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Major depression subtypes are
differentially associated with migraine
subtype, prevalence and severity
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Abstract

Objective: Migraine and major depressive disorder show a high rate of comorbidity, but little is known about the

associations between the subtypes of major depressive disorder and migraine. In this cross-sectional study we aimed at

investigating a) the lifetime associations between the atypical, melancholic, combined and unspecified subtype of major

depressive disorder and migraine with and without aura and b) the associations between major depressive disorder and

its subtypes and the severity of migraine.

Methods: A total of 446 subjects with migraine (migraine without aura: n¼ 294; migraine with aura: n¼ 152)

and 2511 controls from the population-based CoLaus/PsyCoLaus study, Switzerland, were included. Associations

between major depressive disorder subtypes and migraine characteristics were tested using binary logistic or linear

regression.

Results: Melancholic, combined and unspecified major depressive disorder were associated with increased frequency of

migraine with aura, whereas only melancholic major depressive disorder was associated with increased frequency of

migraine without aura. Lifetime and unspecified major depressive disorder were associated with severe migraine intensity

among subjects with migraine with aura but not migraine without aura, while combined major depressive disorder was

associated with higher migraine frequency independently from migraine subtype.

Conclusion: This study suggests that melancholic but not atypical major depressive disorder is associated with migraine

and migraine subtypes. Future studies exploring pathophysiological mechanisms shared between melancholic depression

and migraine are warranted.
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Introduction

Migraine shows a high rate of comorbidity with major
depressive disorder (MDD) (1). MDD lifetime preva-
lence differs between different populations and is esti-
mated to be around 8–12%, while the estimated
heritability is about 40–50% (2). In patients with both
migraine and depression, the exacerbation of one dis-
ease may increase the symptoms of the other illness (3).
Each condition increases the relative risk for the other
disease up to three times, yet the underlying mechanism
leading to the high rate of coexistence is not yet well
understood (4). Migraine patients with comorbid MDD
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are less likely to show a complete remission and have an
increased risk of developing chronic migraine (5).

Major depression has a high degree of heterogeneity
in terms of clinical characteristics, course and response
to pharmacological treatment (6). It has been hypothe-
sized that depression subtypes might be associated with
different biological mechanisms (7). Melancholic
depression, which is present in approximately 30% of
depressed individuals (8), is characterized by anhedo-
nia, psychomotor disturbances, interrupted sleep and
loss of appetite (9). Biological correlates of melancholic
depression include hypercortisolemia, leading to the
hypothesis that this subtype might be related to dys-
function of the hypothalamic-pituitary-adrenal (HPA)
axis. Conversely, atypical depression, which is present
in 15–30% of depressed individuals (8), is characterized
by increased appetite, weight gain and hypersomnia (9).
This subtype has been suggested to be associated with
metabolic syndrome and inflammation (9,10).

The assessment of associations between depression
and migraine subtypes may help clinicians to identify
individuals with a particular risk of comorbid disorders
and favor early treatment. In addition, the identifica-
tion of depression and migraine subtypes that are fre-
quently comorbid and associated with a higher degree
of severity can help to further elucidate the mechanisms
playing a role in migraine pathogenesis as well as to
identify potential migraine subphenotypes that might
benefit from tailored treatment strategies.

Although the relationship between depression and
migraine is well known, to our knowledge no study
has investigated the relationship between migraine
and different depression subtypes. Based on this evi-
dence, the aim of this study was to investigate a) the
lifetime associations between the atypical, melancholic,
combined and unspecified subtypes of MDD and
migraine with (MWA) and without aura (MWOA)
and b) the associations between MDD and its subtypes
and the severity of migraine.

