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Abstract

Background: It is well known that the course of migraine is influenced by comorbidities and that individual psycho-
logical characteristics may impact on the disease. Proper identification of psychological factors that are relevant to
migraine is important to improve non-pharmacological management. This study aimed at investigating the relation-
ship between psychological factors and migraine in subjects free of psychiatric comorbidities.

Methods: A sample of women with episodic (EM) and chronic migraine (CM) without history of psychiatric comor-
bidities were included in this cross-sectional study. The study also included female healthy controls (HC) without
migraine or other primary headaches. We evaluated sleep, anxiety, depression, intolerance of uncertainty, decision
making style and tendence to pain catastrophizing by validated self-report questionnaires or scales. Comparisons
among groups were performed using ANOVA and Bonferroni post-hoc tests. Statistical significance was set at p<0.05.

Results: A total of 65 women with EM (mean age £ SD, 43.9 +7.2), 65 women with CM (47.7 +8.5), and 65 HC
(43.549.0) were evaluated. In sleep domains, CM patients reported poorer overall sleep quality, more severe sleep
disturbances, greater sleep medication use, higher daytime dysfunction, and more severe insomnia symptoms than
HC. EM group showed better sleep quality, lower sleep disturbances and sleep medication use than CM. On the other
hand, the analysis highlighted more severe daytime dysfunction and insomnia symptoms in EM patients compared
to HC. In anxiety and mood domains, CM showed greater trait anxiety and a higher level of general anxiety sensitiv-
ity than HC. Specifically, CM participants were more afraid of somatic and cognitive anxiety symptoms than HC. No
difference in depression severity emerged. Finally, CM reported a higher pain catastrophizing tendency, more severe
feeling of helplessness, and more substantial ruminative thinking than EM and HC, whilst EM participants reported
higher scores in the three above-mentioned dimensions than HC. The three groups showed similar decision-making
styles, intolerance of uncertainty, and strategies for coping with uncertainty.

Conclusions: Even in individuals without psychiatric comorbidities, specific behavioral and psychological factors are
associated with migraine, especially in its chronic form. Proper identification of those factors is important to improve
management of migraine through non-pharmacological strategies.
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Background
Migraine is listed among the main causes of disabil-
ity among people of working age, with a high financial
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resource utilization and loss of productivity [1]. Migraine
can be distinguished into episodic migraine (EM) with
the primary criterion of<15 headache days per month
and in chronic migraine (CM) with > 15 headache days
per month. Chronic migraine affects up to 4% of the
population: it often develops from EM, through a process
named “transformation,” “chronification,” or “progres-
sion” [2]. Although recent evidence reports an associa-
tion between migraine and various comorbidities, the
role of coexisting diseases in migraine onset and progres-
sion is still unclear [3]. Sleep disorders, depression and
anxiety are the comorbidities most frequently reported
in association with migraine [4]. A strong bidirectional
association between migraine and psychiatric disorders
has been systematically documented [5]. It has been
reported a significant bidirectional relationship between
major depression and migraine, with migraine predict-
ing first-onset depression and depression predicting
first-onset migraine [6]. Indeed, a higher prevalence of
psychiatric comorbidities has been reported in chronic
forms versus episodic forms of headache, especially in
CM [5]. Moreover, there is evidence that suicide attempts
are more frequent in patients suffering from migraine
than in the general population. Shared neurochemical
abnormalities between migraine and affective disorders
may be the pathophysiologic substrate for their associa-
tion in susceptible individuals [5].

However, not all the migraine patients have a well-
defined history of psychiatric comorbidities. There is a
high proportion of patients that report feelings of anxi-
ety, worry and sadness although not showing a clear psy-
chiatric comorbidity or taking treatments for psychiatric
illness. This proportion might be increasing in the post
Covid-19 era, where subjects with no pre-morbid psy-
chiatric conditions are more likely to experience mental
health symptoms resulting in reduced well-being and
enhanced psychosocial impairment [7]. Although this
issue has not been systematically investigated, empiri-
cal evidence suggests that also migraine patients may be
badly affected by post-covid psychopathological distress
with all the ensuing consequences on migraine-related
disability [8].

Overall, poor awareness of specific subtle psychologi-
cal traits in patients with migraine, even in the absence
of psychiatric comorbidities, can negatively affect the
overall management of the disease. In recent years, great
advances have been made in the pharmacological treat-
ment of migraine, but unmet care needs of patients still
remain, due to the poor awareness among medical pro-
fessionals about the impact of psychological factors on
migraine-related disability. Greater attention should be
paid to migraine as a bio-psychosocial disorder, where
different psychological elements, including anxiety, pain
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catastrophizing and the tendency to adopt specific deci-
sion-making styles based on personality traits, may con-
tribute to the overall disability.

