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Abstract

Background Despite the clinical importance of psychological factors in migraine, the relationship between personality traits,
depression, and migraine has been poorly investigated.

Objective To delineate the personality profile distinctive for migraineurs and to explore the relationship between personality traits
and depression in migraineurs compared to non-migraineurs.

Methods A systematic literature search was performed up to March 2019 using PsycInfo (PROQUEST), PubMed and Scopus.
Sixteen primary studies met inclusion and exclusion criteria and were included in the meta-analysis.

Results The meta-analysis on the personality defined according to Psychobiological model revealed high Harm Avoidance
(Hedges’g=0.31; 95% confidence interval [CI] = 0.01-0.60), Persistence (Hedges’g=10.37; 95% CI=0.01to —0.72) and low
self-directedness (Hedges’g =—0.33; 95% CI=-0.57 to —0.09) in migraineurs. The meta-analysis on the personality defined
according to Three Factor Model revealed high neuroticism (Hedges’g=10.47; 95% CI=0.32-0.63) and low extraversion
(Hedges’g=—10.08; 95% CI=—0.14 to — 0.03) in migraineurs. Meta-regression analysis revealed that neuroticism moderated
the relationship between depression and migraine.

Conclusion The findings evidenced that migraine is characterized by specific personality traits. Among them, neuroticism
influenced the severity of depression in migraineurs, and, therefore, an early evaluation of the personality traits could allow
identifying patients susceptible to develop migraine-associated psychopathological symptoms.

Keywords Depression - Meta-analysis - Migraine - Personality traits

Introduction

Personality is defined as a set of psychological qualities relat-
ed to feelings, thoughts and behaviours [1]. Many theories of
personality structure have been proposed but the most widely
known are the Psychobiological Model [2], the Big-Five
Model [3] and Eysenck’s Three-Factor Model [4]. These
models share the idea that personality can be described in
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terms of several factors but differ from each other in the num-
ber and in the formal characteristics of such factors, and in the
specific tools needed to assess them. The Psychobiological
Model (PM) [2] explored the seven basic personality dimen-
sions of temperament (i.e. novelty seeking, harm avoidance,
reward dependence and persistence) and character (i.e. self-
directedness, cooperativeness and self-transcendence). The
Big-Five Model [3] proposes that five main dimensions char-
acterize personality: extraversion, agreeableness, conscien-
tiousness, neuroticism and openness. The Eysenck’s Three-
Factor Model (TFM) [4] model was centred on three dimen-
sions: extraversion, neuroticism and psychoticism (for more
information, see Supplementary Material 1, A). The three
models are the most widely accepted personality theory in
the scientific community and are commonly used in the re-
search and study of personality in psychology [5].

Early studies reported that migraineurs’ personality is char-
acterized by orderliness, perfectionism, inflexibility and a ten-
dency to react excessively to problems, which, in turn, could
lead to attacks of migraine [6]. Later on, studies comparing
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personality traits in migraineurs and non-migraineurs reported
mixed results. For instance, some studies investigating the
personality profile according to the psychobiological model
(PM) reported a higher level of harm avoidance in migraineurs
[7-10], whereas one study did not observe differences be-
tween migraineurs and non-migraineurs [11] and another re-
ported the opposite pattern [12]. Similarly, some studies re-
ported higher levels of Persistence in migraineurs with respect
to non-migraineurs [7, 9, 10], but some studies did not observe
differences between the two groups [11, 12]. Analogous in-
consistencies have been reported for self-directedness, where-
as more consistent findings (no difference between
migraineurs and non-migraineurs) have been reported for oth-
er psychological traits included in the PM [7—12]. When the
personality profile was explored by questionnaires assessing
the psychological dimensions proposed by the Eysenck’s
Three-Factor Model (TFM), migraineurs tended to show
higher scores than non-migraineurs in neuroticism [13—16],
whereas mixed results have been reported about levels of ex-
traversion and psychoticism [13—15]. Finally, only two studies
[17, 18] evaluated the personality traits according to the Big-
Five Model and found high level of neuroticism, conscien-
tiousness and agreeableness in migraineurs compared to
non-migraineurs. Assessing personality traits and psychoso-
matic mechanisms of migraine patients might allow develop-
ing non-pharmacological treatment, to make them less vulner-
able to stress and more skilled in coping with pain.
Unfortunately, previous findings on the personality traits in
migraineurs are heterogencous and did not reveal a well-
established personality profile. On this basis, we performed
two separate meta-analyses on primary studies investigating
personality traits according to current psychological models in
migraineurs and non-migraineurs. We explored the possible
influence of demographic and clinical aspects on each person-
ality trait in migraineurs, as suggested in a recent review [19].

