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Sex differences in genetic architecture of complex phenotypes

Methods section

1. Lifestyle
-Ever smoked: Both ANTR and YNTR subjects were classified as never smokers when they reported they never smoked or when they tried smoking a few times but never smoked regularly [1]. 

-Current smoking: The answer categories to the question “How often do you smoke now?” were collapsed into current smoking yes (I smoke once a week or less, I smoke a few times a week, not every day, I smoke once or several times a day) and current smoking no (I’ve never been a regular smoker, I’ve quit smoking) both for ANTR and YNTR cohorts [2].

-Nicotine dependence: The Fagerstrom Test for Nicotine Dependence consist of 6 items and produces a score ranging from 0 to 10 with higher scores indicating more nicotine dependence [3-4]. The FTND score (among ANTR smokers and ex-smokers) was collapsed into a dichotomous variable (FTND >= 4 versus FTND < 4).
- Cannabis use: In the ANTR, subjects were asked at what age they initiated cannabis use and the answers were re-coded in the variable ‘cannabis initiation’, with two possible categories; ‘yes’ when a subject initiated cannabis use (irrespective of age), or ‘no’ when a subjected never initiated cannabis use [5]. In the YNTR the Dutch Health Behavior Questionnaire (DHBQ) was included. Subjects were asked whether they ever used cannabis and, if so, how many times. Responses were re-coded into the variable ‘initiated cannabis’ with two possible categories: 0, when a subject never used cannabis; and 1, when a subject had ever used cannabis [6]. 
-Ever alcohol in YNTR: Have you ever used alcohol was re-coded to never (never and 1or 2 times) versus ever (3 times or more).  
-Regular drinking in ANTR: Regular drinking defined as: >= 21 glasses per week for men and >= 15 glasses per week for women (conform Nationaal Kompas Volksgezondheid www.nationaalkompas.nl (dutch)).

-Weekly drinking YNTR: “How often do you drink an alcohol beverage”: answer categories were collapsed into: once a week or more often (answer 5,6,7) versus a few times per month or less (answer 0,1,2,3,4).

-Alcohol problems in ANTR : Alcohol problems were assessed by CAGE. The CAGE, originally developed as a screening instrument in medical settings [7], is a short questionnaire to obtain an indication of the presence of Symptoms of AAD [8-9]. Its four items are: Have you ever felt that you should Cut down your drinking?; Have people Annoyed you by criticizing your drinking?; Have you ever felt bad or Guilty about your drinking?; Have you ever had a drink in the morning (as an ‘Eye opener’) to steady your nerves or get rid of a hangover? The items can be answered with ‘yes’ or ‘no’. In 2009/2010, there were two yes categories: ‘yes, during the last year’; ‘yes, not during the last year’ that, for these analyses, were re-coded into one, since its combined frequency was comparable to the frequency of the single yes categories in earlier years. If one of the four CAGE items was missing (N = 296), the missing value was imputed based on the mean of the three other answers. For individuals with two or more missing items (N = 187) and those who reported to never have drunk any alcohol (N=332), the CAGE was set to missing. For the current study, we analyzed the number of ‘yes’ items as 0, 1, 2 and 3+, combining the 3 and 4 yes positive answers as as the number of individuals who answered four items positively, was low (N=56).
-Early alcohol initiation at age 13-15 (in YNTR sample) was defined as ever having used alcohol, to which response categories were ‘no’, ‘a few times’ and ‘yes’. The categories ‘a few times’ and ‘yes’ were collapsed, resulting in a binary variable [10]. 

-Coffee: The ANTR survey of 2000 contained the question: ‘On average, how many cups of caffeinated coffee do you drink in one day?’ A large part of the subjects reported drinking no coffee at all causing a skewed distribution. Therefore, the data were divided in categories: zero to two cups per day, three to five cups per day and six or more cups per day [11].
-Exercise participation in ANTR was measured with a number of questions. The first question was ‘Do you participate in exercise regularly?’. This question could be answered with Yes or No. If the participants responded affirmative, further information on type, frequency and duration of exercise was gathered. All exercise activities were assigned a metabolic equivalent value, using Ainsworth’s Compendium of physical activity [12]. A metabolic equivalent score of 1 corresponds to the rate of energy expenditure when at rest (1 kcal/kg/h).