We move from the hypothesis that, even in the lack
of well-defined concomitant neuropsychiatric diseases,
patients with migraine can show a vulnerable mindset
that contributes to a specific migraine phenotype. Spe-
cific behavioral and psychological traits are expected to
show a different distribution in EM and CM, acting as
potential clinical clues for migraine development and
progression. According to the main hypothesis, specific
behaviors and psychological traits might influence the
clinical course of migraine and its progression: specifi-
cally, trouble sleeping, dysfunctional personality traits
and beliefs, the tendency to pain catastrophizing and to
react negatively to uncertain situations, the adoption of
specific decision-making styles and the tendency to anx-
ious and hopelessness feelings may identify a vulnerable
mindset potentially linked to chronicization. This is in
line with the evocative concept of “migraine personality”
defined as a mixture of personality features in individu-
als with migraine including feelings of insecurity with
tension manifested as inflexibility, conscientiousness,
meticulousness, perfectionism, and resentment [5, 9]. To
date, psychological traits, which are likely to influence
migraine vulnerability, have not been extensively investi-
gated and little is known whether they are more frequent
in chronic forms than in episodic forms.

Therefore, the aim of this study was to investigate the
distribution of specific behavioral and psychological
factors along the clinical spectrum of migraine and to
identify a specific mindset associated with migraine in
general, and specifically with CM.

Methods

Study population

This was a cross-sectional study performed in a group
of patients with episodic migraine (EM) and chronic
migraine (CM) and in a group of healthy controls (HC),
all without a well-defined history of other neurological or
psychiatric disorders ascertained by consulting previous
medical records. According to the study design, all the
female patients consecutively referring to the Headache
Center of LAquila/Avezzano in a two-year period with a
diagnosis of migraine with or without aura were screened
for the inclusion. Migraine diagnosis was performed by
experienced neurologists (SS, FP) according to the Inter-
national Classification of Headache Disorders (ICHD)
criteria [10]. Inclusion criteria for patients with EM
were: i) age between 30 and 60 years, ii) the fulfillment
of ICD-3 criteria for episodic migraine with or without
aura, and iii) migraine duration>5 years. Inclusion cri-
teria for patients with CM were: i) age between 30 and
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60 years, ii) the fulfillment of ICD-3 criteria for chronic
migraine with or without aura, and iii) no medication
overuse. Exclusion criteria for both patient groups were
previous or present history of any other type of headache,
well-defined history of other neurological or psychiatric
disorders, presence of dementia or intellectual disability.
Healthy women without migraine were also enrolled in
the study as HC and recruited from lists of potential sub-
jects delivered by primary care physicians. Each potential
healthy subject underwent an in-person interview with
an experienced neurologist (SS, FP) to exclude the pres-
ence of migraine or any other primary headache disorder
as well as of other chronic pain syndromes. Other exclu-
sion criteria were the same for the migraine and the con-
trol group.

The protocol was approved by the Internal Review
Board of the University of L'Aquila (02/2017) and an
informed written consent was signed by all participants.

Data collection and neuropsychological assessment

All eligible subjects over the study period were asked to
complete a self-report neuropsychological battery with
a total administration time of 40 min approximately. The
domains investigated by the neurobehavioral battery
were sleep, anxiety, depression, intolerance of uncer-
tainty, decision making style and tendence to pain cata-
strophizing. Sleep quality, insomnia symptoms, and
daytime sleepiness were assessed through the Pittsburgh
Sleep Quality Index (PSQI), the Insomnia Severity Index
(ISI) and the Epworth Sleepiness Scale (ESS) [11-13]:
the PSQI assesses sleep quality and disturbances over a
1-month time interval, while ISI quantifies the perceived
insomnia severity and ESS provides a measurement of
the subject’s general level of daytime sleepiness [11-13].
Anxiety symptoms were assessed using the trait-anxiety
subscale of the State-Trait Anxiety Inventory (STAI-X2),
which investigates the general propensity to be anxious
regardless of the situation the person is in that moment,
and the Anxiety Sensitivity Index-3 (ASI-3), which meas-
ures the fear of symptoms associated with anxiety [14,
15]. The presence of depressive symptoms was assessed
by means of the Beck Depression Inventory-second edi-
tion (BDI-II), measuring the severity of depression symp-
toms based on a two-week time period [16]. Moreover,
intolerance for uncertainty and ambiguity, and strategies
for coping with uncertainty were investigated using the
Intolerance of Uncertainty Inventory (IUS-10), the Intol-
erance of Uncertainty Scale-12 (IUS-12), the Uncertainty
Response scale (URS), and the intolerance of ambigu-
ity questionnaire (IA) [17-20]: the IUS 10 and IUS 12
explore the tendency of an individual to consider the
possibility of a negative event occurring unacceptable,
irrespective of the probability of occurrence [17, 18]. The
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URS and the IA explore styles of coping with uncertainty
and individuals’ reactions to ambiguous stimuli and per-
ceived ambiguity [19, 20]. Finally, the decision-making
style and the threat value of pain were assessed using the
General Decision-Making Style (GDMS) and the Pain
Catastrophizing Scale (PCS), respectively [21, 22]: the
former evaluates the general cognitive habit influencing
the daily decision-making style and the latter explores the
presence of exaggerated feelings of rumination, magni-
fication, and helplessness resulting in maladaptive pain
coping strategies [21, 22].

