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Introduction 

The majority of the data this thesis is based on were collected by the Netherlands 
Twin Registry (NTR), within the framework of an ongoing longitudinal study of 
lifestyle, health and personality in Dutch twins, their parents, siblings, partners 
and children (Boomsma et al., 2006; Boomsma et al., 2002). Between 1990 and 
1993, twin families were recruited by asking city councils to provide details of 
twins aged between 13 and 20 years of age. Later, additional recruitment was 
based on advertisements and a yearly newsletter, and in addition to twins, 
parents and siblings, recruitment was extended to also include partners and 
children of twins. Since 1991, adult members of the NTR have received mailed 
surveys every two to three years. These surveys include sections about physical 
and mental health, lifestyle, and personality. Table 3.1 provides a summary of 
the number of participants in all NTR surveys.  

 
 

Table 3.1  

Number of participants across all adult NTR surveys 

Year of survey 

 

1991 1993 1995 1997 2000 2002 2004 

Twins/triplets 3386 4224 3413 3231 4610 4523 5382 

Siblings 0 0 1478 1517 1474 1454 1691 

Parents 3045 3694 3260 5 3 2795 3264 

Spouse 0 0 0 0 708 1527 1012 

Offspring 0 0 0 0 0 0 342 

 6431 7918 8151 4753 6795 10,299 11,691 

Note that it is possible for one person to have multiple ‘roles’, e.g. the fact that an 

individual is a twin does not exclude the possibility that this individual is also a spouse 

or a parent of a twin. For convenience, only one role is listed here for each person.  

 

DATA COLLECTION IN THE NETHERLANDS TWIN REGISTRY 
This thesis is based on data from the 6th and 7th surveys, sent to the adult 
participants of the Netherlands Twin registry in 2002 and 2004, respectively.  
Survey 6 (2002) was mailed to 29,217 individuals (14,162 twins and multiples, 
3606 non-twin siblings and 11,449 parents of twins). Twins also received a 
survey for their spouses. The 2002 survey was completed and returned by a total 
of 10,299 individuals (Table 3.1). Survey 7 (2004) was sent to 28,859 individuals: 
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13,322 twins and multiples, 3420 siblings, 10,156 parents and 1961 partners. In 
total these individuals came from 7202 different families. Non-responders 
received a reminder in March 2005. The data collection was continued for 
several years, and by July 2009, the survey had been completed by a total of 
11,691 individuals (Table 3.1). Survey 7 was also sent to the Dutch speaking 
families registered with the East Flanders Prospective Twin Survey in Belgium 
(Derom et al., 2006). By July 2009, 1800 Belgian participants had returned the 
survey. The data from the Belgian families were not included in this thesis. 

At the time the datasets for this thesis were prepared, the data collection 
was still ongoing. For this reason, not all data could be included in the analyses. 
Chapter 8 includes the survey 7 data from 8645 individuals. Additional efforts 
were made in a later stage to collect questionnaire data in individuals who had 
not returned the questionnaire and whose questionnaire data were of particular 
importance, for instance because of their participation in the GAIN study, which 
involved the collection of DNA samples (Boomsma et al., 2008). These 
individuals received a new invitation and survey. As a result, additional 
questionnaire data of 254 participants could be included in Chapters 6 and 7, 
which are therefore based on a total sample size of 8899 for survey 7.  

In total, this thesis includes data from a total of 10,299 participants for 
survey 6 and 8899 participants for survey 7. Of these individuals, 6794 
participated in both surveys and 12,404 participated in at least one. After 
removal of individuals who did not answer the headache section (N = 84) and 
some individuals with unknown sex (N = 17) this resulted in a total number of 
12,303 participants (5607 twins, 1772 siblings, 3280 parents and 1644 partners) 
who provided migraine data in at least one of the two surveys.  
 
