
Twin Research and Human Genetics
Volume 21 Number 2 pp. 112–118 C© The Author(s) 2018. This is an Open Access article distributed under the terms

of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted

re-use, distribution, and reproduction in any medium, provided the original work is properly cited. doi:10.1017/thg.2018.5

Are Migraine and Tension-Type Headache
Genetically Related? An Investigation of Twin
Family Data
Lannie Ligthart, Annemarie Huijgen, Gonneke Willemsen, Eco J. C. de Geus, and Dorret I. Boomsma
Department of Biological Psychology, Netherlands Twin Register, Vrije Universiteit, Amsterdam, The Netherlands

Migraine and tension-type headache (TTH) are often viewed as distinct entities and defined as such in
the International Classification of Headache Disorders, 2nd edition (ICHD-II) criteria, although there is also
empirical evidence to suggest they may be etiologically similar. This study aims to investigate whether mi-
graine and TTH are etiologically related conditions. First, we explored whether migraine and TTH were
associated with the same environmental and lifestyle risk factors at the population level. Second, we ex-
amined comorbidity of migraine and TTH in a twin design. By comparing the associations in monozygotic
(MZ) and dizygotic (DZ) twin pairs, we investigated whether the comorbidity can be explained by genetic
factors that influence both conditions. Results indicated that migraine and TTH were largely associated
with the same environmental and lifestyle factors, including younger age, female sex, higher body mass
index, more depression, stress at home, and less participation in regular exercise, with consistently stronger
effects for migraine than for TTH. Migraine in one twin was significantly associated with TTH in the other
twin. A stronger cross-trait, cross-twin association in MZ than DZ twins suggested that this comorbidity may
also be partly due to shared genetic factors, although the difference in associations was not significant. In
conclusion, our findings are consistent with the hypothesis that migraine and TTH have partly shared eti-
ologies. For both treatment and research, it may be advisable not to make a rigid distinction, but to treat
migraine and TTH as related conditions.
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The most common primary headaches seen in medical
practice are migraine and tension-type headache (TTH;
Rasmussen et al., 1991). The International Classification of
Headache Disorders (ICHD) criteria have always classified
these two conditions as distinct entities that are mutually
exclusive in terms of symptoms: essentially, the diagnostic
criteria for TTH are the negation of those for migraine; for
example, not bilateral, non-pulsating, andnot aggravated by
physical activity (HeadacheClassificationCommittee of the
International Headache Society, 1988, 2004, 2013). How-
ever, a migraine attack may include symptoms of TTH and
vice versa, and many patients experience attacks of both
types (Kaniecki, 2002), suggesting a fair amount of comor-
bidity between the two conditions. This raises the ques-
tion whether migraine and TTH are distinct disorders, or
whether they occupy the severe and mild end of a severity
continuum, with TTH lying on the mild end and migraine
lying on the severe end of the spectrum (the continuum-
severity theory; Waters, 1973).

Several studies support the distinction betweenmigraine
and TTH. For example, a Danish population study by

Ulrich et al. (1996) reported that the 1-year prevalence and
sex ratio of TTHdid not differ in individuals with andwith-
out migraine, suggesting they are independent conditions.
Another Danish study by the same group emphasized the
phenotypic differences betweenmigraine and TTH, report-
ing that sex ratio and age at onset differed between them
(Rasmussen, 1996). In a review published in 2010, Blumen-
feld et al. argued that TTH is distinct from migraine in its
pathophysiology and clinical presentation, and while mild
migraines resemble TTH attacks, these attacks can be effec-
tively treated with triptans, whereas pure TTH patients do
not respond well to triptan therapy.

In contrast, a considerable number of studies support
the view of migraine and TTH being manifestations of the
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same disorder, based on the frequent co-occurrence of TTH
and migraine in the same patients, similarities in epidemi-
ological features, and precipitating factors common to both
conditions (Drummond&Lance, 1984; Featherstone, 1985;
Kaniecki, 2002; Leston, 1996; Russell et al., 2006; Spierings
et al., 2001; Vargas, 2008). However, migraine and TTH are
still treated as distinct entities in the latest edition of the
ICHD (version III-beta; Headache Classification Commit-
tee of the International Headache Society, 2013).