Statistical analysis

The analyses were performed using JAMOVI 1.6 (The
Jamovi project, 2020). To investigate putative differ-
ences between the three participant groups, total scores
of each questionnaire and the respective subscales were
separately submitted to an analysis of variance (ANOVA)
with the experimental “group” (chronic migraine, epi-
sodic migraine, control) as a three-level between-subjects
factor. For significant effects, Bonferroni post hoc tests
were performed. All tests were two-tailed and statistical
significance was set to p<0.05. Effect size estimates were
reported using partial eta-square (r]zp) for the ANOVAs
[23]. Control analyses including “age” as covariate were
performed, confirming all the significant main and post
hoc effects.

Results

Overall, 250 patients (75 CM and 175 EM) met the
inclusion criteria and were invited to be included in the
study. Out of them, 206 patients (73 CM and 133 EM)
provided their informed consent to participate. Seven-
teen patients with EM and 8 patients with CM were later
excluded as they did not have enough time to complete
the whole survey. A final set of 181 patients (i.e., 65 CM,
36% of the sample and 116 EM 64% of the sample) com-
pleted the self-report neuropsychological battery. As the
study hypothesis was a different distribution of behavio-
ral factors in episodic vs. chronic migraine patients, we
sub-grouped the whole patient sample comparing EM
patients (n=65; mean age+SD 43.9+7.2) with CM
patients (n=65; mean age+SD 47.7+8.5). EM patients
were selected based on age distribution. The HC group
was formed by 65 healthy women (mean age=SD
43.549.0) fulfilling the same inclusion criteria.

Sleep variables

As reported in the Table, the ANOVAs showed a sig-
nificant effect of the “group” factor for PSQI and ISI
total score and some PSQI sub-components (sleep dis-
turbances, sleep medication, daytime dysfunction).
Post hoc comparisons (Fig. 1A-E) revealed that CM
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Fig. 1 Comparisons between the three groups (chronic migraine, episodic migraine, control) on (A) sleep quality (PSQI total score), (B) sleep
disturbances (PSQI subscale score), (C) use of sleep medications (PSQI subscale score), (D) sleep-related daytime dysfunction (PSQI subscale score),
(E) severity of insomnia symptoms (ISI total score), (F) anxiety sensitivity (ASI-3 total score), (G) concerns about physical anxiety symptoms (ASI-3
subscale score), (H) concerns about cognitive anxiety symptoms (ASI-3 subscale score), (1) trait anxiety (STAI-X2 total score), (L) pain catastrophizing
(PCS total score), (M) pain-related feelings of helplessness (PCS subscale score), and (N) pain-related ruminative thinking (PCS subscale score).
Center lines show the medians, box limits indicate the 25th and 75th percentiles, whiskers extend to 5th and 95th percentiles, dots represent
outliers, and crosses represent sample means. Asterisks indicate significant Bonferroni post hoc (*p < .05, **p < .01, ***p < .001). Abbreviations: PSQI,
Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; ASI-3, Anxiety Sensitivity Index-3; STAI-X2, trait-anxiety subscale of the State-Trait Anxiety
Inventory; PCS, Pain Catastrophizing Scale.

group was characterized by poorer overall sleep quality
(p<0.001), more severe sleep disturbances (p<0.001),
greater sleep medication use (p=0.004), higher level of
daytime dysfunction (p =0.034), and more severe insom-
nia symptoms (p<0.001) as compared to the HC group.
EM group showed better sleep quality (p=0.040), lower
sleep disturbances (p=0.008) and sleep medication use
(p=0.007) than the CM group. On the other hand, post
hoc comparisons highlighted more severe daytime dys-
function (0.007) and insomnia symptoms (p=0.047) in
EM participants as compared to the HC group.

Anxiety and depression variables

The ANOVAs revealed significant differences between
the three experimental groups on ASI-3 and STAI-X2
total score, and some ASI-3 sub-components (physi-
cal concerns, cognitive concerns). Post hoc comparisons
(Fig. 1F-I) indicated that the CM group showed greater
trait anxiety (p <0.001) and a higher level of general anxi-
ety sensitivity (»=0.018) as compared to the HC group.
Specifically, CM participants were more afraid of somatic
(p=0.003) and cognitive anxiety symptoms (p<0.001)
when compared to HC subjects. Finally, sensitivity to
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cognitive anxiety symptoms was higher in CM than in
EM group (p=0.047). Finally, no difference in BDI-II
scores between experimental groups was highlighted.

Uncertainty variables

Analyses of IUI-10, IUS-12, IA, and URS total score and
sub-components did not show any significant effect of
“group” factor (see Table 1). Therefore, the three experi-
mental groups did not differ in intolerance of uncertainty
and ambiguity, as well as in strategies for coping with
uncertainty.

Pain catastrophizing variables

The ANOVAs revealed a significant effect of “group” fac-
tor for PCS total score, and the sub-scales of helpless-
ness and rumination. Post hoc comparisons (Fig. 1L-N)
showed a higher pain catastrophizing tendency, a more
severe feeling of helplessness, and more substantial rumi-
native thinking in the CM group as compared to the EM
group (p=0.003; p=0.002; p=0.007; respectively) and
HC (all p<0.001). EM participants reported higher scores
in all the three abovementioned dimensions compared to
HC (p=0.013; p=0.007; p =0.009; respectively).

Decision making variables
No differences in GDMS total score and in the respective
subscales were highlighted by ANOVAs.

