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Abstract

Introduction and objective: Migraine and major depressive disorder (MDD) frequently co-occur, but it is unclear whether

depression is associated with a specific subtype of migraine. The objective of this study was to investigate whether

migraine is qualitatively different in MDD patients (N¼ 1816) and non-depressed controls (N¼ 3428).

Methods: Migraine symptom data were analyzed using multi-group Latent Class Analysis, and a qualitative comparison was

made between the symptom profiles of MDD patients and controls, while allowing for differences in migraine prevalence

and severity between groups.

Results: In both groups, three migrainous headache classes were identified, which differed primarily in terms of severity.

Both mild and severe migrainous headaches were two to three times more prevalent in MDD patients. Migraine

symptom profiles showed only minor qualitative differences in the MDD and non-MDD groups: in the severe migrainous

headache class, significant differences were observed only in the prevalence of aggravation by physical activity (83% and 91%

for the non-MDD and MDD groups, respectively) and aura (42% vs. 53%, respectively).

Conclusion: The similar overall symptom profiles observed in the MDD and non-MDD subjects suggest that a similar

disease process may underlie migraine in both groups.
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Introduction

A vast amount of literature describes the comorbidity
of migraine and major depressive disorder (MDD).
Comorbidity studies of depression and the two most
common types of migraine—migraine with aura (MA)
and migraine without aura (MO), consistently report a
higher prevalence of migraine among depressed indivi-
duals compared to the general population (1–4). There
is currently no verified explanation for this comorbid-
ity, although it has been suggested that common bio-
logical pathways, such as the serotonergic and
dopaminergic system, may be involved (5,6). An impor-
tant question that needs to be answered is whether
depression is associated with a specific subtype or
form of migraine. Several studies report that MA is
more strongly correlated with depression than MO
(1,7–9). One interpretation of this finding is that
migraine patients with comorbid depression suffer
from a different type of migraine than ‘pure’

migraineurs, which causes them to experience more
aura symptoms. Alternatively, however, this finding
might indicate that individuals with more severe
forms of migraine have a higher risk of developing
depression. Given the symptomatic overlap between
MO and MA, and the lack of evidence that these two
disorders are etiologically distinct subtypes of migraine
(10,11) the second interpretation seems to be a plausible
explanation.
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To investigate whether depression is associated with
a specific type of migraine, we reverse the question: are
the migraines of depressed and non-depressed indivi-
duals similar in characteristics? If there are observable
qualitative differences in the manifestation of migraine
in depressed and non-depressed individuals, this may
indicate there is a difference in the etiology of migraine
in both groups. To address this issue, we compared
migraine symptomatology in a large sample of MDD
patients and in a control sample, selected for low risk of
depression. Using latent class analysis (LCA), indivi-
duals were empirically classified according to the pat-
tern of headache symptoms they reported. Then the
headache symptom profiles were compared between
the MDD and the non-MDD groups. Thus, qualitative
differences in migraine symptomatology could be
assessed while still allowing for anticipated differences
in prevalence and severity.

Methods

Sample

The depressed sample in this study consisted of MDD
cases diagnosed according to DSM-IV criteria (12) with
the Composite International Diagnostic Interview
[CIDI] (13). The majority of MDD cases were origi-
nally recruited for the Netherlands Study of
Depression and Anxiety [NESDA] (14). Of the 2981
NESDA participants, 2601 filled in a self-report ques-
tionnaire that provided information on migraine. Of
these individuals, 1636 were diagnosed with lifetime
MDD (1017 of whom had a diagnosis of MDD in the
past year). All individuals with a lifetime diagnosis of
MDD were included in this study. Seven hundred
fifty-six were recruited through primary care, 561
through specialized mental health care and another
319 from the general population. Individuals who did
not have a lifetime MDD diagnosis were not included.
All NESDA participants underwent a four-hour base-
line assessment at one of seven clinic sites between
September 2004 and February 2007. Part of this assess-
ment were an interview on somatic health, functioning
and health care use, and the administration of several
written questionnaires (15), which included a section on
migraine symptomatology (see below). A detailed
description of sampling and ascertainment procedures
for the NESDA study can be found elsewhere (14).