Whether or not migraine and TTH are distinct entities
has important implications, both from a clinical perspective
and in research settings. In clinical practice, the choice of
treatment is likely to depend on the diagnosis, in which case
misdiagnosis of migraine as TTH (or vice versa) may result
in inadequate treatment (Kaniecki, 2002). In research, treat-
ing migraine and TTH as separate entities versus treating
them as one condition can have a great impact on study out-
comes. For example, in recent years, several large genome-
wide association (GWA) studies have been conducted for
migraine, with the aim of identifying the genes underlying
this condition (Anttila et al., 2013; Chasman et al., 2011;
Freilinger et al., 2012; Gormley et al., 2016). TTH patients
are typically excluded from GWA studies, based on the as-
sumption that TTH is genetically different from migraine.
However, given the literature described above, it is unclear
whether this assumption is correct. Since large sample sizes
are essential in gene-finding studies, this question is of
importance.

The aimof the present studywas twofold. First, we exam-
ined the similarities and differences between migraine and
TTH with respect to associated environmental and lifestyle
factors in a population-based sample of Dutch twins and
their families. Previous studies have reported strong sim-
ilarities in the risk factors associated with migraine and
TTH, and typically, the association is stronger for migraine
than for TTH. This could be interpreted as evidence for
the continuum-severity theory. Factors potentially related
to headache and investigated in this study are body mass
index (BMI) (Bigal & Lipton, 2006; Queiroz et al., 2009),
current smoking (Scher et al., 2005), anxious depression
(Breslau et al., 2003; Ligthart et al., 2013; Merikangas et al.,
1993), loneliness (Stensland et al., 2014), exercise (Fric-
ton et al., 2009), diabetes (Aamodt et al., 2007; Hagen
et al., 2017), and stress (Haque et al., 2012; Rasmussen,
1993; Schoonman et al., 2007; Spierings et al., 2001). Study-
ing a large number of traits in a large population-based
sample should allow us to detect patterns in how these
traits are related to migraine and TTH: if the two con-
ditions differ merely in severity on the same spectrum,
they are expected to be associated with the same risk fac-
tors, with migraine showing stronger effects than TTH.
Second, we focused on the twins in the sample to in-
vestigate whether migraine and TTH are genetically re-
lated conditions. We are not aware of any previous stud-
ies addressing this question. Twin data can be used to ex-

amine the influence of genetic and environmental influ-
ences on individual traits (in this case the occurrence of
migraine and TTH), as well as on the overlap between
traits (Boomsma et al., 2002). If migraine and TTH are
(partly) influenced by the same genetic or shared envi-
ronmental factors, it was expected that in co-twins of mi-
graineurs we would observe a higher prevalence of TTH
than in co-twins of non-migraineurs. In the case of shared
underlying genetic factors, we expected this resemblance
to be stronger in monozygotic (MZ) than dizygotic (DZ)
twins, because MZ twins are genetically identical, whereas
DZ twins share only 50% of their segregating genes on
average.

Methods
Study Population

The Netherlands Twin Registry (NTR) is a nationwide
population-based register where adult twins and their rel-
atives (parents, siblings, spouses, and offspring) can reg-
ister (Willemsen et al., 2013). Participants are invited ev-
ery 2–4 years to complete a survey that contains questions
about health, lifestyle, and personality. The present study
was based onheadache data from the ninthwave of data col-
lection (2011–2012) for adult participants (survey 9), which
focused on headache, pain, and anxiety. The data collec-
tion has been described in detail elsewhere (Ligthart et al.,
2014). Data on risk factors associated with migraine and
TTH were taken from survey 9 and from the previous sur-
vey (survey 8), which was conducted 2 years earlier. This
was a study with a focus on alcohol use, smoking, and per-
sonality (Geels et al., 2013).

