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Introduction




Introduction

In this thesis, a series of studies are reportatitivestigated different aspects of the
genetics of eating disorders. In general, threm@galisorders are distinguished, anorexia
nervosa (AN), bulimia nervosa (BN) and eating disos not otherwise specified (EDNOS)
(for DSM-1V (1994) criteria see Appendix A).

Anorexia nervosa

AN is characterized by a severely low body wei@%% or less than expected based on
age and height) intense fear of weight gain, adistl body image and amenorrhoea. Two
subtypes of AN are distinguished: the restrictiyet and the binge-eating/purging type. In
contrast to the binge-eating/purging type, indigduwith the restricting type do not
regularly engage in eating binges and purging hiehsMike self-induced vomiting, or the
misuse of laxatives or diuretics. Instead individuaith restricting type AN achieve and
maintain low body weight through restriction of egeintake (fasting) and/or increased
energy expenditure (excessive exercise).

Table 1.1 Prevalence and prognosis factors ofg@disorders and other psychiatric disorders
Prevalence Mortality Course 4-10 years follow-up
Crude Standardized
Point Lifetime mortality mortality  Recovery Improvement Chronicity

(%) (%) ratio (%) ratio (%) (%) (%)
AN 0.3 0.9-2.2 4.0-5.9 1.7-8.0 47 32 20
BN 1.0 1.5-1.7 0.32-3.9 1.7-9.3 66.5 21.6 11.9
EDNOS - - 5.2 1.8 - - -
BED 1.0 35 - - - - -

2 Prevalences reported for women

AN mainly affects young women and generally stdusng puberty or early
adulthood. As can be seen in Table 1.1 prevaldiocelSN in women are low (Bulik et al.,
2006; Hoek, 2006; Hoek & Van Hoeken, 2003; Hudgoel.e 2007; Keski-Rahkonen et al.,
2007). The mortality rate, on the other hand, ghhih AN and the prognosis is poor, only
half of the patients with AN fully recover (Crow&it, 2009; Harris & Barraclough, 1998;
Nielsen et al., 1998; Steinhausen, 2002; Sullii®95). Reported Standardized Mortality
Ratios in AN are about twice as high in comparisoaffective disorders (1.7),
schizophrenia (1.6) and psychiatric illness in gah@.2) (Harris & Barraclough, 1998).
So despite the rarity of AN, it is a severely dighiing disorder with a high impact.
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Despite substantial efforts to identify causahpatys for AN, very little is known
about the aetiology of this disorder. In longitualiand cross-sectional studies, several risk
factors have been identified for AN, including kgefemale, dieting, negative self-
evaluation and perfectionism (Bachner-Melman et28l07; Jacobi et al., 2004). In
addition, results from both family and (populatibased) twin studies suggest that genetic
factors also play a substantial role in the devalept of AN (Bulik et al., 2006; Bulik et
al., 2010; Slof-Op 't Landt et al., 2005), with iteility estimates ranging from 28 to 76%,
as is shown in Table 1.2.

Table 1.2 Variance (%) accounted for by genetiareth environmental and non-shared environmentsirof
eating disorders and important related featurg®pulation-based twin studies.

Genetic factors Shared Non-shared environmental

environmental factors factors
AN 28-76 0-5 24-52
BN 30-83 0-41 17-50
Binge eatinglisorder 39-57 0-13 42-61
Self-induced vomiting 8-70 0 30-92
Perfectionism 29-42 0-19 58-68
Impulsivity 44-49 0 51-56

Bulimia nervosa

The main characteristics of BN are recurrent egsarf binge eating and inappropriate
compensatory behaviors. In addition, an undue émfte of body weight and/or shape on
self-evaluation is present. In purging type BN $etfuced vomiting, misuse of laxatives or
misuse of diuretics are used in order to prevemghteyain. Excessive exercise and fasting
are the main compensatory behaviors for nonpurtyipg BN.

Although slightly more common than AN, BN is aldwaracterized by a low
prevalence (Table 1.1; Fairburn & Beglin, 1990; K8eVan Hoeken, 2003; Hudson et al.,
2007; Keski-Rahkonen et al., 2009). Almost 70% atignts with BN fully recover in a
period of 4 to 10 years (Steinhausen & Weber, 20D8%pite the fact that the uncertainty
of the estimates is larger, the mortality rateBMappear to be two times lower than the
rates reported in AN, but the reported StandardiMedality Ratios again appears to be
about 1.5 times higher than those reported forratiental illnesses (Crow et al., 2009;
Harris & Barraclough, 1998; Papadopoulos et al02@teinhausen & Weber, 2009).

For BN, female sex, childhood obesity, negatiMéeealuation, perfectionism and
dieting are considered potent risk factors (Faimtetral., 1997; Jacobi et al., 2004;
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Lilenfeld et al., 2000). Furthermore, most twindias have yielded substantial heritability
estimates, ranging 30 to 83%, for BN in women ($gf 't Landt et al., 2005). The
remaining variance was primarily accounted for bypishared environmental factors
(Table 1.2). In sum, genetic factors also appeapttribute to the liability of BN.

Eating disorders not otherwise specified

The majority of eating disorder patients (about GiRhose representing for treatment) do
not meet strict DSM-IV diagnostic criteria for esthAN or BN, and therefore belong to the
eating disorder not otherwise specified (EDNOSggaty. The EDNOS category can be
distinguished into three subcategories. The fiagtgory are cases that closely resemble
AN or BN but just fail to meet their diagnostic éshold. The second category represents
cases that show similar clinical features of AN &Mlonly in a different combination.
Binge eating disorder (BED) is the third categof¥EBNOS, and is characterized by the
occurrence of binge eating in the absence of regalampensatory behaviors (Fairburn &
Bohn, 2005).

Only few epidemiological studies were performedtfe total category of EDNOS.
Therefore it is unknown how prevalent EDNOS ishia tommunity (Table 1.1). Recently,
a crude mortality rate of 5.2% was reported for EDBN(Crow et al., 2009), indicating that
the severity and clinical impact of this eatingadder is not less than that seen in AN or
BN. BED is the most intensively studied categorfEBMNOS. As shown in Table 1.1, the
prevalence reported for BED appears to be higlaer the prevalences of both BN and AN
(Hoek & Van Hoeken, 2003; Hudson et al., 2007).

Reported risk factors for BED are negative seHtaation, stressful life events,
adverse childhood experiences, childhood obesiiyrapeated exposure to negative
comments from family members about shape, weightting (Fairburn et al., 1998; Pike
et al., 2006; Striegel-Moore et al., 2005). As prasd in Table 1.2, twin studies obtained
moderate heritability estimates for BED (Javaraal.e2008; Mitchell et al., 2010;
Reichborn-Kjennerud et al., 2004b). No twin studiase been performed to evaluate the
contribution of genetic factors to the liability thfe total category of EDNOS.

Overlap among different types of eating disorders
It is clear that the different types of eating diss share a number of attitudes and

behaviors. It has even been hypothesized thatgedtsorders essentially share the same
core psychopathology: over-evaluating eating, shapéht and their control (Fairburn et

10
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al., 2003). An important other symptom that is skdammong the different types of eating
disorders (AN purging type, BN, and EDNOS) is satfuced vomiting (SV). Individuals
with an eating disorder engage in SV as a methdastbody weight or prevent weight
gain, following regular meals or as a compensaaation following binge eating.
Prevalence of vomiting within clinical samples odlividuals with AN ranged between 31
and 39% (Ben-Tovim et al., 1989; Garner et al.,.3)9&%hereas the rate in clinical samples
of individuals with BN has been estimated to ber®@@% (Ben-Tovim et al., 1989).
Comparable to the eating disorders itself (Tak®), Inoderate to high heritability estimates
have been shown for SV (Sullivan et al., 1998a; ®vetdal., 2008b). It has been reported
that the symptom of SV is associated with higherlBivieater clinical severity and higher
novelty seeking (Dalle Grave et al., 2009; Rebal .eP005).

Table 1.3 Crossover rates (%) between the diffeygres of eating disorders
End diagnosis
AN BN EDNOS BED

Start diagnosis

AN - 9-36 17 0
BN 4-27 - 22 1
EDNOS 10 16 - -
BED 0 16.4 - -

Eating disorders are not static diseases; rafieee is a continuous process of
diagnostic crossover between the different typée. drossover rate is the percentage of
patients whose initial eating disorder diagnosisl &N, EDNOS or BED) changes into a
different eating disorder diagnosis. Crossoversrateong the different types of eating
disorders are presented in Table 1.3. In gendmadetis a considerable rate of cross-over
between AN, BN and EDNOS, ranging between 4 and @ddy et al., 2008; Fichter &
Quadflieg, 2007; Milos et al., 2005; SteinhauseWé&ber, 2009; Tozzi et al., 2005). For
BED the crossover to BN was around 16%, while theverse cross-over was close to
zero. There was no crossover between BED and ANB&D may thus be considered a
different disease entity.

In addition to the cross-over rate between eatingrders, family studies have shown
that AN and BN do not aggregate independently withimilies, the risk of developing
both disorders is elevated in family members ofiiollals with an eating disorder
(Lilenfeld et al., 1998; Strober et al., 2000). fdfere, it has been hypothesized that AN,
BN, but also subthreshold forms of eating disordeBBNOS) share risk and liability

11
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factors. As shown in a Swedish twin study, appr@taty half of the genetic factors
contributed to liability of both AN and BN (Bulik @l., 2010). To further explore the
shared liability between eating disorders it wanddinteresting to investigate the genetic
contribution of the variance in a combined phenetgpdisordered eating behaviours and
attitudes as well. The role of body weight shoutwde taken into account, since body
weight is closely linked to eating behaviours amdreappears to be a risk factor for the
development of eating disorders (Jacobi et al.4200nique genetic and environmental
factors may determine the state of expressioneoétting disorder (e.g. the restrictive
fasting in AN or the self-induced vomiting seerAN purging type, BN, and EDNOS).
The shared genetic factors may influence predisgdsthavioural features that are shared
among the different types of eating disorders, fikefectionism and impulsivity.

Possible predisposing personality traits for eatinglisorders

A personality feature that consistently characesrigatients with AN and/or BN is
perfectionism (Cassin & von Ranson, 2005). Perdadsim ‘involves high standards of
performance which are accompanied by tendenciesvienly critical evaluations of one’s
own behavior’ (Frost et al., 1990). Perfectionisnan important risk factor for both AN
and BN, and although less pronounced it also apfearontribute to the vulnerability of
BED (Fairburn et al., 1997; Jacobi et al., 2004enfeld et al., 2000; Striegel-Moore et al.,
2005). As can be seen in Table 1.2, moderate tstauntial heritability estimates have also
been reported for perfectionism (Tozzi et al., 2004 addition, elevated levels of
perfectionism were observed in relatives of indists with AN and BN (Lilenfeld et al.,
2000; Woodside et al., 2002). These findings sughes perfectionism may be of potential
aetiological relevance for eating disorders.

Impulsivity has also regularly been associateth witing disorders. Impulsivity can be
defined as the tendency to deliberate less tham peaple of equal ability before taking
action (Dickman, 1990). High impulsivity appearsta prospective risk factor to BN,
whereas low impulsivity (or high control) seemdbw®associated with AN (Casper et al.,
1992; Cassin & von Ranson, 2005; Claes et al., 2Bt#ger et al., 1991; Stice, 2002).
Table 1.2 shows that almost half of the variancenjpulsivity was accounted for by
genetic factors (Hur & Bouchard, Jr., 1997; Pederteal., 1988; Seroczynski et al., 1999).
In a large group of individuals with AN and BN Fawaet al. (Favaro et al., 2005) found
that the presence of purging behaviour (self-indusamiting and laxative use) was
associated to impulsivity. Results from a largeavatalytic review support these findings
(Fischer et al., 2008). In addition, Wade et a0@b) reported that novelty seeking, which

12
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is closely related to impulsivity (Cloninger et,d993), predicted self-induced vomiting in
a large twin study. In a meta-analysis all dimensiof impulsivity were significantly
associated to bulimic symptoms (effect sizes r-@.@8) (Fischer et al., 2008). A latent
profile analysis in patients recovered from AN (bagstricting as well as binge-purging
type) and BN showed that a separate cluster cauidémtified based on impulsivity
(Wagner et al., 2006). Thus, high impulsivity scopersist in some individuals after
recovery from an eating disorder. It is possibkg thigh impulsivity also precedes the onset
of the eating disorder, indicating that this feataould also be of aetiological relevance.

Genetic study designs

Several approaches exist to identify genes involmedtrait with a heritable component
(for an overview see Slagbhoom & Meulenbelt, 20@¥pending on the frequency and
penetrance of the genetic variation underlyingdisease a study design should be selected.
Extended family designs are optimal to detect varégants with high penetrance mutation
by model based linkage. In linkage analysis, tlggeggation of alleles in families together
with the affected phenotypes are investigated dalise genes that influence a quantitative
trait. In linkage analyses LOD scores (logarithnodéls) are used to compare the
likelihood of obtaining the test data if the twail@are indeed linked, to the likelihood of
observing the same data purely by chance (Fulk€ag&lon, 1994). Linkage studies can
also be performed in affected sibling pairs, thasign is optimal for detecting genetic
variants with both a moderate effect and a modgratetrance. Finally, common variants
with possibly small effect sizes can be detectegdrjorming association studies in a large
group of unrelated cases and controls (Cardon & B@01). The aim of this approach is to
find an ancestral risk allele that is shared amuoyulation cases with the disease, higher
allele frequencies amongst cases versus controtkelassociation analysis odds ratios or
other measures of association are used to degbelstrength of the association.

The genetic studies described above can furthdidbeguished into hypothesis based
and hypothesis free approaches. In the hypothasisdoapproach the involvement of
candidate genes in a certain trait or disordeirarestigated. Candidate genes are selected
because of their specific function or their invahent in a certain biological pathway.
Depending on the number of candidate genes tastederate samples sizes are sufficient,
and little genotyping resources have to be usewveder, when the aetiology of a certain
trait or disorder is largely unknown, applying gbthesis free approach will enable the
researchers to identify new genetic loci putativialyolved in the trait. Due to
technological advances the whole genome can nosedrened to investigate which area

13
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may harbour susceptibility loci for the disorderirerest. Both genomewide linkage
studies (in families or affected sibling pairs) ayjghomewide association studies belong to
the hypothesis free approach. Genomewide linkag#iest identify chromosomal regions
that may harbour susceptibility loci for the traitder study. Genomewide association
studies on the other hand identify actual genetitants that may distinguish cases from
controls.

Candidate pathways or genes

The serotonin pathway has mostly been indicatedlasant in the development of eating
disorders, since it is involved in a broad rangeetdvant biological, physiological and
behavioral functions, for example body weight regjoh and eating behavior (Blundell,
1992; Blundell et al., 1995; Brewerton & Jimersdf896; Halford & Blundell, 2000; Kaye,
1997; Lucki, 1998; Monteleone et al., 2000; SimandlL96; Weltzin et al., 1994). In
addition, serotonin might also contribute to thggh®pathological features of eating
disorders such as perfectionism, impulsivity andesisionality (Carver & Miller, 2006;
Hinney et al., 2000; Kaye, 1997; Kaye et al., 2Q00aboth rodents and humans, drugs
that either directly or indirectly increased posisgtic serotonergic stimulation routinely
decreased the consumption of food (Lucki, 1998;88isky, 1996). In underweight and
malnourished individuals with AN, levels of 5-hydagindolacetic acid (5-HIAA), a
metabolite of serotonin, were reduced in cerebr@dgiuid compared to those of controls
(Brewerton & Jimerson, 1996; Kaye et al., 2005hirtirermore, the prolactin response to
D-fen, which is an index of the functional activifthe central serotonin system, was
reduced in underweight inidividuals with AN andimaividuals with BN with high
frequent binge episodes (two or more episodes p(tionteleone et al., 2000). In long-
term weight-recovered patients with AN or BN, oe tither hand levels of 5-HIAA in the
cerebrospinal fluid were elevated (Kaye et al.,119¢aye et al., 1998). Whether these
changes are a consequence or precede the disesatdas to be elucidated, for example
by investigating the serotonin system in relativésating disorder patients. These results
suggest that hyperserotonergic activity is a tratker in eating disorders that could
predispose to the development of the disorder.

