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Memory functions in patients
with chronic daily headache

Abstract Memory loss is a common
complaint in headache sufferers. 71
patients, 50 women and 21 men,
affected by chronic daily headache
with different diagnoses at onset and
at study entry underwent a test battery in order to evaluate both shortand long-term memory according to
the different sensorial pathways of
data acquirement. Statistical analysis
of the results was performed using
means of Spearman’s correlation
coefficients, analysis of variance,
chi-square, Fisher’s test and MannWhitney U test. A percentage of
patients, ranging from 2% to 56%,
according to the different tests,
showed a worse performance than
normal subjects. The percentage of
the subjects with memory difficulty

Introduction
It is noteworthy that headache sufferers often complain of
memory impairment. Memory is usually subdivided into
short-term and long-term memory: the former does not
exceed 30 seconds and has a capacity limited to 9 items; the
latter allows a relatively permanent storage and has an
unlimited capacity [1]. According to different sensorial
pathways of data acquirement, memory may be defined as
verbal memory and a visuospatial memory [2].
An impairment in short-term memory may be due to
posterior cortical lesions and respectively concerns the verbal memory or the visuospatial memory, depending upon

was higher in women and in patients
with migraine-type headache at
onset, but was not different between
overusers and nonoverusers of analgesics, nor among the different
forms of present headache. A complex neurotransmitter disorder might
account for impairment of both
short- and long-term memory in
headache patients.
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the involvement of the dominant or non-dominant hemisphere. Impairment of long-term memory may arise from
damage to different cerebral and subcortical regions: unilateral left-sided lesions may result in a worsening of verbal
long-term memory with relative sparing of visuospatial
memory, whereas right-sided pathology may cause opposite
effects [3].
A previous neuropsychological and neurophysiological
study [4] on 21 unilateral adult migraineurs with aura
assessed an involvement in memory tasks but failed to
demonstrate any correlation between visuospatial or verbal
short-term memory and the painful side. Moreover, memory was worse in left-sided migraineurs than in the rightsided ones [4]
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A subsequent study on 47 juvenile migraineurs revealed
only slight changes in memory functions, with an impairment of both short-term and long-term verbal memory on
the logical memory test alone, without differences between
migraineurs with aura and without aura. The higher level of
impairment in adults than in children was presumed to be
due to the longer history of disease and to drug intake by the
adults [5].
Therefore, we hypothesize a severe involvement of
memory function in headache sufferers when headache is a
chronic daily headache. To this aim, we assessed memory
functions in patients affected by chronic daily headache.

Patients and methods
A total of 101 outpatients with chronic daily headache (26 men
and 75 women, aged 18–60 years, mean age 40.99 ± 13.55 years)
with at least 8 years of education (mean education, 10.12 ± 3.8
years) were considered for the study. Prior to inclusion, all patients
underwent Raven’s test [6] in order to assess the level of attention;
30 subjects, 25 women and 5 men, were excluded from the study
due to a poor level of attention. Therefore, the final sample consisted of 71 patient, 50 women and 21 men (mean age 38.97 ±
13.41 years, mean education 10.61 ± 3.58 years). The mean age at
headache onset was 19.77 ± 10.10 years, the mean age at chronic
evolution onset was 33.28 ± 12.49 years, the mean duration of
headache was 19.19 ± 13.50 years, and the mean duration of
chronic daily headache was 5.70 ± 7.35 years. The different types
of onset headache and of present chronic daily headache are given
in Table 1.
In order to evaluate both short-term memory and long-term
memory, the following test battery was performed:
1. Short-term memory
- Verbal memory: Digit span [7], immediate form of logical
memory [8]
- Visuospatial memory: immediate form of Rey’s figure [9],
Corsi’s test [8]
2. Long-term memory
- Verbal memory: delayed form of logical memory [8],
Buschke’s procedure [10]
- Visuospatial memory: immediate form of Rey’s figure [9]

The patients underwent the tests when they had been pain-free
for at least 24 hours. The statistic analysis was carried out in two
steps:
- At first, Spearman’s correlation coefficients and the analysis of
variance were used to investigate the influence of clinical
parameters on raw scores of memory tests.
- Afterwards, raw scores of memory tests were normalized for age
and education in order to subdivide the sample into two groups:
the patients with a performance lower than normals and those
with a good performance. With regard to the former group, chisquare and Fisher’s tests were used to investigate differences
between men and women, between overusers and nonoverusers, and among the different subgroups according both to
the type of onset headache and to the type of present chronic
daily headache. Finally, the patients were subdivided into three
groups depending on age (18–33, 34–49 and 50–65 years). In
each age group and for each memory test, the Mann-Whitney U
test was used to compare the mean duration of headache and the
mean duration of chronic evolution between the patients with
memory impairment and those without memory disorders.