Some studies have revealed a significant association be-
tween depression and migraine [20] but, until now, no study
has explored the possible crucial role of the personality traits
in modulating the relationship between depression and mi-
graine. Therefore, we performed a meta-analysis on studies
focusing on the depression and personality traits in
migraineurs.

Methods
Search strategy and study eligibility criteria

A systematic literature search was performed up to
March 2019 using PsycInfo (PROQUEST), PubMed and
Scopus entering the following search terms: “personality” or
“temperament” or “neurot*” or “psychoticism” or “negative
emotionality” or “extraversion” or “introversion” or
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“openness to experience” or “cognitive rigidity” or “rigidity”
or “agreeableness” or “conscientiousness” or “impulsiv¥” or
“novelty seeking” or “harm avoidance” or “reward depen-
dence” or “persistence” and “Migraine”. This search was sup-
plemented by hand searches of reference lists cited in the
original and review articles. Two independent observers
(F.G., C.B.) evaluated the results and resolved any disagree-
ment by discussion or with recourse to a third arbitrator (G.S.).
A primary study was included in the meta-analysis if it (i.) was
published in peer-reviewed journal in English from 1980 to
2019, (ii) provided results about comparison on personality
traits between patients with a diagnosis of migraine (i.e. mi-
graine without or with aura) according to clinical criteria [21]
and individuals without migraine or headache and (iii) report-
ed statistical results (mean, standard deviation, standard dif-
ference, p value) about comparisons on personality traits be-
tween migraineurs and non-migraineurs. We excluded confer-
ence proceedings, letters to the editor, commentaries, theses,
studies performed on animals and single cases studies. The
data presented in more than one publication were used in their
primary version (first publication). When two or more studies
included patients from the same sample, we selected the pri-
mary study with the highest number of patients.

Data extraction and coding

Data extracted and coded from the primary articles included
(1) characteristics of the publication (e.g. authors, journal sta-
tus, year of publication, journal) and (ii) characteristics of the
sample (e.g. total sample size, gender, duration and frequency
of headache, subjective pain rating). To perform a meta-
regression where depression was the outcome and personality
trait was the moderator, we selected primary studies which
provided mean score of depression questionnaire and mean
score of personality traits in patients with migraine. We de-
fined as outcomes seven dimensions put forward by PM, in-
cluding both temperament (i.e. novelty seeking, harm avoid-
ance, reward dependence and persistence) and character (i.c.
self-directedness, cooperativeness and self-transcendence)
and three dimensions included in the TFM (i.e. neuroticism,
psychoticism and extraversion). When a study evaluated per-
sonality traits by questionnaires not specifically developed on
the basis of the PM or TFM, we decided to use the dimensions
considered theoretically associated to each personality model.

Statistical analyses

We synthesized study data using meta-analytic methods
(ProMeta 3; Intenovi, 2015). Meta-analytic method was used
to synthesize study data: we computed the effect sizes (ES)
from data reported in the primary studies (e.g. means and
standard deviations; p values) using Hedges’ g unbiased ap-
proach (like the Cohen d statistic). Negative values of the
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Hedges’ g indicated that migraineurs had lower scores than
non-migraineurs on each outcome. Conventionally, values of
Hedges’ g < 0.20 indicate small effects, values of about 0.50
moderate effects, and values of about 0.80 large effects. For
each ES, 95% confidence interval, variance, standard error
and statistical significance were computed. Moreover, ES
across studies were pooled for obtaining an overall effect size
with the inverse-variance method. We used the random-effects
model since it is a conservative approach useful to account for
different sources of variation among studies and to generalize
the meta-analytic finding beyond the studies included here. Q
and I? statistics index were computed to assess the heteroge-
neity among the studies. A significant Q value indicates a lack
of homogeneity of findings among studies; the proportion of
observed variance that reflects real differences in ES was es-
timated by I°. A value of 25, 50 and 75% was considered as
low, moderate and high, respectively. Sensitivity analyses
were performed to check the stability of study findings, com-
puting how the overall ES would change removing one study
at a time. To explore the publication bias, we applied the
funnel plot, a scatter plot of the ES estimated from individual
studies against a measure of their precision (e.g. their standard
errors). To evaluate the funnel plot more reliably, we
employed the Egger’s regression method, which to statistical-
ly test the asymmetry of the funnel plot, with non-significant
results indicative of absence of publication bias. Moreover, we
applied the trim and fill procedure, an iterative non-parametric