The remainder of the study sample consisted of vol-
unteer members of the Netherlands Twin Registry
(NTR), based at the department of Biological
Psychology at VU University in Amsterdam. In this
group, the migraine data were collected as part of a lon-
gitudinal study on health, lifestyle and personality.
The data used in the present study were collected in

2002 and 2004. Data collection procedures are described
in detail elsewhere (16,17). These surveys included the
same headache section that was included in the NESDA
questionnaire. When a participant answered the head-
ache section in both surveys, the most recent (2004)
survey was used. Headache data were available for a
total of 4047 families. In a subset of these families, one
or more individuals had been diagnosed with MDD in
an earlier study of anxious depression (18), based on a
CIDI interview. In addition, an anxious depression
factor score was constructed based on data from the
2002 survey, using several measures of anxiety, depres-
sion and neuroticism (see Boomsma et al. (18) for
details). The 2004 survey included the NEO Five
Factor Inventory (19), which has a neuroticism subscale.

NTR participants with a diagnosis of MDD based
on the CIDI interview were included as additional
MDD cases. In case of multiple individuals with
MDD within a family, the individual with the highest
anxious depression or neuroticism score was included.
With this procedure an additional 180 MDD cases were
selected, resulting in a total number of 1816 individuals
with MDD.

The non-depressed control sample was also selected
from the NTR, after excluding the families in which
one or more individuals had been diagnosed as MDD
cases. One person was selected from each family to
maintain a selection of unrelated controls. Within
each family, individuals were ranked based on their
anxious depression score. This information was avail-
able for 3209 families. In families with no anxious
depression scores available (N¼ 594), the neuroticism
scale of the NEO-Five Factor Inventory (NEO-FFI)
was used. From each family, the individual with the
lowest anxious depression or neuroticism score was
selected. For a few families (N¼ 4) no information on
anxious depression or neuroticism was available, in
which case one individual was drawn at random. All
individuals with an anxious depression or neuroticism
score higher than one standard deviation (SD) above
the mean were excluded. This resulted in a low-risk
control sample of 3428 individuals.

The control sample included 1379male and 2049 female
participants. The MDD sample included 553 males and
1263 females. The mean age was 42.6 (�12.4) in the
MDD sample and 41.1 (�14.0) in the control sample.

Migraine measures

Migraine was assessed based on the International
Classification of Headache Disorders, second edition
(ICHD-II), criteria of the International Headache
Society (IHS) (20). Not only the endpoint diagnosis
but especially its components (i.e. individual migraine
symptoms/characteristics) were studied, to see whether
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‘symptom profiles’ differed between the MDD group
and the controls. The presence of these symptoms was
assessed using questionnaire items which provided
information on the IHS criteria for migraine. The head-
ache section of the questionnaires was preceded by a
screening question (‘‘Do you ever experience headache
attacks, for instance, migraine?’’). Individuals screening
positive then answered the remaining questions. The
questionnaire items are described in Table 1.

The information obtained from the questionnaire
items was recoded as follows: 0¼ screened negative,
1¼ screened positive, but negative for symptom,
2¼ screened positive, and positive for symptom. This
was done for the variables >¼ 5 episodes, 4–72 hours
(duration), pulsating, moderate/severe (pain intensity),
aggravation (by physical activity), nausea/vomiting,
photo-/phonophobia and (visual) aura. These symptom
variables were also used to establish a diagnosis accord-
ing to the official IHS criteria (see Table 1).

Statistical analyses

LCA (21,22) is a statistical method that classifies indi-
viduals based on their pattern of responses or charac-
teristics. A latent class model describes the relationship
between a set of categorical observed variables (indica-
tors) and an unobserved categorical variable. The cate-
gories of this underlying variable are referred to as
latent classes, or clusters. Within each cluster, the
observed variables are assumed to be independent. In
other words, the relationship between the observed
variables (in this case, migraine symptoms) is explained
entirely by the latent variable (in this case, ‘type of
headache’). The parameters in an LCA model are the
prevalence of each class, and the probability, given class
membership, that an individual is positive for each

symptom (the conditional probabilities). They are esti-
mated with the expectation-maximization (EM) algo-
rithm (23). For each individual, the most likely class
membership can then be calculated, based on the pat-
tern of symptoms reported.