In addition to genes belonging to the serotontway, the involvement of many
other candidate genes have been studied in edtiogddrs. Table 1.4 lists the candidate
genes per pathway, the number of studies and tid@uof significant associations that
have been evaluated. In addition, a large collabh@ratudy investigated the association of
182 candidate genes in AN (Pinheiro et al., 20A@er accounting for multiple testing,

14
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there were no statistically significant associagiobhirty six of these genes are also
presented in Table 1.4. Many of the conducted stuldad small sample sizes and
inadequate statistical power to detect an effdet Studies in Table 1.4 were divided into
large and small using a boundary of 80% statispoaber. An elaborate review on the
candidate gene studies conducted until 2005 cdourel in chapter 2. In addition, the
results from the large candidate gene studies paéd during the last five years (2006-
2010) are summarized in appendix B, referencethiosmall studies from this same time-
frame are given in appendix C.

Most association studies performed in the eatiagrder field used a hypothesis based
approach (listed in the top part of Table 1.4)f&dhe only association that has been
observed in at least two large association studésbetween brain-derived neurotrophic
factor BDNF) and AN.BDNF plays a key role in the survival, differentiati@nd
development of several central and peripheral meuamd is involved in synaptic plasticity
(Huang & Reichardt, 2001; Lu, 2008DNF has been implicated in the pathophysiology
of several psychiatric disorders, including moosbdilers and schizophrenia (Angelucci et
al., 2004; Duman, 2002; Nestler et al., 2002), iaiglrecognized as a regulator of satiety,
appetite and weight regulation (Lebrun et al., 20bf&terozygou8DNF knockout mice
are obese and develop hyperphagia (Kernie et@G0Q)2 In addition, central administration
of BDNF leads to severe, dose-dependent appetite suppressl weight loss
(Pelleymounter et al., 1995). Thus increased fonatif BDNF may be a predisposing
factor to develop AN.

In the bottom part of Table 1.4, the genes thatvidentified by a hypothesis free
approach are listed. Genomewide linkage studies Hamonstrated linkage peaks for AN
on chromosomes 1p33-36 and 4q13 and for BN on absomes 10p13, and 14g22-23
(Bulik et al., 2003a; Devlin et al., 2002; Griceabt 2002). Following up the genome-wide
screen in AN (Grice et al., 2002), an associattadyswas conducted focusing on candidate
genes positioned under the linkage peak on chromesip33-36 (Bergen et al., 2003).
Three candidate genes were tested, namely theosaraeceptor 1DHTR1D), opioid
receptor delta 1PRDJ) and hypocretin receptor HCRTR). The case-control study
yielded a positive association betwd¢hR1DandOPRD1polymorphisms in AN. These
findings were confirmed in an independent assamiagtudy (Brown et al., 2006).

Two genomewide association studies have been ctedlin AN, results are listed in
the bottom of Table 1.4. In a Japanese genomesiigcation study (Nakabayashi et al.,
2009), two loci, namely 141 and 11922 were sigaiftly associated with AN. Neither of
these loci showed a positive evidence of associatith BN. The most significant
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association was observed at a SNP located negetieencoding spermatogenesis-
associated protein 17.

Table 1.4 Candidate genes investigated in eatsgrdeérs, the number of studies and significantaasons are
divided into large (adequate statistical power) amall (statistically underpowered) studies.

Hypothesis based approach Large studies Smalkstud
candidate pathways/genes Position N Signass N &ign
Serotonin

Serotonin receptor 1B{TR1B 6013 1 0 1 0
Serotonin receptor 2AHTR2A 13g14-21 2 0 16 7
Serotonin receptor 2GHTR2Q Xq24 1 0 4 1
Serotonin receptor 3AHTR3A 11923 2 1

Serotonin receptor 3BH{TR3B 11923 2 1

Serotonin receptor HTR?) 10g21-24 1 0 1 0
Serotonin transporte6LC6A4 17911-12 1 0 10 6
Tryptophan hydroxylaserPH1) 11p14-p15 1 0 2 0
Catecholamine

Beta-3-adrenergic receptokDRB3 8pl1-12 2 0 1 0
Catechol-O-methyltransferase QMT) 22911 2 0 3
Dopamine receptor DDRD2) 11923 2 1

Dopamine receptor DDRDJ) 3913 1 0 1 0
Dopamine receptor DDRD4) 11p15 2 1 2 0
Dopamine transporte6LC6A3 5p15 1 0 2 1
Mono amine oxidase AYAOA) Xpl1 1 0 2 0
Norepineprhine transporteBI(C6A2 16q12 2 1 1 1
Neuropeptide, feeding & energy regulation

Agouti related proteinAGRP 16922 1 0 2 2
Cannabinoid receptor TNRJ) 6914-15 1 0 4
Cannobinoid receptor ZNR2 1p36 2 1
CholecystokinineCCK) 3pter-p21 2 1

Fatty acid amide hydrolasEAAH) 1p34-35 2 1
Ghrelin GHRL 3p25-26 3 0 2 1
Leptin LEP) 7931 1 0 1 0
Leptin receptorl(EPR) 1931 1 0 1 0
Melanocortin receptor MCR4 18q22 2 0 1 0
Monogliceride lipaseMIGLL) 3p21 1 0
N-acylethanolamine-hydrolyzing acid

amidase NNAAA 4921 1 0
Neuropeptide Y receptor 1IRIPY1R 4931-32 1 0 1 0
Neuropeptide Y receptor S5SRIPY5R 4q31-32 1 0 1 0
Proopiomelanocortind?OMC) 2923 1 0 1 0

16
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Hypothesis based approach Large studies Smaikstud
candidate pathways/genes Position N Signass N &ign
Uncoupling protein 2/3YCP 2/3) 11913 1 0 3 1
Neurogenesis

Brain-derived neuroptrophic factdBDNF) 11p13 5 2 7 4
Neurotrophic tyrosine kinase receptor 2

(NTRK2 9922 1 0 1 1

Other candidate genes
Armadillo repeat gene deleted in VCSF

(ARVCH 22911 1 0

Estrogen receptor ESR) 6925 2 1 1 0
Estrogen receptor EGR2 14q 1 0 3 2
ETS variant gene E=TVH 3928 1 0

Fat mass- and obesity associated gefej 16q12 1 0
Glucosamine-6-phosphate deaminase 2

(GNPDA2 4p13 1 0

Glutamate receptoGRIN2B 12p12 0 1 1
G-protein coupled receptor 56PR55 2937 1 1

Major histocompatibilty complexHLA) 6021 3 1
Mitochondrial carrier homolog B{TCH?2) 11q12 1 0

Neurol growth regulator INEGRY 1p31 1 0

Potassium channeKCNN3 1921 1 0 3 3
Potassium channel tetramerisation domain

(KCTD15) 19913 1 0

SH2B adaptor protein SH2B2 16p11 1 0
Transmembrane protein TBNIEM18 2p25 1 0

Tumor necrosis factoM(\NF) 60921 2 2
Hypothesis free approach Large studies Small ssudi
genes Position N Signass N Signass
Serotonin receptor 1DHTR1D 1p34-36 3 2

Hypocretin receptoH{CRTR) 1p34-36 2 0

Opioid receptor delta-10PRDY) 1p34-36 3 2

A-Kinase anchor protein &KAPH 14q12 1 1

Cadherin 9 CDHY9) 5pl4 1 1

Cysteine- & glycine-rich protein 2 binding

protein CSRP2BI 20p11 1 1

Netrin G1 NTNGJ) 1p13 1 1
Spermatogenesis-associated protein 17

(SPATALY 1941 2 1

Zinc finger protein 804BANF804B 7921 1 1
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This finding could not be confirmed in a secondayaewide association study in
individuals with AN and controls of European ancg§tVang et al., 2010). In this study no
SNP reached genome-wide significance, whereassspcation signals were detected near
genes encoding zinc protein 804B, cysteine- andimgyrich protein 2 binding protein,
netrin G1, a-kinase anchor protein and cadherin 8ddition, the association between
OPRD1and AN was confirmed, while suggestive evidences afatained for involvement

of HTR1Din AN.

Outline of this thesis

This thesis aims to answer the following questions:

1. Is disordered eating behaviour heritable and howmauf this heritability is
independent of BMI?

2. Are the genes encoding serotonin receptor 1D, rsiattrain-derived
neurotrophic factor and tryptophan hydroxylasevdived in anorexia nervosa
and/or eating disorders characterized by self-iadu®miting?

3. Can genetic predisposition to high perfectionisrd ampulsivity explain an
association between the tryptophan hydroxylasen2 gad eating disorders?

Table 1.5 Study populations used in this thesis

Population N Description Thesis question

GenED study 389 Female participants with an eating 2 and 3
disorder (DSM-1V): 182 with AN,
149 with eating disorders
characterized by self-induced

vomiting

Netherlands Twin Registry

(NTR):

Young twins (YNTR) 2702 Adolescent twins and sigkn 1,for2and 3

(956 male twins, 1219 female (399 adolescent
twins, 239 brothers and female twins)
288 sisters)

Adult twins (ANTR) 250 Adult female twins and famil 2and 3
members

Healthy controls:

Questionnaire controls 240 Women without an eatisgrder 3

18
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To answer these questions data from three diffgreptilations were analyzed (see Table
1.5):

The Genetics of Eating Disorder (GenED) study designed and initiated for this
thesis to collect DNA, DSM-IV eating disorder diages and extensive phenotype
information from a large group of participants wéth eating disorder. Participants were
recruited through ten specialist eating disordétsuhroughout the Netherlands. Eating
disorder diagnoses were made by experienced @imdbased on a semi-structured
interview at intake. The phenotype information wamprised of questionnaire data on
eating disorder symptoms and characteristics, iaity and perfectionism for all eating
disorder cases. Furthermore, additional interviad guestionnaire data were collected on
eating disorder features, comorbid psychiatric ists, personality and obsessionality, in a
subgroup of participants who fulfilled DSM-IV crita for anorexia (at least three years) or
bulimia nervosa. First-degree family members frbim group were also approached to
participate in the GenED study.

In the late 1980s The Netherlands Twin RegistdfRNwas established by recruiting
young twins and multiples at birth and by approagladolescent and young adult twins
through city councils (Bartels et al., 2007; Boorasgh al., 2002; Boomsma et al., 2006).
These twins, their parents and siblings particifratengitudinal survey studies concerning
a wide variety of behavioral, psychological andsifyle features, including disordered
eating behavior (for items see Table 1.6), perd@ésim and impulsivity. These phenotypic
data were collected in a large sample of adoleswéns and siblings from the Young
Netherlands Twin Registry (YNTR). In addition, DN#as collected in a subsample of
adolescent female twins. Phenotypic data and DN#p$zs were also available for adult
female twins and family members from the Adult Nethnds Twin Registry (ANTR).

Table 1.6 Disordered Eating Behavior (DEB) items

ltems Question

Dieting Have you ever gone on a diet to lose weighb stop
gaining weight?

Fear of weight gain How afraid are you to gain vaeigr become fat?

Importance of body weight or How important are body weight and/or shape in how

shape on self-evaluation you feel about yourself?

Binge eating Have you ever had episodes of binjagea

The third study population consists of a controluyp of adult women without eating
disorders. This group was recruited through adsemients in magazines and via internet
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websites. Questionnaire data on eating disordepsyms and characteristics, impulsivity
and perfectionism were collected, identical toeh&ng disorder participants and family
members from the GenED study.

In chapter 2 an overview on the state of affairgerietic research on family, twin and
molecular genetic studies in the eating disordsd fup till 2005 is given.

In chapter 3, we evaluated whether the Disord&wgthg Behavior (DEB)-scale, used
in the twin population of the NTR was comparablessen adolescent men and women.
This study provides a comprehensive overview ofdifferent steps in multi-group discrete
factor analyses accumulating into a model of cotepteeasurement invariance with
respect to sex, which were tested for the DEB-scale

In chapter 4 it was investigated what proportibheritability in DEB was attributable
to genetic effects on body mass index (BMI), anétydroportion was independent of these
effects in a sample of twins and non-twin siblifigen the YNTR. A bivariate genetic
analysis of DEB and BMI was conducted to estimagedverlap between both traits and to
disentangle the proportion of covariance due toeshand specific genetic and
environmental factors.

In chapter 5, the association between four cameliganes and two types of eating
disorders (AN and eating disorders characterize8\Wywere evaluated in participants
from the GenED study as cases and random twin-bas®dols from the NTR. Two
candidate genes, namely brain-derived neurotrdalior BDNF) and serotonin receptor
1D (HTR1D were selected because of previous promising &d8nts in eating disorders.
In addition, the genes encoding for tryptophan bygllase 2 TPH2) and stathmin
(STMN2J were selectedlPH2is the rate-determining enzyme in the synthesseoftonin
in the brain (Walther & Bader, 2003)PH2was previously associated with depression and
anxiety (Barnett & Smoller, 2009; Kim et al., 200%ai et al., 2009; Zhang et al., 2006),
which are both highly comorbid with eating disosléBodart et al., 2000; Hudson et al.,
2007; Kaye et al., 2004a; Raney et al., 2088MN1is located under the linkage peak for
AN at 1p33-36. This gene is involved in the contrtbboth learned and innate fear in mice
(Shumyatsky et al., 2005), and fear and anxietggssing in humans (Brocke et al., 2010).
Replication occurred in a meta-analysis with twdiadnal independent eating disorder
case-control samples from Germany and the Nethislagether providing 887
participants with AN, 306 participants with an egtdisorder characterized by SV and
1914 controls.

In chapter 6 we explore the hypothesis TRH2 affects perfectionism or impulsivity
which predisposes to the AN and or SV phenotypst Bi phenotypic analysis was
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performed to confirm the association between pé&diism, impulsivity and eating
disorders, in participants from the GenED study amdntrol group of women without an
eating disorder. Then genotypic analyses were ataduFirst, fouTPH2 SNPs, that were
previously associated to AN and/or SV, were tefteédssociation with perfectionism
and/or impulsivity in twin-based controls from tR&R. The SNPs that showed an
association with perfectionism and/or impulsivitgne subsequently tested for association
with these features in the participants with aimngadisorder.

In the final chapter of this thesis, a concise samny of the main findings is given
followed by a discussion of the results in lightiofitations, clinical implications and
future research plans.
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Chapter 2

Eating disorders: from twin studies to
candidate genes and beyond

This chapter was previously published:
Slof-Op 't Landt, M.C.T., van Furth, E. F., Meuletftbl., Slagboom, P. E., Bartels, M.,
Boomsma, D. I., & Bulik, C. M. (2005Y.win Research and Human Genetics4®&/7-482.