Results
Female patients had mean values higher than men in: age (42.1
± 10.01 versus 31.5 ± 10.55 years. p < 0.01), age at chronic
daily headache onset (36.98 ± 12.78 vs. 30.15 ± 13.50 years,
p < 0.05), duration of disease (21.76 ± 13.42 vs. 12.69 ± 10.96
years, p < 0.05), duration of chronic daily headache (7.72 ±
6.50 vs. 3.65 ± 3.75 years, p < 0.01).
The most frequent types of headache were migraine
without aura as onset headache and transformed migraine as
present headache. The mean ages were not different among
patients with different types of onset headache (41.85 ±
12.54 years in migraine without aura, 33.5 ± 6.36 years in
migraine with aura, 33.72 ± 13.66 years in episodic tension
type headache, 30.83 ± 15.81 years in new daily persistent
headache, 33.75 ± 6.36 years in headache not classifiable),
nor among patients with different types of present headache
(43.77 ± 13.34 years in transformed migraine, 38.35 ± 15.21
years in chronic tension type headache, 36.72 ± 11.98 years
in migraine and tension type headache).

Table 1 Diagnosis of headache in the 71 patients, at onset and study entry
Onset diagnosis (n = 71)

Present diagnosis (n = 71)

Migraine without aura, n = 48
Migraine with aura, n = 2
Episodic tension-type headache, n = 11
New daily persistent headache, n = 6
Headache not classifiable, n = 4

Transformed migraine, n = 18
Chronic tension-type headache, n = 20
Migraine and chronic tension-type headache, n = 33
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Overuse of analgesics, diagnosed according to the IHS
criteria [11] charactcrized 52% of the patients and was more
frequent among women (62% vs. 28.6%, p < 0.05).
Overusing men had a higher mean age than those not
overusing (41.83 vs. 27.4 years, p < 0.01).
The analysis of variance showed an unfavorable effect
of female sex on the performance of: one visuospatial test
(immediate and delayed form of Rey’s figure) (Table 2), and
a few of the verbal memory tests (digit span, immediate and
delayed form of logical memory) (Table 3).
Spearman’s correlation coefficients indicated a positive
influence of education on all memory tests and an unfavorable effect of age on the immediate and delayed form of
Rey’s figure and on the tests of verbal memory. These effects
of age and education seem obvious and were subsequently

counteracted by the normalization of raw scores. The mean
duration of headache exerted a negative effect on the raw
scores of Rey’s figure (immediate and delayed forms), of
digit span and of Buschke’s procedure (Tables 4 and 5).
The percentages of the patients with scores lower than
normals are graphically summarized in Fig. 1.
The percentage of subjects with memory difficulty was
higher among women than men as regards Rey’s figure
(immediate form, 84% of women impaired vs. 13.6% of
men impaired, p < 0.001; delayed form, 70% vs. 31.2%, p <
0.001), logical memory (immediate form, 28% vs. 0%
impaired, p < 0.05; total, 40% vs. 9.5%, p < 0.05).
The distribution of patients with memory disorders
showed no difference between the overusers and the
nonoverusers.

Table 2 Effects of clinical parameters on visuospatial memory (analysis of variance)
Clinical parameter

Rey copy
F
p

Rey immediate
F
p

Rey delayed
F
p

Corsi
F

p

Main effects
Sex
Overuse
Type of present headache
Subgroups of age

0.229
0.038
0.055
0.436

N.S.
N.S.
N.S.
N.S.

10.61
0.001
1.848
0.464

<0.005
N.S.
N.S.
N.S.

7.834
0.336
1.457
0.944

<0.01
N.S.
N.S.
N.S.

2.013
0.552
0.374
1.839

N.S.
N.S.
N.S.
N.S.