Material and methods

Sample

The present paper is based on the baseline evaluation of
the population-based CoLausjPsyCoLaus cohort
study. The primary aim of this prospective cohort
study was to evaluate mental disorders and cardiovas-
cular risk factors in the community and to determine
their associations. The sample was randomly selected
from the 35 to 75-year-old residents of the city of
Lausanne, Switzerland, from 2003 to 2006 according
to the civil register (11). Sixty-seven percent of the 35
to 66-year-old participants in the physical baseline
exam (n¼ 5535) also accepted the psychiatric

evaluation (12), resulting in a sample of 3719 partici-
pants with both somatic and psychiatric assessments.
For the present analyses, we only included participants
for whom information on migraine and MDD were
available, leaving a total of 2957 subjects. The
CoLausjPsyCoLaus study was approved by the
Institutional Ethics Committee of the University of
Lausanne and informed written consent was obtained
from all participants.

Assessments

Interviews at the psychiatric evaluation were carried out
by trained master-level psychologists or by psychiatrists,
whose training included rating tapes and supervised co-
ratings. All interviews and assessments were reviewed by
a senior psychologist afterwards. Diagnostic information
on mental disorders including MDD was collected using
the French version (13) of the semi-structured Diagnostic
Interview for Genetic Studies (DIGS) (14). In partici-
pants endorsing either headache or migraine in the
DIGS, the French version of the Diagnostic Interview
for Headache Syndromes (DIHS) was used to collect
additional data. This instrument was developed through
an inter-site collaboration centered at the Genetic
Epidemiology Research Unit of Yale University School
of Medicine and translated into French by the research
team that conducted the CoLausƒPsyCoLaus study. The
DIHS is a semi-structured interview that includes an
open-ended section in which the participant describes
each type of headache experienced, as well as a set of
questions regarding symptoms, severity, frequency, dur-
ation and treatment. Migraine diagnoses were based on
criteria of the International Headache Society (ICHD-II)
(15). For the present study, we included data on severity
indicators collected using three questions from the DIHS:
a) Migraine intensity, rated by the participant as ‘‘light’’,
‘‘moderate’’ or ‘‘severe’’ (two participants who rated their
migraine intensity as ‘‘light’’ were grouped together with
those who rated their migraine intensity as ‘‘moderate’’);
b) frequency of attacks (expressed as average number of
migraine days per month) and c) average duration of
attacks (expressed in hours). The DIHS interview
includes three questions to evaluate the average fre-
quency of attacks: number of migraine days per week,
month and year. In case a participant indicated the
number of migraine days per week or year, an average
number of migraine days per month was calculated by
multiplying the number by 4 weeks or dividing it by
12 months, respectively. Similarly, in case a participant
indicated the average duration of attacks in terms of days,
the reported value was multiplied by 24. A total of 446
subjects met the lifetime diagnostic criteria for migraine
and had information on comorbidity with MDD.
Information on migraine intensity, average frequency
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and duration was available for 445, 428 and 442 subjects,
respectively.

For subjects meeting the DSM-IV criteria of MDD,
the following subtypes were defined according to the
lifetime occurrence of episodes (16): a) Melancholic
type (MDD with at least one melancholic and no atyp-
ical episodes); b) atypical type (MDD with at least one
atypical and no melancholic episodes; c) combined type
(MDD with both atypical and melancholic features);
and d) unspecified type (MDD with neither atypical
nor melancholic episodes). The four-level migraine sub-
type variable was coded using four dummy variables,
with participants with no diagnosis of MDD as the
reference group.

Socioeconomic status (SES) was assessed using the
Hollingshead scale, which includes information on edu-
cation and professional position (17). SES was analyzed
in quintiles using the following cut-off points: 1:� 20, 2:
20–29, 3: 30–39, 4: 40–55, 5:� 55.

Statistical analysis

A study flow diagram is reported in Figure 1. Normal
distribution of continuous variables was assessed using
the Kolmogorov-Smirnov test. Pearson’s Chi-squared
test (for gender) or Mann-Whitney test (for age and

SES) were applied to analyze unadjusted differences
between subjects with or without migraine/migraine
subtypes.