Eating disorders: from twin studies to candidateege

Abstract

Substantial effort has been put into the exploratibthe biological background of eating
disorders, through family, twin and molecular gémstudies. Family studies have shown
that anorexia (AN) and bulimia nervosa (BN) aremsgly familial, and that familial
aetiologic factors appear to be shared by bothrdéss. Twin studies often focus on
broader phenotypes or subthreshold eating disariibese studies consistently yielded
moderate to substantial heritabilities. In addititrere has been a proliferation of
molecular genetic studies that focused on Diagoestd Statistical Manual of Mental
Disorders (DSM-1V, 1994) AN and BN. Seven linkaggions have been identified in
genome-wide screens. Many genetic associationestuidive been performed, but no
consistent association between a candidate genAldma BN has been reported. Larger
genetic association studies and collaborations@eeled to examine the involvement of
several candidate genes and biological pathwagating disorders. In addition, twin
studies should be designed to assist the molewalds by further exploring genetic
determinants of endophenotypes, evaluating the iafgnof contribution to liability of
measured genotypes as well as environmental rigkrarelated to eating disorders. In this
manner twin and molecular studies can move thd f@ward in a mutually informative
way.
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Eating disorders are distinguished into anorexiaesa (AN), bulimia nervosa (BN) and
eating disorders not otherwise specified (EDNO®E @iagnostic features of AN include
severe underweight and an intense fear of gainighw or becoming fat. BN is
characterized by recurrent episodes of binge eatiigcompensatory behaviors. Binge
eating disorder, the most studied form of EDNOS®hiaracterized by the occurrence of
binge eating in the absence of compensatory betsgavio

AN and BN mainly affect young women (90 to 95% ayenerally start during
puberty or early adulthood. The prevalence amongerobetween 15 and 24 years of age
is estimated to be 0.3% for AN and 1% for BN intsttialized countries (Hoek, 1993; Van
Hoeken et al., 1998). Chronicity and mortality atipnts with eating disorders are among
the highest of all psychiatric illnesses (Harrid&rraclough, 1998; Nielsen et al., 1998;
Sullivan, 1995). Long-term follow-up studies showartality rate of 5% per decade.
Mortality from AN is five times higher than in amparable age group (Harris &
Barraclough, 1998). Recent studies show that eften 20 years, 20% of the individuals
continue to fulfil diagnostic criteria for an eajidisorder, while another 30% show partial
symptoms (Steinhausen, 1999; Steinhausen, 2002).

Despite substantial efforts to identify causahpatys for AN and BN, very little is
known about the etiology of eating disorders. Imgitudinal and cross-sectional studies,
several risk factors have been identified, inclgdijender, elevated weight and shape
concerns, negative body image, negative self-etialuand dieting (Jacobi et al., 2004).
For AN, high-level exercise and perfectionism hbeen identified as additional risk
factors.

To explore the role of biology in the etiologyexting disorders, numerous studies
have been performed (for a review see Bulik & Tp2804; Tozzi & Bulik, 2003). Family
studies have been conducted to examine if relati’eatients with AN or BN have an
increased risk for developing an eating disordamify studies cannot distinguish between
the genetic and environmental contribution to féaahaggregation. In contrast, in twin
studies, the similarities and differences betweenarygotic (MZ) and dizygotic (DZ)
twins allow us to delineate the nature and mageitfdgenetic and environmental
influences for a particular trait. In the first §ea, we will review family and twin studies
of AN and BN.

Evidence of heritability justifies efforts to id#fiy genetic loci that influence the risk
for a trait or disorder. The last two decades haiteessed a proliferation of linkage and
association studies of eating disorders. In theoritgjof studies candidate genes were
examined based on their hypothesized functioneretiology of eating disorders. The
second part of this paper focuses on the genelilies of eating disorders.
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Family and Twin studies

All but one of the family studies of AN and BN (Lag et al., 1989) reported increased
rates of eating disorders in relatives of patiéBiederman et al., 1985; Gershon et al.,
1983; Grigoroiu-Serbanescu et al., 2003; Halmi.etl@91; Herpertz-Dahimann, 1988;
Hudson et al., 1987; Kassett et al., 1989; Lilehflal., 1998; Stern et al., 1992; Strober et
al., 1985; Strober et al., 2000; Strober et al012Gtrober et al., 1990). Strober et al. (2000)
performed the most extensive family study in eatisprders, using phenotypes based on
Diagnostic and Statistical Manual of Mental Disagd@lth ed.; DSM-IV; American
Psychiatric Association, 1994) criteria. They conaglethe rate of eating and other
psychiatric disorders in the relatives of 152 fietre AN patients, 171 BN patients and
181 healthy controls. The risk of developing AN wAs4 times increased in relatives of
AN patients compared to relatives of healthy cdetrehereas the risk for BN in relatives
of AN patients was 3.5 times increased. RelatifeBN patients had a 3.7 times increased
risk for developing BN, and a 12.1 times increasskifor developing AN. Not only do
these results suggest that AN and BN are fambiatl also that familial etiological factors
appear to be shared by AN and BN.

The first heritability studies in twins of AN af&8N were clinical case reports and
systematic studies of clinically ascertained twisee the first section in Table 2.1;
(Askevold & Heiberg, 1979; Fichter & Noegel, 199lland et al., 1984; Holland et al.,
1988; Hsu et al., 1990; Nowlin, 1983; Treasure &latud, 1990). The criteria applied to
define AN and BN varied considerably between ttetadies, and none were based on
DSM-IV. Nevertheless, for AN and BN, the concordané¢ MZ twins was greater than for
DZ twins, which was more pronounced in AN. Bulikaét(2000), reanalyzed the clinical
twin studies of BN and fitted a full ACE model (lnding genetic, common environmental
and unique environmental factors) to the data file@se reports. In this analysis,
concordance rates of 46% in MZ and 26% in DZ twawllted in a heritability estimate of
47% (95% confidence interval [CI] 0-66). It is imment to note that clinical cases are
likely to be more severely affected, and may diffem community cases in other ways
that might bias the results of genetic investigati(Kendler, 1993). The results obtained in
clinical studies may therefore not be extrapoldtethe total population of affected
individuals. But they may be suitable in detectingathway which leads to the onset of AN
or BN.

Three different population-based twin registrissesssed AN and/or BN, namely the
Danish Twin registry (DTR; Kortegaard et al., 200he Minnesota Twin Family Study
(MTFS; Klump et al., 2001) and the Virginia Twin gistry (VTR; Bulik et al., 1998;
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Kendler et al., 1991; Kendler et al., 1995; Wadalet2000b; Walters et al., 1992; Walters
& Kendler, 1995). Due to the low prevalence of bAtt and BN, all studies used broader
phenotypes to boost statistical power. The critesied to define these broader phenotypes
varied considerably between registries. Partial DSMnd Diagnostic and Statistical
Manual of Mental Disorders (3rd ed., rev.; DSM{RJ-American Psychiatric Association,
1987) criteria were used in the MTFS and the VT&peetively, whereas the definitions
used in the DTR were not based on DSM criteridlal ke reported prevalence for broad
AN phenotypes ranged from 2.7% to 4.9% (Klump gt20101; Kortegaard et al., 2001;
Wade et al., 2000b; Walters & Kendler, 1995), atteeding the estimated population
prevalence of 0.3% by far. For the broad BN phepmethe prevalences were around 4%
(Bulik et al., 1998; Kendler et al., 1991; Kendétral., 1995; Kortegaard et al., 2001), again
considerably higher than the 1% population prevaden

In the second section of Table 2.1, the bestjitand full twin models of broad AN (if
presented in the original study) are shown. Inktbst-fitting models, the heritability
estimates in the DTR ranged from 48% to 52% (Ka#ed et al., 2001), and in the MTFS
it was estimated at 76% (Klump et al., 2001). MesroWade et al. (2000b) reported a
heritability estimate of 58%, using bivariate asa&ly in the VTR. In all studies, the
remaining variance was accounted for by uniquerenmental factors (Klump et al., 2001,
Kortegaard et al., 2001; Wade et al., 2000b).

The best-fitting and full twin models of broad Bixe listed in the final part of Table
2.1. Both univariate and bivariate twin analysebrmiad BN (Bulik et al., 1998; Kendler et
al., 1991; Kortegaard et al., 2001; Walters etl&192), consistently yielded high
heritability estimates, ranging from 50% (Waltersle, 1992) to 70% (Bulik et al., 1998).
In these studies, individual specific environmegtahponents accounted for the remaining
variance. In a multivariate analysis, examining iBNombination with five other
psychiatric disorders (Kendler et al., 1995), dthbility estimate of 30% for broadly
defined BN was obtained. Shared genetic factore veemtified among BN, phobia and
generalized anxiety disorder.

Statistical power can be enhanced by incorporatirmgoccasions of measurement into
a twin study. Bulik et al. (1998), applied this m&d using data from the first and third
wave of data collection in the VTR to assess BNe Tigdiability between these two
occasions of measurement was lew.28), suggesting that single assessments of the
lifetime history of broad BN are prone to error. &tthe error of measurement was
incorporated into the structural equation twin modéheritability of 83% was estimated
for broad BN.
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o Table 2.1. Twin studies in eating disorders. Bast§ and full twin models are shown including 95%nfidence intervals, when reported in the oribgtadies.

Subject Sample size  Concordance Model Reference e Not
MZ Dz MZ Dz a2 c2 e2
Clinical studies
AN 16 - 0.55 - (Askevold et al., 1979)
24 2 0.59 0 (Nowlin, 1983) Review, criteria lear
16 14 0.72 0.13 (Holland et al., 1984) Femalmadle pairs, Crisp & Russel
(1970)
25 20 0.71 0.10 98 (Holland et al., 1988) Female-female pairs, I€D
(se £12)
34 26 0.68 0.08 100 - - (Treasure et al, 1990) dferfemale pairs, EDE
BN 14 17 0.35 0.29 10 60 30 (Treasure et al., 1990) emdfe-female pairs, EDE
6 2 0.50 0 (Hsu et al., 1990) Female-femalesp&SM-III-R
6 15 0.91 0.42 (Fichter et al., 1990) Femaiade pairs, DSM-III-R
Twin registries
AN 500 440 0.10 0.22 (Walters et al., 1995) VTRy#®/1, clinical broad AN
(broad) 196 105 0.40 0 74 0 27 (Klump et al., 2001) MTFS, DSM-1V, full model
(0-94) (0-65) (6-67)
196 105 0.40 0 76 - 24 (Klump et al., 2001) MTFS, DSM-IV, best-fitting rdel
(35-95) (5-65)
190a 248a 0.18 0.07 48 - 52 (Kortegaard et al.,, 2001) DTR, definition &d®n 1 item,
(.10-.27) (.02-.13) (27-65) best-fitting model
190a 248a 0.25 0.13 52 - 36 (Kortegaard et al., 2001) DTR, definition bhea 2 items,
(.18-.33) (.08-.17) (38-65) best-fitting model
597 433 28 27 45 (Wade et al., 2000) VTR, DSM-III-R, bivariate aysib
(0-82) (0-67) (17-70) major depression, ra=0.81, full model
597 433 58 - 42 (Wade et al., 2000) VTR, DSM-III-R, bivariate ansily
(33-84) (16-68) major depression, ra=0.58, best-fitting

afbanepipued 0] SaIPNIS UIM) WOJ) :SiapJosip Bune]
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BN 590
(broad) 590

590
590

497
497
190a

590

590

590

497

440 0.23 0.09 55 0
440 0.23 0.09 55 -
440 0.26 0.16 38 13
440 0.26 0.16 52 -
354 60 -
354 68 -

248a 0.26 0.11 61 -

(.16-.35) (.04-.17) (44-75)
440 35 22
440 50 -
440 30 41
354 83 -
(64-100)

45
45

50
48

40
32
24

43

50

29

17
(0-36)

TRVwave 1, DSM-1II-Rb, full model
TRYwave 1, DSM-III-RDb,
best-fitting model
(Kendler et al., 1991) VTR, wave 1, DSM-III-Rc, full model
(Kendler et al., 1991) TRyYwave 1, DSM-III-Rc,
best-fitting model
VTR, wayeDEM-111-Rd,
best-fitting model
VTR, wayedBM-111-Rd,
best-fitting model
DTR, best-fittingdab

(Kendler et al., 1991)
(Kendler et al., 1991)

(Bulik et al., 1998)
(Bulik et al., 1998)
(Kortegaard et al., 2001)

VTR, avayDSM-III-Rc, bivariate
analysis major depression, ra=0.26,
full model

VTR, way®SM-IlI-Rc, bivariate
analysis major depression, ra=0.46,
best-fitting model

VTR, evdy DSM-III-Rc, multivariate
analysis, best-fitting model

VTR, wave 1 & 3, DSM-III-Rd,
incorporation of 2 occasions of
measurement, best-fitting model

(Walters et al., 1992)

(Walters et al., 1992)

(Kendler et al., 1995)

(Bulik et al., 1998)

Note: Best-fitting and full twin models are showtluding 95% confidence intervals when reportethoriginal studies.
Affected twin pairs: at least one twin endorsed onmore of the eating disorder questions.

Definition broad BN: definite and probable casesliEded on DSM-III-R.

Definition broad BN: definite, probable and possibases BN based on DSM-III-R
Definition broad BN: all DSM-III-R criteria minugriterion D (minimum frequency of binge eating).
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Due to the low prevalence of AN and BN, and subset]y the small numbers of
affected twins in the VTR and MTFS samples, théstteal power, even when using
broader phenotypes, was far from adequate in ttes@es as reflected in the broad
confidence intervals around the heritability estissgNeale et al., 1994). Although, the
sample sizes in the DTR were much larger, thessitzai power in this study was still
insufficient and the diagnostic criteria suboptimal

In summary, family studies have consistently shdwat AN and BN are strongly
familial. The twin studies in AN and BN are indic@ of a modest to considerable role of
genetic factors in the etiology of broadly defireating disorders, component behaviours,
and related traits. Due to the relatively low ptemae of AN and BN, whether a threshold
DSM-IV diagnosis represents a more heritable phgreothan the broad definition
phenotypes used remains unknown.

Molecular Genetic Studies

Linkage studies

In linkage analysis, the segregation of allelefamilies together with the affected
phenotypes is investigated to localize diseaseggenen general, genes that influence a
quantitative trait (Slagboom & Meulenbelt, 2002¢I&/ant for the studies into AN and BN
are the genome-wide marker data that are usedablist the extent of allele sharing in
AN and BN affected sibling pairs by applying eitllemodel-free or model-based linkage
analysis method. To identify areas of the humarogenthat may harbour susceptibility
loci for AN and BN, genome-wide screens have besacted using polymorphic
markers spanning all chromosomes, in a collabaraifdhe Price Foundation (Bulik et al.,
2003a; Devlin et al., 2002; Grice et al., 2002; &ay al., 2000b; Kaye et al., 2004b).

For AN, probands were included in the study ifythad a lifetime diagnosis of AN,
based on DSM-IV criteria minus criterion D (amethea) with a duration of at least 3
years, whereas relatives of AN probands neededlftth DSM-IV criteria for an eating
disorder (either AN, BN or EDNOS). Using theseeni#, a total of 229 affected relative
pairs were recruited. To provide better identitydegcent (IBD) estimation, DNA was
collected from biological parents where possiblay& et al., 2000b).

The BN probands were required to have a lifetimagmbsis of BN, according to
DSM-IV criteria, purging had to include regular vitimg, and bingeing and vomiting must
have occurred at least twice a week for a duraif@months. To be included in the study,
relatives were required to have a DSM-IV diagnes$ian eating disorder (either AN, BN
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or EDNOS). A total of 365 affected relative pairsresrecruited. Again DNA was collected
from biological parents where possible (Kaye et2004b).

Figure 2.1. Linkage results of the genome-wide sdamrating disorders, with LOD-scored.97.

| Anorexia nervosa restrictive subtype (chromosdnidPL = 3.03, chromosome 4 NPL = 2.44)
Il Anorexia nervosa, drive for thinness and obsessity combined (LOD = 3.46)

Il Anorexia nervosa and obsessionality (LOD = 3.22

IV Bulimia nervosa (chromosome 10 MLS = 2.92, chosome 14 MLS = 1.97)

V  Anorexia nervosa and drive for thinness (LOD 5.

