al. (39)
reported the absence of significant differences between patients
with primary headache and controls in “Forward Memory,”
“Reverse Memory” and “Non-verbal Memory” subtests scores,
issued from the cognitive non-verbal test “Leiter-3” (57).
However, the study described a significant association of
frequency of the attacks and headache disability with non-verbal
memory abilities, suggesting that higher headache disability may
have a significant impact on specific cognitive domains, such as
the non-verbal memory.

Focusing on migraine with aura, Petrusic et al. (43) showed
significantly lower performance in memory skills in adolescents
suffering from migraine with aura compared with healthy
subjects. As for language, the authors did not evidence significant
association between the presence of higher cortical dysfunctions,
frequency and duration of aura and the memory skills (evaluated
by the “ACE-R test”) (43, 64).

Data on the role of migraine features on memory abilities
in pediatric patients are sparse (Table1). To the best of
our knowledge, in addition to the above mentioned studies
(39, 45), only Calandre et al. (32) explored this topic. In a
sample of 28 adults and 32 pediatric patients with migraine,
the authors described an impairment of short- and long-term
visual memory, verbal memory, and working memory, related
to frequency of the attacks and headache history. Multiple
hypoperfusion areas demonstrated by Single Photon Emission
Computed Tomography (SPECT) suggested an involvement of
several cerebral areas in both hemispheres.

Attention and Attention Deficit Hyperactive

Disorder

Research suggests difficulties in attention, processing speed and
executive functions during the interictal period of migraine (14)
(Table 1). Riva et al. (38) investigated the cognitive performances
and behavioral problems in children and adolescents affected by
migraine with and without aura (17 and 31 patients, respectively).
Normal visual, selective and divided, attention was found in
both groups of patients, evaluated with a paper-and-pencil test
(“Trail making test” TMT A and B) (65). However, slower
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information processing speed, assessed by a computerized simple
reaction time to visual stimuli task, was found in migraine
patients compared to controls. Frequency of the attacks, but not
the duration of the disease, influenced the simple reaction time
(38). Confirmatory evidence of altered reaction time in young
headache patients was provided by a later study of the same
authors (46). The “Conners’ Continuous Performance test” (66),
evaluating selective and sustained attention, was administered
to 62 young patients with primary headache (14 with migraine
with aura, 29 with migraine without aura and 19 with TTH)
and 52 controls. Faster mean reaction time, associated with
highly activated response and errors (more frequent false positive
responses), was found in patients compared with controls,
suggesting an impulsive response style. The role of emotional
factors, such as anxiety, in attentive performance of patients
was hypothesized. As in their previous study, no difference was
found between the groups of patients, suggesting that migraine
and TTH may represent a continuum and share the same
pathophysiological mechanisms (22, 24). In a more recent study
(42), low performance in attention and executive functions
tests was described in children with migraine. In particular, a
significant longer execution time (“Trail-Making test”) was found
in migraine patients compared with healthy subjects. On the
other hand, patients and controls exhibited similar performances
in errors. Considering that reaction time explores mainly the
speed in detecting and responding to a signal, the authors
suggested that its abnormality can be considered as an early and
subclinical sign of a neuropsychological impairment, associated
with the frequency of headache attacks. In contrast with these
findings, another study (44) described similar sequential and
simultaneous information processing abilities (evaluated by
Kaufman-Assessment Battery for Children) (62) in patients with
migraine (with and without aura) and their healthy siblings.
These results were replicated by Villa et al. (47), who found
no differences between migraine patients (n. 30) and healthy
children (n. 30) in a visual reaction time task (“Visual attention
test”) (47, 67).

Peculiar attention mechanisms in young patients with
migraine were suggested by psychophysiological research
(22). Agessi et al. (68) showed impairment of auditory
selective attention and physiologic mechanisms of temporal
processing. In 2011, we explored both neuropsychological and
neurophysiological components of attention in children with
migraine (n. 16), TTH (n. 12), and healthy subjects (n. 10) (25).
Although a paper and pencil attentive test (“Deux Barrage”) (25)
did not evidence any significant impairments and differences in
speed and errors between groups, the authors found abnormal
neurophysiological mechanisms of spatial attention in patients
with headache. Moreover, only in migraine patients, and not in
those with TTH, the N140 amplitude increase showed a positive
correlation with the neuropsychological performance. We
hypothesized that in children with migraine normal attention
achievement can be obtained involving a larger amount of
“frontal lobe resources,” as compared to healthy children (25).