statistical technique, which evaluates the effect of potential
data censoring on the result of the meta-analyses. In this meth-
od, the absence of publication bias is indicated by zero
trimmed studies, or in the presence of trimmed studies, by a
trivial difference between the observed and the estimated ES.
To further explain heterogeneity across studies and to explore
the possible influence of demographic (age at evaluation, gen-
der, years of schooling) and clinical variables (i.e. duration
and frequency of headache, subjective pain rating) on each
outcome, we performed several meta-regressions. Meta-
regressions were also performed to evaluate which personality
trait moderate the severity of depression in migraine. The ref-
erences for methodological procedures were reported in
Supplementary Material 1, C. Statistical analyses were con-
ducted with the meta-analytic software ProMeta 3.0.

Results
Study selection

Figure 1 shows the flow diagram based on PRISMA state-
ment. The initial search identified 3777 articles; after remov-
ing duplicates, we obtained 2611 articles. After full-text as-
sessment, 181 studies were considered eligible. According to
inclusion and exclusion criteria, we included eight studies
[7-12, 22, 23] in the meta-analysis on the personality defined

Fig. 1 Flowchart of the selection
process of the primary studies
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according to PM and 10 studies [13—18, 22-25] in the meta-
analysis on personality defined according to TFM. Moreover,
we included a study by Karmakar et al. [18] where a self-
reported provider diagnosis (SRPD) of migraine was used.
As three studies [14, 17, 24] provided mean and standard
deviations of migraineurs with and without aura as two sepa-
rate groups, these were collapsed into one group by calculat-
ing the pooled means and standard deviations from statistics
provided in each paper. As for the association between per-
sonality traits and the type of the migraine, among the eight
studies included in the meta-analysis on the personality de-
fined according to PM, four studies specified that the sample
included migraineurs without aura [8, 10, 22, 23] whereas the
remaining four studies did not specify the type of migraine [7,
9, 11, 12]. Out of 10 studies included in the meta-analysis on
the personality defined according to TFM, five included
migraineurs without aura [14, 17, 22-24], three included
migraineurs with aura [14, 17, 24], whereas the remaining five
studies did not specify the type of migraine [14-16, 18, 25].
Characteristics of primary studies included in the meta-
analysis are reported in Table 1.

Personality profile according to PM

Novelty seeking The ES (=—0.16; 95% CI=-0.40-0.08)
was not significant and there was no publication bias. The
heterogeneity among the studies was significant and moder-
ate. After removing Wang et al.’s study [22], the ES (=—0.09;
95% CI=-0.31-0.13) remained not significant and the het-
erogeneity became not significant (Table 2; Supplementary
Material Figure 2A).

Harm avoidance The ES (=0.45; 95% CI=0.07-0.83) was
significant and moderate: migraineurs scored higher than non-
migraineurs. There was no publication bias, whereas the het-
erogeneity across the studies was high. After removing Park
et al.’s study [8], ES (=0.31; 95% CI=0.01-0.60) remained
significant and the heterogeneity decreased (Table 2;
Supplementary Material Figure 2B).

Reward dependence The ES (=0.01; 95% CI=-0.15-0.18)
was not significant, without publication bias and heterogene-
ity across the studies (Table 2; Supplementary Material
Figure 2C).

Persistence The ES (=0.25; 95% CI=-0.11-0.61) was not
significant without publication bias. The heterogeneity across
the studies was significant and high (I* = 78%). After remov-
ing Boz et al.’s study [12], the ES (=0.37; 95% CI=0.01-
0.72) became significant and moderate and the heterogeneity
decreased slightly (I?=71%) (Table 2; Supplementary
Material Figure 2D).