Figure 2.1 shows the linkage regions that wereioéthin genome-wide screens
(linkage scores of 1.97 or greater) performed @séhstudies of AN and BN. In the total
sample of AN affected relative pairs, none of ih&kdge peaks had a nonparametric linkage
(NPL) score above 1.80. Linkage analysis perforingtie restrictive subtype of AN (n =
37 families), however, yielded a linkage peak 8386 (NPL score = 3.03), providing
suggestive evidence and a peak at 4q12-14 (NPle sc@r44; Bergen et al., 2003; Grice et
al., 2002). Within the AN sample, a quantativetti@éus (QTL) analysis was subsequently
performed with drive for thinness and obsessiopélitevlin et al., 2002) that showed three
suggestive linkages on chromosome 1931 (LogariththeoOdds [LOD] score = 3.46 for
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Drive for Thinness and Obsessionality combined},12¢ OD score = 2.22 for
Obsessionality), and 13g13 (LOD score = 2.50 fav®for Thinness), respectively.

For the entire BN sample, three regions of linkesgee reported, significant linkage
was achieved on chromosome 10p13 (nonparametrigpoint maximum LOD score
[MLS] = 2.92), and suggestive evidence for linkagges reported for 10p14 (MLS = 2.70)
and 14qg22-23 (MLS = 1.97). In addition, linkage lgas was performed in a subset of 133
families, in which at least two affected individsi@éported regular vomiting behavior. This
phenotype was chosen because vomiting is associgiied more reliable reporting of BN
(Wade et al., 2000a), and because of its substdwetigability (Sullivan et al., 1998a). The
analysis in this subset did not yield any differagions of linkage, but did increase the
linkage peak on chromosome 10p13 (LOD score = 3.39)

Genetic Association Studies

In a genetic association study, candidate genésthasuggested to be involved in the
pathophysiology of the disease can be investigatetheir role in the onset of the trait. In
such studies, the allele or genotype frequenciesaakers, single nucleotide
polymorphisms (SNP), are determined in affectedviddals and compared to those of
controls (either population- or family-based). Asistion studies are known as an effective
approach to detect the effect of variants withindidate genes with relatively small effects
(Slagbhoom & Meulenbelt, 2002).

A variety of genes have been tested in associatigies in eating disorders. Most
genes can be classified in three main biologicHiyays, namely the serotonin pathway,
the catecholamine pathway, and the pathway invaiveruropeptide and feeding
regulation. The serotonin pathway has been moshénely studied in eating disorders. It
is involved in a broad range of biological, physigital and behavioral functions (Blundell,
1992; Blundell et al., 1995; Halford & Blundell, @@; Lucki, 1998; Simansky, 1996).
Serotonin is involved in body weight regulation andre specifically in eating behavior. In
both rodents and humans, drugs that either directigdirectly increased postsynaptic
serotonergic stimulation routinely decreased thesamption of food (Lucki, 1998;
Simansky, 1996). The serotonin pathway has also imeplicated in the development of
eating disorders (Brewerton & Jimerson, 1996; Kag87; Monteleone et al., 2000;
Weltzin et al., 1994). In long-term weight-recovepatients with AN or BN, levels of 5-
hydroxyindolacetic acid (5-HIAA), a metabolite arstonin, were elevated in
cerebrospinal fluid compared to those of contrilsye et al., 1991; Kaye et al., 1998).
These results suggest that hyperserotonergic gyciva trait marker in eating disorders. It
is hypothesized that increased brain serotoniwigctiould predispose to the development
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of eating disorders. In addition, serotonin migsbacontribute to the psychopathological
features of eating disorders such as perfectionigidity and obsessionality (Hinney et al.,
2000; Kaye, 1997; Kaye et al., 2000a).

Within the serotonin system, the serotonin 2A ptaegene ITR2A has received
most attention in association studiel§.R2Ais regulated by estrogen (Fink & Sumner,
1996), which could render a possible explanatiog 8dto 95% of those affected by AN
are female and why the onset of the disorder ippbkertal. In addition, it has been
reported that recovered patients with AN and BNehaveduceti TR2Areceptor binding
compared to healthy controls (Frank et al., 200&yeKet al., 2001). These findings suggest
that alterations in thelTR2Agene might be involved in the etiology of eatingpdders.

The eating disorder field is characterized bygédormance of many genetic
association studies in small samples that oftesgmtecontradicting results (for references
see Appendix D). In the majority of the studies, ahd BN were diagnosed according to
DSM-IV criteria. The general problem of these stisds their lack of statistical power.
When recalculating the power of these studies,maggpa dominant model with an allele
frequency of .10 and a relative risk of 2, 93%lwf studies (53 out of the 57) do not have
adequate statistical power to detect an effecblitain a power of 80% under these
assumptions, at least 178 cases and 178 conteotequired.

An example of the inconsistency in smaller stuiigbe G-1438A polymorphism in
the promoter region of tHdTR2Agene. In Caucasians, six case-control associstiaties
reported a positive association of the G-1438A palgphism and AN (Collier et al., 1997,
Enoch et al., 1998; Nacmias et al., 1999; Rica.eP002; Ricca et al., 2004; Sorbi et al.,
1998). In these studies, a higher frequency ofh#38A allele and/or —1438 A/A
genotype in anorectics compared to controls, wasrted. However, six other studies, also
performed in Caucasian populations, did not confiris finding (Campbell et al., 1998;
Hinney et al., 1997; Karwautz et al., 2001; Kipnedrl., 2002; Rybakowski et al., 2004;
Ziegler & Gorg, 1999). Finally, two Japanese stadikso did not detect association
between the G-1438A polymorphism and AN (Ando et2001; Nishiguchi et al., 2001).

Meta analyses provide a quantitative approackdanbining results from different
studies on the same topic. Systematic meta-anatgsebe a useful tool in estimating
population-wide effects of genetic risk factordiman disease (loannidis et al., 2001). So
in response to the apparent discrepancies ment@neeke, three meta-analyses have been
performed (Collier et al., 1999; Gorwood et al.020Ziegler et al., 1999). Collier et al.
(1999) conducted a meta-analysis on four assoniatiadies (Campbell et al., 1998; Collier
et al., 1997; Enoch et al., 1998; Sorbi et al.,8)9fh this analysis, a significant association
between the -1438A/A genotype and AN, with an addi® of 2.29, was reported. Ziegler
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et al. (1999) performed a meta-analysis basedxostsdies (Campbell et al., 1998; Collier
et al., 1997; Enoch et al., 1998; Hinney et al97t%orbi et al., 1998; Ziegler & Gorg,
1999) including the four studies used in the fingtta-analysis (Collier et al., 1999), and the
study by Hinney et al. (1997) which did not hawsoamal weight control group. This meta-
analysis did not reveal a significant associatietwieen theHTR2Apromoter

polymorphism and AN. The third meta-analysis (Gord/et al., 2003) was based on nine
studies (Campbell et al., 1998; Collier et al., ;9@noch et al., 1998; Hinney et al., 1997;
Kipman et al., 2002; Nacmias et al., 1999; Nishigut al., 2001; Sorbi et al., 1998;
Ziegler & Gorg, 1999) including the studies usedhi@ meta-analysis by Ziegler et al.
(1999). One of the additional studies was a Jagastesly (Nishiguchi et al., 2001). In this
analysis, the frequency of the —1438A allele ingras with AN was significantly higher
compared to controls.

An important issue concerning the meta-analysedether it is justified to combine
the association studies. First, there is a diffegan the type of control group used. Hinney
et al. (1997) used a group of obese and a groupdérweight participants as the control
group, while all other studies used a normal weggintrol sample. Second, A-allele
frequencies found in the Japanese controls (Nishiget al., 2001), were higher (.54) than
those reported in the Caucasian control sampl8s.48). In addition, the frequencies of the
-1438 A allele in the different Caucasian contarhples shows substantial differences,
ranging from .30 (Ziegler & Gorg, 1999) to .48 (iKipn et al., 2002). The difference of the
-1438 A allele in AN patients is even greater, iagdrom .29 (Ziegler & Gorg, 1999) to
.57 (Sorbi et al., 1998). These fluctuating alfeégjuencies are almost inherent to small
samples because none of the studies are abled@giaccurate estimate of the allele
frequencies in the population.

The performance of these meta-analyses does thenedt appear to solve the problem
of interpreting the excess of these small incoastsassociation studies in AN and BN.
There is still a discrepancy between the resuftd,the choice of study-inclusion criteria
remains arbitrary. A solution to this problem is fherformance of larger genetic
association studies with adequate statistical pawvdetect an effect. Two large
collaborative studies have tested several candghates for association in both AN and BN
(Table 2.2).

Following up their genome-wide screen in AN (Gréteal., 2002), the collaborative
study mentioned previously performed an associaiody focusing on candidate genes
positioned under the linkage peak on chromosom&-B&3(Bergen et al., 2003). For their
association study, three candidate genes weralteataely the serotonin receptor 1D
(HTR1D), opioid receptor delta DPRDJ) and hypocretin receptor HCRTR). The case-
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control study (based on 196 cases, 98 control£&M-IV criteria) yielded a positive
association between oRTR1D(C1080T) and thre©PRD1(T8214C, G23340A, and
A47821G) polymorphisms in AN. The subsequent Trassion Disequilibrium Test
(TDT) analysis confirmed an association only far @PRD1A47821G SNP. However,
after correction for multiple testing only the asistion with theHTR1DC1080T
polymorphism remained statistically significant.

Another large European collaboration testedHfi&2A(G-1438A SNP), the catechol-
o-methyltransferaseCOMT; Val-158-Met SNP), and the brain-derived neurdbtiogactor
(BDNF, C-270T and Val-66-Met SNPs) genes for associdtiaating disorders, defined
according to DSM-IV criteria (Gabrovsek et al., 20Gorwood et al., 2002; Ribases et al.,
2004; Ribases et al., 2005). A significantly highhequency of the Met-66-Met genotype
and the Met-66 allele was reported in both AN amnldases compared to controls (Ribases
et al., 2004; Ribases et al., 2005). None of thergbolymorphisms were associated with
eating disorders, although the TDT analysis didtadan excess of transmission of the -
270C/Met-66 haplotype in tH&BDNF gene in restrictive AN.

There is no overlap between the candidate gendgestin the two collaborations.
Subsequently, the positive results reported forctralidate genes above are promising, but
unless they are replicated in an independent satty@ee is not enough evidence for a
definite association. In addition, the only overtsgiween reported linkage regions and
studied candidate genes is from the study by Beegah (2003). Interestingly, thédTR2A
gene is located near the linkage peak on chromo4@u&3.

In summary, the eating disorder field is charapger by an excess of small genetic
association studies. In order to overcome the probldiscussed above, association studies
should be performed based on large sample sizeauBe of the low prevalence of eating
disorders, it is not an easy task to collect langmbers of patients. The establishment of
more collaborations between centers could helplieeghis problem. Another important
issue is the choice of appropriate candidate genbmlogical pathways. Selection of
candidate genes can be based on their biologinatifitn and/or their location within the
genome. The serotonergic system remains one ohtis¢ intriguing biological pathways
given the role that serotonin plays in appetite mmoad regulation and given the recent
findings from neuroimaging studies (Frank et 2002; Kaye et al., 1998; Kaye et al.,
2001). However, little is known about the biolodiagaderpinnings of eating disorders, and
many other biological pathways may be involved.
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Table 2.2. Candidate gene studies performed bglwatations.

Gene Polymorphism Phenotype N P-value Reference Note
Serotonin
Serotonin Receptor 1D, C1080T AN 196 0.01 (Bergen et al.,OR 2.63, TDT NS
HTR1D, Controls 98 0.01 (geno) 2003) USA, UK and Germany
1p36 A2190G AN 196 NS (Bergen et al.,OR 1.37, TDT 0.04
Controls 98 2003) USA, UK and Germany
T-628C AN 196 NS (Bergen et al.,OR 0.72, TDT 0.01
Controls 98 2003) USA, UK and Germany
T-1123C AN 196 NS (Bergen et al.,OR 0.73, TDT 0.02
Controls 98 2003) USA, UK and Germany
Serotonin Receptor 2 A, G-1438A AN 316 NS (Gorwood TDT and HHRR, France,
HTR2A13q14 (rs6311) (trios) etal., 2002) Germany, UK, Italy and Spain
Catecholamine
Catechol-o-methyltransferaseyYal-158-Met AN 266 NS (Gabrovsek OR 0.98, TDT NS
COMT, 22q11 (rs4680) Controls 418 et al.,, 2004) Austria, Germany, Italy,
Slovenia, Spain and UK
Neuropeptide & feeding regulation
Hypocretin Receptor 1 C1141T AN 196 NS (Bergen Germany, UK and USA
Orexin 1 receptor, (rs1056526)  Controls 98 et al., 2003)
HCRTR1 1p35 A846G AN 196 NS (Bergen Germany, UK and USA
Controls 98 et al., 2003)
A7757G AN 196 NS (Bergen Germany, UK and USA
Controls 98 et al., 2003)
C8793T AN 196 NS (Bergen Germany, UK and USA
Controls 98 et al., 2003)
Opioid receptor delta-1 T80G AN 196 NS (Bergen OR 0.98, TDT NS
OPRD] 1p35 (rs1042114) Controls 98 etal., 2003) Germany, UK and USA
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T8214C
(rs536706)
G23340A
(rs760589)
A47821G
(rs204081)
A51502T
(rs204076)

Other candidate genes

Brain Derived C-270T

Neurotrophic Factor,

BDNF,

11p13-14
Val-66-Met
(rs6265)

AN 196
Controls 98
AN 196
Controls 98
AN 196
Controls 98
AN 196
Controls 98

AN unclassified 98

AN restrictive 347
AN binge/purge 308
BN 389
Controls 510
AN restrictive 219
AN binge/purge 140

AN unclassified 98

AN restrictive 347
AN binge/purge 308
BN 389
Controls 510

AN restrictive 219
AN binge/purge 140

0.045
0.046
0.01

0.03 (geno)
NS

NS

NS

0.0008 (AN vs C; geno)
0.003 (ANr vs C; geno)
0.012 (ANbp vs C;geno)
<0.001 (BN vs C;geno)

0.019
(ANrvs C; HRR)

(Bergen
et al., 2003)
(Bergen
et al., 2003)
(Bergen
et al., 2003)
(Bergen
et al., 2003)

(Ribases
et al., 2004)

(Ribases
et al., 2005)

(Ribases
et al., 2004)

(Ribases
et al., 2005)

OR 1.46, TDT NS
Germany, UK and USA
OR 0.68, TDT NS
Germany, UK and USA
OR 0.61, TDT 0.06
Germany, UK and USA
OR 0.70, TDT 0.06
Germany, UK and USA

France, Germany, Italy,
Spain and UK

HRR /TDT

Austria, France, Germany,
Italy, Slovenia, Spain, UK
OR AN 1.37 (Met-allele)
OR ANr 1.43 (Met-allele)
OR ANbp 1.29 (Met-allele)
OR BN 1.59 (Met-allele)
France, Germany, Italy,
Spain, UK

HRR and TDT

Austria, France, Germany ,
Italy, Slovenia, Spain, UK

2 p_values are reported for the allele-wise assodiatf the polymorphism, unless stated otherwise.
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Discussion

In the last decade, the number of studies focusinthe role of genetics in the etiology of
eating disorders has increased enormously. Thisase has been met by some successes
in molecular genetic studies, although the majaftyesults remain inconclusive. Genome-
wide screens have demonstrated linkage peaks foaNBN on chromosomes 1p33-36,
4913, 10p13, and 14g22-23. Furthermore, one caitdive study has incorporated
behavioral covariates into their linkage analyses identified three additional suggestive
linkage peaks (chromosome 131, 2p11 and 13q13}omfirm the linkage findings,

further replication studies are needed. Landerkamnglyak (1995) propose that the
significant linkage from one or a combination dfial studies should be confirmed in a
further sample, preferably by an independent giafuipvestigators. Since all of the linkage
studies in eating disorders have been performetidgame international multicenter
collaboration, replication in an independent sanipl@arranted.