A total of 11,947 participants completed survey 9, which
equaled a total response rate of 43% (Willemsen et al.,
2013). Six individuals were excluded because they were
younger than 18 years, resulting in a sample of 11,941 indi-
viduals. In total, 48% of the participants in this study were
twins. Of the total sample, 10,040 individuals also com-
pleted survey 8.

Measures

Migraine and tension-type headache. Diagnosis of the
headache was determined with questions on headache
symptomatology based on the ICHD-II criteria (Headache
Classification Committee of the International Headache
Society, 2004) in survey 9. Participants were asked to re-
port both current and past headache symptoms to assess
the lifetime presence of migraine. Headaches due to cold,
fever, and alcohol or drugs were excluded. Since the diag-
noses of migraine and TTH are mutually exclusive, an in-
dividual can have either a diagnosis of TTH or migraine,
but not both. Hence, each individual was classified into one
of three categories: unaffected (i.e., no headache), TTH,
or migraine. Individuals with headaches not meeting the
criteria for TTH or migraine were classified as having
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‘undefined headache’. This resulted in 4,951 individuals
screening negative for current headache, 1,814 with mi-
graine, 2,770 with TTH, 2,004 with undefined headaches,
and 402 who could not be classified due to insufficient data.
For lifetime headaches, 3,930 individuals screened negative,
2,159 were classified as migraineurs, 3,053 had TTH, 2,360
had undefined headache, and 439 had insufficient data. In-
dividuals with undefined headache or insufficient data were
excluded from the analyses.

The analyses addressing comorbidity and genetic over-
lap included lifetime diagnoses, which best reflect the in-
dividual’s overall risk of the disorder. For the analysis of
health and lifestyle factors related to TTH and migraine,
current headache status was analyzed, to capture the asso-
ciations between these factors and headache at the time of
measurement.

Environmental and lifestyle variables. To investigate the
role of demographics, environment and lifestyle in the de-
velopment of migraine and TTH, the following variables
were included in the analysis: age, sex, BMI, smoking and
anxious depression, regular exercise behavior (from survey
9), and diabetes, financial stress, stress at work, stress at
home, and loneliness (from survey 8).

BMI (kg/height in m2) was measured by asking the
participants to report their height and weight.
Current smoking was assessed by the question ‘Do you
currently smoke?’ (yes or no).
Anxious depression was measured using the anxious
depression subscale of the Adult Self Report (Achen-
bach & Rescorla, 2003). This is a continuous measure
that reflects a combination of anxiety and depressive
symptoms and consists of the sum of 18 items rated on
a 3-point scale (0 = not true, 1 = somewhat or some-
times true, 3 = very true or often true).
Diabetes: Participants were asked if they had ever been
diagnosed with diabetes by a physician. Possible an-
swers were ‘no’, ‘yes, in the past’, and ‘yes, currently’.
Stress: Three types of stress were measured: financial
stress (What level of financial stress have you experi-
enced in the past year?), stress at work (Howoften have
you felt stress at work in the past year?), and stress at
home (How often did you experience stress at home in
the past year?).
Regular exercise behavior was measured in weekly
‘metabolic equivalent of task’ (MET) hours. Regu-
lar voluntary exercise activities (excluding non-leisure
physical activity such as cycling towork and household
work) were assessed with items addressing the type of
exercise, the number of years, times per week, and av-
erage duration. Information on the type of exercise was
recoded into a weekly MET using Ainsworth’s com-
pendium of physical activities (Ainsworth et al., 2000).
Weekly MET hours were calculated by multiplying the
MET score by the number of hours per week for each
exercise activity, summed across all exercise activities
reported.

Loneliness was assessed using the Three Item Loneli-
ness Scale (TILS; Hughes et al., 2004). The items in-
cluded in this scale are ‘How often do you feel left out?’,
‘How often do you feel isolated fromothers?’, and ‘How
often do you feel that you lack companionship?’ The
items have three response categories: 1= almost never,
2 = sometimes, and 3 = often, and are summed.