Way interactions
Overuse/present headache
Overuse/subgroups of age
Overuse/sex
Present headache/subgroups of age
Present headache/sex
Sex/subgroups of age

0.597
0.786
0.680
0.560
1.233
1.508

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.046
0.156
0.973
0.148
1.027
0.533

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.013
0.084
1.734
0.111
0.868
0.388

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.204
0.497
0.671
1.171
0.037
1.841

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

Table 3 Effects of clinical parameters on verbal memory (analysis of variance)
Clinical parameter

Digit span

Logical memory
(immediate)
F
p

Logical memory
(delayed)
F
p

Logical memory
(total)
F
p

F

p

Main effects
Sex
Overuse
Type of present headache
Subgroups of age

8.732
0.835
0.440
2.278

<0.01
N.S.
N.S.
N.S.

7.651
0.003
0.397
0.450

<0 .01
N.S
N.S.
N.S.

8.122
0.116
0.327
0.267

<0.01
N.S.
N.S.
N.S.

10.037
0.026
0.398
0.079

<0.01
N.S.
N.S.
N.S.

Way interactions
Overuse/present headache
Overuse/subgroups of age
Overuse/sex
Present headache/subgroups of age
Present headache/sex
Sex/subgroups of age

2.772
2.996
2.179
0.897
0.281
0.753

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.255
0.216
0.397
1.338
0.609
0.004

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.201
2.237
0.003
2.365
1.019
1.168

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

0.005
1.215
0.146
1.294
0.936
0.373

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
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Table 4 Correlation between clinical parameters and visuospatial memory (Spearman’s correlation coefficients)
Age

Age at
headache onset

Age at chronic daily Mean duration
headache onset
of headache

Mean duration of
Years of
chronic daily headache education

Rey Copy

r = -0.1921
N.S.

r = -0.0496
N.S.

r = -0.0644
N.S.

r = -0.1740
N.S.

r = -0.2332
N.S.

r = -0.2450
p <0.05

Rey immediate

r = -0.5110
N.S.

r = -0.1703
N.S.

r = -0.444
p < 0.001

r = -0.344
p < 0.005

r = -0.1871
N.S.

r = 0.4873
p < 0.001

Rey delayed

r = -0.5576
N.S.

r = -0.1860
N.S.

r = 0.5054
p < 0.001

r = -0.3948
p < 0.005

r = -0.1952
N.S.

r = 0.5016
p < 0.001

Corsi’s test

r = -0.1240
N.S.

r = -0.0619
N.S.

r = -0.1720
N.S.

r = -0.1543
N.S.

r = -0.2128
N.S.

r = 0.3376
p < 0.005

Table 5 Correlation between clinical parameters and verbal memory (Spearman’s correlation coefficients)
Age

Age at
headache onset

Age at CDH
onset

Mean duration
of headache

Mean duration
of CDH

Years of
education

Digit span

r = -0.4254
p < 0.001

r = -0.0185
N.S.

r = -0.3142
p < 0.01

r = -0.3359
p < 0.005

r = -0.1061
N.S.

r = 0.6459
p < 0.001

Logical memory
immediate

r = -0.2580
p < 0.05

r = -0.1677
N.S.

r = -0.2792
p < 0.05

r = -0.1151
N.S.

r = -0.0941
N.S.

r = -0.03989
p < 0.05

Logical memory
delayed

r = -0.3614
p < 0.005

r = -0.2291
N.S.

r = -0.2632
p < 0.05

r = -0.1803
N.S.

r = -0.0791
N.S.

r = 0.3989
p < 0.05

Logical memory
total

r = -0.3301
p < 0.01

r = -0.2244
N.S.

r = -0.3024
p < 0.05

r = -0.1502
N.S.

r = 0.0279
N.S.

r = 0.409
p < 0.001

STM

r = -0.04017
p < 0.05

r = -0.0604
NS

r = -0.3402
p < 0.005

r = -0.2748
p < 0.05

r = -0.0675
NS

r = 0.03073
p < 0.01

LTR

r = -0.3831
p < 0.005

r = -0.003
N.S.

r = -0.03424
p < 0.005

r = -0.2826
p < 0.05

r = -0.0678
N.S.

r = 0.2839
p < 0.05

DT

r = -0.1152
N.S.

r = 0.1415
N.S.

r = 0.0619
N.S.

r = 0.1105
N.S.

r = -0.2361
p < 0.05

r = 0.1259
N.S.