Migraine data 
A detailed section about headache symptoms was included in surveys 6 (2002) 
and 7 (2004). Table 3.2 provides an overview of the headache items in each 
survey, and the number of respondents per item. The questions were identical in 
both surveys, although in survey 7 some minor additions were made. The 
questionnaire items can be translated to correspond with the International 
Headache Society (IHS) diagnostic criteria for migraine (Headache 
Classification Committee of the International Headache Society, 2004), as 
described in Table 3.3.  
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Two different methods are used to define affection status for migraine. The 
primary method is based on latent class analysis (LCA, see e.g. Lazarsfeld & 
Henry, 1968; McCutcheon, 1987), and is described in detail in Chapter 5. For 
reference to other studies, many results are also reported for the conventional 
IHS definition. This classification was made as follows: for a diagnosis of MO 
the individual was required to have symptom A, B, at least 2 of C2, C3 and C4, 
and at least 1 of D1 and D2. Individuals who met criteria for MO and also 
reported visual aura symptoms were classified as having MA. Note that an 
approximation of the IHS diagnostic criteria was used; an exact diagnosis was 
not possible due to the fact that no information on unilateral location of the 
headache was available. In addition, it was not possible to determine whether an 
individual had both photo- and phonophobia, or whether only one of the two 
was present. Therefore, the diagnosis made based on our data may differ 
slightly from the official IHS diagnosis of migraine.  
 
Test-retest reliability of the migraine data 
In July 2005, a subset of 240 participants of survey 7 who completed the survey 
in November 2004 (one per family, aged 30-40) were asked to complete a 
shortened version of the survey a second time, to investigate the reliability of the 
surveys. A total of 200 individuals returned the shortened version of the survey, 
and received a pedometer as a reward. 199 participants answered the headache 
section in both versions of the questionnaire. The tetrachoric test-retest 
correlation between the full and the shortened version of the questionnaire was 
.87 for the screening question (“Do you ever experience headache attacks, for 
instance migraine?”), and ranged between .82 (pulsation) and .92 
(nausea/vomiting) for the IHS migraine symptoms (assuming the individuals 
who screened negative did not have the symptom). Similar correlations were 
observed between surveys 6 and 7: the correlation for the screening question 
was .87, and for the IHS migraine symptoms the correlations ranged between 
.82 (pulsation) and .87 (moderate to severe pain intensity), based on the data of 
the 6794 individuals who participated in both surveys. 
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Table 3.2  

The headache items included in surveys 6 and 7 and the number of responses 
for each item 

Headache items  Availability (N) 

   Survey 6 Survey 7 

 

1 Do you ever experience attacks of headache, for instance 

migraine? (no/yes) 

10,183 8811 

2 How often do you have these attacks of headache? 2960 2635 

  less than once a year   

  about once a year   

  several times a year   

  about once a month   

  several times a month   

  about once a week   

  several times a week   

  almost continuously*   

3 How long do these headaches usually last? 2471 2095 

  _____ hours and _____ minutes   

4 The headache is usually (if multiple answers are 

applicable, only mention the most important one) 

2729 2474 

 a. pounding or stabbing   

 b. pressing, as if a heavy weight is pressing on your 

head 

  

 c. squeezing, as if there is a tight band around your 

head 

  

5 How intense is the headache during most attacks? 2944 2569 

 The intensity of the headache is usually:   

  Mild   

  Moderate   

  Severe   
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Table 3.2 (continued) 

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

 a. aversion of light, sound or smell? 2875 2499 

 b. nausea or vomiting? 2846 2463 

 c. partial loss of vision, seeing flashes of light or 

(zigzag) patterns?  

2839 2422 

 d. tingling sensations in arm or mouth, or speech 

disturbances?  

2779 2365 

 e. muscle weakness causing difficulty walking or using 

your arm normally?* 

0 2331 

 f. aggravation of headache by physical activity? 2857 2483 

Total number of respondents in survey 10,299 8899 

* Item included in survey 7 (2004) only. 

 
 
 

Measures of depression 
In the analyses of the comorbidity of migraine and depression (Chapters 6 and 
7), several indicators of (anxious) depression were used. A measure available for 
the majority of the NTR sample (N = 9813) was an anxious depression factor 
score, calculated according to the approach developed in the Netherlands twin 
family study of anxious depression (NETSAD, Boomsma et al., 2000). This score 
was based on four variables measured in survey 6: the anxious depression scale 
from the Young Adult Self Report questionnaire (YASR, Achenbach, 1990), the 
somatic anxiety and neuroticism subscales of the Amsterdamse Biografische 
Vragenlijst (ABV, Wilde, 1970), and the Spielberger Trait-State Anxiety Inventory 
(STAI, Spielberger et al., 1970). A second measure used in Chapter 6 was the 
neuroticism scale of the NEO Five Factor Inventory (Costa & McCrae, 1992). 
This measure was available for 8567 individuals.  