@ Springer

Self-directedness The ES (=—0.16; 95% CI=-0.53-0.21)
was not significant, without publication bias, but the hetero-
geneity was high. After removing Sanchez-Roman et al.’s the
study [9], the ES (=—0.33; 95% CI=—0.57 to — 0.09) became
significant and moderate whereas the heterogeneity decreased
(Table 2; Supplementary Material Figure 3A).

Cooperativeness The ES (=0.11; 95% CI=—0.25-0.48) was
not significant. There was no publication bias; the heteroge-
neity was significant and high. After removing Sanchez-
Roman et al.’s the study [9], the ES (=—0.05; 95% CIl=
—0.28-0.17) remained not significant and the heterogeneity
became not significant (Table 2; Supplementary Material
Figure 3B).

Self-transcendence The ES (=—0.04; 95% CI=-0.25-0.17)
was not significant, without publication bias or the heteroge-
neity across the studies (Table 2; Supplementary Material
Figure 3C).

Comparison between migraineurs with and without aura A
subgroup analysis to identify possible differences on person-
ality traits between the two groups was not performed as only
4/8 studies specified the type of migraine.

Personality profile according to TFM

Neuroticism The ES (=0.56; 95% CI = 0.34-0.78) was signif-
icant and moderate: migraineurs scored higher than non-
migraineurs. There was no publication bias, whereas the het-
erogeneity across the studies was high. After removing Brandt
et al.’s study [13], the ES (=0.47; 95% CI=0.32-0.63)
remained significant and moderate but the heterogeneity de-
creased (Table 3; Supplementary Material Figure 4A).

Psychoticism The ES (=—0.04; 95% CI=-0.39-0.30) was
not significant, without publication bias; the heterogeneity
across the studies was significant and high (Table 3;
Supplementary Material Figure 4B).

Extraversion The ES (= —0.08; 95% CI=—0.14 to — 0.03) was
significant but very low: migraineurs scored lower than non-
migraineurs. No publication bias and heterogeneity across
studies were found (Table 3; Supplementary Material
Figure 4C).

Lie The ES (=—0.19; 95% CI=-—0.45-0.07) was not sig-
nificant, without publication bias. The heterogeneity across
the studies was high and significant. After removing
Brandt et al.’s study [13], the ES (=—0-09; 95% CI=
—0.33-0.15) remained not significant and the heterogene-
ity became not significant (Table 3; Supplementary
Material Figure 4D).
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Trim and fill

Egger’s ¢ test for

Homogeneity

(95% confidence intervals)
statistics

Pooled effect size

Non-migraineurs

Migraineurs

Summary of meta-analytic results of the following personality domains: Neuroticism, Psychoticism, Extraversion, Lie
K Number of

Table 3

@ Springer

publication bias

Hedges’g (P value)

participants

12

P

Q@h

UL

LL

0
0

1.16 (0.280)
0.80 (0.450)

88.49
69.31

<0.001
<0.001

78.19 (9)
26.07 (7)

78
63

0.34 0.

0.56 (< 0.001)
0.47 (< 0.001)

13,286
13,124

2641

15,927
15,603

10
9

Neuroticism

0.

0.32

2479

Sensitivity analysis

after removing

Brandt et al. [12]

Psychoticism

0
0
1

0.03 (0.983)
0

82.72
4.19

0.003
0.398
0.009
0.124

11.58 (2)
731 (7)
11.53 3)
418 (2)

0.30

-0.39
-0.14
-0.45
-0.33

~0.04 (0.806)
~0.08 (0.004)
~0.19 (0.145)
~0.09 (0.478)

1086

341

1427

3
8
4
3

—2.16 (0.074)
1.17 (0.361)
1.71 (0.337)

-0.03

0.07
0.15

12,885
1410

2474
384

222

15,359
1794
1470

Extraversion

Lie

73.98
52.15

1248

Sensitivity analysis

after removing

Brandt et al. [12]

Q and I? indicate heterogeneity statistics. Statistically significant values are reported in italics

K number of studies, LL lower limit, UL upper limit, df degrees of freedom

Comparison between migraineurs with and without aura A
subgroup analysis on five studies [14, 17, 22-24] revealed no
difference between the two groups on neuroticism (Q =0.14,
df=1, p=0.710) and extraversion (Q=0.17, df=1, p=
0.682) (Supplementary Material Figure 5).