STM, short-term memory; LTR, long-term memory; DT, delayed test; CHD, chronic daily headache
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Fig. 1 Chronic daily headache:
patients with lower performance than
controls on memory tests.
Rey C, Rey copy;
Rey I, Rey immediate;
Rey D, Rey delayed;
DS, digit span;
LM-I, logical memory immediate;
LM-D, logical memory delayed;
LM-T, logical memory total;
STM, short term memory;
LTR, long term memory;
DT, delayed test
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When considering the different types of onset headache,
the migraineurs were characterized by a higher percentage
of subjects with impairment in the immediate form of logical memory than patients with new daily persistent
headache (98% vs. 0, p < 0.05).
The percentage of patients with lower memory performance than normals was not different among the various
types of present chronic daily headache.
The Mann-Whitney U test showed a higher mean duration of headache in patients who presented an impairment
on the delayed test of Buschke’s procedure (15.9 ± 10.73 vs.
10.1 ± 7.36 years).

Discussion
The present study reveals a severe impairment of memory
functions in headache sufferers with a chronic evolution of
disease. The performance on memory tests did not depend
on drug overuse, nor on the present type of headache; in a
few of tests, women showed a worse performance than men.
The visuospatial memory presented a whole impairment,
whereas the verbal memory showed a greater involvement
in long-term phase.
The present study confirms the more widespread impairment of memory functions in adult headache sufferers than
in juvenile patients, probably due to the longer duration of
disease. In contrast, a relationship between overintake of
analgesics and memory loss was not demonstrated.
According to these results, memory impairment in
headache sufferers seems unlikely to be explained by clearcut neuroanatomical damage. Actually, a cerebral lesion too
small to cause neurological disorders other than memory
deficits may not result in an involvement of both short- and
long-term memories. Instead a neurotransmitter disorder can
be hypothesized. Moreover, it should also be complex, since
short- and long-term memories use different neurotransmitters that are, respectively, serotonin and glutamate [12].
With regard to serotonin, all medical conditions of
chronic pain are associated with a deficit in serotoninergic
activity. Particularly, increased 5-HT2 post-synaptic receptor binding has been observed in patients with transformed
migraine. This finding is compatible with a compensatory
up-regulation of postsynaptic elements in response to deficiencies in serotonin availability and is a typical sign of
major depression [13]. Abnormalities of serotonin uptake by
platelets and of factors which cause release of serotonin
from platelets have been described in chronic tension type
headache sufferers [14].
On the other hand, a role of glutamate in chronic evolution of headache was recently shown by Post and Silberstein
[15]. These authors purposed the amygdala “kindling” paradigm as a useful, but nonhomologous model for a specific

subgroup of migraineurs who experience illness progresssion and drug tolerance. According to the kindling model,
illness progression is underlied by apparent memory-like
processes: repeated and external stimulations of the brain
induce transient synaptic events that in turn exert longer
lasting enhancing action on neuronal excitability and on the
microstructure of the brain via an intricate cascade of neurobiological processes involving alterations in gene transcription, the effects of which may last for months and
years. Therefore, the attacks of migraine, at first triggered
by psychosocial stressors, become spontaneous and
progress from isolated and intermittent to more chronic or
daily. Moreover, the patients with this progression of disease may also change their pharmacological responsivity
and develop tolerance to previously effective prophylactic
agents [15]. The NMDA receptors located on the surface of
cervical spinal cord dorsal horn neurons and of brain-stem
trigeminal nucleus caudalis neurons may play a key role in
spinal and trigeminal hypersensitivity. Repetitive stimulation of these receptors contributes to an excessive increase
of intracellular Ca2+ that promotes excitotoxicity and neuronal dysfunction [16].
In conclusion, an involvement of both serotonin and glutamate systems characterizes patients with chronic
migraine. If a decrease in serotonin activity and abnormal
NMDA receptor activation resulting in neuronal excitotoxicity are hypothesized to occurr in memory pathways too, a
common neurobiological dysfunction may underlie on one
hand both short-term and long-term memory impairment,
on the other hand the illness progression at least in those
chronic daily headache sufferers who present migraine as
their first onset headache.
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