The aim of this study was to determine whether the
same latent classes of headache sufferers could be iden-
tified in the MDD patients and the controls. We first
estimated the number of latent classes present in the
two samples. Then the symptom profiles of each
group were compared by running a multiple-group
LCA with the headache symptoms as the indicator vari-
ables. Differences in the symptom profiles were tested
by equating the conditional probabilities for the classes
across groups, and assessing the change in model fit by
comparing log-likelihood values. Because migraine is
known to be more prevalent in females than in males,
it was first tested whether symptom profiles differed
across sex. Next, profile differences between the MDD
patients and the controls were assessed. Finally, classi-
fication results were compared between the two groups
to test for differences in prevalence. All latent class
analyses were performed in Mplus version 5 (Muthén
& Muthén Los Angeles, CA, USA), using the
‘‘KNOWNCLASS’’ option to allow multi-group
LCA. The number of random sets of starting values
for the initial stage was set to 250 and in the final
stage 50 maximum likelihood optimizations were speci-
fied. The number of classes was determined using the
Bayes Information Criterion (BIC), with a lower BIC
indicating better fit to the data.

Results

MDD patients showed a significantly higher prevalence
of all migraine symptoms (Table 2). Generally,

Table 1. Headache questions included in the surveys and correspondence to IHS diagnostic criteria for migraine*

Item in survey Code Description

Do you ever experience headache attacks, for instance, migraine? (yes/no) Screening question

How often do you have these headache attacks?y A >¼ 5 episodes

How long do these headache attacks usually last? B 4–72 hours

The headache is usually pounding or stabbing (yes/no) C2 Pulsating quality

How intense is the headache during most attacks? (mild/moderate/severe) C3 Moderate or severe pain intensity

During a headache attack, do you experience: (yes/no)

Aggravation of headache by physical activity? C4 Aggravation by physical activity

Nausea or vomiting? D1 Nausea and/or vomiting

Aversion of light, sound or smell?yy D2 Photo and phonophobia

Partial loss of vision, seeing flashes of light or (zigzag) patterns? Aura Visual aura

IHS, International Headache Society. *In the present study, individuals were considered positive for a full IHS migraine diagnosis if they fulfilled the

following criteria: A; B; at least two of C2, C3 and C4; at least one of D1 and D2.yAn attack frequency of ‘several times a year’ or more was assumed to

be equivalent to >¼ 5 episodes.yyThe official criteria do not include osmophobia and require both photo- and phonophobia, however, from these data

it was not possible to determine whether both were present.
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symptom prevalence was two to three times higher in
the MDD group than in the control group, confirming
the strong association that exists between migraine and
depression at the level of individual migraine symp-
toms. Table 2 also shows the number of individuals
who would receive a full diagnosis of migraine (either
MO or MA), according to IHS criteria. The number of
full IHS migraine diagnoses is significantly higher in the
MDD patients (22%) than in the controls (7%). The
relationship between migraine and MDD was some-
what more pronounced for males than for females; gen-
erally, migraine symptoms were three to four times
more prevalent in the depressed compared to the
non-depressed males. In females the risk was about
two times higher for the MDD group.

Initially, an exploratory LCA was performed to
determine the appropriate number of classes and to
compare the symptom profiles in males and females.
A two-group analysis was run with sex as the grouping
(‘‘KNOWNCLASS’’) variable, thus allowing for differ-
ent symptom profiles in males and females. Sex was
also modeled as a covariate on class membership, to
allow for different migraine prevalences in males and
females. This analysis was run first on cases only, and
then on controls only. Based on the BIC values, a
three-class model had the best fit to the data in both
the cases and the controls: in cases, the three-class
model produced a BIC of 13542, compared to a BIC
of 13671 for a two-class model and BIC of 13760 for a
four-class model; in controls, the three-class model pro-
duced a BIC of 16112, compared to a BIC of 16209 for
a two-class and BIC of 16348 for a four-class model.

Next, the conditional probabilities (i.e. the symptom
profiles) were equated for males and females, assuming
the three-class model (Table 3). This did not result in a
significant change in model fit in either cases or controls
(�2(48)¼16.55, p¼ 1.000 for cases, �2(48)¼38.29,
p¼ .841 for controls).