The three experimental groups showed similar deci-
sion-making styles on all domains addressed (rational,
intuitive, dependent, avoidant, spontaneous).

Discussion

Our findings show that a mindset towards anxiety, poor
sleeping and catastrophizing is more commonly rec-
ognized in individuals with migraine than in healthy
subjects. While each of these three conditions are asso-
ciated to both EM and CM, the association with CM is
undoubtedly more evident. In fact, scores of EM partic-
ipants were in between those recognized in the healthy
condition and in CM, thus suggesting a gradient distri-
bution across the explored groups. It is important to
highlight that the subjects included in our study were
selected based on the lack of concomitant well-known
psychiatric comorbidities according to the DSM (Diag-
nostic and Statistical Manual of Mental Disorders)-V
[24]. This choice aimed at identifying a vulnerable psy-
chological profile of individuals with migraine, even in
the lack of diagnosed mental health disorders. In fact,
while the association of migraine with specific major
psychiatric diseases is well-recognized, less is known
about the influence of individual psychosocial factors
on the migraine brain of otherwise healthy subjects
with a lower mental health resilience. Our study makes
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a step forward in identifying which behavioral and psy-
chological factors may increase migraine vulnerability
in individuals not showing any mental health issues.
The domains explored in this study included the sleep-
ing behavior, the affective dimension, the tendency to
experience unknown outcomes as unacceptably threat-
ening, the decision-making style and the tendency to
pain catastrophizing. The finding that poor sleeping,
anxiety feelings and catastrophizing thinking are more
likely to be found in association with migraine prompts
reflections on the connotation of migraine as a vulner-
able brain state, that can be influenced by daily behav-
ioral and psychosocial stressors. In the same venue,
another study in a sample of patients with chronic
migraine and affective temperamental dysregulation
interestingly found a relationship between the degree
of temperamental dysregulation and the presence of
suicidal ideation, feelings of hopelessness and nega-
tive attitudes about the future, albeit in the absence of
previous diagnosed psychiatric disorders [25]. This sug-
gests a possible predictive value of affective tempera-
mental dysregulation for migraine chronicization and
patient’s clinical outcomes.

Although the influence of behavioral factors on
migraine is not fully understood, a growing body of evi-
dence suggests that the interaction of biological, socio-
cultural and psychological elements can influence the
migraine’s characteristics. Migraine is a biological entity
with underlying mechanisms targeted by symptomatic
and preventive treatments that are constantly evolving
and provide patients with ever better opportunities to
manage the disease. However, for a significant minor-
ity of patients there is a limited benefit with pharma-
cotherapy alone [26]. A possible reason for this is the
presence of specific psychological traits that, even in the
absence of major psychiatric diseases, contribute to a
vicious cycle where maladaptive behavior and migraine
feed off each other [26]. This is in line with recent data
suggesting that, although monoclonal antibodies target-
ing calcitonin gene-related peptide (CGRP) pathway are
usually effective in difficult-to-treat patients, the pres-
ence of “anxious-fearful” personality together with cur-
rent stressors and anxiety represent negative predictors
of treatment outcome [27]. All these observations sug-
gest that a purely biomedical model of migraine is not
fully appropriate to understand the various aspects of the
disease and to improve the quality of life of patients. A
biopsychosocial model of migraine could pave the way
for an alternative management approach, by guiding cli-
nicians to combine pharmacological treatments, behav-
ioral interventions, and stress management strategies to
reduce migraine-related disability. Within this frame-
work, non-pharmacological interventions have not to be
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Table 1 Descriptive statistics [mean (SD)] of questionnaire scores assessing sleep features (PSQI total score and sub-components,
ISI, ESS), psychological status (ASI-3 total score and sub-components, STAI-X2, BDI-Il), management of uncertainty/ambiguity (IUI-10,
IUS-12, IA, URS total score and sub-components), pain catastrophizing tendency (PCS total score and sub-components), and decision
making style (GDMS total score and sub-components) for the three participant groups (chronic migraine, episodic migraine, control).
Results of ANOVA are also reported (F, p, r]zp)

Chronic migraine Episodic migraine Control

Sleep variables Mean (SD) F p r]zp

PSQI score 825 (3.37) 6.73 (3.59) 559 (3.15) 9.87 <0.001 0.096
PSQI subscale score

Subjective sleep quality 1.41(0.78) ( 1) 4(0.81) 2.04 0.13 0.022

Sleep latency 1.34 (0.95) 7 (0.96) 0.97 (0.95) 2.79 0.06 0.029

Sleep duration 8(0.79) 0.98 (O 86) 0.94 (0.73) 1.64 0.20 0.017

Habitual sleep efficiency 00 (1.16) 0.72 (1.05) 0.68 (0.95) 1.71 0.18 0.018

Sleep disturbances 66 (0.51) 1.36 (0.57) 8(0.55) 8.38 <0.001 0.083

Sleep medications 0.77 (1.23) 0.24 (0.78) 0.22 (O 76) 6.80 0.001 0.068

Daytime dysfunction 0.80 (0.81) 0.87 (0.71) 048 (0.61) 5.53 0.005 0.056

ISI'score 9.06 (5.91) 71(5.87) 537 (4.53) 753 <0.001 0.073

ESS score 592 (4.91) 6.15 (3.67) 5.25(3.68) 0.85 043 0.009
Anxiety and depression variables