Statistical Analysis

Association of migraine and TTH with environmental
and lifestyle variables. Multiple logistic regression anal-
ysis was performed to test the association of current mi-
graine and TTH with environmental and lifestyle factors.
Three analyses were performed. The first two analyses
tested whether risk factors were predictive of migraine and
TTH. To investigate the similarities and differences be-
tween migraine and TTH, a third analysis was done in
which migraine patients were compared to TTH patients
to see whether the two conditions were differently associ-
ated with the variables of interest. Participants with other
headaches or unknown headache status were excluded. The
regression analyses were performed in Stata 13 (StataCorp
LP, College Station, TX). A robust variance estimator was
used, and family ID was included as a cluster variable to
adjust standard errors for the non-independence of obser-
vations within a family. Significance tests were performed
at an alpha level of .05.

Comorbidity ofmigraine andTTHwithin twinpairs. To
investigate the comorbidity betweenmigraine and TTH,we
analyzed data on lifetime prevalence of migraine and TTH
from twin pairs. First, we assessed the prevalence of mi-
graine in the co-twins of migraineurs, and the prevalence
of TTH in the co-twins of individuals with TTH. This was
done for all same-sex twin pairs and for MZ and DZ twins
separately. Given that bothmigraine andTTHare partly ge-
netic conditions (Mulder et al., 2003; Russell et al., 2007), it
is expected that a patient’s co-twin will be at increased risk
of the condition, compared to a non-patient’s co-twin, and
that the risk is more strongly increased in MZ than DZ co-
twins. This is because MZ twins are genetically identical,
whereas DZ twins share only half of their segregating genes,
on average. Next, we tested whether individuals whose co-
twin had migraine were at increased risk of TTH com-
pared to individuals whose co-twin did not have migraine.
Again, this was done for all twin pairs and for MZ and DZ
twins separately. If the risk is more strongly increased in
MZ thanDZ co-twins, this indicates that the comorbidity is
at least partly explained by genetic factors shared between
the two conditions. To assess the difference in risk between
co-twins of cases versus non-cases, sex-adjusted odds ra-
tios were calculated, with 95% confidence intervals to assess
the significance of the effect. This was done with the logis-
tic regression procedure in SPSS 20 (SPSS Inc., Chicago, IL,
USA).
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TABLE 1
Demographic Characteristics of Total Sample Versus Twins Only

Variables Total sample, N (± SD or %) Twins only, N (± SD or %)

Sample size 11,941 5,854
Mean age 44.05 (± 15.7) 36.2 (± 14.5)
Females (%) 7,366 (61.7%) 3,974 (67.9%)
Migraine (current) 1,818 (15.2%) 934 (16.0%)
Migraine (lifetime) 2,159 (18.1%) 1,047 (17.9%)
Tension-type headache (current) 2,791 (23.4%) 1,440 (24.6%)
Tension-type headache (lifetime) 3,081 (25.8%) 1,565 (26.7%)

Results
Table 1 shows the demographic characteristics of the study
population for the total sample and the twins (48% of the
total sample). There were no significant differences in these
characteristics between the total sample and the twin sam-
ple. In the entire cohort, we first investigated the rela-
tionship between migraine, TTH, and environmental and
lifestyle traits. Table 2 shows the results of amultiple regres-
sion analysis withmigraine andTTHas the dependent vari-
ables, and the environmental and lifestyle variables as the
independent variables. Migraine was positively associated
with younger age, female sex, higher BMI, higher anxious
depression scores, occasional, regular and constant stress at
home, and loneliness. The presence of diabetes and a high
regular exercise score, on the other hand, was associated
with a lower risk of migraine.

TTH was associated largely with the same risk factors;
however, no significant association with diabetes, loneli-
ness, and regular and constant stress at home was observed.
The only factor associated with TTH but not migraine was
smoking, which showed a negative association with TTH.
For migraine, an odds ratio in the same direction was ob-
served, but this association was not significant.