As the symptom profiles did not differ between males
and females, we proceeded with a two-group model
(with three classes) in which the conditional probabilities

were equal for males and females but differed between
the MDD and control group. Sex and case/control
status were maintained in the model as covariates,
because of the known differences in migraine prevalence
across these groups. Figure 1 shows the symptom pro-
files for this model, with the symptoms on the x-axis, the
conditional probabilities for each symptom on the y-axis
and the error bars indicating 95% confidence intervals.
Class 0 represents the group of individuals screening
negative for headaches, who did not answer further
questions. These individuals have conditional probabil-
ities of 0 for all symptoms. Class 1 individuals have
headaches with migrainous features, but most of these
would not be diagnosed as migraine patients. The indi-
viduals in class 2 can be characterized as migrainous
headache sufferers, with headaches that typically include
the majority of migraine features. The most important
difference between class 1 and class 2 appears to be the
overall severity of the headaches. Class 1 and class 2 look
similar, but all symptoms are more prevalent in class 2.
The distinction between class 1 and class 2 is most
pronounced for the symptoms nausea/vomiting, photo-/
phonophobia and aura. Of the individuals in class 1, 3%
satisfied the IHS criteria for migraine (all MO). In class
2, 55% met these criteria (55% MO, and 40% MA and
5% unclassified due to missing aura data).

It can be seen that the profiles of MDD and
non-MDD subjects are very similar, although some
subtle differences are observed in the prevalence of
aggravation, photo-/phonophobia and aura (only the
estimates for aggravation and aura showed
non-overlapping confidence intervals for the MDD
and control groups). These symptoms had higher con-
ditional probabilities in the MDD patients than in the
controls in both class 1 (mild symptoms) and class 2
(severe symptoms). In class 1 the differences were more
pronounced (with endorsement frequencies of 45% vs.
64% for aggravation and 15% vs. 24% for aura, in
non-MDD and MDD subjects, respectively) than in
class 2 (83% versus 91% for aggravation and 42%
versus 53% for aura). The overall significance of

Table 3. Model fit statistics and comparisons for the baseline and restricted three-class LCA models

Model N npar LL

Scaling

correction factor

Compared

to �2 d.f.

p

value

1 Male vs. female; different profiles, non-depressed cohort 3428 101 �7645.22 1.014

2 Male vs. female; equated profiles, non-depressed cohort 3428 53 �7664.55 1.018 1 38.29303 48 0.841

3 Male vs. female; different profiles, depressed cohort 1816 101 �6392.11 1.014

4 Male vs. female; equated profiles, depressed cohort 1816 53 �6400.55 1.009 3 16.55287 48 1.000

5 Depressed vs. non-depressed; different profiles 5244 103 �14024.1 1.013

6 Depressed vs. non-depressed; equated profiles 5244 55 �14097.8 1.013 6 145.6663 48 0.000

LCA, latent class analysis; npar, number of parameters; LL, Log-likelihood; d.f., degrees of freedom.
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these profile differences was tested by equating the con-
ditional probabilities for MDD patients and controls,
which produced a significantly worse fit to the data
(�2(48) ¼ 145.67, p< .0001).

Table 4 shows the classifications resulting from the
best-fitting model, which assumes the same conditional
probabilities for males and females but not for MDD
and non-MDD individuals. In both sexes, class preva-
lence differed significantly across depression status
(�2(2)¼202.707, p< .0001 in males and �2(2)¼283.258,
p< .0001 in females). The prevalence of both class 1
and class 2 headaches was significantly higher in
MDD patients than in controls.

Discussion

The aim of this study was to compare migraine symp-
tom profiles in MDD patients and controls, empirically
classified according to their pattern of headache symp-
toms. If similar headache classes and symptom profiles
would arise empirically and independently in MDD
patients and controls, this would be consistent with
the hypothesis that we are observing the same disorder
in the two groups. Substantial qualitative differences,
however, would suggest a difference in etiology.