Moderator analysis

Age moderated the level of neuroticism: higher levels were
found in younger than in older migraineurs (B=—10.04, p =
0.038). Sex had no significant effect on each trait. We could
not assess the possible effect of education, frequency and du-
ration of attacks; pain intensity on the relationship between
personality traits and migraine since there were not at least 10
samples to 1 covariate as suggested by Borenstein et al. [26].

Personality traits as moderators of depression
in migraineurs

Studies that provided mean score of depression and mean
score of personality traits in patients with migraine were re-
ported in Table 4. Among the personality traits, only neuroti-
cism moderated the severity of depressive symptomatology
(B=10.46, p =0.034). Other personality traits did not influ-
ence the severity of the depression.

Discussion
Personality profile associated with migraine

The present meta-analytic study focused on personality traits
associated with migraine. When personality was conceptual-
ized according to PM, we found a higher level of both harm
avoidance and persistence and a lower level of self-
directedness in migraineurs with respect to non-migraineurs.
No significant difference was found between migraineurs and
non-migraineurs on the remaining dimensions of tempera-
ment and character. When we took into account the TFM, a
higher level of neuroticism and a lower level of extraversion
were significantly related to migraine. Only neuroticism mod-
erated the severity of depressive symptomatology in
migraineurs. A higher level of harm avoidance seems thus to
be a distinctive personality trait of migraineurs [7—10]. Since
in PM harm avoidance is characterized by behavioural inhibi-
tion, excessive fear/worry, our findings suggested that
migraineurs are prone to have a pessimistic apprehension in
anticipation of future problems and to show passive avoidant
behaviours such as fear of uncertainty and rapid fatigability
[2]. Only two studies did not report any difference between
migraineurs and non-migraineurs on this personality trait, but
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the features of their sample might have biased these reports.
Boz et al. [12] enrolled a sample of migraineurs smaller and
older (n=51; age=28.24) than the sample of non-
migraineurs (n = 82; age 25.84), whereas Nylander et al. [11]
explored the personality traits in a small sample of 26 individ-
uals belonging to the same family with a dominant autosomal
inheritance pattern for migraine. On this basis, we would con-
clude that high level of harm avoidance is a very consistent
finding in the migraineurs. The present meta-analysis cannot
address neurobiological issues, but the finding of a consistent
association between high level of harm avoidance and mi-
graine might suggest that both conditions share common neu-
robiological mechanisms. In particular, it has been suggested
that both harm avoidance and migraine might depend on a
dysfunction of serotonergic transmission [8]. Indeed, high
brain serotonin levels and lower 5-HT4 receptor binding with-
in neocortex were found in migraineurs between attacks,
whereas low serotonin levels occur typically during a mi-
graine attack [27, 28]. Moreover, high level of harm avoidance
seems to be associated with altered serotoninergic activity in
dorsal raphe nuclei [29]. High level of persistence was another
personality feature consistently associated with migraine [7, 9,
10]. According to PM, high levels of persistence characterize
eager, ambitious, determined, resolute individuals who tend to
persevere despite frustration and fatigue; this trait expresses
the tendency to maintain unrewarded behaviours and correlate
with high rigidity and obsessiveness [2]. From this perspec-
tive, migraineurs might be characterized by a tendency to be
vulnerable to stress and a higher risk of developing depressive
and anxiety symptoms when exposed to stressful events [30].
Moreover, this trait seems to influence the clinical course of
migraine, as it might favour progression of episodic migraine
to the chronic form, and/or the tendency to develop overuse of
symptomatic medications [31, 32]. On neurobiological
grounds, persistence has been related to altered glutamatergic
systems [2], which have been involved in migraine patho-
physiology [33]. The present meta-analysis would thus en-
courage future studies addressing the possible links between
persistence and migraine. Among modifiable traits
(characters) included in PM, only self-directedness differed
in migraineurs and non-migraineurs and was lower in
migraineurs. This finding, together with the high level of per-
sistence, would confirm that patients suffering from migraine
have poor coping skills and are vulnerable to stress. In the
only study reporting conflicting results, Sanchez-Roman
et al. [9] compared migraineurs with non-migraine individuals
affected by chronic pain conditions, a sample characterized by
very low levels of self-directedness [34]. Moreover, two stud-
ies [11, 12] did not find differences in self-directedness be-
tween migraineurs and control individuals, but, as specified
above, the results of these papers could be biased by sample-
related factors. Moreover, it is worth mentioning that Boz
et al. [12] did observe a specific significant difference in one