Association between MDD subtypes and migraine. In order
to evaluate the association with lifetime MDD, we
applied a binary logistic regression model using
migraine as the dependent variable and lifetime MDD
or MDD subtypes as the independent variable, adjust-
ing for sex, age and SES. Similarly, we applied two
binary logistic regression models to assess the associ-
ations between MDD subtypes and the two migraine
subtypes. In order to adjust for multiple testing (two
migraine subtypes) the significance level was set
to< 0.05/2¼ 0.0025.

Association between MDD subtypes and migraine

severity. Within subjects with migraine we evaluated the
associations betweenMDD subtypes and three indicators
of migraine severity: Migraine intensity (light/moderate
vs. severe intensity), migraine frequency (number of
migraine days per month) and duration of an attack
(hours). The associations between lifetime MDD or
MDD subtypes and migraine intensity were evaluated
using binary logistic regression models with either
MDD or MDD subtypes as the independent variables

Whole CoLaus/PsyCoLaus cohort, n = 3719 

Without aura, n = 294 With aura, n =152

Controls, n = 2511Migraine participants, n = 446

Analyses on characteristics of migraine severity (adjusted for
sex, age and socioeconomic status):

Atypical, n = 29
Combined, n = 13

Unspecified, n = 59

Melancholic, n = 58

MDD (yes/no), n = 255/191MDD (yes/no), n = 159/135

Atypical, n = 39
Combined, n = 26

Unspecified, n = 100

•  Migraine severe intensity
•  Migraine frequency (number of migraine days per month)
•  Duration of the attacks

Melancholic, n = 90

MDD (yes/no), n = 96/56

Atypical, n = 10
Combined, n = 13

Unspecified, n = 41

Melancholic, n = 32

MDD (yes/no), n = 1024/1487

Atypical, n = 157
Combined, n = 97

Unspecified, n = 506

Melancholic, n = 264

Figure 1. Flow chart of the study. The figure shows the principal setup of the study with regards to number of subjects, migraine

subtypes, lifetime major depressive disorder and subtypes and the principal statistical analyses on migraine severity.

MDD: major depressive disorder.
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and migraine intensity as the dependent variable, with
adjustment for sex, age and SES. The associations
between MDD subtypes and the continuous indicators
of migraine severity (migraine days per month and mean
duration of attacks) were evaluated using linear regression
models with MDD or MDD subtypes as the independent
variables, log-transformed values of the indicator of
migraine severity as the dependent variable, and with
adjustment for sex, age, and SES. Normality and con-
stant variance of residuals were checked through visual
inspection of the residuals Q-Q plot and the scatter plot
of standardized residuals versus the standardized pre-
dicted values, respectively. In order to assess the impact
of migraine subtype on the associations between MDD/
MDD subtypes and migraine severity indicators, we first
tested potential interactions between migraine subtype
andMDD subtypes with respect to migraine severity indi-
cators. If they showed a significant interaction (p< 0.05),
a stratified model according to migraine subtype was per-
formed, otherwise only the results of the model for the
overall migraine diagnosis were presented. For analyses
with the two migraine subtypes as the dependent vari-
ables, the level of significance was set to p< 0.025 in
order to adjust for multiple testing.

Statistical analyses were performed using SPSS v. 21
(IBM, Armonk, NY, USA).

Results

Demographics and clinical characteristics in MWA
and MWOA

As shown in Table 1, individuals with migraine were
more likely to be women regardless of the subtype.
Individuals with any migraine and with the MWOA
subtype were also younger and had lower SES than
controls.

Associations between MDD subtypes and
migraine

Lifetime MDD was significantly associated with
migraine regardless of the subtype (Table 2).
However, the association was stronger with the MWA
than with the MWOA subtype. All MDD subtypes
were associated with the overall category of migraine
and all but atypical MDD were associated with MWA,
whereas only melancholic MDD also revealed an asso-
ciation with MWOA.