As expected, the prevalence of migraine was higher in
MDDpatients. Importantly, all migraine symptoms had
an increased prevalence in the MDD group, and MDD
patients were overrepresented in both the mild and
severe migraine classes. This is consistent with the liter-
ature on the comorbidity of migraine and MDD.
Qualitatively, however, migraine was very similar in
MDD patients and controls. Similar symptom profiles
were observed in the two groups, although a few differ-
ences should be mentioned. The most pronounced dif-
ference between MDD and non-MDD subjects is in the
higher prevalence of aggravation and visual aura among
the depressed individuals. While it is possible that these
reflect real qualitative differences, alternative explana-
tions should be considered. Especially in the case of
‘aggravation’, it is plausible that MDD patients tend
to experience their headaches as more aggravating
than non-depressed subjects as a result of their mood
disorder. The increased prevalence of visual aura
seems less likely to be a side effect of altered mood.
One possible explanation for the difference is that the

Table 4. Class prevalences in the four analysis groups (male/

female, depressed/non-depressed), based on best-fitting model

MDD� MDDþ

N

Class

proportion N

Class

proportion

Males Class 0 1179 85.5% 306 55.3%

Class 1 123 8.9% 161 29.1%

Class 2 77 5.6% 86 15.6%

Total 1379 100.0% 553 100.0%

Females Class 0 1415 69.1% 497 39.4%

Class 1 204 10.0% 262 20.7%

Class 2 430 21.0% 504 39.9%

Total 2049 100.0% 1263 100.0%

MDDþ, depressed; MDD�, non-depressed.
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Figure 1. Symptom profiles for the two-group, three-class model, with the symptoms on the x-axis, the conditional probabilities for

each symptom on the y-axis and the error bars indicating 95% confidence intervals. Class 0 represents the group of individuals

screening negative for headaches, who did not answer further questions.
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questionnaire item that assessed aura does not measure
aura sufficiently well. It could be that some patients in
fact report some phenomenon related to depression,
rather than real aura symptoms. An alternative expla-
nation is that brain abnormalities associated with MDD
might make an individual more susceptible to the phe-
nomenon of cortical spreading depression, generally
viewed as the mechanism underlying the migraine aura
(24,25). This would not exclude the possibility that the
migraine attack following the aura phase shows the same
pattern of symptoms in MDD patients and controls.

Although the observed differences are small and
subtle, they are significant (additional analyses in
which the aggravation symptom was excluded from
the model still produced significantly different profiles
for the two groups). Therefore, we cannot exclude the
possibility that these are true qualitative differences
between depressed and non-depressed subjects. Also,
it should be noted that qualitative similarity of
migraine in MDD patients and controls is consistent
with, but does not prove, a shared etiology.

Strengths and limitations

To our knowledge, this is the first study in which
migraine symptomatology in MDD patients and con-
trols is compared while taking into account expected
differences in prevalence and severity. Figure 1 shows
that more severely affected patients have a higher prob-
ability of all symptoms, but in particular nausea/vomit-
ing, photo-/phonophobia and aura. Therefore, if
prevalence and severity are not accounted for, a higher
prevalence of these symptoms inMDDpatients could be
mistaken for a qualitative difference, whereas in reality it
reflects a difference in the prevalence of severe migraine.

Another major strength of this study is the sample
size, which is quite large compared to other studies of
the comorbidity of migraine and depression. A total of
1816 clinically diagnosed MDD patients and 3428 con-
trols selected for low risk of MDD participated, all of
whom provided detailed information on migraine
symptomatology.

At the same time, however, one potential limitation
of this study is related to the sample size. Although the
results of the LCAs in this study show considerable
similarity to those we reported previously (10,11), in
previous studies the best-fitting model was a 4-class
rather than a three-class model. This is almost certainly
a consequence of the larger sample sizes in these stud-
ies, which allowed the distinction of a fourth class.
However, the additional class estimated in the previous
studies reflected a less severe, non-migrainous form of
headache on the same continuum of liability, and as
noted in our previous twin studies, a three-class
model captures most of the variance in migraine

status that is captured by a four-class model. In addi-
tion, given that the current sample size (1816 cases and
3428 controls) is still quite large, any qualitative differ-
ences that can only be detected in larger samples would
most likely be of little practical importance in distin-
guishing between ‘pure migraine’ and MDD-related
migraine.