In addition, a subset of NTR participants underwent the Composite 
International Diagnostic Interview, version 2.1 (CIDI, Peters & Andrews, 1995; 
Wittchen, 1994), either as part of the NETSAD study or as part of the selection 
procedure for the GAIN study (Boomsma et al., 2008; Middeldorp et al., 2006). 
The CIDI is a standardized diagnostic interview designed to diagnose mental 
disorders, including major depressive disorder (MDD), based on the definitions 
of the ICD-10 (World Health Organization, 1993) and DSM-IV (American 
Psychiatric Association, 2001). Data from 112 individuals diagnosed with MDD 
based on a CIDI interview were included in Chapter 6.  
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Table 3.3 

Correspondence between IHS migraine criteria and questionnaire items 

 IHS criteria Question* Unaffected Affected 

 

A. At least 5 attacks fulfilling criteria 

B-D 

2 < several 

times a year  

>= several 

times a 

year** 

B.  Headache attacks lasting 4-72 

hours (untreated or unsuccessfully 

treated) 

3 < 4h or  

> 72h 

between 4 

and 72h 

C. Headache has at least two of the 

following characteristics: 

   

  1. unilateral location - n/a n/a 

  2. pulsating quality 4a no yes 

  3. moderate or severe pain 

intensity 

5 mild  moderate 

or severe 

  4. aggravation by or causing 

avoidance of routine physical 

activity (e.g., walking or 

climbing stairs) 

6f no yes 

D.  During headache at least one of 

the following: 

   

  1. nausea and/or vomiting 6b no yes 

  2. photophobia and 

phonophobia 

6a No yes † 

E.  Not attributed to another disorder - n/a n/a 

Aura See Table 1.1 6c‡ no yes 

* Number refers to the questionnaire items listed in Table 3.2.  

** Probably somewhat conservative, given the age of the sample. 

† the criteria state that photo AND phonophobia should be present; however, the 

question in these surveys is not phrased such that this can be determined and might 

therefore give an overestimation of the number of individuals that satisfy D2.  

‡ to maintain consistency over survey 6 and 7, only the visual aura question was used, 

although survey 7 also includes questions (items 6d and 6e in Table 3.2) intended to 

measure sensory aura and muscle weakness. 

  

 Data Collection 

75 
 

Genotyping 
Linkage  
A subset of NTR participants (3944 individuals from 841 nuclear families) was 
genotyped for linkage analysis. The DNA was extracted from either whole blood 
or buccal swabs, using standard protocols (Meulenbelt et al., 1995; Miller et al., 
1988). The genotyping was done by the Mammalian Genotyping Service in 
Marshfield (400 microsattelites at 10 cM intervals) and the Molecular 
Epidemiology Section of the Leiden University Medical Centre (10 cM Applied 
Biosystems Human Linkage Set v2.5 MD10 with some additional markers; 419 
microsattellites). These two screens were combined into one dataset. Headache 
data were available for 2536 of the genotyped individuals (1146 twins, including 
188 MZ twin pairs, 858 parents and 532 siblings). The data of these participants 
were used in the linkage study described in Chapter 8. 

 
Genome-wide association 
Two subsets of NTR participants were genotyped at genome-wide SNP markers 
and included in the meta-analysis of genome-wide association (GWA) studies 
for migraine, described in Chapter 9.  

The first NTR sample (N = 1863) was genotyped for the Genetic 
Association Information Network (GAIN) project. The genotyping was 
performed for a GWA study on MDD (Boomsma et al., 2008; Sullivan et al., 
2008). This sample included 1703 non-depressed controls and 160 individuals 
with a lifetime diagnosis of DSM-IV MDD. After quality control, a total of 1593 
individuals were left for whom genotypes and migraine data were available (112 
with MDD, 1481 without MDD). DNA was extracted from whole blood samples 
and genotyping was performed by Perlegen Sciences, using a set of four 
proprietary, high-density oligonucleotide arrays (~600K SNPs). Genotypes were 
delivered for 599,156 SNPs, of which 435,291 (including 427,024 autosomal 
SNPs) survived quality control. Genotyping and quality control procedures are 
described in detail in Sullivan et al. (2008).  