Associations between MDD and indicators of
migraine severity

The adjusted binary logistic regression models showed
significant interactions between any MDD (p¼ 0.002), T
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melancholic MDD (p¼ 0.047) and unspecified MDD
(p¼ 0.002) and the migraine subtype with respect to
‘‘migraine intensity’’, indicating that the associations
between any MDD or these MDD subtypes and
migraine significantly differed according to the
migraine subtype. Accordingly, only the results of stra-
tified analyses are provided for these associations
(Table 3). Conversely, as there was no evidence for
interactions between atypical or combined MDD and
the migraine subtype, only the associations between
these MDD subtypes and overall migraine are pre-
sented. These analyses revealed that lifetime MDD
and the unspecified subtype were significantly asso-
ciated with higher migraine intensity in subjects with
MWA but not in subjects with MWOA.

Regarding migraine frequency, the linear regression
model showed a significant interaction between the mel-
ancholic MDD and the migraine subtype (p¼ 0.035).
However, the stratified analysis showed that melan-
cholic MDD was not associated with migraine fre-
quency in the two migraine subtypes (Table 4).
Migraine frequency was only associated with combined
MDD.

Regarding migraine duration, the linear regression
model showed significant interactions between any
MDD (p¼ 0.029), melancholic MDD (p¼ 0.044) and
combined MDD (p¼ 0.038), indicating stronger associ-
ations in subjects with MWA. However, the stratified
models did not provide evidence for significant associ-
ations between MDD or MDD subtypes and migraine
duration (Table 5).

Discussion

This is the first report on comorbid associations
between MDD subtypes, migraine subtypes and
migraine severity indicators in the general population.
Our most salient findings are that comorbid associ-
ations between MDD and migraine as well as associ-
ations between MDD and migraine severity indicators
vary across both MDD and migraine subtypes.
Moreover, all MDD subtypes were associated with
the overall migraine diagnosis, showing strong comor-
bidity between MDD and migraine, and all but the
atypical MDD subtype were associated with MWA,
but only melancholic MDD was associated with
MWOA. In contrast, few associations were found
between MDD or its subtypes and migraine severity
indicators.

It is well known that migraine and depression show a
high rate of comorbidity. The association between these
two conditions has been suggested to be bidirectional,
with each disorder increasing the risk of onset of the
other (1). Although a causal relationship cannot be
precluded, the currently most accredited hypothesis isT
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that shared disease mechanisms might underlie the
comorbidity between these two conditions (18). This
hypothesis is further supported by the observation
that mood changes are amongst the most common pre-
monitory symptoms in patients with migraine (19) as
well as by the fact that the tricyclic antidepressant
(TCA) amitriptyline is indicated in migraine preven-
tion. Notably, while TCAs are effective in melancholic
depression, patients with atypical depression more
often show a poor response to these drugs (20).

There is a paucity of studies investigating the puta-
tive shared pathophysiological mechanisms between
migraine and depression and, specifically, depression
subtypes. Hippocampal dysfunction has been suggested
to play a role in the pathogenesis of both diseases
(21,22). Being this region implicated in the inhibitory
control of HPA-axis response to stress, hippocampal
dysfunction could account for the association between
MDD and migraine via HPA-axis hyperactivity (23),
which specifically characterizes melancholic depression
(24). However, findings regarding a potential associ-
ation between HPA-axis dysregulation and migraine
are still limited and controversial (25). Another mech-
anism potentially implicated in the association between
melancholic MDD and migraine is a strong activation
of the noradrenergic system in the central nervous
system. This hypothesis is supported by the observation
that a hypernoradrenergic state has been associated
with melancholic depression (26), while a recent pre-
clinical study provided evidence for a complex role of
locus ceruleus dysregulation in two key mechanisms
putatively underlying migraine; that is, cortical-spread-
ing depression and trigeminovascular activation (27).
Although based on only very few data hitherto avail-
able in the literature, it may be worthwhile to further
study the role of dysfunctional locus coeruleus in
migraine pathogenesis and the emergence of comorbid
depression and migraine.