@ Springer

single subscale of the self-directedness character. Low levels
of self-directedness and high levels of harm avoidance have
been associated with altered serotonergic activity [35], an is-
sue deserving to be investigated. Our meta-analysis of studies
on the personality profile according to TFM revealed a higher
level of neuroticism and a lower level of extraversion in
migraineurs with respect to non-migraineurs. The strong rela-
tionship between migraine and high levels of neuroticism is in
keeping with the finding of high level of harm avoidance
described above, as the two personality traits overlap at least
partially [36]. This finding would confirm that migraineurs
might be less able to endure migraine pain, and, possibly, less
able to cope with that pain [37]. Moreover, we found that high
level of neuroticism was associated with more severe depres-
sive symptoms supporting that the neuroticism is related to the
tendency to experience negative emotions [3] and could be a
predictor of development of depressive symptoms in
migraineurs. Therefore, these findings suggested the clinical
relevance of an early evaluation of personality profile in pa-
tients even early phase of disease to identify patients with
maladaptive coping abilities and therefore more at risk for
depression [38]. Our moderator analysis showed that age
moderated the degree of association between neuroticism
and migraine: younger subjects tend to have higher level of
neuroticism than older ones. This finding confirmed the idea
of cross-sectional age differences in this personality trait [39].
Extraversion is thought to be related to the desire of being with
others as opposed to being alone and pursuing solitary activ-
ities [4]. The observed low level of extraversion might suggest
that migraineurs can be prone to experience less positive life
events such as fulfilling social interactions and to show a
maladaptive response to stress and a general feeling of mal-
aise, which is one of the most common trigger for migraine
attacks [40]. As five studies investigated the TFM personality
traits specifically associated with MwA [14, 17, 24] or MwoA
[14, 17, 22, 23], we could perform a subgroup analysis. Our
findings did not show differences on neuroticism and extra-
version personality traits between the two groups. However,
this finding should be considered cautiously due to the few
studies comparing MwA and MwoA patients on the person-
ality profile [14, 17, 22-24] and needs to be addressed in
future studies.

Limitations

The present meta-analysis is characterized by some limita-
tions: we could not investigate the possible moderator effect
of relevant clinical variables such as duration, drugs, frequen-
cy, pain intensity and type (i.e. chronic versus episodic) on the
relationship between personality traits and migraine because
these clinical aspects were not reported in enough primary
studies. Moreover, we could not exclude that personality pro-
file of migraineurs evidenced in the current meta-analysis was
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a consequence of the disease since personality profile has
never been investigated before the onset of the migraine.
Finally, since we included only cross-sectional studies, we
could not investigate the causal role of the personality traits
on the onset of migraine.

Clinical implications

Despite the abovementioned limitations, our results might
have relevant clinical implications. Some personality traits
could negatively influence long-term history of migraine and
the response to drug treatment [41]. The meta-analytic evi-
dence of a specific personality migraine reinforces the rele-
vance of psychological evaluation to obtain prognostic infor-
mation and to possibly identify patients at high risk of devel-
opment of psychopathological disturbances such as depres-
sion and anxiety. Assessing personality traits can also help
in planning non-pharmacological therapies such as
psychoeducational interventions focused on personality traits,
i.e. self-directedness and neuroticism. As migraineurs often
show vulnerability to psychological distress, and reduced suc-
cess in personal, social, cognitive and spiritual development
because of maladaptive coping styles [38], might follow
psychoeducational interventions aimed at enhancing self-
directedness and neuroticism to improve their well-being.
Finally, specific personality traits, especially neuroticism,
could influence the Quality of Life (QoL) [42] and the type
of coping strategies used to overcome unexpected troubles
and tolerate stressful events. On the basis of these consider-
ations, a well-established personality profile associated with
migraine might allow developing psychological interventions
to improve the exploitation of adaptive coping strategies and
to early identify patients at risk of developing psychopatho-
logical disturbances such as depression.
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