In general, effect sizes were larger for migraine than
TTH: these differences were significant for sex (p < .001),
BMI (p = .001), anxious depression (p = .004), and stress
at home (p = .007 and p < .001 for regular and constant
stress, respectively), indicating that these factors are more
strongly associated with migraine than with TTH.

Second, we assessed the extent of comorbidity between
current migraine and TTH. We identified 399 twin pairs
where both twins had migraine data, 589 pairs where both
twins had TTHdata, and 430 pairs where one twin had data
formigraine and the other for TTH. Table 3 gives the results
of these analyses for the total sample and for MZ and DZ
twin pairs separately. The first analysis showed that individ-
uals whose co-twin had migraine had a strongly increased
risk of migraine themselves (OR = 8.48). The increase in
risk was particularly strong in MZ twins compared to DZ
twins with odds ratios of 16.67 and 2.51, respectively, re-
flecting a clear role of genetic factors in the etiology of mi-
graine. The second analysis compared the risk of TTH in
co-twins of individuals with and without TTH, and showed
a somewhat similar but less pronounced pattern. The risk of

TTH was significantly increased in individuals whose co-
twin had TTH (OR = 2.26), but this increase in risk was
only slightly stronger for MZ (OR = 2.38) than DZ (OR
= 2.00) twins. The difference was not significant, as indi-
cated by the 95% confidence intervals. This suggests that
genetic factors are less important in TTH than in migraine.
The third analysis (based on 430 twin pairs) compared the
risk ofmigraine in co-twins of individuals with andwithout
TTH. Again, we observed a significantly increased risk, and
the increase in risk appeared stronger in MZ (OR = 2.44)
than in DZ twins (OR = 1.34), although the difference was
not significant.

Discussion
Several interesting observations emerged from this study.
First, both migraine and TTH showed a familial pattern,
where co-twins of affected individuals had an increased
risk of also having the condition. For migraine, this effect
was markedly stronger in MZ than DZ twins, confirming
that genetic factors play an important role in this condi-
tion. In TTH, the effect was only slightly stronger in the
MZ twins, suggesting genetic factors play a less prominent
role in TTH, at least in the subgroup of twins where neither
co-twin has migraine. Furthermore, we observed that mi-
graine in one twin was significantly associated with TTH in
the other twin, indicating that a shared etiology is plausible.
The effect was somewhat (albeit not significantly) stronger
in MZ than DZ twins, suggesting the comorbidity of mi-
graine and TTHmay in part be explained by to genetic fac-
tors shared between the two conditions.

The finding that genetic factors were relatively unimpor-
tant in TTH is somewhat unexpected. This does not appear
to be explained by the headaches being less severe in this
group of participants: the twins with TTH included in the
analyses did not have less severe or less frequent headaches
than the TTH twins not included because their co-twin ei-
ther had migraine or missing data (results not shown). Pre-
vious studies reported moderate heritability for TTH, al-
though results were not entirely consistent. For example,
Russell et al. (2007) reported heritability estimates of 48%
inmen and 44% in women. This study differed from ours in
that infrequent and frequent episodic or chronic TTHwere
treated as separate categories. Interestingly, an earlier study
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TABLE 2
Environmental and Lifestyle Variables Associated With Migraine and TTH

Migraine (versus no headache) TTH (versus no headache)