Disturbances in sleep and appetite observed in mel-
ancholic depression may also share molecular mechan-
isms with migraine pathophysiology. For instance,
melatonin MT1 receptors have been recently implicated
in the pathogenesis of melancholic depression (28).
Melatonin, a hormone primarily involved in the regu-
lation of the sleep-wake cycle, might interact with cal-
citonin gene-related peptide (CGRP) effects.
Specifically, melatonin was shown to inhibit CGRP-
induced vasodilation of cerebral arteries in rats (29),
as well as to downregulate CGRP mRNA levels in
human peripheral blood mononuclear cells from
migraine patients (30). CGRP levels are increased in
migraine patients both during attacks and in the inter-
ictal state, compared to controls (31), and CGRP has
been suggested to regulate appetite and energy intake
(32). Interestingly, melatonin has been used as an oralT
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supplement for migraine prophylaxis, although the
number of studies examining its efficacy is still limited
(33). Hence, melatonin may be involved in some of the
shared features of melancholic depression and migraine
that relate to disturbances of sleep and appetite.

Our results showed lifetime MDD to be associated
with a higher migraine intensity exclusively in the group
of participants with MWA. Our findings fit to the ear-
lier formulated hypothesis that depression might be
more strongly correlated with MWA compared to
MWOA (34). The association we observed might be
mediated by mechanisms specifically associated with
MWA, such as brain hypoperfusion (35), as more
severe and spread patterns of brain hypoperfusion dis-
orders have been shown in subjects with either melan-
cholic or unspecified MDD compared to atypical MDD
(36). These findings, together with our observation of

an association of unspecified MDD with increased
migraine intensity, support the need for future studies
to specifically evaluate associations between depression
subtypes and migraine severity. Additionally, we found
the combined MDD subtype (which includes partici-
pants with both melancholic and atypical characteris-
tics) to be associated with higher migraine frequency
independent of migraine subtype. Our results are in
accordance with a recent study showing an association
between depression symptoms and migraine frequency
in patients with both migraine with and without aura
(37). However, no information on MDD subtypes was
available in this study.

Our observation of differential associations between
the subtypes of MDD and migraine supports the need
for studies aiming to investigate the specific mechan-
isms that could underlie the associations between

Table 4. Association between lifetime MDD subtypes and migraine frequency (number of migraine days per month).

Any migraine (n¼ 428) Migraine without aura (n¼ 284) Migraine with aura (n¼ 144)

Migraine days per

month (mean� SD) b p

Migraine days per

month (mean� SD) b p

Migraine days per

month (mean� SD) b p

Lifetime MDD, any 3.12 (�5.0) 0.09 0.053 3.05 (� 4.8) –2 –2 3.24 (� 5.3) –2 –2

Melancholic MDD 2.61 (� 3.8) –1 –1 2.16 (� 2.7) 0.01 0.924 3.44 (� 5.3) 0.18 0.050

Atypical MDD 4.00 (� 7.2) 0.03 0.558 3.85 (� 6.7) –2 –2 4.45 (� 9.1) –2 –2

Combined MDD 5.47 (� 8.2) 0.12 0.019 5.82 (� 8.2) –2 –2 5.08 (� 8.1) –2 –2

Unspecified MDD 2.64 (� 3.3) 0.07 0.194 2.92 (� 3.8) –2 –2 2.24 (� 2.5) –2 –2

No MDD 2.29 (� 3.7) Reference 2.48 (� 4.0) Reference 1.82 (� 2.6) Reference

MDD: major depressive disorder; SD: standard deviation.

b: according to linear regression with adjustment for age, sex, socioeconomic status.
1In presence of significant interactions, only results for migraine subtypes are reported.
2In the absence of significant interactions, only results for any migraine are reported.

Note: Significant results after correction for multiple testing in bold.

Table 5. Associations between lifetime MDD subtypes, migraine subtypes and duration (hours) of migraine attacks.

