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Background: The purpose of this study was to assess the cognitive functioning of children
affected by headache, pinpointing the differences in intelligence style between subjects affected
by migraine without aura and subjects with tension-type headache.
Methods: The study population consisted of 147 children (mean age 10.82 ± 2.17 years) with
headache, recruited from the Headache Center for Developmental Age, Child and Adolescent
Neuropsychiatry Clinic, Second University of Naples. Cognitive profiling was performed using
Weschler Intelligence Scale for Children Third Edition throughout the sample. According to
the International Classification of Headache Disorders II criteria for pediatric age, subjects
were divided into a migraine without aura group (n = 75; 43 boys, 32 girls) and a tension-type
headache group (n = 72; 49 boys, 23 girls). The results were compared with the findings obtained
from a sample of 137 healthy control subjects recruited from schools in the Campania region,
matched for age and gender.
Results: No difference in full intelligence quotient was found between the groups, but the
children with tension-type headache had a lower verbal intelligence quotient and a higher
performance intelligence quotient than the healthy controls and children with migraine. Factor
analysis data showed that the children with migraine seemed to have lower perceptual organization
than the children affected by tension-type headache.
Conclusion: To our knowledge, studies on cognitive functioning in children affected by
headache in the interictal phase are scarce, and our results suggest a new perspective in
understanding of the neuropsychological aspects of young patients affected by headaches.
Keywords: childhood headache, intelligence quotient, Weschler Intelligence Scale for Children
Third Edition, intelligence, migraine
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Primary headaches are probably the most frequent and painful neurological symptom in
childhood, with a prevalence of 2%–17% for migraine without aura and 0.9%–24% for
tension-type headache,1 and a high disabling grade.2 The impact of primary headache
on cognitive functioning is not yet well understood or considered in clinical practice.
However, knowledge of the relationship between cognitive styles and functioning could
help to clarify the pathogenesis of headache, given that a significant correlation has been
reported between analytic cognitive style and cluster headache in adults,3 although the
prevalence of cluster headache in childhood could be considered scarce according to
a recent systematic review.4 Conversely, reports dealing with the neuropsychological
performance of patients affected by migraine during the interictal period are relatively
scarce and tend to show discrepant findings.
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Some authors have suggested that subjects affected
by migraine may experience transient deficits in cognitive
functions,5–11 without a specific link and/or a specific relationship
between migraine symptoms, their duration and intensity, and
the cognitive impairment.12–15 Alternatively, other reports have
shown that memory,5,8,10,11 speed of information processing,5
attention,8,10,11 and psychomotor ability8,9 seem to be the most
frequent neuropsychological functions which are altered in
patients affected by headache, even if not present in all subjects.
A recent report has suggested a higher prevalence of
developmental coordination disorder and borderline motor
skills in children affected by migraine,16 that could be related
to their cognitive performance, particularly the reduction in
perceptual organization abilities found in children suffering
from migraine without aura. 17 On the other hand, the
presence of headache in late adulthood could seem to be
related to worse performance on some measures of executive
functioning, suggesting that a cognitive impact is not
specific to migraine but might be associated with headache
in general.18 Anyway, few studies have been published
concerning the impact of primary headaches on cognitive
performance in childhood.19–21 Therefore, the aim of this study
was to assess the cognitive profiles of children affected by
headache, highlighting the differences in intelligence style
between children suffering from migraine without aura and
those with tension-type headache.