A second limitation concerns the questionnaire.
Because no information was available on unilaterality
of the headache, we cannot exclude the possibility that
the frequency of unilateral headache may be different in
MDD patients and controls. However, because patients
were required to have at least two out of the three mea-
sured C criteria (see Table 1) to receive a migraine diag-
nosis, it is unlikely that the lack of information on
unilateral headache has caused false-positive endpoint
diagnoses. Indeed, the observed prevalence of migraine
according to ICHD-II criteria was 3% (males) and 10%
(females) in the low-risk control sample, and 4%
(males) and 13% (females) in the total, unselected
NTR sample (N¼ 12303), which is slightly lower than
in other studies (26), possibly due to our somewhat
conservative definition of migraine. Also, in the total,
unselected NTR sample, 71% screened negative, which
is relatively high compared to other studies (11). This
suggests the screening procedure was somewhat strict.
The screening question (‘‘Do you ever experience head-
ache attacks, for instance, migraine?’’) did not specify a
time frame; thus, attacks or symptoms that occur with a
low frequency might not be reported. In addition, the
phrasing might cause individuals who do not think
their headache qualifies as migraine to respond nega-
tively, even if they have some symptoms of migrainous
headache. This would most likely result in an underes-
timate of the number of class 1 individuals. However,
this issue is expected to affect prevalence estimates
rather than estimates of qualitative migraine features.

Generalizability

The NTR is a population-based registry of unselected
twin families. A non-response study found no evidence
that participants’ willingness to participate was related
to migraine status (17). Whether findings in twins can
be generalized to the singleton population can be tested
by including data from the twins’ siblings. In this study,
twins had the same prevalence of each class of migrai-
nous headache as their singleton siblings (�2(2)¼1.617,
p¼ .446). The MDD cases in the NESDA study were
selected from three different settings (community, pri-
mary care and specialized mental health care), to ensure
that the resulting sample was representative of MDD in
a wide range of settings, and included both milder and
severe cases (14). To test whether the selection from
different settings might have influenced the results,
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symptom profiles were estimated separately for MDD
patients from each setting. No qualitative differences in
the symptom profiles were found between settings.
Finally, to test whether treatment of MDD might
cause any qualitative changes in migraine symptoma-
tology, profiles were estimated separately for the MDD
patients who received psychotherapy or treatment with
antidepressants (N¼ 871) and those who did not
(N¼ 765). The symptom profiles showed no significant
qualitative differences related to treatment.

Conclusions and implications

Two important observations were made in this study.
Firstly, the prevalence of all migraine symptoms is dra-
matically increased in MDD patients compared to
non-depressed controls. This is also reflected in the
fact that comparatively more MDD patients are classi-
fied as class 1 and 2 migrainous headache sufferers.
Interestingly, the relationship between migraine and
MDD appears to be stronger in males than in females.

A second important observation is that the migraine
symptom profiles of MDD patients and non-depressed
controls are very similar, suggesting that a similar dis-
ease process underlies migraine in both groups. We
observed a slightly increased prevalence of aggravation
and aura symptoms in the MDD group. However, the
small size of the differences, combined with the large
variability in symptoms among individual migraineurs
indicate that looking at migraine symptoms alone does
not support a distinction between ‘‘pure’’ migraine and
migraine associated with depression.

This highlights the importance of collecting addi-
tional information besides those that make up the offi-
cial diagnostic criteria for a given disorder. Information
on the presence of comorbid MDD (symptoms) may be
vital for any study investigating the etiology of
migraine. This may also extend to other traits. Many
disorders show comorbidity with migraine, in particu-
lar psychiatric disorders (depression, anxiety, bipolar
disorder, phobias and panic disorder) (3,5,22), but
also non-psychiatric disorders such as stroke, asthma,
epilepsy, endometriosis and other chronic pain condi-
tions (27–33). Similarly, depressed individuals show an
increased prevalence of a variety of somatic symptoms,
compared to non-depressed subjects (34), and a recent
study demonstrated that migraine was an important
predictor of other somatic symptoms in depressed sub-
jects (35). In this context, it is interesting to mention the
reported comorbidity between MDD and general
chronic pain (36). Indeed, the MDD patients from the
NESDA study reported a remarkably high frequency of
pain symptoms, often at multiple sites (in the NTR
these data were not available). While this might reflect
a general tendency of depressed patients to more easily

endorse questions regarding somatic complaints, it has
been suggested that chronic pain might in fact be a
symptom of depression (37). Although beyond the
scope of the present study, this is a fundamental issue
with important implications for research on migraine
comorbidity. In conclusion, the collection of extensive
and detailed information on comorbid disorders in stu-
dies of migraine could potentially improve our under-
standing of the etiology of these disorders and may
contribute toward a more effective study of their under-
lying causes.