Though a causal association cannot be maintained, a high
prevalence of ADHD symptoms has been described in children
and adolescents suffering from migraine (48, 49, 69) (Table 1).

Arruda et al. (48) showed a significant higher prevalence
of ADHD in children with migraine compared with control
subjects. In particular, since this comorbidity mostly involved
children with chronic migraine, it was suggested that frequency
of migraine attacks increased the risk of ADHD. These results
were confirmed by Attygalle et al. (49). The authors described
a higher percentage of inattention and impulsive-hyperactive
symptoms in patients with migraine than in control subjects.
Exploring the opposite association, a high prevalence of migraine
(and other primary headache) was described in children with
ADHD (70).

We must underline that the association between pediatric
headache, in particular migraine, and ADHD is not generally
accepted. In a cohort study conducted on 279 high-school
students, ADHD prevalence was not different between students
who reported headache and those who did not (50). These
results were in accordance with a previous study of Pavone et al.
(51). In order to explore the prevalence of ADHD and learning
disabilities in pediatric patients with headache, a total of 243
medical records of patients (6-18 years) with migraine (n. 107)
and TTH (n. 116) were retrospectively reviewed by Genizi et
al. (52). Higher rates of ADHD, but also learning disabilities,
were found in headache children than in the general population.
However, the study did not confirm the relationship between
ADHD symptoms and migraine. Supporting a previous study of
Mazzone et al. (71), the research revealed a higher prevalence
of ADHD symptoms and lower school achievements in children
and adolescents with TTH compared to those with migraine.

Learning Disabilities

Learning disabilities are a heterogeneous group of disorders
involving difficulties mainly in reading, writing, or mathematical
abilities (Diagnostic and Statistical Manual of Mental Disorders-
Fifth Edition, DSM-5) (72). These disorders show very often
a comorbidity with impairments in cognitive domains, such
as memory, attention and processing speed. Few studies
investigated the association between migraine and learning
disabilities (Table 1). While some of them reported normal
abilities in arithmetic and reading in children with migraine
(34, 37), other authors described an association between learning
disabilities and migraine. Genizi (52) found that about 25%
of patients referred to a headache center reported learning
disabilities. In particular, compared with children with TTH,
those with migraine showed a higher prevalence of learning
disabilities (respectively, 26.4 vs. 21.7%). Children with more
than 10 attacks/month and long headache duration were more
prone to show learning disabilities. Despite these results, children
with migraine had good to excellent school achievement. The
authors hypothesized that fear of failure and desire for successes,
typical of children with headache, may lead to an approach
to school characterized by over achievement. Some years later,
the same authors (50) showed a higher prevalence of learning
disabilities in children with mixed headache (migraine and TTH)
compared to those with migraine alone. We have to underline
that most studies did not provide a specific neuropsychological
evaluation for learning disabilities.
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Visuo-Motor and Visuo-Spatial Abilities

Data on visuo-motor and visuo-spatial abilities of children
with migraine during the interictal phase are sparse (Table 1).
In a study by Correa Moutran et al, a low perceptual
organization (evidenced by WISC-III) was observed (53, 73).
On the other hand, no difference in visuospatial skills between
migraneurs with aura and controls was found in a later
study using “Addenbrooke’s Cognitive Examination” test (43).
In 2012, Esposito et al. showed a lower performance in
motor coordination and visual motor integration evaluation
in children with migraine, as compared with controls (54).
Using the “Beery Visual-motor integration” test (VMI) (74)
and the “Movement Assessment Battery” for Children (M-
ABC) (75), the same authors confirmed a low performance
in visual motor integration abilities and motor coordination
skills in patients suffering from migraine without aura (55).
Effectiveness of the Nintendo Wii Fit Plus™ system as a
rehabilitative device in these patients was suggested (55). Also,
Precenzano et al. showed the efficacy of a specific software
training (“Allenare le abilita visuo-spaziali’) for enhancing the
visuospatial abilities (56).

DISCUSSION

The reviewed literature suggests that, though considered a benign
disease, pediatric primary headache may also be associated to
altered neuropsychological functioning in the interictal phase.
Available findings provide evidence of the role of cognitive
difficulties in poor academic achievement in children with
headache (34, 40).