Many genetic association studies have been coedicteating disorders without any
definite conclusion. Typical of the associationdés in this field are the excess of small,
discrepant studies. In the future, more SNPs shio@ilcheasured per candidate gene to truly
test a gene for association. For example irHfR2Agene, the G-1438A polymorphism
has been tested for association in 15 studies. tyf these studies tested four other
SNPs within this gene for association (Hinney eti97; Nacmias et al., 1999), and none
of the studies examined haplotypes. The only cammfuthat can be drawn from these
studies is that the G-1438A polymorphism is nobaisged with eating disorders however
theHTR2Agene could still be involved. In addition to m&®Ps per candidate gene, more
candidate genes per pathway should also be exaniihedinkage results in eating
disorders should be used more extensively to iffenéw candidate genes and pathways.
Because of the rarity of eating disorders, it iarheimpossible to identify biological
pathways involved in the etiology by utilizing ppestive study designs. The majority of
the current candidate genes and biological pathwagating disorders are adopted from
research in other psychiatric disorders (e.g.s#retonin system in depression and anxiety
disorders). The comorbidity between depressionieayndisorders and eating disorders
appears to have a substantial genetic component(&eet al., 1995; Rowe et al., 2002;
Wade et al., 2000b; Walters et al., 1992), butdliss not necessarily mean that the genes
involved in these disorders will also play a ralAN and BN. Another method of
identifying biological pathways possibly involvedthe etiology of eating disorders is
based on studies of individuals who have recovéred AN and BN.
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One of the most striking features of the famiintand molecular genetic research in
eating disorders is the difference in phenotypesl uis the various study designs.
Practically all linkage and genetic associatiorfts used DSM-IV criteria to define AN
and BN. The strong familiality of the DSM-1V eatidisorders has been demonstrated in
family studies (Strober et al., 2000; Strober et2001). However, twin studies, both
clinical and population-based, have not been abtibtain an adequate number of affected
twins to determine the heritability of eating diders according to DSM-IV criteria. Twin
studies did yield moderate to substantial heriiigb@istimates for the broader eating
disorder phenotypes. However, even when using leroadbre prevalent phenotypes, the
studies were still characterized by low statistjpalver.

One critical question is how best to integratentamd molecular genetic studies when
focusing on a relatively rare phenotype. On onalhthare is interest in determining the
contribution of genetic and environmental factargability to threshold DSM-IV
diagnostic categories. This approach could telWwkisther the threshold diagnoses in some
way represent more genetically homogeneous entitesbroader or subthreshold entities.
Alternatively, greater genetic homogeneity may lpestietermined by focusing more on
component behaviors rather than syndromes. Thew @priori reason to believe that the
DSM diagnostic schema represent more ‘genetic’ gymds than underlying core
behaviors or traits. Indeed, Reichborn-Kjennerual ¢2004b; 2004a) have suggested that
familial resemblance for different symptoms of mik nervosa, as codified by DSM-IV
criteria, may have distinct sources. Binge-eatingd @omiting represent more genetically
mediated symptoms and undue importance of weigahasdicator of self-evaluation
representing a more environmentally mediated sympfichus, our clinically determined
diagnostic criteria may actually represent freglyec-occurring mixtures of genetically
and environmentally influenced symptoms which cquatentially obscure searches for
susceptibility loci.

Moreover, several studies have demonstrated #sepce of an underlying continuum
of liability for eating disorders (Fairburn & Hasan, 2003; Hay & Fairburn, 1998; Kendler
et al., 1991; Sullivan et al., 1998b; Walters & ldkar, 1995), and have indicated that the
diagnostic entities and thresholds of the DSM-IVndo adequately capture the eating
disordered behavior. Thus, both twin and molecgéaretic studies should pay careful
attention to the definition of phenotypes espegiathen dealing with a relatively rare set
of disorders for which the underlying neurobiolagyot yet fully understood.

Moving forward, what additional value might twitudies have in the field of eating
disorders in the age of molecular genetics? Twidiss can be used to identify
heritabilities and genetic determinants (loci) afieg disorder-related phenotypes
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(endophenotypes) and risk factors or intermedibtnptypes for AN and BN. Loci for
eating disorder-related traits can next provide nandidate gene loci to be tested for
association in strict AN and BN phenotypes, apmyancase-control design in collaborative
studies.

The twin study design also enables exploratiogesfe-environment interactions. Most
traditional genetic analyses assume that the sffifagenes and environment are additive
and that the impact of genetic factors is equadsdiverse environments (Kendler, 2001).
However two other forms of the joint effect of gersnd environment in the etiology of
psychiatric illness are also possible: genes magrobsensitivity to the environment and
genes may alter the probability of exposure tormmments (Kendler & Eaves, 1986).
Because of the complex nature of the etiology @ihgadisorders, gene-environmental
interactions are expected. Due to the low prevaerieating disorders, gene-environment
interactions should be explored in endophenotypdsrtermediate phenotypes of AN and
BN.

In conclusion, how can we conduct future studies maximize our chances of
identifying genes and environmental factors thaya role in the development of AN and
BN? First, sample size is of critical importanagle (collaborative) genetic studies should
be conducted. Second, twin studies to identifythbilities and genetic determinants of
endophenotypes, risk factors and intermediate ggpas associated with eating disorders
should be applied. A combination of twin and gemdgsigns may lead to enhanced
understanding of the complex manner in which gamgsenvironment interact to increase
risk for or confer protection against serious psytfc conditions such as AN and BN.
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Sex differences in sum score may be hard to
Interpret: the importance of measurement
Invariance
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Sex differences in sum scores may be hard to irderp

Abstract

In most assessment instruments, distinct itemsl@sgned to measure a trait, and the sum
score of these items serves as an approximatian ofdividual’s trait score. In interpreting
group differences with respect to sum scores,rntbglument should measure the same
underlying trait across groups (e.g., male/femgadeing/old). Differences with respect to
the sum score should accurately reflect differemeéise latent trait of interest. A necessary
condition for this is that the instrumentnieasurement invarianin the current study we
illustrated a stepwise approach for testing measent invariance with respect to sex in a
4-item instrument designed to assess disorder@tydathavior (DEB-scale) in a large
epidemiological sample (1195 men and 1507 women)).approach can be applied to
other phenotypes for which group differences apeeted. Any analysis of such variables
may be subject to measurement bias if a lack obomeanent invariance between grouping
variables goes undetected.
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Questionnaires are often used to assess psychallagid behavioral traits on a quantitative
scale. Well-known examples are the Beck Depredsieentory (Beck et al., 1961),
Eysenck EPQ scales (Eysenck & Eysenck, 1975) aedl¢mperament and Character
Inventory (Cloninger et al., 1993). In these assest instruments, items are designed to
measure an underlying trait or latent (i.e., unolzs#) variable and scores on the items are
summed to derive a total score on the trait ofrede The Diagnostic and Statistical
Manual of Mental Disorders {4ed., American Psychiatric Association, 1994) @iswploys

a weighted sum score in diagnosing psychiatricrdise.

When comparing groups, it is vital that an instemtnmeasures the same underlying
trait across groups (e.g., male/female, young/@dhserved group differences in the sum
scores should accurately reflect group differenaéls respect to the latent variable. A
necessary condition for this is that the instruntisplays measurement invariance with
respect to the groups under consideration (Mellegihel 989; Meredith, 1993). If there is a
sex difference with respect to the latent traitnrabould for example score lower on all the
items of the instrument measuring this trait. lfMe@er, men score lower on all the items
but one, this one item displays differential itaindtioning, and the scale is not
measurement invariant with respect to sex (Dol@np2Mellenbergh, 1989; Meredith,
1993; Millsap & Yun-Tein, 2004). In that case, goadifferences in sum scores reflect, at
least in part, measurement bias. The interpretatiatifferences between groups with
respect to the sum scores thus hinges on the isstaigint of measurement invariance, or at
least on the understanding of the violations, if,af measurement invariance. Ideally,
differences in sum scores should reflect true dhffees in the latent variable that the
psychometric instrument purports to measure.

Measurement invariance can be investigated bgditt measurement model that
relates item scores to the underlying trait(s) semgroups. Several methods have been
suggested for both continuous and categorical bsaDolan, 2000; Mellenbergh, 1989;
Meredith, 1993; Millsap & Yun-Tein, 2004; Muthen&sparouhov, 2002; Muthén &
Muthén, 2005). In the current study we describstepwise approach that was derived
from previous studies to investigate measuremesatriance for ordered categorical items.
Our goal was to provide a comprehensive overviethefdifferent steps accumulating into
a model of complete measurement invariance. Tstilile this approach, we investigated
whether a four item instrument, designed to meadis@dered eating behavior is
measurement invariant with respect to sex. As gatisorders mainly affect young women
(90 — 95% of cases) (Fairburn & Harrison, 2003; Kld®93; Van Hoeken et al., 1998),
one might expect sex differences in the endorseofahe four eating disorder items.
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Multi-group discrete factor analyses were appl@test whether the disordered eating
behavior instrument is measurement invariant vépect to sex.

Method

Participants

All participants were registered with the NethedarTwin Registry, which is maintained at
the Department of Biological Psychology at the Vbikgrsity in Amsterdam (Bartels et
al., 2007; Boomsma et al., 2006). In this study,used data from the 1986-1992 birth
cohorts. In January 2005, questionnaires wereteaadolescent twins (mean age 15.2,
SD=1.3) and their non-twin siblings (mean age 16[32.8). The twins and siblings were
asked to complete a survey containing items relefesreating disorders. Questionnaires
were sent to 2000 families. A total of 2175 twithsif response rate 54.4%) and 527
siblings from 1144 families returned the questiarsméamily response rate 57.2 %). The
total sample consisted of 1195 men and 1507 wo®&f hale twins, 1219 female twins,
239 brothers and 288 sisters, respectively), mgameas 15.53D=1.8).

Measures

Participants filled out a self-report questionnaiomtaining measures of health and
behavior (Bartels et al., 2007; Boomsma et al. 6200he eating disorder section included
four items: 1) dieting (Q: Have you ever gone atied to lose weight or to stop gaining
weight?); 2) fear of weight gain (Q: How afraid g to gain weight or become fat?); 3)
importance of body weight or shape on self-evatua(Q: How important are body weight
and/or shape in how you feel about yourself?);idyd eating (Q: Have you ever had
episodes of binge eating?). Responses were givéreopoint Likert-scales, ranging from
‘never’ to ‘always’ for dieting (DIET), from ‘notfaaid’ to ‘extremely afraid’ for fear of
weight gain (FEAR), from ‘not important’ to ‘mosnportant’ for importance of body
weight and shape on self-evaluation (ISE), and froewer’ to ‘more than once a week’ for
binge eating (BE). For the multi-group confirmatdagtor analyses it was essential that,
for every item, each category was endorsed by ¢pathps. Because none of the men
reported that they were always on a diet, the Foantd fifth categories of the dieting item
were merged. As a consequence, three items withchitegories and one item with four
categories were used in the analyses.
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Data Analysis

We performed multi-group confirmatory factor analgto establish whether the four eating
disorder items formed a uni-dimensional scale,wshéther the scale was measurement
invariant with respect to sex. To conduct a conditony factor analysis, a minimum of
three items is required. Measurement invarianck meéspect to sex held if the probability
of a certain response on a given item was the $anadl participants with the same value
on the underlying trait (disordered eating behalidiB]) regardless of the sex of the
participant. This definition gave rise to a highlynstrained multi-group factor model
(Chen et al., 2005; Meredith, 1993; Millsap & Yueii, 2004). To establish measurement
invariance, we fitted several increasingly resivieimodels derived from approaches
described in previous studies (Dolan, 2000; Melegh, 1989; Meredith, 1993; Millsap &
Yun-Tein, 2004; Muthen & Asparouhov, 2002; Muthérv&thén, 2005), cumulating in
this highly constrained model.

In the first step, a saturated model was fittethtodata simply to obtain estimates of
the item thresholds and the polychoric correlaiorong items. To this end, we assumed
that a latent continuous variable, called the lighiwas underlying the responses to each
discrete item. Assuming the liability underlyingchatem was standard normally
distributed, the discrete responses were modelédris by estimating thresholds on the
standard normal distributions of the liability (8é¢sholds for the DIET item, and 4
thresholds for the other three items). The positiofthese thresholds determined the
marginal response probabilities of each item. Iditawh, the (polychoric) correlations
among the liability underlying the four items wergimated. Thresholds and correlations
were estimated separately in men and women.

In the second model it was tested whether theifeors were uni-dimensional in men
and women. The four continuous latent liabilitiesrgvregressed on a single common
factor, without imposing any equality constraint®onsex. Thresholds in men were
constrained to equal those in the women. By imgp#irs constraint, the thresholds were
estimated on a common metric. The distributiorhefltability for each item was standard
normal in the women as in model 1. In the men tkeams and variances of the liability
underlying the four items were estimated freelyug;hn this step we fitted a single factor
model to the correlation matrix of the liabilitissthe women, and a single factor model to
the covariance matrix of the liabilities in the mémboth sexes, the common factor was
scaled to have a mean of zero and a variance ofi@nestandard scaling constraints in the
common factor model). By estimating all the fadtadings freely, the item reliability in
the women and the men were obtained separatelg. tat these reliability estimates need
not be equal over sex.
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In model 3, the factor loadings were constraireelde equal over sex. This constraint
allowed estimation of the variance of the commarndain one group (men), while
retaining the scaling constraint (variance of faetgual to one) in the other group
(women). We thus allowed for a difference in comnfeetor variance between men and
women. This model included sex differences in #wdual variances of the items, in the
liability means and in the common factor variance.

In model 4 mean liabilities (intercepts) in thelensample were constrained at zero,
and the common factor mean was estimated. As hdfrenean liabilities and common
factor mean were fixed to zero in women. In thepding model the estimated mean in
liabilities in men gave an indication of the sefatiences per item. By fixing these
intercepts at zero in men, while freely estimatimg mean of the common factor, any sex
difference in means of the liabilities was explaity a difference in the mean of the
common factor, i.e. a difference with respect ®lttent variable of interest.

In model 5, we added the final constraint of ‘ingace of residual variances over sex’.
As a consequence, the amount of the variance isgparate items that was not explained
by the common factor was constrained to be equéldrwomen and men. This model
represented full measurement invariance. Noteithiliis model any observed sex
difference in the observed test scores was ataiidetto a difference with respect to the
latent variable that we purported to measure. \Wigipect to the interpretation of sex
differences in test scores, model 5 representeitid@. Model 4 represented a weaker
form of invariance in which sex differences in thsiduals were permitted. Model 4 was
still useful as it allowed us to interpret sex diffnces in the mean scale score as a
manifestation of a mean difference with respechéolatent variable. Weaker forms of
measurement invariance are entertained in thalitex (e.g., model 3: equality of factor
loadings), but we did not consider these to badefit for the interpretation of sex
differences with respect to the test scores (Ménedb93).

All analyses were performed in Mplus 4.0 (Muthe®&parouhov, 2002; Muthén &
Muthén, 2005). Because our sample consisted ofli@nthe individual cases were not
independent. To correct for the effect of this defmnce on the standard errors and overall
goodness of fit indices, we used the Weighted L8gsiare with mean adjusted Chi-square
test statistics (WLSM) in combination with the ‘Cplax’ option in Mplus. The latter
corrects the statistical effect of clustering oa tasults. Rebollo et al. (2006) found this
method to be satisfactory to correct for dependetuyto family grouping.