Financial support

This work was supported by Spinozapremie (NWO/SPI
56-464-14192), Center for Medical Systems Biology
(NWO Genomics), Twin-Family Database for
Behavior Genetics and Genomics Studies (NWO
480-04-004), Borderline Personality Disorder Research
Foundation and genome-wide analyses of
European twin and population cohorts (EU/QLRT-
2001-01254). The infrastructure for the NESDA study
(www.nesda.nl) is funded through the Geestkracht pro-
gram of the Netherlands Organization for Health
Research and Development (ZonMw, grant number
10-000-1002) and is supported by participating univer-
sities and mental health care organizations (Virije
University Medical Center, GGZ inGeest, Arkin,
Leiden University Medical Center, GGZ
Rivierduinen, University Medical Center Groningen,
Lentis, GGZ Friesland, GGZ Drenthe, Scientific
Institute for Quality of Health Care [IQ Healthcare],
Netherlands Institute for Health Services Research
[NIVEL] and Netherlands Institute of Mental Health
and Addiction [Trimbos]).

References

1. Breslau N, Schultz LR, Stewart WF, Lipton RB, Lucia

VC, Welch KM. Headache and major depression: is the

association specific to migraine? Neurology 2000; 54:

308–313.
2. Breslau N, Schultz LR, Welch KMA, Lipton RB, Stewart

WF. Comorbidity of migraine and depression: investigat-

ing potential etiology and prognosis. Neurology 2003; 60:

1308–1312.

3. Merikangas KR, Angst J, Isler H. Migraine and psycho-

pathology: results of the Zurich cohort study of young

adults. Arch Gen Psychiatry 1990; 47: 849–853.
4. Merikangas KR, Risch NJ, Merikangas JR, Weissman

MM, Kidd KK. Migraine and depression: association

and familial transmission. J Psychiatr Res 1988; 22:

119–129.
5. Breslau N, Davis GC, Andreski P. Migraine, psychiatric

disorders, and suicide attempts: an epidemiologic study of

young adults. Psychiatry Res 1991; 37: 11–23.

1080 Cephalalgia 30(9)

 at International Headache Society on August 24, 2010cep.sagepub.comDownloaded from 

http://cep.sagepub.com/


6. Frediani F, Villani V. Migraine and depression. Neurol
Sci 2007; 28(Suppl 2): 161–165.

7. Merikangas KR, Merikangas JR, Angst J. Headache syn-

dromes and psychiatric disorders: association and famil-
ial transmission. J Psychiatr Res 1993; 27: 197–210.

8. Mitsikostas DD, Thomas AM. Comorbidity of headache
and depressive disorders. Cephalalgia 1999; 19: 211–217.

9. Samaan Z, Farmer A, Craddock N, et al. Migraine in
recurrent depression: case-control study. Br J
Psychiatry 2009; 194: 350–354.

10. Ligthart L, Boomsma DI, Martin NG, Stubbe JH, Nyholt
DR. Migraine with aura and migraine without aura are
not distinct entities: further evidence from a large Dutch

population study. Twin Res Hum Genet 2006; 9: 54–63.
11. Nyholt DR, Gillespie NG, Heath AC, Merikangas KR,

Duffy DL, Martin NG. Latent class and genetic analysis

does not support migraine with aura and migraine with-
out aura as separate entities. Genet Epidemiol 2004; 26:
231–244.

12. American Psychiatric Association. Diagnostic and statis-

tical manual of mental disorders, 4th edn. Washington,
DC: American Psychiatric Publishing, 2001.

13. Wittchen HU. Reliability and validity studies of the

WHO—Composite International Diagnostic Interview
(CIDI): a critical review. J Psychiatr Res 1994; 28: 57–84.

14. Penninx BW, Beekman AT, Smit JH, et al. The Nether-

lands Study of Depression and Anxiety (NESDA): ratio-
nale, objectives and methods. Int J Methods Psychiatr Res
2008; 17: 121–140.