ASI-3 score 1748 (15.70) 13.66 (10.50) 11.54 (8.76) 3.98 0.02 0.040

ASI-3 subscale score

Physical concerns 6.10 (5.86) 466 (4.15) 336 (3 51) 5.60 0.004 0.056

Cognitive concerns 5.54 (6.34) 3.60 (3.96) 1(2.30) 828 <0.001 0.081

Social concerns 5.84 (5.08) 5.25 (4.45) 5.89 (4.69) 037 0.69 0.004

STAI-X2 score 46.37 (12.24) 4270 (8.58) 38.97 (9.30) 843 <0.001 0.082

BDI-Il score 11.73(9.92) 9.54 (7.50) 10.19 (10.63) 091 040 0.009
Uncertainty variables

IUI-10 score 25.16 (11.17) 25.03 (8.79) 24.14 (9.38) 0.20 0.82 0.002

IUS-12 score 2735(11.62) 29.09 (9.48) 2769 (11.37) 047 0.63 0.005

IA score 42.24(11.43) 40.81(12.93) 3846 (13.04) 1.49 0.23 0.016

URS score 123.72(18.27) 12130 (16.31) 125.85 (17.62) 1.10 0.34 0.011
URS subscale score

Emotional uncertainty 31.58 (10.14) 30.58 (8.93) 29.76 (8.68) 0.63 0.54 0.007

Desire for change 44.17 (8.94) 44.56 (8.94) 46.26 (8.21) 1.01 037 0.011

Cognitive uncertainty 47.97 (8.98) 46.16 (8.59) 49.05 (9.05) 1.74 0.18 0.018
Pain catastrophizing variables

PCS score 27.18(13.67) 20.84(12.13) 15.73 (8.38) 15.32 <0.001 0.141
PCS subscale score

Helplessness 11.98 (6.99) 8.69 (6.14) 5.94 (3.68) 17.28 <0.001 0.157

Rumination 12.31(5.69) 9.86 (5.46) 7.50(3.89) 14.09 <0.001 0.132

Magnification 2.90 (2.19) 2.30(2.01) 2.25(1.82) 2.03 013 0.021
Decision making variables

GDMS score 7842 (9.25) 77.55(10.50) 76.37 (10.77) 0.56 0.57 0.007
GDMS subscale score

Rational 17.21(2.23) 16.89 (2.46) 17.04 (2.32) 0.25 0.78 0.003

Intuitive 17.89 (2.99) 17.75 (2.85) 17.21 (3.03) 0.81 045 0.010

Dependant 1649 (3.31) 16.58 (3.58) 1647 (3.81) 0.02 0.99 <0.001

Avoidant 1343 (2.94) 13.16 (2.77) 12.75 (3.05) 0.76 047 0.009

Spontaneous 1340 (2.91) 13.16 (2.73) 12.90 (2.79) 0.44 0.65 0.005
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considered alternative to standard headache care, but as
an additional treatment option for all the patients.

Indeed, whether migraine precedes psychological
changes or it is triggered and exacerbated by them is still
debated: the two conditions certainly feed each other in
a vicious circle that reduce the patient’s well-being, with
a growing demand for drugs acting both at pain and at
behavioral level. Moreover, the tendency of patients with
migraine to experience poor sleep quality, greater anxiety
sensitivity and pain catastrophizing, associated with feel-
ings of hopelessness and rumination behaviors, suggests
a reciprocal influence between migraine and behavioral
changes.