Any migraine (n¼ 442) Migraine without aura (n¼ 294) Migraine with aura (n¼ 148)

Attack duration

(mean� SD) b p

Attack duration

(mean� SD) b p

Attack duration

(mean� SD) b p

MDD (any) 28.43 (� 24.4) –1 –1 30.31 (� 23.6) 0.00 0.997 25.20 (� 25.5) 0.18 0.029

Melancholic MDD 31.32 (� 25.3) –1 –1 32.16 (� 24.3) 0.01 0.821 29.81(� 27.2) 0.20 0.028

Atypical MDD 24.08 (� 20.9) 0.01 0.864 29.07 (� 20.7) –2 –2 9.60 (� 13.8) –2 –2

Combined MDD 30.35 (� 31.3) –1 –1 26.92 (� 28.6) –0.07 0.266 33.77 (� 34.6) 0.14 0.095

Unspecified MDD 26.98 (� 22.7) 0.00 0.998 29.86 (� 23.4) –2 –2 22.50 (� 21.1) –2 –2

No MDD 24.70 (� 22.9) Reference 27.96 (� 23.4) Reference 16.71 (� 19.6) Reference

MDD: major depressive disorder; SD: standard deviation.

b: according to linear regression with adjustment for age, sex, socioeconomic status.
1In the presence of significant interactions, only results for migraine subtypes are reported.
2In the absence of significant interactions, only results for any migraine are reported.

Note: No results were significant after multiple testing correction.
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MDD subtypes and migraine subtypes. For instance,
since the existence of shared genetic determinants
between MDD and migraine has been suggested (38),
cross-trait analyses with a specific focus on melancholic
MDD and migraine might be of help in understanding
whether specific genetic variants might predispose to
developing both conditions. Migraine subtype might
also play an important role in this relationship, based
on the hypothesis of a different genetic background
between these two forms of migraine (39). These studies
might also help to understand whether patients with
comorbid melancholic depression might represent a
migraine subphenotype. Based on our observation of
nominal associations between melancholic but not
atypical depression and migraine severity, it might be
speculated that these patients might benefit from tai-
lored treatment strategies, also based on the fact that
these two MDD subtypes have been suggested to differ
in response to antidepressants (20). Future studies
might also elucidate whether melatonin, which is cur-
rently being investigated as a promising option to treat
both migraine and melancholic MDD, might be par-
ticularly useful in patients with both disorders.

The results of our study need to be viewed in light of
some limitations. First, our data were cross-sectional
and did not allow us to determine the direction of the
association between MDD/MDD subtypes and

migraine severity given that severe migraine could
also increase the risk of MDD. Hence, longitudinal
studies are required to determine the time sequence
between the onset of MDD and migraine. Second,
our semi-structured interviews elicited criteria for
MDD and migraine across the lifetime, entailing the
risk of inaccurate recall of remote episodes. Third,
migraine intensity was assessed using a categorical
(‘‘light’’, ‘‘moderate’’ or ‘‘severe’’) rather than a con-
tinuous approach. Fourth, migraine diagnoses relied
on interviews conducted by psychologists rather than
headache-trained physicians. Fifth, the limited number
of subjects with the atypical or combined MDD sub-
types might have limited our power to identify associ-
ations with small effect sizes within models stratified
according to migraine subtype.

Conclusion

Our data provide evidence for divergent associations of
lifetime MDD and MDD subtypes with the prevalence
and severity of migraine in subjects with MWOA or
MWA, emphasizing the need for subtyping participants
according to MDD and migraine subtypes in future
studies. Further studies exploring the pathophysio-
logical mechanisms shared between melancholic depres-
sion and migraine are warranted.

Clinical implications

. Melancholic, combined and unspecified major depressive disorder (MDD) were associated with increased
frequency of migraine with aura, whereas only melancholic MDD was associated with increased frequency
of migraine without aura.

. Lifetime MDD and the unspecified subtype were associated with increased migraine severity exclusively in
subjects with migraine with aura.
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