Materials and methods
Population
Data were collected from a pilot group (10 migraine without
aura, 10 tension-type headache, and 10 control children) and
used to perform the sample size calculation. The desired
power was set at 0.80 and error at 0.05. The sample size was
calculated using online software (http://www.dssresearch.
com/toolkit/sscalc/size_a2.asp). The sample size required
was found to be 24 subjects, ie, eight for each group, but
there was the opportunity to recruit more patients (147 in
total) in order to strengthen our findings. Therefore, the
study population consisted of 147 children with headache
(mean age 10.82 ± 2.17 years) recruited from the Headache
Center for Developmental Age, Child and Adolescent
Neuropsychiatry Clinic, Second University of Naples.
Exclusion criteria were mental retardation (intelligent
quotient [IQ] ,75), association of different types of
headache, previous prophylactic therapy for migraine,
changes in neuroradiological (magnetic resonance imaging
or computed tomography scan), neurophysiological (wake
and sleep electroencephalogram), or blood chemistry results,
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concomitant neurological (epilepsy, movement disorders,
cerebral palsy) or psychiatric disorders (schizophrenia, mood
and anxiety disorders, psychosis, eating disorders, attention
deficit hyperactivity disorder), metabolic disease, thyroid
disease, obesity, and sleep-related breathing disorders.
Cognitive profiling was performed for all three groups.
Using the International Classification of Headache Disorders
(IHCD) II criteria for the pediatric age group,22 the sample was
divided into a group of children affected by migraine without
aura (n = 75; 43 boys, 32 girls) and a group of children with
tension-type headache (n = 72; 49 boys, 23 girls).
Following recruitment, there was a 4-month run-in
period to verify headache characteristics. The minimum
length of headache (for both types) required for admission
in this study was 8 months, with a minimum of eight attacks
monthly, each lasting for a duration of one hour, according
to ICHD-II criteria. Subjects in both groups were recruited
from the same urban area, and were all of Caucasian origin
and of middle socioeconomic status. All parents gave their
written informed consent. The results were compared with
the findings obtained in a sample of 137 healthy controls
(93 boys, 44 girls; mean age 10.78 ± 2.35 years) recruited
from schools in the Campania region, who were matched for
age (P = 0.882) and gender (P = 0.417). The departmental
university ethics committee of the Second University of
Naples approved the study (protocol number 178/2011),
which was conducted according to the criteria of the
Declaration of Helsinki.23

Cognitive evaluation
The Italian version of the Wechsler Intelligence Scale for
Children Third Edition (WISC-III)24 for subjects aged 6–16
years was administered to all the children. Specifically,
the WISC-III is composed of 13 distinct subtests divided
into two scales, ie, a verbal scale and a performance
scale. The six verbal scale tests use language-based items,
whereas the seven performance scales use visual-motor
items that are less dependent on language. Five of the
subtests in each scale produce scale-specific verbal and
performance IQs, and the 10 subtest scores produce a full
scale IQ. Moreover, this test allows further evaluation of
the characteristics of intelligence according to four factors
that describe intelligence abilities by study of the subtests,
ie, verbal, comprehension, and perceptual organization
factor scores provide further statistically derived measures
of language-related, visual-perceptual integration, and
visual-motor skills, with freedom from distractibility and
processing speed.

Neuropsychiatric Disease and Treatment 2012:8

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 34.226.234.102 on 13-May-2021
For personal use only.

Dovepress

Intellectual functioning in children with headache

The WISC-III is one of the most widely used measures
of intelligence,25 and it has been assumed that its scores
cannot be interpreted ambiguously,26 because the scale can
measure the same construct(s) from person to person.24 Initial
analyses of the WISC-III standardization sample found that
it was best represented by a four-factor, first-order structure,
whereby verbal comprehension is composed of information,
similarities, vocabulary, and comprehension subtests; perceptual
organization is composed of picture completion, picture
arrangement, block design, and object assembly subtests;
freedom from distractibility is composed of arithmetic and digit
span subtests; and processing speed is composed of coding and
symbol search subtests.24 In general, the reported four-factor
structure of the WISC-III normative sample has been accepted,
but with some disagreement surrounding the smaller freedom
from distractibility and processing speed factors.27,28 For this
reason, only verbal comprehension and perceptual organization
factors and differences in verbal comprehension-perceptual
organization were taken into account in our study. Also, the
difference between verbal IQ and performance IQ was used,
as indicated in the validation criteria.

Statistical analysis
Mean differences in IQ scores, factor analysis, and
anthropometric and clinical characteristics between the
migraine without aura, tension-type headache, and control
groups were analyzed by t-test. The Chi-square test was
applied to evaluate the gender distribution in the three
groups. Bonferroni correction was applied. A P value ,0.01
was considered to be statistically significant. Commercially
available Statistica software (StatSoft Inc, Tulsa, OK) was
used for the statistical evaluation.

Results
The mean (±standard deviation) frequency of headache
was 10.128 ± 2.842 attacks per month, the mean number of
months with headache was 12.346 ± 2.019, and the mean
duration of headache was 4.914 ± 2.275 hours. The headache

group (147 subjects) was composed of 75 children with
migraine without aura and 72 children with tension-type
headache matched for age (P = 0.38) and gender (P = 0.241)
and the headache group (migraine without aura and tensiontype headache) was matched with the control group (Table 1).
Table 2 shows no difference in full IQ between the three
groups, but a lower verbal IQ and a higher performance IQ in
the tension-type headache group compared with the healthy
controls and migraine without aura group. Factor analysis
data show that the children with migraine tended to have
lower perceptual organization competence than the healthy
controls or the children with tension-type headache.