As suggested by Schermelleh-Engel, MoosbruggeMiikdr (2003), several fit
statistics were used to evaluate the fit of the efgchierarchical Chi-square tests, the
comparative fit index (CFIl), and the root mean sguaror of approximation (RMSEA).
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For the hierarchical Chi-square test, the diffeecbetween the Chi-square test statistics
obtained for each model yielded a new Chi-squahgevaith degrees of freedom equal to
the difference in the number of parameters inWemodels. In the WLSM approach in
Mplus, the reported Chi-squares were mean adjasidda scaling correction factor was
applied for each model. As a consequence, in aliogl the Chi-square difference test,
scaling correction factors had to be entered imoetquation (Asparouhov & Muthen,
2006). According to the principle of parsimony, ratewith fewer parameters are
preferred, if they do not give a significant detesition of the fit. Significance can be
determined on statistical grounds, but in strudtegquation modeling, rules of thumb are
usually used (Schermelleh-Engel et al., 2003). TReranges from zero to one with higher
values indicating better fit; for a good modeltfie CFI should be above 0.97, and values
greater than 0.95 indicate an acceptable fit (Sohbeh-Engel et al., 2003). The RMSEA
is a measure of closeness of fit, and providesasure of discrepancy per degree of
freedom. A value of 0.05 or smaller indicates aelfit, and values between 0.05 and 0.08
indicate an acceptable fit (Joreskog, 1993; Schié&gm&ngel et al., 2003).

There were 257 persons (n=127 men and n=130 wowiemtompleted the survey
twice with an interval of six months. Retest ddtéamed in this group will serve to
estimate stability of the test scores. The religbdf the eating disorder items was
estimated separately in men and women. Polychoriekations between the two occasions
of measurement were calculated for each item udiplgs.

Results

To evaluate how often the different eating disomttitudes and behaviors were endorsed,
we calculated the frequencies of the item scoreatgr than three in the adolescent twins
and their non-twin siblings for the four items. Fadrequencies showed significant sex
differences for three featurgs<0.001). For the DIET item, 0.4% of the men comgdre
3.4% of the women had been on a diet often or awlgw men (1.3%) reported being
very or extremely afraid to gain weight or becomie(FEAR). In women this item was
endorsed more often with 8.7%. A large proportibbath men and women reported that
“their body weight and or shape played an importatg in how they felt about
themselves” (ISE). The frequency of this featurs w@.9% in the women compared to
26.8% in the men. No sex differences were foundHerBE item, 5.1% of the women and
5.5% of the men reported having binge eating egisad least once a week.

In model 1 polychoric correlations among itemg] #re thresholds for each item were
estimated per sex. These are reported in TableSgll to moderate correlations between

49



Sex differences in sum scores may be hard to irderp

the items were found in both sexes. Although thgmitade of the correlations differed
between groups, similar patterns were observedtiwéhhighest correlation between DIET
and FEAR and the lowest between ISE and BE. Theslimids of the liabilities represent
the cut-points of the response categories in theesponding ordinal items on a sex-
specific z-scale. The mainly positive thresholdfidate that the majority of women and
men did not engage in eating disordered behavimtfoa attitudes.

Table 3.1 Correlations and thresholds for womenraad (saturated model).

DIET® FEAR ISE” BE®
Correlation8
DIET® 1.00 0.59 (0.52,0.66) 0.39 (0.30,0.48) 0.41 (@.30,)
FEAR® 0.53 (0.38,0.67) 1.00 0.59 (0.54,0.64) 0.33 (@24,
ISE? 0.27 (0.13,0.40) 0.39 (0.29,0.48) 1.00 0.27 (0.B®)
BE® 0.22 (0.03,0.41) 0.20 (0.06,0.34) 0.16 (0.06,0.27) 1.00
Women
Threshold 1 0.68 (0.57,0.78) -0.43 (-0.52,-0.33) .541(-1.68,-1.40) 0.64 (0.54,0.74)
Threshold 2 1.36 (1.24,1.49) 0.67 (0.57,0.77) -@-6666,-0.46) 1.12 (1.00,1.23)
Threshold 3 1.83(1.66,1.99) 1.36 (1.24,1.49) Q®34,0.32) 1.63 (1.48,1.78)
Threshold 4 - 2.13(1.93,2.33) 1.88 (1.70,2.06) 821087,2.29)
Men
Threshold 1 1.62 (1.44,1.80) 0.72 (0.60,0.83) -@-246,-0.83)  0.95 (0.83,1.07)
Threshold 2 2.29 (2.02,2.56) 1.71 (1.52,1.89) -@-0®0,0.001) 1.27 (1.13,1.40)
Threshold 3 2.64 (2.25,3.02) 2.24 (1.97,2.51) 0688,0.69) 1.60 (1.44,1.76)
Threshold 4 - 2.71 (2.28,3.14) 1.94 (1.73,2.15) 711868,2.06)

3The correlations in the women are listed abovedthgonal, the correlations in the men are listddve¢he
diagonal. Numbers in parentheses represent 95%deock intervals.

The thresholds are estimated on a sex-specifiae.sc

PDIET: Dieting

° FEAR: Fear of weight gain

¢|SE: Importance of body weight or shape in selilaation

¢ BE: Binge eating

In Table 3.2, fit statistics of the nested modetsgiven. Model 2, which tested
whether one factor could account for the corretetiamong the four eating disorder
variables, fitted significantly worse compared todel 1 according to the chi-square.
However, both the RMSEA and the CFI indicated adgfitoof this model. The parameter
estimates of model 2 are presented in Table 3.8 fa¢tor loadings of DIET and BE were
comparable between men and women. On the other, Hanéhctor loading in the men for
FEAR was higher and for ISE was lower comparedh¢ovtomen. The least reliable item
was BE, while the FEAR item had the highest relighi
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Table 3.2 Model fit statistics

Model y2 df CFI® RMSEAP CM°® Ay2% Adf® p
Model 1 (saturated) 0.00 0 1.00 0.00 - - - -
Model 2 (one factor model) 3798 11 0.99 0.04 1 987. 11  0.0001
Model 3 3562 14 0.99 0.03 2 2.32 3 0.51
Model 4 101.07 17 0.96 0.06 3 50.99 3 0.0001
Model 5 246.53 21 0.90 0.09 4 99.57 4 0.0001

(full measurement invariance)
& CFI: Comparative Fit Index
P RMSEA: Root Mean Square of Error of Approximation
¢ CM: Compared to model
4 Ax2: Chi-square test statistic between two modelssaedi for scaling correction factor
¢ Adf: degrees of freedom for the Chi-square diffeestast

The estimates of the mean liability in men wetesighificantly lower than zero. As
these means were fixed to zero in the women, vabksihed, as expected, that the men
scored lower than the women on all eating disoitdens. The estimated variances of the
liability of FEAR, ISE, and BE were significantlymaller than one in the men. The
variances were fixed at one in the women.

Table 3.3 Parameter estimates for model 2 in timale reference group and the male group.

DIET® FEAR ISE® BE°
Women
Factor loading  0.68 (0.60, 0.75)  0.88 (0.81, 0.94) 0.66 (0.59, 0.72)  0.44 (0.35, 0.52)
Mean 0 0 0 0
Variance 1 1 1 1
Reliability 0.46 0.77 0.43 0.19
Men
Factor loading 0.69 (0.35, 1.03) 0.97 (0.71, 1.24) 0.55 (0.41, 0.70) 0.45 (0.19, 0.71)
Mean -1.11 (-1.83,-0.39) -1.30 (-1.56, -1.05) 40(40.57, -0.31) -0.84 (-1.28, -0.40)
Variance 0.91(0.59,1.24)  0.84(0.70,0.98)  0®3Y,0.93)  0.65 (0.50, 0.79)
Reliability 0.48 0.94 0.30 0.20

Numbers in parentheses represent 95% confidenervais for the factor loadings and residual varsnc
2DIET: Dieting

® FEAR: Fear of weight gain

¢ ISE: Importance of body weight or shape in setfteation

9 BE: Binge eating

The Chi-square test statistic suggested sometigiolaf uni-dimensionality (model 2).
But because both the RMSEA and the CFl indicatgdaal fit, the invariance of factor
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loadings across sexes was tested next. For thiglmaltithree fit statistics indicated a good
fit. The estimate of variance of the common fagtlisordered eating behavior (DEB)) in
the male group was 0.96. Given the 95% confidentaval (Cl) of 0.62 and 1.30, we
concluded that the variance was not significaniffecent between the men and women in
model 3.

In model 4, the mean of the liabilities were coaisted to be zero in men (as they were
in women). The mean of the common factor was fixezero in the women, as before, and
estimated freely in the men. This model did notdity well in comparison to model 3. The
Chi-square test statistic indicated a significamityrse fit for this model. However, the fit
was acceptable according to the RMSEA and the T#d.estimated common factor mean
in the men was -0.99, which differed significarfigm zero (95% CI -1.18 - -0.80). In
other words, the mean of DEB was lower in men ithamomen (factor mean fixed at
Zero).

Because the fit of model 4 was acceptable basédeoRMSEA and the CFl, the final
model of complete measurement invariance was telstedis fifth model, the residual
variances were also constrained to be equal atrtesgoups. The Chi-square statistic
indicated deterioration in fit compared to modelmaddition, the CFl and the RMSEA
indicated a bad fit. This implied that the eatingpdder items were not fully measurement
invariant with respect to sex. The variances prieseim Table 3.3, give an indication of
which item might be underlying this bad fit. Theiaace of BE showed the largest
deviation from 1, suggesting that the greatesediffice between both groups in residual
variance was observed for this item.

Finally the stability of the item responses arel B total score were considered.
The four eating disorder items were moderatelyighll correlated over a period of six
months. The polychoric correlation was 0.59 (95%0@2B-0.89) for DIET, 0.75 (95% CI
0.59-0.90) for FEAR, 0.56 (95% CI 0.41-0.71) foElSnd 0.74 (95% CI 0.55-0.93) for
BE in men. In women, the polychoric correlation a5 (95% CI 0.60-0.89) for DIET,
0.67 (95% CI 0.55-0.79) for FEAR, 0.43 (95% CI 0@®39) for ISE, and 0.58 (95% CI
0.42-0.74) for BE.

Discussion
In most assessment instruments, distinct itemsl@sgned to measure a trait, and the sum
score of these items serves as an approximatian ofdividual’s trait score. The

interpretation of differences between groups wétspect to these sum scores hinges on the
establishment of measurement invariance. Ideaiffigrdnces in sum scores should reflect
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true differences in the latent variable that thgchsmetric instrument purports to measure.
If there is a lack of measurement invariance, grdifferences in sum scores reflect, at least
in part, measurement bias.

We described a stepwise multi-group confirmataigtdr analysis to investigate
measurement invariance for categorical items vé#ipect to a grouping variable.
Previously, several methods have been reportezstddr measurement invariance both for
continuous and categorical items (Dolan, 2000; &fddergh, 1989; Meredith, 1993;
Millsap & Yun-Tein, 2004; Muthen & Asparouhov, 2Q02uthén & Muthén, 2005). All
these methods cumulated in an identical highly taimed model in which strict factorial
invariance, or complete measurement invariance tesied. However, the number and
order of the constraints in the intermediate mod#fered between the reported methods.
In contrast to previous studies, our analysis bédyyafitting a saturated model to the data,
to obtain estimates of the polychoric correlatiomag items and the thresholds for each
item. The second model, which tested for uni-din@rality of the items, was more
comparable to the baseline models described by gtbeps (Millsap & Yun-Tein, 2004;
Muthen & Asparouhov, 2002; Muthén & Muthén, 2008}hough there was a difference in
the constraints. In our model, thresholds were traimed across groups, while factor
loadings were estimated freely. This enabled wzatoulate the reliability of the separate
item scores. Means and variances of the liabiliewvided insight in the between-group
differences. In the third model, both item threslschnd factor loadings were constrained to
be equal across groups. The between-group diffessimcthis model were represented by
the residual variances of the items, the liabitityans and by the common factor variance.
In addition to the previous constraints, the lidpineans were constrained at zero in all
groups in model 4. Within this model, any groudeati&énce in the means of the latent
indicators would be explained by a difference ia thean of the common factor. This
model represented a weaker form of invariance iithvbroup differences were permitted
in the residuals, and was similar to the third naldscribed by Millsap et al. (2004). The
final model of strict factorial invariance, addée tconstraint of invariance of residual
variances over groups; i.e. the amount of the magan each item that was not explained
by the common factor was constrained to be equéldrgroups.

The method was illustrated by investigating whethecale comprised of four eating
disorder items was measurement invariant with re@gpesex. The model of full
measurement invariance with respect to sex (modeli® not fit the data well. If this
model had fitted, the probability of a certain r@sge on a given item would have been the
same for all participants with the same value enuhderlying trait (DEB) regardless of the
sex of the participant. However, this was not thgec The underlying common factor might
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not be the only source of difference between tikesevith respect to the four items. The
sum score based on the four eating disorder itberefore cannot be taken to represent
exactly the same underlying trait in men and wonTdis means that sex differences in this
sum score might be due to measurement bias inefeattue difference in the underlying
trait.

What implication does this finding have for existieating disorder measurement
instruments? We acknowledge that a scale consisfifmur items might not be ideal to
measure the underlying latent trait in eating disos. However, in large epidemiological
studies such as becoming common for gene findimgt Scales might be a requirement to
obtain phenotyping in sufficiently large samplesththe selection of the items we have
tried to capture a variety of eating disorder syonmg. Three of the items (FEAR, ISE and
BE) used in this study are based on eating disandteria from the Diagnostic and
Statistical Manual of Mental Disorders"(@d., American Psychiatric Association, 1994).
The fourth item (DIET) has been identified as agpotisk factor (Jacobi et al., 2004).
However, one eating disorder symptom, compensd@inavior, is missing in our
assessment instrument.

There has been a lot of debate about whethergedisorders are dimensional like
proposed in the “continuum of eating disorders’iffiarn & Harrison, 2003; Hay &
Fairburn, 1998), or whether they are discrete symes (Williamson et al., 2005). Some
studies suggest that eating disorders can be ctuadized as having at least two latent
features (Williamson et al., 2002; Williamson et 2005); binge eating, and general
psychopathology. Accordingly, the FEAR, DIET, aisElitems would load on one factor,
and the BE item would load on a second factor. ddreelations presented in Table 3.1,
however, show substantial correlations between Cd&d BE, especially in women (0.41).
Bulimic behavior has been correlated with dieting &ody concerns in several other
studies (Williamson et al., 2005), although thisretation appears to exist exclusively in
nonclinical samples. Since our sample is also roicell, this may be the cause of the high
correlation between DIET and BE. Hence, the fastarcture discussed above might not be
suitable in nonclinical groups. On the other hahd,low reliability of the BE item and the
fact that the variance of this item showed thedatgleviation from one in model 2, might
be supportive of the two factor structure undedyéating disorders. However,
investigating partial measurement invariance byttimg the final constraints on the BE
item did not lead to a model of strict factorial@amiance for the remaining three items.

The finding of a lack of strict factorial invaries in the 4-item DEB scale might not
generalize to existing eating disorder scales. Hewehis form of measurement invariance
has never been tested in the eating disorder fidgdahy studies have used both exploratory
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and confirmatory factor analysis to test whethestéxg measurement instruments have the
same factor structure across, for example, diftergres of patients, and different ethnic
groups, and to establish different factors withatireg disorders (Calugi et al., 2006;
Fernandez et al., 2006; Hrabosky et al., 2008;dtex., 2007; Peterson et al., 2007,
Varnado et al., 1995; Wade et al., 2008a; Williamsbal., 2002; Williamson et al., 2005).
Until now, only one study has investigated measemrequivalence (Warren et al., 2008).
Warren et al. tested for the equivalence of faldtadings for the Body Shape Questionnaire
in American and Spanish women with and without @aimeg disorder diagnosis. For a
subscale of 10 items, the constraint of invariaetdr loadings fitted the data well.
However, because the intercepts were not consttamequivalence in this study, the
scores in the different groups may not have theesamgin (Chen et al., 2005). Thus,
differences on factor means between groups colllhstcaused by measurement bias.