Risk factor OR (95% CI) B (95% CI) p OR (95% CI) B (95% CI) p

Age 0.98 [0.98, 0.99] −0.02 [−0.03, 0.01] <.001 0.98 [0.98, 0.99] −0.02 [−0.02, 0.01] <.001
Sex 5.52 [4.55, 6.70] 1.71 [1.52, 1.90] <.001 2.13 [1.87, 2.41] 0.75 [0.63, 0.88] <.001
BMI 1.05 [1.03, 1.07] 0.05 [0.03, 0.07] <.001 1.02 [1.01, 1.04] 0.02 [0.01, 0.04] .008
Smoking 0.93 [0.74, 1.17] − 0.07 [−0.30, 0.16] .558 0.80 [0.66, 0.97] −0.22 [−0.42, 0.03] .021
Anxious depression 1.06 [1.04, 1.08] 0.05 [0.04, 0.07] <.001 1.04 [1.02, 1.05] 0.04 [0.02, 0.05] <.001
Diabetes 0.42 [0.21, 0.83] −0.88 [−1.57, 0.19] .013 0.75 [0.50, 1.14] − 0.29 [−0.70, 0.13] .180
Financial stress—moderate∗ 1.20 [0.95, 1.50] 0.18 [−0.05, 0.41] .125 0.91 [0.76, 1.11] − 0.09 [−0.28, 0.10] .355
Financial stress—high∗ 1.33 [0.90, 1.97] 0.29 [−0.11, 0.68] .152 0.95 [0.66, 1.35] − 0.06 [−0.41, 0.30] .759
Work stress—occasionally∗∗ 1.10 [0.90, 1.35] 0.10 [−0.11, 0.30] .360 1.07 [0.91, 1.27] 0.07 [−0.10, 0.24] .417
Work stress—regularly∗∗ 1.14 [0.86, 1.52] 0.13 [−0.16, 0.42] .372 1.26 [1.00, 1.59] 0.23 [0.00, 0.46] .054
Work stress—constantly∗∗ 1.12 [0.55, 2.27] 0.11 [−0.60, 0.82] .758 1.49 [0.87, 2.56] 0.40 [−0.14, 0.94] .148
Stress at home—occasionally∗∗ 1.53 [1.25, 1.89] 0.43 [0.22, 0.63] <.001 1.20 [1.04, 1.39] 0.18 [0.04, 0.33] .014
Stress at home—regularly∗∗ 1.79 [1.36, 2.34] 0.58 [0.31, 0.85] <.001 1.24 [1.00, 1.55] 0.22 [0.00, 0.44] .050
Stress at home—constantly∗∗ 2.80 [1.65, 4.72] 1.03 [0.50, 1.55] <.001 0.78 [0.44, 1.41] − 0.24 [−0.83, 0.34] .416
Weekly MET score 0.99 [0.99, 1.00] −0.01 [−0.01, 0.00] .001 0.99 [0.99, 1.00] −0.01 [−0.01, 0.00] .001
Loneliness 1.12 [1.04, 1.20] 0.11 [0.04, 0.18] .003 1.04 [0.98, 1.10] 0.04 [−0.02, 0.10] .200

Note: OR = odds ratio, CI = confidence interval. Bold type indicates significant p values (<.05).
∗Compared to none/little.
∗∗Compared to never.

TABLE 3
Association Between Current Migraine and
Tension-Type Headache Within Twin Pairs,
Adjusted for Sex

n OR CI p value

Migraine twin 1 versus migraine twin 2
Total 399 8.48 5.03, 14.30 <.001
MZ 268 16.67 8.41, 33.07 <.001
DZ 131 2.51 1.05, 5.98 .038

TTH twin 1 versus TTH twin 2
Total 589 2.26 1.59, 3.22 <.001
MZ 417 2.38 1.56, 3.62 <.001
DZ 172 2.00 1.04, 3.84 .037

Migraine twin 1 versus TTH twin 2
Total 430 2.01 1.23, 3.27 .005
MZ 297 2.44 1.34, 4.45 .004
DZ 133 1.34 0.56, 3.21 .511

Note: OR = odds ratio, CI = confidence interval, TTH
= tension-type headache, MZ = monozygotic,
DZ = dizygotic.

by the same group suggested that while frequent episodic
TTH was heritable, infrequent episodic TTH was not, sug-
gesting the heritability of TTH might depend on headache
frequency. This pattern was observed in twin pairs with as
well as without comorbid migraine (Russell et al., 2006). A
possible complicating factor in all studies addressing this
is the risk of mild migraine attacks being misclassified as
TTH, in which case TTH might be a mixed bag of ‘real’
TTH and mild migraines (Blumenfeld et al., 2010). This
might obscure potential differences in heritability between
the two conditions.