Perceived stress has received particular attention as a
trigger factor for headache both in episodic and chronic
forms [28, 29]. Stress can be defined as an organism’s
perception of and response to a perceived stressor [28,
29]. This includes how the body responds to perceived
threats, challenges, or physical or psychological barriers,
by activating the autonomic nervous system, especially
through the hypothalamic-pituitary- adrenal (HPA) axis
[29]. The individual response becomes dysfunctional
when the stress pressure exceeds one’s perceived abil-
ity to cope with stress itself: this occurs when subjects
have dysfunctional thoughts that feed a vicious feedback
cycle potentially amplifying the pain related disability
[29]. In physiologic conditions, when individuals experi-
ence a stressful event, the mechanism of allostasis usually
induces self-limiting responses that revert to a normal
baseline status when the individual withdraws from the
external stress or challenge. When an hyperactivation of
the allostatic system occurs, due to chronic stressors or
underlying dysfunctional thoughts, a pathophysiologic
response, named allostatic load or overload, interferes
with the neuroendocrine, cardiovascular, immune, and
metabolic homeostasis and results in pathophysiologic
conditions associated with chronic diseases [29]. While
allostasis contributes, together with other homeostatic
mechanisms, to stress adaptation, the allostatic load
represents the cumulative effect of chronic physiologic
stress, which may be generated by internal processes or
external factors. Internal processes include the tendency
to develop anxiety feelings and catastrophizing thinking,
while external factors are represented by chronic stress-
ors or lifestyle habits such as poor sleep hygiene. Many
studies suggest that an unfavorable allostatic load may
contribute to the new onset of migraine, although a direct
causal relationship with stress is still debated [28, 29].
Moreover, major stressful events, especially in vulnerable
individuals, can be associated with migraine chronifica-
tion, in a view of reciprocal influences between pain and
behavioral dysfunctional states. Indeed, although stress is
the most reported self-identified trigger for migraine, the
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sudden decline of perceived stress has also been reported
as a precipitating factor for the onset of migraine attacks,
especially with respect to “weekend’; “honey-moon”
and “let-down” migraines [30-32]. These observations
are in line with data from studies investigating the co-
occurrence of migraine and psychopathological symp-
toms from young age onwards: children with primary
headaches, especially with migraine, often have an asso-
ciation with sleep and behavioral disorders and about the
half of adolescents with chronic daily headache presents
with at least one psychiatric comorbidity, mostly major
depression and panic disorder [33, 34]. Adolescents with
migraine are more likely to develop a specific psychiat-
ric disorder later in life as compared to adolescents with-
out headache: therefore, specific attention is paid to the
period of transition from adolescence to adulthood when
a greater tendency to experience anxiety, sleep disorders
and catastrophizing feelings can predispose to develop
later psychiatric diseases [33, 34]. Non pharmacological
interventions may be particularly useful at this age, when
resilience-training programs are more effective. In the
adult age, anxiety, depression, post-traumatic stress dis-
order and sleep disorders are the most frequent comor-
bidities in subjects with primary headaches, acting as
trigger for headache or as risk factors for chronicity [3,
35]. Specifically, anxiety in association with sleep-related
disturbances may be a driver for migraine development
and transformation due to shared pathophysiologi-
cal pathways: a polymorphism in the 5-HT transporter
gene and a specific dopamine D2 receptor genotype,
an imbalance of serotonin neurotransmitters as well as
a disproportion between pro-inflammatory and anti-
inflammatory cytokines in the hypothalamic-pituitary
adrenal axis may account for the simultaneous presence
of these comorbidities [3, 35]. Moreover, neurofunctional
data from 18 F-fluorodeoxyglucose positron emission
tomography recently confirmed that CM patients have a
decreased metabolism in prefrontal areas including fron-
tal pole, superior and inferior frontal cortex as well as
orbitofrontal areas, that are all structures associated with
cognitive, affective, and sensory processing functions
[36]. Prefrontal cortex is connected to limbic regions,
which can regulate pain modulation in humans, espe-
cially in chronic pain conditions. This further endorses
the possible bidirectional association between psychiatric
disorders and migraine and the need of optimizing the
pharmacological and non-pharmacological treatment of
both [36].

Strengths of our study include the large sample, the rig-
orous selection of patients based on predefined criteria,
and the comprehensive neuropsychological battery used
for assessment. To limit the effect of confounders we
included a highly selected sample. The choice to include
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women only was moved from the assumption that behav-
ioral and psychological factors may operate differently in
men and women, so analyzing them separately by gen-
der is advisable. Moreover, we excluded patients beyond
65 years, as cognitive related issues in more advanced
ages could have interfered with the proper compilation
of the self-report neuropsychological battery. Finally,
we excluded patients with medication overuse as com-
monly showing a more complex behavioral profile which
requires separate assessment and analysis as objective for
future research.

Limits of the study include the reduced generalizability
of our findings to the whole population of migraineurs: in
fact, while the use of rigorous criteria for enrolment rep-
resents for certain aspects a point of strength, the find-
ings are not transferable to a broader group of people or
situations, for instance men or older patients. The other
limit is the adoption of a cross-sectional design which
does not allow drawing conclusions about a causative
relationship between the presence of specific behavioral
traits and the development of migraine or its chronifica-
tion: further longitudinal studies could allow investigat-
ing whether the presence of specific psychological traits
and maladaptive behaviors really influences migraine
progression and chronifications in a causal way. Moreo-
ver, self-reported measures may have some limits in
evaluating psychosocial dimensions: once self-reported
questionnaires have identified a vulnerable mindset for
migraine, in-person interviews with the patient would be
of help in orientating the overall management.

With these limits, our results suggest that behavioral
and psychological factors, even in individuals without
psychiatric comorbidities, are associated with the pres-
ence of migraine in general and of CM in particular. Fur-
ther research is needed to address how behavioral and
psychosocial issues “get under the skin” and trigger the
vicious cycle potentially underlying migraine develop-
ment and chronification.

Research in this area may have direct implications in
clinical practice by providing patients with an integrated
therapeutical approach characterized by a high degree
of collaboration among different health professionals,
also including psychologists. Pharmacotherapy alone
is improbable to be paramount in managing migraine
in a context of concomitant behavioral dysfunctions.
Non-pharmacological treatments, such as acupunc-
ture, electromyographical biofeedback, relaxation train-
ing, cognitive behavioral therapy or mindfulness-based
approaches, would be essential to provide complemen-
tary treatment options enhancing the efficacy of ongoing
pharmacologic interventions. Therefore, evidence on the
role of psychological and behavioral factors on migraine
clinical course needs to be integrated into innovative
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conceptual frameworks to better organize education
and evidence-based clinical practices, in the view of a
unified biopsychosocial approach to migraine care. This
approach encompasses education and behavioral treat-
ments as well as pharmacologic therapy and may con-
tribute to improve the partnership with the patients and
to reduce the burden of migraine, as well as the risk for
medication overuse.