Exercise participation was defined as a dichotomous variable, classifying participants as either regular exerciser or non-exerciser [13]. A cutoff criterion of exercising at four metabolic equivalents or more for at least 60 minutes a week in the recent year was used to classify participants as regular exercisers. Exercise participation was assessed in ANTR surveys 1991, 1993, 1995, 1997, 2000, 2002 and 2004. For each twin pair, valid exercise data from the most recent survey were selected.
2. Emotional and Behavioral Problems 
Obtained from longitudinal surveys in adults (ANTR, 18-65 years)
-NEO personality scales: Personality scores for the five factors Neuroticism, Extraversion, Openness to Experience, Agreeableness and Conscientiousness were assessed with the 60 items of the NEO-FFI (12 items per factor) [14-15]. Items were answered on a 5-point Likert-type scale ranging from strongly disagree (1) to strongly agree (5). Summed scores were computed for all five personality dimensions (after reversing negatively keyed items). If more than 10 items were missing, summed scores were not computed. If less than 10 items were missing, the missing items were given the neutral option (2). Sumscores for each dimension could range from 12 to 60. Personality data came from ANTR survey 7 (2004).
-Fear in ANTR: Blood-injury fear (e.g., avoidance of hospitals) and Social fear (e.g., avoiding talking to people in authority) were measured by the Dutch version of the Fear Questionnaire (FQ) [16]. Both domains are represented with 5 items. Subjects were instructed to indicate on a nine point scale (0 ‘would not avoid it’ to 8 ‘always avoid it’) how much they would avoid certain situations because of fear or other unpleasant feelings. Scores were summed across subscales. A score was only calculated if at least 4 out of 5 items of a subscale were answered. Missing answers and double entries were substituted by the mean item score. The sum scores were transformed to a dichotomous measure. 
-Obsessive compulsive symptoms (OCS): OC symptoms were measured by 12 items of the Padua Inventory [17], translated into Dutch, revised and validated by Van Oppen et al. [18]. Items were chosen from each OC subscale of the Padua Inventory Revised. The sensitivity and specificity for the 12 items to detect OCD were 0.74 and 0.72 respectively, when comparing a group of OCD patients with clinical controls [19].
- Borderline personality features were measured by the Dutch translation of the Personality Assessment Inventory-Borderline Features scale (PAI-BOR) [20-21]. PAI-BOR items tap features of severe personality pathology that are clinically associated with borderline personality disorder and consists of 24 items that are rated on a four-point scale (0 to 3; false, slightly true, mainly true, very true). The PAI-BOR was scored according to Morey’s test manual [20], which states that at least 80% of the items must be answered to calculate a sum score and that missing and ambiguous answers should be substituted by a zero score.
-Anxious depression –Anxious depression was measured with the Young Adult Self Report (YASR) [22-23]. 
-State-Trait Anxiety: Anxiety was measured with the Dutch translation of the Spielberger State Trait Anxiety Inventory – Trait version (STAI) [24-25].

- State-Trait Anger: Trait anger was measured with the Dutch adaptation of the State Trait Anger Scale (STAS) [26-27]. The scale is designed to assess the frequency of which an individual experiences the state anger over time and in response to a variety of situations. The 10-item STAS-adaptation was scored on a 4-point likert scale (1-4; almost never, sometimes, often, almost always). Participants were asked to indicate the extent to which an item occurred in their everyday lives. The items were scored according to the test manual, which states that at least 80% of the items must be answered to calculate a sum score and that missing values or ambiguous answers should be substituted by a score of 2 (sometimes true).
-Loneliness was assessed with the short scale for measuring loneliness in large surveys, developed by Hughes et al.[28]. The three items that compose this scale were