In the analyses of predictors of migraine and TTH, sim-
ilar patterns were observed for both conditions. Both mi-
graine and TTH were significantly associated with age, sex,
BMI, anxious depression, stress at home, and regular ex-
ercise behavior, and the direction of the effects was highly
consistent across both conditions. In general, the observed

effects were stronger and more often significant for mi-
graine than for TTH, consistent with the view thatmigraine
and TTH are closely related conditions that differ mostly in
severity.

Interestingly, diabetes showed a strong negative associa-
tion with migraine (for TTH, a trend in the same direction
was observed). This is consistent with findings reported in
a large Norwegian population study (Aamodt et al., 2007;
Hagen et al., 2017). One hypothesized mechanism is that
the vascular changes occurring in diabetes, which cause in-
timal thickening and stiffness of the blood vessels, might
be protective against migraine (Hagen et al., 2017). Regular
exercise behavior was also negatively associated with both
headache conditions; whether this means that exercising
more reduces headache or headache prevents exercise is un-
clear and requires further study. Furthermore, with respect
to the stress variables, it is worth noting that in univari-
ate regression analyses (not shown), financial stress, work
stress, and stress at home were all significantly associated
with both migraine and TTH. However, in the multivariate
analysis, only stress at home remained significant.

Finally, it is worth noting that BMI did not show an as-
sociation with migraine or TTH in univariate regression
analysis (results not shown), while in the multivariate anal-
ysis it was associated with both. Possibly this is explained by
an age effect: in our data, BMI increased with age, whereas
headaches decreased with age. Therefore, when age is not
accounted for, the age effect may mask the association be-
tween BMI and headache. Extensive investigation of the in-
teractions between the various headache predictors was be-
yond the scope of this paper, but is worth exploring inmore
detail in future studies.

This study has limitations. The questionnaire included
a detailed assessment of headache symptoms but did not
ask patients to report on individual attacks. Therefore,
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patients who experience attacks of both migraine and TTH
aremost likely to be classified asmigraineurs, because TTH
is largely defined by the absence of symptoms (e.g., severe
headache, pulsating quality, nausea/vomiting, photo- and
phono-phobia). Due to the way migraine and TTH are de-
fined in the ICHD-II, it is not possible for an individual
to receive both diagnoses based on a single assessment of
headache symptomatology, which precludes a diagnosis of
TTH once enough migraine symptoms are reported. It is
likely that a certain proportion of the individuals classified
asmigraineurs in this studywould also qualify for a diagno-
sis of TTH if their attacks had been evaluated individually.
The mutually exclusive nature of the diagnostic procedure
in this design will result in an underestimation of the co-
morbidity of the two conditions, which may be quite sub-
stantial. This is not only an issue in our study, but probably
in many studies with similar designs. Traditional bivariate
twin models, which are typically used to assess comorbid-
ity and shared (genetic) etiology, are not possible in this de-
sign because there is no ‘within-person comorbidity’ (i.e.,
one person cannot have both diagnoses). We circumvented
this problem by looking at comorbidity within twin pairs.
However, our power to detect whether this is due to genetic
effects is limited by the likely underestimation of this co-
morbidity.

In summary, our study showed significant comorbidity
betweenmigraine and TTH, and the risk patterns observed
were consistent with this comorbidity being party genetic.
In addition, migraine and TTH shared many of the same
predictors, and typically, the observed effects were in the
same direction but stronger for migraine than for TTH,
consistent with the view that TTH and migraine represent
the mild and severe ends of the same spectrum. These find-
ings suggest that migraine and TTH are etiologically re-
lated conditions. This implies that the strict distinction be-
tweenmigraine and TTH as made in the ICHD is at least to
some extent artificial, and it would be best to view TTH as
a condition etiologically related to migraine, rather than its
negation.
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