Abbreviations
EM: Episodic migraine; CM: Chronic migraine; HC: Healthy control.

Acknowledgements
Not applicable.

Authors’ contributions

FP and SS conceived the study and collected clinical data. FP, SS, FS and GS
wrote the manuscript. FS performed the statistical analysis. All the remaining
authors collected the data and revised the manuscript for intellectual content.
All authors substantively reviewed the manuscript and approved the submit-
ted version.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Internal Review Board of the University of
L'Aquila with protocol number (02/2017); an informed consent was signed by
all participants.

Consent for publication
Not applicable.

Competing interests

FP has received speaker honoraria from Novartis, unrelated to the submit-

ted work. SS reports consultant, advisory board, or speaker fees from Abbott,
Allergan, AstraZeneca, Bayer, Bristol Myers Squibb, Daiichi-Sankyo, Eli Lilly,
Medscape, Medtronic, Novartis, Starmed, Teva, and Uriach,, all unrelated to the
submitted work. RO reports personal fees from Novartis, Teva, and Eli Lilly, and
non-financial support from Novartis and Teva, all unrelated to the submitted
work.

Other authors declare that they have no competing interests.

Received: 16 July 2022 Accepted: 28 July 2022
Published online: 26 August 2022

References

1. Stovner LJ, Hagen K, Linde M, Steiner TJ (2022) The global prevalence of
headache: an update, with analysis of the influences of methodological
factors on prevalence estimates. J Headache Pain 23:34

2. Torres-Ferris M, Ursitti F, Alpuente A, Brunello F, Chiappino D, de Vries T,
DiMarco S, Ferlisi S, Guerritore L, Gonzalez-Garcia N, Gonzalez-Martinez A,
Khutorov D, Kritsilis M, Kyrou A, Makeeva T, Minguez-Olaondo A, Pilati L,
Serrien A, Tsurkalenko O, Van den Abbeele D, van Hoogstraten WS, Lampl
C (2020) From transformation to chronification of migraine: pathophysi-
ological and clinical aspects. J Headache Pain 21:42

3. CaponnettoV, Deodato M, Robotti M, Koutsokera M, Pozzilli V, Galati C,
Nocera G, De Matteis E, De Vanna G, Fellini E, Halili G, Martinelli D, Nalli



Pistoia et al. The Journal of Headache and Pain (2022) 23:110

20.

21

22.

23.

24.

25.

26.

27.

G, Serratore S, Tramacere |, Martelletti P, Raggi A (2021) Comorbidities

of primary headache disorders: a literature review with meta-analysis. J
Headache Pain 22:71

Buse DG, Silberstein SD, Manack AN, Papapetropoulos S, Lipton RB (2013)
Psychiatric comorbidities of episodic and chronic migraine. J Neurol
260:1960-1969

Pompili M, Serafini G, Di Cosimo D, Dominici G, Innamorati M, Lester D,
Forte A, Girardi N, De Filippis S, Tatarelli R, Martelletti P (2010) Psychiatric
comorbidity and suicide risk in patients with chronic migraine. Neuropsy-
chiatr Dis Treat 6:81-91

Breslau N, Schultz LR, Stewart WF, Lipton RB, Lucia VC, Welch KM (2000)
Headache and major depression: is the association specific to migraine?
Neurology 54:308-313

Cacciatore M, Raggi A, Pilotto A, Cristillo V, Guastafierro E, Toppo C,
Magnani FG, Sattin D, Mariniello A, Silvaggi F, Cotti Piccinelli S, Zoppi N,
Bonzi G, Gipponi S, Libri |, Bezzi M, Martelletti P, Leonardi M, Padovani A
(2022) Neurological and Mental Health Symptoms Associated with Post-
COVID-19 Disability in a Sample of Patients Discharged from a COVID-19
Ward: A Secondary Analysis. Int J Environ Res Public Health 19:4242
Suzuki K, Takeshima T, Igarashi H, Imai N, Danno D, Yamamoto T, Nagata E,
Haruyama Y, Mitsufuji T, Suzuki S, Ito Y, Shibata M, Kowa H, Kikui S, Shiina
T, Okamura M, Tatsumoto M, Hirata K (2021) Impact of the COVID-19
pandemic on migraine in Japan: a multicentre cross-sectional study. J
Headache Pain 22:53

Wolff H (1937) Personality features and reactions of subjects with
migraine. Arch Neurol Psychiatry 37:895-921

Headache Classification Committee of the International Headache
Society (2018) The International Classification of Headache Disorders, 3rd
edition. Cephalalgia 33:629-808

. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ (1989) The

Pittsburgh sleep quality index: a new instrument for psychiatric practice
and research. Psychiatry Res 28:193-213

Bastien CH, Valliéres A, Morin CM (2001) Validation of the Insomnia
Severity Index as an outcome measure for insomnia research. Sleep Med
2:297-307

Johns MW (1991) A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 14:540-545