Although migraine was especially investigated, literature data
suggest that some cognitive abilities, such as memory and
attention, may be impaired also in children with TTH. These
results support the hypothesis that, in pediatric age, migraine
and TTH are not distinct entities, but two aspects of the same
spectrum of benign headache (22, 24, 46).

The interictal cognitive profile of pediatric patients with
primary headache is characterized also by dysfunctions
in selective, prolonged and alternate attention. It was
shown that pediatric patients with migraine and TTH have
altered processing speed and reaction time, suggesting an
impulsive response style and impaired executive functioning.
Although children and adolescents with migraine generally
show a normal intelligence, they may have difficulties
in verbal skills, in particular comprehension abilities.
Some authors hypothesized that this may be related
to a risk factor, common to migraine and language,
occurring in an early developmental, even prenatal,
phase (34).

Data on vulnerability factors leading to cognitive impairment
in children with primary headache are sparse. The mechanisms
underlying the relationship between migraine and interictal
cognitive impairment are not completely known. Shared
neurobiological factors, such as neurotransmitters, play a key
role in both migraine and cognition (76). Noradrenaline and

dopamine are involved in memory, learning and attention,
as well in several components of executive functions. While
noradrenaline keeps adequate levels of alternate, sustained,
and selective attention, dopaminergic connections regulate
cognitive functions associated with working memory and
attention skills. Dysfunction of the hypothalamic-pituitary-
adrenal axis (77) and dopamine networks (78) have been
suggested as common factors underlying migraine and
ADHD. Both noradrenaline and dopamine are involved
also in migraine pathophysiology, pain generation as well
as accompanying symptoms of migraine attacks (79, 80).
Noradrenaline and dopamine act on the trigeminal system
by modulating neuronal excitability (81, 82). Low levels
of noradrenaline may predispose patients with migraine
to syncope and headache attacks. On the other hand,
several prodromal symptoms (mood changes, somnolence),
accompanying symptoms (vomiting and nausea), and
postdromal symptoms (tiredness, drowsiness, mood changes)
of the migraine attack may be related to dopaminergic
activation (80).

An increasing body of research explored the role of pediatric
migraine severity on cognitive resources in the headache free
period (32, 38-40, 45, 46, 82). There is evidence that early age
of onset and high frequency of the attacks may represent factors
favoring cognitive impairment (32, 40).

Though out of the purpose of the present review, the role
of medications in causing cognitive difficulties in children
with primary headache is not to be forgotten. A negative
influence, as possible side-effects of drugs, has been described
by Powers et al. (83), who reported memory impairment
(17%) and a not specified “cognitive disorder” (16%) in
subjects with migraine treated with topiramate. However,
the relationship between pharmacological treatment may be
bi-univocal. Villa demonstrated lower performance, although
within the normal range, in a visual selective and alternate
attention test in untreated migraine patients compared with
both children assuming migraine prophylaxis and control
subjects (84). The authors supposed a positive influence of
prophylactic treatment in re-establishing the equilibrium of
neurotransmitters and, as a consequence, a reinforcement of the
attentive functions (84).

Reviewed literature shows limitations  and
heterogeneity in the used methods. Firstly, most recruited
patients are referred to neurologists or specialistic headache
clinics, resulting unrepresentative of the general population.
Second, included samples can be very small and do not
consider the migraine phenotype, such as migraine with or
without aura. Third, some studies lack a control group. Forth,
the neuropsychological tools used for patient evaluation are
extremely variable. Fifth, in some studies neuropsychological
information are only issued from parents’ and/or teachers
reports. Lastly, the possible role of psychological symptoms in
explaining, at least in part, the association between pediatric
migraine and cognitive difficulties has been scarcely investigated
(38, 82).

several
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CONCLUSIONS

Pediatric migraine may be associated with altered

neuropsychological functioning involving language, attentional
resources, processing speed and memory, particularly verbal
memory. Given the impact that this disease can have on school
performance and the tendency to persist from childhood
to adulthood, a special attention should be paid to patients’
cognitive development. Unfortunately, the heterogeneity
of the results obtained by the different neurocognitive
tests prevents statistical analysis of the published findings
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