Discussion
Despite the considerable advances in knowledge about the
pathophysiological features of headache, the exact effects
of migraine on daily life are still not entirely understood,
particularly with regard to developmental age. To our
knowledge, studies reporting cognitive functioning in the
interictal phase for children affected by headache remain
scarce and have produced conflicting results. Therefore, our
results could suggest a new perspective in understanding
the neuropsychological aspects of young patients affected
by headaches.
The first relevant study performed by D’Andrea et al in
1989 was in a sample of 20 children affected by migraine
without aura (aged 7–11 years) and failed to identify any
particular deficits in cognitive functioning, except for significantly impaired performance on short-term and long-term
memory tasks.19 Moreover, in 2002, Haverkamp et al reported
no significant differences on a scale assessing sequential and
simultaneous information processing in children aged 6–12
years with migraine or in their healthy siblings.20 In this
regard, our findings suggest that the cognitive functioning
of children with headache may be considered to be different
from that in healthy children.
In an Italian cross-sectional study in 2010, Parisi et al21
suggested that the verbal skills of school-aged children with

Table 1 Anthropometric and clinical characteristics among children with migraine without aura, tension-type headache, and controls

Age
Gender distribution (M/F)
Z-score BMI
Frequency of attacks

MoA
(n = 75)

TTH
(n = 72)

Control
(n = 137)

P
MoA versus
control

TTH versus
control

MoA versus
TTH

10.66 ± 2.65
43/32

10.97 ± 1.52
49/23

10.78 ± 2.35
93/44

0.731

0.526

0.38

0.56 ± 0.24

0.59 ± 0.39

0.896
0.073

0.241
0.52

11.78 ± 6.53

12.9 ± 5.23

0.51 ± 0.25
–

0.167
0.159
–

–

0.254

Abbreviations: BMI, body mass index; MoA, migraine without aura; TTH, tension-type headache.
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Table 2 Mean and standard deviation for cognitive indices in children with migraine without aura or tension-type headache, and
control children
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MoA
(n = 75)

Control
(n = 137)

Pa
MoA versus
normal

TTH versus
normal

MoA versus
TTH

VIQ

102.65 ± 15.44

98.58 ± 10.51

105.31 ± 13.44

1.35

0.002

0.453

PIQ

92.73 ± 14.51

101.42 ± 14.28

95.02 ± 13.58

1.775

0.012

0.002

FIQ

97.31 ± 16.39

99.63 ± 11.80

100.23 ± 12.49

1.027

5.134

2.293

VC

104.76 ± 18.74

99.12 ± 9.80

103 ± 13.12

2.979

0.198

0.171

PO

91.42 ± 13.95

99.47 ± 13.58

96.6 ± 11.99

0.035

0.829

0.003

VC-PO

13.34 ± 16.56

-0.34 ± 14.25

   6.4 ± 12.52

0.005

0.003

0.000

9.92 ± 8.38

-2.83 ± 14.17

10.4 ± 15.88

5.65

0.000

0.000

VIQ-PIQ

Note: Bonferroni-corrected value.
Abbreviations: MoA, migraine without aura; VIQ, verbal intelligent quotient; PIQ, performance intelligent quotient; FIQ, full intelligent quotient; TTH, tension-type
headache; VC, verbal comprehension; PO, perceptual organization.
a

headache could be considered less developed than for those
without headache, with no differences between children
with migraine and those with tension-type headache. In
contrast, our results suggest that the intelligence profile of
the two headache groups (migraine without aura and tensiontype headache) is quite different, with children suffering
from tension-type headache showing a slight reduction in
verbal ability (even if not significant) and an increasing in
the perceptual organization respect of chldren affected by
migraine without aura.
Moreover, in 2008, Schmitz et al showed a correlation
between impaired executive function in adult migraineurs
and a deficit in density of the frontal and parietal gray
matter, suggesting that abnormalities in the fronto-striatalparietal network are strongly associated with this specific
interictal impairment.29 Impairment of executive function
and abnormalities in frontal lobe structure may explain also
the decreased perceptual organizational ability seen in our
children with migraine without aura. In addition, we should
consider the role that psychological factors and/or personality
traits may play in neuropsychological performance,
considering that anxiety levels tend to be higher in children
with migraine than in controls.19
Some limitations of this study need to be taken into
account, in that subjects were recruited from a specific region
in Southern Italy and assessment of intellectual functioning
was limited. Notwithstanding these limitations, our study does
identify differences in intellectual ability in children affected
by headache and suggests the need for a new academic
approach to such children, ie, enhancing verbal activity for
those with migraine without aura and using a logic-deductive
approach for those affected by tension-type headache.
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