selected from the R-UCLA Loneliness Scale [29]: ‘‘How often do you feel left out’’, ‘‘How often do you feel isolated from others’’, and ‘‘How often do you feel that you lack companionship’’. Response categories were: ‘‘Hardly ever’’ (1), ‘‘Some of the time’’ (2), and ‘‘Often’’(3). The data were analysed as an ordinal measure with 4 categories.
-Sensation seeking was measured with the Dutch translation of the Sensation Seeking Scale (SSS) from Zuckerman [30-32]. The sensation seeking scale contained 51 items that measured four dimensions of sensation seeking. The dimension ‘Thrill and adventure seeking’ contained 12 items, ‘Experience seeking’ had 14 items, ‘Boredom susceptibility’ contained 13 items and ‘Disinhibition’ was assessed with 12 items . Items were answered on a 5-point Likert-type scale ranging from totally disagree (1) to totally agree (5). Summed scores were computed for all four dimensions (after reversing negatively keyed items). If more than 2 items were missing per dimension, summed scores were not computed. If less than 2 items were missing per dimension, missingness was imputed with the average value on that dimension for a particular individual. In addition, an overall sensation seeking score was computed by adding the summed scores of the four dimensions divided by the number of items (sss = tas/12 + es/14 + bs/13 + dis/12). Data on sensation seeking came from ANTR surveys 1991, 1993, 1997, 2000 and 2002. 
Behavioral and emotional problems in children (YNTR, 3-12 years)
Parental ratings of behavioral and emotional problems in 3 to 12-year old children were collected by age appropriate versions of the Child Behavior Checklist, which are part of the Achenbach System of Empiral Based Assesment (www.aseba.org). Details of data collection are described elsewhere 
 ADDIN EN.CITE 
[33-35]
. Parents report on the occurrence of behavioral problems in their children on a 3-point scale: 0 if the problem item was not true, 1 if the item was somewhat or sometimes true, and 2 if it was very true or often true. A syndrome scale is a summation of the corresponding items. At age 3, seven syndrome scales are obtained (Emotionally Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn, Overactive Behavior, Aggressive Behavior, Sleep), 2 broad groupings of syndromes (Internalizing and Externalizing Problems), and the Total Problem score. At ages 7, 10, and 12 eight syndrome scales are obtained (Anxious/ Depressed, Withdrawn, Somatic Complaints, Social Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior) and 2 broad problems scales are obtained (Internalizing and Externalizing Problems).
3. Brain and Cognition
EEG was obtained in twins aged 5 through 71 years during 3–4 min of eyes-closed rest. After visual and semi-automated data cleaning, including removal of independent components linked to blink and heartbeat artifacts, EEG power was determined for the left frontal F3 electrode using Welch’s periodogram method implemented in MATLAB. A full description of the sample and EEG registration/preprocessing can be found elsewhere (Smit et al., 2011).

Cognition data were obtained with age-appropriate psychometric IQ tests: RAKIT at ages 5, 7, and 10, the RAKIT, WISC at age 12, and WAIS at age 18. Data were collected in lab studies by trained research-assistants. Educational level (CITO scores) was assessed by standardized tests in 12-year olds during a 3 day testing period and these data were obtained from the parents and teachers of twins [36]. 

-Educational attainment (EA). In all ANTR surveys, participants were asked to indicate their highest educational level and whether or not they had completed this education with a diploma [37]. To obtain one measure of educational attainment for each participant, all adult data (age 21 years or older) for an individual were combined into a measure with 4 categories:
1. primary school; 2. lower vocational education and general secondary education; 3. intermediate vocational education and higher secondary education; 4. higher vocational education (HBO) and college/university education.
4. Growth and BMI