The second NTR sample was genotyped at 657,366 SNP markers, using 
the Human660W-Quad BeadChip. Quality control cut-offs were similar to those 
used with the first sample. SNPs were excluded based on MAF < 0.01, missing 
genotype rate > 0.05 or a p-value < 1 x 10-5 in a test of Hardy-Weinberg 
equilibrium. After quality control, 515,781 SNPs were left. Samples were 
excluded based on sample contamination (17 samples) or insufficient quality 
DNA (32 samples). A total of 1173 individuals were left after quality control; 
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migraine data were available for 1094 subjects. These data were included in the 
meta-analysis described in Chapter 9.   

DATA COLLECTION IN THE NETHERLANDS STUDY OF DEPRESSION AND 

ANXIETY (NESDA) 
Chapters 6 and 9 include headache data collected in the context of the 
Netherlands Study of Depression and Anxiety (NESDA, Penninx et al., 2008). 
The total number of NESDA participants was 2981. Of these participants, 2,601 
provided headache data. Chapter 6 includes data of 1636 NESDA participants 
with MDD, who also provided headache data. Data from 1530 NESDA 
participants (1383 with MDD, 147 without MDD) were included in the meta-
analysis of GWA studies, described in Chapter 9.  

 
Measurement of migraine in NESDA 
In the NESDA study, migraine was assessed with the same questionnaire items 
included in the 2002 survey of the NTR (Table 3.2). The items were included in a 
questionnaire that was part of a baseline assessment at the beginning of the 
NESDA study, to collect data on mood, lifestyle, medical history, and 
medication use (Licht et al., 2008).  

 
Measurement of depression in NESDA 
MDD was diagnosed based on version 2.1 of the Composite International 
Diagnostic Interview (CIDI, Peters & Andrews, 1995; Wittchen, 1994), a 
standardized diagnostic interview designed to diagnose mental disorders, based 
on the definitions of the ICD-10 (World Health Organization, 1993) and DSM-IV 
(American Psychiatric Association, 2001). Of the 2981 NESDA participants, 2601 
completed a self-report questionnaire 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). The lifetime MDD variable was 
included in Chapter 6, in which migraine symptomatology is compared in 
lifetime and current MDD patients versus controls with a low risk of depression.  

 
Genotyping 
A subset of 1859 NESDA participants was genotyped according to the 
procedures described above for the NTR sample (Sullivan et al., 2008). After 
quality control, 1530 individuals were left for whom headache data were 
available. The data of these individuals were included in the meta-analysis of 
GWA studies for migraine (Chapter 9).  
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OTHER SAMPLES INCLUDED IN GWA META-ANALYSIS 
In addition to the NESDA sample and the two NTR samples, the meta-analysis 
of GWA studies (Chapter 9) included data from three European samples, the 
AGES-Reykjavik study (AGES-RS), the Erasmus Rucphen Family study (ERF) 
and the Rotterdam study.  

 
AGES-RS 
The AGES-Reykjavik study is a population-based cohort study established in 
1967 to prospectively study cardiovascular disease in Iceland (Harris et al., 2007; 
Jonsdottir et al., 2002; Scher et al., 2009; Sigurdsson et al., 1995). Migraine data 
and genotypes were available for 3219 subjects, including 357 migraine cases 
and 2862 controls. Genotyping was performed on the Illumina 370CNV 
platform.  

 
ERF 
The Erasmus Rucphen Family study (ERF) is a family-based study in a 
genetically isolated population in the southwest of the Netherlands (Santos et 
al., 2006; Stam et al. 2010). The meta-analysis includes data from 1546 ERF 
participants; 330 migraineurs and 1216 controls. Genotyping was performed on 
several different platforms (Illumina HumanHap300, HumanHap370, 
Affymetrix 250K Nsp array). 

 
Rotterdam Study 
The Rotterdam study is a prospective population based cohort study among 
persons 55 years or older who were living in Ommoord, a well-defined district 
of Rotterdam, the Netherlands (Hofman et al., 2007). Migraine data were 
available for 1998 unrelated individuals from this study, including 349 cases and 
1649 controls. Genotyping was performed using the Illumina Infinium II 
HumanHap550 chip.   
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