The responses to the four eating disorder itenms Veérly stable over a six month
period, with correlations ranging from 0.43 for I88he women to 0.75 for FEAR in the
men and DIET in the women. The prevalence for tHETDFEAR, and BE item were low
to moderate. The prevalence of ISE was substantigiher. Comparable rates were found
in other population-based studies in adolescerttsthe exception of the DIET item, which
had a lower prevalence (Kjelsas et al., 2004; NeksBatainer et al., 2007; Rowe et al.,
2002; Silberg & Bulik, 2005). Because of the lowlersement rates of dieting in the men,
we had to merge the fourth and fifth category far DIET item. As a consequence, the
number of response frequencies differed betweefotireitems. This difference in
response categories does not appear to impactshéts. When all items are merged into
four or even three categories, the same results feend throughout the different steps of
the confirmatory factor analyses. Comparable cafi@ts, thresholds and factor loadings
for the four items were found. In addition, the rabof weak measurement invariance
(model 4) remained the best-fitting model.

The framework we presented in this paper can sss\@valuable tool for examining
the psychometric qualities of other interviews guoéstionnaires with respect to sex. In
addition, other kinds of grouping variables (egp devel of education) can also be studied
using this method. An advantage of our approatheisit provides a better understanding
of the consequences of the different constraintsmualel. As a consequence, it gives a
better insight into the violations of measuremenariance, and the underlying causes of
this measurement bias. It is essential to testnesisurement invariance before sum scores
or scale scores are used to compare groups. Tihid @nly the case in the eating disorder
field, but applies to other fields of research &l.w

55






Chapter 4

Genetic influences on disordered eating
behavior are largely independent of BMI
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Genetic influences on disordered eating behavidrEivil

Abstract

Introduction Prior studies suggest eating disorders and eklgiaracteristics are
moderately to substantially heritable. We are sdérd in identifying genes underlying
disordered eating behavior (DEB), and want to kinaw much of the genetic influence
underlying DEB is attributable to genetic influesam BMI.

Method Bivariate analyses were performed, in adolesteints and siblings from the
Netherlands Twin Registry, to estimate the gerseiit environmental contributions for
DEB, BMI and their overlap.

Results Shared genetic risk factors explained the ovearktveen BMI and DEB (genetic
correlation was 0.43 in women, 0.51 in men). DEB Waghly heritable in women
(a°=0.65; &independent of BMI=0.53) and moderately heritahlenen (4=0.39; &
independent of BMI=0.29). BMI was highly heritatileboth men (520.76) and women
(a°=0.80).

Conclusion The entire correlation between DEB and BMI waglaixed by shared genetic
risk, but the majority of genetic influences on D&Bre due to genetic effects independent
of BMI.
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Despite substantial efforts to identify causal pats for anorexia and bulimia nervosa,
very little is known about the aetiology of eatutigorders. In longitudinal and cross-
sectional studies, several risk factors have baentified, including gender, elevated
weight and shape concerns, negative body imagatinegelf-evaluation, dieting and
childhood obesity (Jacobi et al., 2004).

Various family and twin studies have been perfatrimeexplore causes of individual
differences in the development and stability ofreptlisorders, a variety of eating disorder
symptoms, and related characteristics. In populatiased twin studies, the heritability
estimates for these different phenotypes in woraeged from zero to 0.82, but on average
a moderate heritability of around 0.40 was estichgBulik et al., 1998; Bulik et al., 2003b;
Bulik et al., 2006; Holland et al., 1988; Keski-Rahen et al., 2005; Klump et al., 2000;
Klump et al., 2003; Neale et al., 2003a; Reichbi¢mnerud et al., 2003; Reichborn-
Kjennerud et al., 2004b; Reichborn-Kjennerud et2004a; Rowe et al., 2002; Rutherford
et al., 1993; Slof-Op 't Landt et al., 2005; Sullvet al., 1998a; Wade et al., 1998). In men,
heritability estimates ranged from 0 to 0.51, védthaverage heritability estimate of 0.20
(Keski-Rahkonen et al., 2005; Reichborn-Kjennerual.¢ 2003; Reichborn-Kjennerud et
al., 2004b; Reichborn-Kjennerud et al., 2004a; Retval., 2002). Only one study focussed
on the overlap between eating attitudes, behavidbedy weight in adolescent female
twins (Klump et al., 2000). This is an interestmgerlap to investigate, since body weight
might be a risk factor for the development of egtiisorders (Jacobi et al., 2004).

We herein report the results of a bivariate tviirdg on disordered eating behavior
(DEB) and body mass index (BMI) in a Dutch popuatsample of adolescent male and
female twins. To overcome the drawbacks and limoitest of the previous studies (such as
small sample sizes, inadequate power, and thefussegorical data; e.g. see (Slof-Op 't
Landt et al., 2005, review)), we used a large samptwins and siblings aged 11-18 years.
DEB was measured in a more continuous fashion. feuws on different eating disorder
features were used to calculate a sum score. Ttieras used in this study are based on
eating disorder criteria from the DSM-IV (1994).€Mfourth item, dieting, was added to
assess an important risk factor for the developrokaetting disorders (Jacobi et al., 2004).
Prior work has shown that these four items coulddsounted for by one underlying latent
factor in a confirmatory factor analysis (Slof-@handt et al., 2009). However, the DEB
items were not measurement invariant with resgesek, indicating that this scale might
not measure the same trait in men and women (Stof-Candt et al., 2009). Therefore the
genetic analyses were performed separately in meémamen.

The aim of the current study is to investigate houch of the heritability in DEB is
attributable to genetic effects on body mass in@tl), and how much of it is
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independent of these effects. Because we woulddikgentify genes that influence DEB in
the future, investigating the overlap between DEB BMI may shed some light on
possible biological pathways involved in DEB. Wefpemed a bivariate analysis using
both traits, to estimate the overlap between DESBBNMI and to disentangle the proportion
of variance due to shared and specific geneticeawdtonmental factors.

Materials and methods

Sample

All participants were registered with the NethedaTwin Registry (NTR), kept by the
Department of Biological Psychology at the VU Uniity in Amsterdam. Young twins
(YNTR) are registered at birth by their parentspvalne approached through 'birth
felicitation' services. During the first years béir lives the parents are the primary sources
of information on their development. Twins are gatézed by birth cohort and data
collection is cohort driven. Nationwide data colien of all families is by mailed surveys.
Parents of twins receive questionnaires when tins are aged 1, 2, 3, 5, 7, 10, and 12
years of age. At ages 7, 10, and 12, teacher dat@so collected, after written permission
is given by the parents. When the twins are 14ah6,18 they receive a self report
questionnaire, used in the current study (Bartiedd.£2007; Boomsma et al., 2006). For
this study data from the 1986-1992 birth cohortsewesed. In January 2005, questionnaires
were sent to 14-, 16- and 18-year old twins ani tien-twin siblings. The twins and
siblings were asked to complete a survey contaiitérgs relevant for eating disorders.
Questionnaires were sent to 2000 families. A tot&1131 twins and 517 siblings from

1121 families returned the questionnaire (famipanse rate 56.1 %).

Zygosity was determined for 461 same-sex twinsplayr DNA analysis or blood group
polymorphisms. For all other same-sex twin paiygosity was determined by discriminant
analysis, using longitudinal questionnaire itemgreement between zygosity assignment
by the replies to the longitudinal questionnaird apgosity determined by DNA
markers/blood typing was around 93% (Rietveld £t24100).

The final sample consisted of 474 monozygotic tpairs (194 male (MZM) and 280
female (MZF) pairs), 310 dizygotic twin pairs (1d@le (DZM) and 170 female (DZF)
pairs), and 45 incomplete twin pairs (22 men anav@fen). The sibling group was
comprised of 69 brothers and 115 sisters.
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Measures

The Dutch Health Behaviour Questionnaire is a ghbrt instrument containing direct
measures of several health and behavior featurésiding a number of eating disorder
characteristics and self report of height and weiBased on the self-reported height and
weight, the body mass index (BMI = weight [kg] idte® [m]) was used as a measure of
relative body weight in this study.

The eating disorder section included four item)digting (have you ever gone on a
diet to loose weight or to stop gaining weight?)fear of weight gain (how afraid are you
to gain weight or become fat?); 3) importance afjpweight or shape on self-evaluation
(how important are body weight and/or shape in gowfeel about yourself?); 4) eating
binges (have you ever had eating binges?). Respovese given on a five point scale. The
scores on the four items were summed to calculatedered eating behavior (DEB). If
one of the four eating disorder items was misding,sum score was also missing.

Prior work has shown that these four items coeléicounted for by one underlying
latent factor in a confirmatory factor analysisofSDp 't Landt et al., 2009). In comparing
groups or parallel use of data from different gmwguch as men and women, it is
important that an instrument measures the samelyimdgelatent (unobserved) trait in
these groups. Observed group differences in thessames should accurately reflect group
differences with respect to the latent variableekessary condition for this is that the
instrument displays measurement invariance witpaeisto the groups under consideration
(Mellenbergh, 1989; Meredith, 1993). Formally, measnent invariance requires that the
distribution of the item scores, conditional onyotile trait score equals the distribution of
the item scores, conditional on both the trait sa@nd group membership. If for example
men score lower on average on one item than wonitbouwt actually scoring lower on the
total scale (underlying trait), this item is sadddck measurement invariance. In that case,
observed group differences in sum scores mighbeaaused by true differences in the
underlying trait, but by measurement bias. Pria@gses have shown that the four eating
disorder items were not measurement invariant ragipect to sex. This implies that the
sum score based on these items cannot be takeesenp exactly the same trait in men and
women. Therefore all analyses were performed seggia men and women.

Statistical Analyses

Age-effects for both DEB and BMI were expected (juet al., 2000; Schousboe et al.,
2003), therefore we first calculated the correlaibetween both traits and age in the two
sex groups. For the descriptive statistics, westbathether the means and variances for
DEB and BMI were equal between the twins and sjglim men and women.All analyses
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were performed using the software package Mx (Negdd., 2003b). The means were
corrected for age in all genetic analyses.

In the next step, the phenotypic correlation bet®EB and BMI was calculated.
Subsequently we calculated twin correlations, teilsliing, and cross-twin/sib cross- trait
correlations. The correlations provide an initraication of genetic and environmental
effects on DEB, BMI, and their overlap. By constiag the DZ twin correlations and the
twin-sib correlation to be equal the presence specific twin environment is tested.
Monozygotic (MZ) twin pairs are genetically (negrigientical, whereas dizygotic twin and
sibling pairs share on average 50% of their sedireggenes. Therefore, if the MZ twin
correlation is substantially larger than the DZrtwaind twin-sib correlations genetic
influence is implied. Shared family environmentadtbrs (for example religion,
socioeconomic level and parenting style) will m&keily members relatively more similar
and will create differences between families. & MZ and DZ twin correlation are similar
and both statistically significant, shared enviremtal influence is suggested. Finally, the
importance of non-shared environmental influene@eslze seen from the extent to which
the MZ twin correlations differ from one. This inénce stands for the impact of all
environmental factors influencing only one of thént pair (for example iliness, trauma or
relationships with peers). In addition, the pattefieross-twin cross-trait correlations for
MZ twins and DZ twins and siblings indicates to whatent the covariance between the
traits is influenced by genetic or environmentahponents. Finally, if a twin specific
environment is implied if DZ twin correlations asignificantly higher than twin-sib
correlations.

The Cholesky Decomposition or triangular decompasi is used for the bivariate
genetic model fitting. The Cholesky decompositi@s@mposes the phenotypic statistics
into genetic, shared environmental, and nonshamedaanmental contributions. In other
words the pattern of the factor loadings on theriagenetic and environmental factors
reveals a first insight into the etiology of cowaries between DEB and BMI. Since the
saturated model is fully parameterized, it yiekis best possible fit to the input matrices.

The bivariate Cholesky decomposition model comrtaitwo latent factors for A, C and
E respectively (per individual), of which the varizs were constrained to be one. In
Figure 4.1 the path diagram of this model is sho@arrelation coefficients are represented
by curved lines with an arrow at each end. Withtwia- or sibling pair the C component
for a trait is identical for each member (correatcoefficient of one), the E component is
uncorrelated. A on the other hand, is identicalNia twins but the correlation is 0.5 for
DZ twins or sibling pairs. BMI loaded on the fitatent factors A, C and E.
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Figure 4.1. The bivariate Cholesky model for BMU4DEB, represented for a twin or sibling pair. @ation
coefficients are represented by curved lines witlamow at each end. Variance in each phenotypssismed to
be determined by the additive combination of thagent factors: additive genetic effects (A), sklare
environmental effects (C) and nonshared environatefifects (E). BMI loaded on the first latent fart A, C and
E. The additive genetic, shared environmental amsinared environmental variance in DEB scores are
partitioned into those components attributablénogenetic and environmental effects on BM, (@1, &1) and
residual components that are independent of thetigesnd environmental effects of BMb{acy,, €5).

The phenotypic variance for BMI is representedhsysum of squared estimates of factor
loadings (i.e., (8% + (cii’) + (e.Y)). DEB loaded on both factors, and the sum of the
squared factor loadings (i.e.ofat &,°) + (1’ + GyY) + (&41° + &) represented the
phenotypic variance for this trait. The heritalyilitf BMI and DEB will be estimated by:

&aw = an”/ (3112 + 00+ e112)
&pes = (612124' 3222) / (3212 + @ O G+ &+ 9222)

When multiplying the factor loadings on the filgient factors (i.e., (@x @1) + (¢11 X
Co1) + (&1 X &1)), the covariance between BMI and DEB is derivigalsed on the
covariance, genetic and environmental correlatimiaieen the two traits can be calculated
(see below).

63



Genetic influences on disordered eating behavidrEivil

Genetic correlationgE (a1 X &1 ) / (Vay” X V(e + &)
Common environmental correlation: (Ci1 X G1) / (Vo112 X V(Cor® + GpY)
Unique environmental correlation:¥ (a1 x &1 ) / (Ve x V(e + &)

Based on the estimated heritability for DEB arglgkenetic correlation, the heritability
estimates for DEB dependent on BM},(aand independent on BMI£&) can be
determined by:

81 =g X (81 + &) =g X Bes
82 = &es — (19 X @es)

We fitted models by the method of maximum likebldao data from all twins and
siblings, separately in women and men, beginnirt wifull bivariate ACE model.
Subsequently, parameters(a,;, &1,) were dropped from the model to test if the
covariance between traits can be attributed toeshgenes ¢g,) or overlapping C or E
influences. Twice the difference in log-likelihobdtween two models yields a statistic that
is asymptotically distributed as a Chi-square stiatwith degrees of freedom equal to the
difference in the number of estimated parametetsariwo models. This statistic can be
used to test the tenability of the constraints eissed with the more constrained model.
According to the principle of parsimony, modelsiwié¢wer estimated parameters are
preferred if they do not give a significant deteaitton of the fit p>0.05)..

Based on the twin and twin-sibling correlationsreated in this study, we performed
power analyses in Mx. We calculated the power d$ofte the significance of the different
paths of A (a,a1,&,) and/or C (€,C,1,Cy0) in a bivariate model with a significance lewel
of .05 for the phenotypes (DEB and BMI). In additiove calculated the statistical power
to test whether the genetic correlation betweernloephenotypes was statistically
different from one or zero in the bivariate modehenetic correlation of one indicates that
identical genes are underlying the genetic infleemie the traits. A genetic correlation of
zero, means that genetic influences on the tredgtscdally independent from each other.
This analysis was based on the results of thébfudlriate model.