Birth weight: In YNTR, parents of twins reported birth weight in survey-1, which is collected after parents register their twins (age < 1 years) [38]. In the ANTR cohort, participants provided self-report birth weight in most surveys. In addition, parents reported on the birth weights of their offspring. All data available for an individual were combined and checked for consistency across time and rater. Birth weight was determined as the average of all valid data points, when the discrepancy was no larger than 200 grams 
 ADDIN EN.CITE 
[39]
. 
Height: All ANTR surveys asked participants to provide their body height in cm. Data provided for the age of 18 years and above were checked for consistency across time. When the difference across time points did not exceed 5 cm, the height data were averaged to come to one adult body height 
 ADDIN EN.CITE 
[40]
. In YNTR-surveys for 2 and 3 year olds), a parent was asked to report height and weight as measured by the routine health care program in the Netherlands (Youth Health Services). In follow-up surveys (ages 5, 7, 10, 12 years) a parent was asked to report current weight and height. From age 14 onwards, the height and weights were self-reported by the twin.
-BMI: Body mass index (BMI) was obtained from maternal report in children and from self-report in adolescents and adults. BMI was calculated as weight(kg) / height2(m). We used the body height measure as described above and weight from the most recent study in which both twins participated, or if this never was the case, the most recent study 
 ADDIN EN.CITE 
[41-42]
.
5. Metabolic risk factors and migraine
The metabolic risk factors were measured in blood samples of twins who participated in the NTR biobank study [43]. 
- Blood pressure (BP) data were collected in multiple studies. BP was measured using brachial cuff measurements on the non-dominant arm by an automated Dynamap 845 recorder in the laboratory [44] or by the Spacelabs 90207 ambulatory monitoring device [45]. The laboratory measurements were obtained with subjects sitting quietly for periods varying from 3 to 8 minutes. A mean of 3 to 6 BP measurements was taken. In the ambulatory BP study the mean of all evening measurements when subjects were seated calmly was taken as the resting value (mean number of measurements 3.8,). The BP values in all four studies were corrected for the use of antihypertensive medication [46-47]. If subjects were taking antihypertensive medication a correction of +14 mmHg for SBP and +10 mmHg for DBP was made for the laboratory studies. For the ambulatory study, the correction was drug class specific, but average values were close to +14 mmHg for SBP and +10 mmHg for DBP. 
- Lipids (total cholesterol, HDL, LDL and triglycerides) were assessed after overnight fasting [43]. Total cholesterol HDL-cholesterol and triglyceride levels were measured in heparin plasma using the Vitros 250 total cholesterol assay, the Vitros 250 direct HDL cholesterol assay and the Vitros 250 Triglycerides assay (Johnson & Johnson, Rochester, USA). LDL-cholesterol was calculated using the Friedewald formula [48]. Subjects using lipid lowering medication at the time of blood sampling were excluded from the analyses. For HDL, one extreme outlier was excluded from the analysis (HDL=6.56). For triglycerides an LN-transformation was applied .

-glucose metabolism (fasting glucose, fasting insulin and HbA1C) parameters were assessed after overnight fasting [43]). Blood glucose was measured using the Vitros 250 Glucose assay (Johnson & Johnson, Rochester, USA) and insulin was measured using the Immulite 1000 Insulin Method (Diagnostic Product Corporation, Los Angeles, USA). Hba1c was determined in EDTA whole blood using the Nyocard HbA1c assay (Axis-Shield, Oslo, Norway). For the analyses of glucose, insuline and all lipids, subjects who had not fasted from 24h the night before the home visit were excluded, and subjects taking medication for diabetes and subjects with a fasting glucose level >= 7 were excluded.  For insuline an LN-transformation was applied .
-Fibrinogen was measured in a 4.5 ml CTAD tube that was stored during transport in melting ice. Fibrinogen levels were determined on a STA Compact Analyzer  Diagnostica Stago, France), using STA Fibrinogen (Diagnostica Stago, France). For fibrinogen a cut off value of 5 pg/ml was used for exlusion of subjects.

-C-reactive protein (CRP) was measured in heparin plasma, CRP level was determined using the Immulite 1000 CRP assay (Diagnostic Product Corporation, USA).  Data were excluded when values of CRP rose above 25 pg/ml, 
-Tumor necrosis factor-alpha (TNF-α), Interleukin-6 (IL-6) and Interleukin-receptor-6 (IL6R) were measured in EDTA plasma, using R&D systems. IL6 and TNF- α data were excluded when values exceeded 15pg/ml and IL6-R data were excluded when exceeding 100.000 pg/ml.
-Data on the liver enzymes Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT) and Gamma-Glutamyl-Transferase (GGT) were determined in plasma that was collected in heparin plasma tubes using Vitros assays were used (Willemsen et al., 2010). Liver enzyme levels were excluded for six individuals with liver disease (ICD-10 codes K70-K77), 12 individuals with extreme outliers (AST >79 U/L; ALT >63 U/L; GGT  >296 U/L; values >9 SD above the mean) and four twins without information on zygosity, resulting in a final data set of 3,662 individuals. To obtain more normally distributed variables, liver enzyme levels were ln-transformed and multiplied by 10 to avoid problems during estimation that result when analyzing very small covariances.
-Migraine was assessed with ANTR survey items that cover the symptoms included in the official diagnostic criteria for migraine (ICHD-II) as defined by the International Headache Society. The item variables were analyzed with latent class analysis [49], resulting in four groups of individuals, empirically classified based on their patterns of headache symptomatology, which differed primarily in the severity of their headaches. The two most severely affected classes, (“moderate/severe migraine” and “mild migrainous headache”) were classified as affected. [50].
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