Spielberger CD (1983) Manual for the State-Trait Anxiety Inventory (STAI).
Consulting Psychologists Press, PaloAlto, CA

Taylor S, Cox BJ (1998) An expanded Anxiety Sensitivity Index: Evidence
for a hierarchic structure in a clinical sample. J Anxiety Disord 12:463-483
Beck AT, Steer RA, Brown GK (1996) Manual for the Beck Depression
Inventory-Il. Psychological Corporation, San Antonio

Gosselin P, Ladouceur R, Evers A, Laverdiere A, Routhier S, Tremblay-Picard
M (2008) Evaluation of intolerance of uncertainty: development and
validation of a new self-report measure. J Anxiety Disord 22:1427-1439
Carleton RN, Norton PJ, Asmundson GJ (2007) Fearing the unknown: A
short version of the Intolerance of Uncertainty Scale. J Anxiety Disord
21:105-117

Greco V, Roger D (2001) Coping with uncertainty: The construction and
validation of a new measure. Personality Individ Differ 31:519-534
Mclain DL (1993) The Mstat-I: a New Measure of an Individual'S Tolerance
for Ambiguity. Educ Psychol Measur 53:183-189

Scott SG, Bruce RA (1995) Decision-making style: the development and
assessment of a new measure. Educ Psychol Measur 55:818-831

Sullivan MJ, Bishop SR, Pivik J (1995) The pain catastrophizing scale: devel-
opment and validation. Psychol Assess 7:524-532

Cumming G (2012) Understanding the New Statistics Effect Sizes, Confi-
dence Intervals, and Meta-Analysis. Routledge, New York

American Psychiatric Association (2013) Diagnostic and statistical manual
of mental disorders, 5th edn.

Serafini G, Pompili M, Innamorati M, Gentile G, Borro M, Lamis DA, Lala

N, Negro A, Simmaco M, Girardi P, Martelletti P (2012) Gene variants with
suicidal risk in a sample of subjects with chronic migraine and affective
temperamental dysregulation. Eur Rev Med Pharmacol Sci 16:1389-1398
Pistoia F, Sacco S, Carolei A (2013) Behavioral therapy for chronic
migraine. Curr Pain Headache Rep 17:304

Bottiroli S, De Icco R, Vaghi G, Pazzi S, Guaschino E, Allena M, Ghiotto

N, Martinelli D, Tassorelli C, Sances G (2021) Psychological predictors of
negative treatment outcome with Erenumab in chronic migraine: data
from an open label long-term prospective study. J Headache Pain 22:114

Page 9 of 9

28. HouleTT, Turner DP, Golding AN, Porter JAH, Martin VT, Penzien DB, Tege-
ler CH (2017) Forecasting individual headache attacks using perceived
stress: development of a multivariable prediction model for persons with
episodic migraine. Headache 57:1041-1050

29. Stubberud A, Buse DC, Kristoffersen ES, Linde M, Tronvik E (2021) Is there
a causal relationship between stress and migraine? Current evidence and
implications for management. J Headache Pain 22(155):20

30. Lipton RB, Buse DC, Hall CB, Tennen H, DeFreitas TA, Borkowski TM,
Grosberg BM, Haut SR (2014) Reduction in perceived stress as a
migraine trigger: testing the “let-down headache” hypothesis. Neurology
82:1395-1401

31. Wober C, Brannath W, Schmidt K, Kapitan M, Rudel E, Wessely P, Wober-
Bingdl C (2007) Prospective analysis of factors related to migraine attacks:
the PAMINA study. Cephalalgia 27:304-314

32. Morrison D (1990) Occupational stress in migraine is weekend headache
a myth or reality. Cephalalgia 10:189-193

33. Wang SJ, Juang KD, Fuh JL, Lu SR (2007) Psychiatric comorbidity and
suicide risk in adolescents with chronic daily headache. Neurology
68:1468-1473

34. Pavone P, Rizzo R, Contil, Verrotti A, Mistretta A, Falsaperla R, Pratico AD,
Grosso G, Pavone L (2012) Primary headaches in children: clinical findings
on the association with other conditions. Int J Immunopathol Pharmacol
25:1083-1091

35. Tiseo C,Vacca A, Felbush A, Filimonova T, Gai A, Glazyrina T, Hubalek A,
Marchenko Y, Overeem LH, Piroso S, Tkachev A, Martelletti P, Sacco S
(2020) Migraine and sleep disorders: a systematic review. J Headache Pain
21:126

36. Torres-Ferrus M, Pareto D, Gallardo VJ, Cuberas-Borrds G, Alpuente A,
Caronna E, Vila-Ballo A, Lorenzo-Bosquet C, Castell-Conesa J, Rovira A,
Pozo-Rosich P (2021) Cortical metabolic and structural differences in
patients with chronic migraine. An exploratory 18FDG-PET and MRI study.
J Headache Pain 22:75

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Behavioral and psychological factors in individuals with migraine without psychiatric comorbidities
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Data collection and neuropsychological assessment
	Statistical analysis

	Results
	Sleep variables
	Anxiety and depression variables
	Uncertainty variables
	Pain catastrophizing variables
	Decision making variables

	Discussion
	Acknowledgements
	References