15. Licht CM, de Geus EJ, Zitman FG, Hoogendijk WJ, van

Dyck R, Penninx BW. Association between major
depressive disorder and heart rate variability in the Neth-
erlands Study of Depression and Anxiety (NESDA). Arch

Gen Psychiatry 2008; 65: 1358–1367.
16. Boomsma DI, de Geus EJ, Vink JM, et al. Netherlands

Twin Register: from twins to twin families. Twin Res

Hum Genet 2006; 9: 849–857.
17. Distel MA, Ligthart L, Willemsen G, Nyholt DR, Trull

TJ, Boomsma DI. Personality, health and lifestyle in a

questionnaire family study: a comparison between highly
cooperative and less cooperative families. Twin Res Hum
Genet 2007; 10: 348–353.

18. Boomsma DI, Beem AL, van den Berg M, et al. Nether-

lands twin family study of anxious depression
(NETSAD). Twin Res 2000; 3: 323–334.

19. Costa PT, McCrae RR. Revised NEO personality inven-

tory (NEO-PI-R) and NEO five-factor inventory
(NEO-FFI): professional manual. Odessa, FL, USA:
Psychological Assessment Resources, 1992.

20. International Headache Society. The international classi-
fication of headache disorders. 2nd edn. Cephalalgia
2004; 9–160.

21. Lazarsfeld PF, Henry NW. Latent structure analysis.
Houghton, Mifflin, 1968.

22. McCutcheon AL. Latent class analysis. London: SAGE

Publications, 1987.
23. Dempster AP, Laird NM, Rubin DB. Maximum likeli-

hood from incomplete data via em algorithm. J Royal
Stat Society Series B Stat Methodol 1977; 39: 1–38.

24. Bigal ME, Ferrari M, Silberstein SD, Lipton RB,
Goadsby PJ. Migraine in the triptan era: lessons from
epidemiology, pathophysiology, and clinical science.

Headache 2009; 49(Suppl 1): 21–33.
25. Cutrer FM, Huerter K. Migraine aura. Neurologist 2007;

13: 118–125.

26. Stewart WF, Lipton RB, Celentano DD, Reed ML.
Prevalence of migraine headache in the United States:
relation to age, income, race, and other sociodemo-

graphic factors. JAMA 1992; 267: 64–69.
27. Merikangas KR, Stevens DE. Comorbidity of migraine

and psychiatric disorders. Neurol Clin 1997; 15: 115–123.
28. Nyholt DR, Gillespie NG, Merikangas KR, Treloar SA,

Martin NG, Montgomery GW. Common genetic influ-
ences underlie comorbidity of migraine and endometrio-
sis. Genet Epidemiol 2009; 33: 105–113.

29. Ottman R, Lipton RB. Comorbidity of migraine and epi-
lepsy. Neurology 1994; 44: 2105–2110.

30. Terwindt GM, Ferrari MD, Tijhuis M, Groenen SM,

Picavet HS, Launer LJ. The impact of migraine on
quality of life in the general population: the GEM
study. Neurology 2000; 55: 624–629.

31. Anttila P, Metsahonkala L, Mikkelsson M, Helenius H,

Sillanpaa M. Comorbidity of other pains in schoolchil-
dren with migraine or nonmigrainous headache. J Pediatr
2001; 138: 176–180.

32. Hagen K, Einarsen C, Zwart JA, Svebak S, Bovim G.
The co-occurrence of headache and musculoskeletal
symptoms amongst 51,050 adults in Norway. Eur J

Neurol 2002; 9: 527–533.
33. Von Korff M, Crane P, Lane M, et al. Chronic spinal

pain and physical-mental comorbidity in the United

States: results from the national comorbidity survey
replication. Pain 2005; 113: 331–339.

34. Katona C, Peveler R, Dowrick C, et al. Pain symptoms in
depression: definition and clinical significance. Clin Med

2005; 5: 390–395.
35. Hung CI, Liu CY, Cheng YT, Wang SJ. Migraine: a

missing link between somatic symptoms and major

depressive disorder. J Affect Dis 2009; 117(1): 108–115.
36. Bair MJ, Robinson RL, Katon W, Kroenke K. Depres-

sion and pain comorbidity: a literature review. Arch

Intern Med 2003; 163: 2433–2445.
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