Results

Based on the independent analyses in women andremits for women and men are
presented separately.
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Table 4.1 Descriptive statistics for DEB and BMWomen (upper part) and men (lower part) per zygosi

DEB BMI
N Mead Var Min Max N Mead Var Min Max

Women

MZF firstborn 280 8.0 6.1 40 18.0 266 20.1 8.4 21434.6
MZF second born 278 7.7 6.2 40 170 268 19.7 7.4.7136.4
MZF sister 64 8.2 55 40 160 61 209 8.8 14.0830.
DZF firstborn 172 7.9 57 40 16.0 169 20.3 8.3 514327
DZF second born 173 7.9 6.1 40 190 169 202 7851332
DZF sister 49 8.1 78 40 150 47 205 8.3 13.7929.
Men

MZM firstborn 194 6.3 34 40 13.0 183 20.0 8.43.0 34.0
MZM second born 190 6.3 34 4.0 120 190 19.7 6.3.1134.0

MZM brother 41 6.6 46 40 140 40 209 8.2 16.2.634
DZM firstborn 145 65 3.0 40 13.0 140 19.7 5.6 11530.3
DZMsecond born 141 6.3 25 40 120 139 193 3188 26.2
DZM brother 26 57 20 40 100 26 21.2 59 157 28.4

MZF = monozygotic females, DZF = dizygotic females

MZM= monozygotic males, DZM= dizygotic males

# Unadjusted means, in the analyses means weretedijios age

® The mean for both DEB and BMI of the DZM brothesss not equal to the means in the remaining males.

Women

In the women both BMI and DEB showed a significemtrelation with age, r=0.27 (95%
Cl1 0.19-0.34) and r=0.14 (95% CI 0.06-0.21) respebt. BMI and DEB scores increased
with increasing age. The descriptive statisticsttierfemale sample are presented in the
upper part of Table 4.1. Means (adjusted for ag®),variances of DEB and BMI were
equal in the female twins and sibling&E 5.54;p= 0.70). The phenotypic correlation
between BMI and DEB was 0.32 (95% CI 0.25-0.38)@men. Table 4.2 displays the
correlations and cross-correlations for BMI and DBB/Z twins, and same-sex DZ
twins/twin-sibling pairs in the women. All the Mbrelations, both cross-twin and cross-
twin cross-trait, were substantially higher thaa BZ/twin-sibling correlations. In other
words, genetic influence is implied in DEB, BMI,cathe overlap between these traits. DZ
twin correlations and twin-sibling correlations tbe constrained to be equgf¢=
26.72;p=0.08).

65



Genetic influences on disordered eating behavidrEivil

Table 4.2 Correlations and cross-correlations fBBland BMI in monozygotic twins, and in same-sezydotic
twins or twin-sibling pairs. Women are presentethmupper part of the table, men in the lower.part
Mz DZ | same-sex siblings
DEB BMI DEB BMI
Women DEB 0.67(0.60, 0.72) 0.21(0.10, 0.32)
BMI 0.29(0.20, 0.37) 0.80(0.76, 0.84) 0.15(0.07,0.24) 0.30(0.19, 0.40)

Men DEB 0.38(0.26, 0.49) 0.25(0.12, 0.37)
BMI  0.24(0.15, 0.33) 0.76(0.70,0.81) 0.23(0.13,0.32) 0.34(0.21, 0.45)
95% confidence intervals are shown in parentheses

In Table 4.3, the parameter estimates and fiissitzd for the full model and the best-
fitting model, from the bivariate twin analysese @resented. The AE model, with genetic
influences explaining the overlap between BMI ariEB0&,;) gave the best fit to the data.
Both BMI and DEB were highly heritable in women.€eTtotal phenotypic correlation
between BMI and DEB was due to shared geneticénftes with angrof 0.43 (95% CI
0.34- 0.52) in women.

Table 4.3 Fit statistics and parameter estimatéiseofull and best-fitting model of bivariate Chsitg analysis of
BMI and DEB in female same-sex twins and siblings.
Fit statistics

=212 df Ay?®  AdfC
ACE; 9034.13 1983 - -
d12 Ci2 G2
AE; aj, 9035.54 1987 1.42 4

& c e

BMI DEB BMI DEB BMI DEB
ACE; 0.80 0.65 0.00 0.00 0.20 0.35
ain Cip @, (0.71,0.84) (0.55, 0.71) (0, 0.08) (0, 0.08) (0.16, 0.25) (0.29, 0.42)
AE; aj, 0.80 0.65 - - 0.20 0.35

(0.75, 0.84) (0.58, 0.71) (0.16, 0.25) (0.29, 0.42)

95% confidence intervals shown in parentheses

2-2ll: -2 log likelihood

P Ay% Chi-square test statistic between two models

¢ Adf: degrees of freedom for the Chi-square diffeestast

For the women, the statistical power to test lier significance of the different paths of
A (a11,81,&7) was 1.00 in the bivariate analyses. In addittbe,power to test whethey r
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was significantly different from zero or one, wasoal.00. This means that we had
sufficient power to decompose the variance andrianvee in BMI and DEB.

Men

The correlation between age and BMI was 0.35 (95%.25-0.42) in men, between age
and DEB a non significant correlation of 0.08 (98%6-0.01-0.16) was obtained. In the
lower part of Table 4.1, the descriptive statistasthe male sample are listed. Not all
means of DEB and BMI were equal between twins dslthgs. The mean of DEB was
lower, while the mean of BMI was higher in the DAivbthers compared to the other male
twins and siblings)fs = 8.33;p= 0.22). In the subsequent analyses, we therefee u
different means for the DZM brothers.

The phenotypic correlation between BMI and DEB @&8 (95% CI 0.21-0.36). The
lower part of Table 4.2 displays the correlationd aross-correlations for BMI and DEB in
MZ twins, and same-sex DZ twins or twin-siblingnga@stimated in the male sample. The
correlations for BMI and DEB were substantially lieg in the MZ than in the DZ/twin-
sibling pairs in men. The cross-twin cross-traitretation, however, was quite similar in
the MZ and DZ/twin-sibling pairs. DZ twin correlatis and twin-sibling correlations could
be constrained to be equaf,,= 26.52;p= 0.09).

Table 4.4. Parameter estimates and fit statisfitiseofull and best-fitting model of bivariate Cleky analysis of
BMI and DEB in male same-sex twins and siblings.

Fit statistics

2112 df Ay AdFC
ACE; 6023.62 1440 - -
i Ci2 €12
AE; ai, 6026.35 1444 2.72 4

& c? 3

BMI DEB BMI DEB BMI DEB
ACE; 0.69 0.21 0.07 0.16 0.24 0.35
ais Cip @, (0.520.79) (0.00, 0.45) (0, 0.23) (0, 0.37) (0.19, 0.30) (0.29, 0.42)
AE; ai, 0.76 0.39 - - 0.24 0.35

(0.70, 0.81) (0.28, 0.49) (0.19, 0.30) (0.29, 0.42)

95% confidence intervals shown in parentheses

2-2ll: -2 log likelihood

P Ay% Chi-square test statistic between two models

¢ Adf: degrees of freedom for the Chi-square diffeestast
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For the bivariate Cholesky decomposition analyges AE model with genetic
components explaining the overlapJagave the best fit to the data. In Table 4.4, the
parameter estimates as well as the fit statistiesreentioned for the full and best-fitting
models in the male sample. DEB was moderatelydidetin men, whereas BMI was a
highly heritable trait. The total phenotypic coatédn between BMI and DEB was due to
shared genetic influences with grof 0.51 (95% CI 0.37-0.64) in men.

The statistical power to test for the significan€¢he different paths of A (@a1,a,)
was 1.00 in the male sample. However, the powssbwhethersbetween BMI and DEB
was statistically different from one was only 0.8#iile the power to test if,was
significantly different from zero was 0.99 in th& Anodel. This means, that we had limited
power to estimate the size giiccurately.

How much of the genetic influence on DEB is inddpahof BMI?

In both women and men the estimated genetic coimeiindicated that about half of the
genetic factors that influence BMI also influencER But what does this mean for the
heritability? How much of the heritability estimateDEB is attributable to genetic
influences on BMI, and how much is independent®Based on the genetic correlation we
can calculate the heritability of DEB independeing@netic influences on BMI. For women
this leads to a heritability estimate of 0.53,lie men an independent heritability of 0.29
was obtained. These results show that the majofigenetic influence on DEB is
independent of genetic influences on BMI.

Discussion

Twin-, cross-twin, and twin-sibling correlationglinated that a large part of the variance in
both DEB and BMI was explained by genetic factars] that genetic components were
underlying the overlap between DEB and BMI in womEme bivariate analysis showed
that DEB is a highly heritable trait in womerf£8.65) and moderately heritable in men
(a°=0.39), whereas BMI is highly heritable in both wem(#=0.80) and men ¢z0.76). In
addition, additive genetic factors were respondibtehe total overlap between the two
characteristics, yielding a genetic correlatio®@f3 in women and 0.51 in men. Despite
the overlap between BMI and DEB, the majority &f tenetic influences on DEB were
due to genetic effects that are independent of BMifomen as well as men.

Klump et al. (2000) used a bivariate Cholesky degosition analysis to examine the
genetic and environmental contributions to BMI aeéeral scales from the Eating
Disorder Inventory (EDI) in adolescent female twilrsthis study heritability estimates
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ranged from 0.02 to 0.45 in 11-year old twins, riP to 0.63 in 17-year old twins for the
EDI scales, and from 0.78 to 0.84 for BMI in bothylear and 17-year old twins. Genetic
correlations between 0.38 and 0.97 in 11-yearwidst and between 0.33 and 0.60 in 17-
year old twins were estimated for BMI and the d#fat scales of the EDI. Despite the
difference in age and the use of different assessmstruments, our results in the women
were comparable to the estimates in the 17-yeatvofts from this study. In addition,
results from the current study are comparable tdt gpulation-based univariate twin
studies that have investigated genetic and envieotah contributions to BMI (Schousboe
et al., 2003), and eating disorder related charatits (Bulik et al., 1998; Bulik et al.,
2003b; Bulik et al., 2006; Holland et al., 1988;sKeRahkonen et al., 2005; Klump et al.,
2000; Klump et al., 2003; Neale et al., 2003a; Retcn-Kjennerud et al., 2003;
Reichborn-Kjennerud et al., 2004b; Reichborn-Kjeodeet al., 2004a; Rowe et al., 2002;
Rutherford et al., 1993; Sullivan et al., 1998a;d&&t al., 1998).

The majority of the variance in DEB was explaifgdgenetic factors in women, while
unique environmental factors had the largest imibgein men. Since eating disorders are
more common in women, items used to asses sym@ath&eatures related to these
disorders are also mainly developed for women. Sdae we used might not be measuring
the same underlying trait in men and women (Slof{Qandt et al., 2009), the differences
in heritability estimates between the sexes irctireent study can therefore be indicative of
a true difference in disordered eating behaviot,nbight also be due to measurement bias.
None of the previously performed twin studies ex@ng eating disorder related
characteristics (Keski-Rahkonen et al., 2005; Rmch-Kjennerud et al., 2003; Reichborn-
Kjennerud et al., 2004b; Reichborn-Kjennerud et28l04a; Rowe et al., 2002) in both men
and women, have tested whether the items usedés Hse phenotype measured the same
trait in both sexes. As a consequence it is n@rdfehe reported differences and
similarities between male and female heritabilgjimates are due to measurement bias or
true sex differences in disordered eating behavior.

The genetic correlation of 0.43 in women and Grbrhen obtained in this study,
indicates that approximately 50% of the genetitdiecthat influence BMI also influence
DEB. Because DEB and BMI are related with eachrpibgould be interesting to
disentangle the direction of causation of the @mbetween these characteristics. Genetic
influences on for example metabolism may be caosakight gain that eventually leads to
disturbed eating behavior. Genetic influences oBDEay alternatively be causal to a
disturbed eating profile, leading to fluctuationsaeight. Eventually we would like to
identify genes that are underlying DEB. Therefave,are planning to test the causal
hypothesis in future studies, to further clarife tnderlying aetiology of the overlap
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between BMI and DEB. Several approaches can ba takdisentangle the direction of
causation, for example phenotypic causation mo@aiéy & Martin, 1994; Heath et al.,
1993) and the co-twin control design (Cederlofletl®77; Kendler et al., 1993). The first
method is a nested model of the bivariate Cholelgpmposition, in this approach the
correlated traits need to have different modesloéiitance. In the co-twin control design
relative risks for DEB would be compared betweerelated individuals discordant for
BMI, DZ twins discordant for BMI, and MZ twins dismdant for BMI.

The power analysis revealed that our sample sazesufficient to detect genetic and
shared environmental effects on BMI and DEB (bahehdent and independent from
BMI) in men and women. Our female sample size alas sufficient to estimate the
genetic correlation between BMI and DEB corredtiythe men, we had limited statistical
power to estimate this correlation. The small dédfece between the cross-twin cross-trait
correlations in the male MZ and DZ/twin-sib paies/g a first indication for this lack of
power. As a consequence, there is a possibilitytiheaoverlap between BMI and DEB is
not solely due to genetic factors in men, but tmhmon environmental factors also play a
role.

A concern with regard to our study is the selectbthe eating disorder features, and
the comparability of this phenotype with other &sd Three items used in this study are
based on DSM-IV (1994) criteria for eating disoglérhe fourth item, dieting, was added
to assess an important risk factor for the devetaptrof eating disorders (Jacobi et al.,
2004). Within the eating disorder field a broadietyrof assessment instruments is used to
assess eating disorders and eating disorder-rgdaubtypes. A majority of these
assessment instruments is based on DSM-IV critieiégating that our broad phenotype is
probably fairly comparable to these phenotypes. él@n, one eating disorder symptom is
missing in our phenotype, namely compensatory hiehaieritabilities of 0.50 for
compensatory behavior in 17-year old female twitlarfip et al., 2000) and 0.70 for self-
induced vomiting in adult female twins (Sullivanagt, 1998a) have been found. Based on
these findings, the inclusion of compensatory b&hravn our phenotype might not
influence the results found for the women in therent study. However, we do not know
what the consequences for the heritability estimatéhe men would be, especially since
significant gender differences have been reporea fvariety of compensatory behaviors
like self-induced vomiting, laxative use and fagt{i\nderson & Bulik, 2004).

The current study provides further evidence tlgiegic components are underlying
disordered eating behavior in both men and womart.d? these genetic components are
influencing both BMI and disordered eating behawuhile the majority of genetic effects
influencing disordered eating behavior is independé the genetic effects that influence
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BMI. In future studies, we hope to identify genleattare involved in this eating disorder
phenotype by performing genetic association studies
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Association study in eating disorders: TPH2
associates with anorexia nervosa and self-
iInduced vomiting
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Abstract

Twin studies suggest that genetic factors playbstsuntial role in anorexia nervosa (AN)
and self-induced vomiting (SV), a key symptom tisaghared among different types of
eating disorders. We investigated the associati@b ingle nucleotide polymorphisms
(SNPs), capturing 71 to 91% of the common variana@andidate genes stathmBITMNJ

, serotonin receptor 1DHTR1D), tryptophan hydroxylase 2PH2) and brain-derived
neurotrophic factorBDNF), with AN and eating disorders characterized by SV

First, allele frequencies of all SNPs were compédretiveen a Dutch case group (182 AN,
149 eating disorders characterized by SV) and @dfrals. Associations renderiipg
values <0.05 from this initial study were thenéglstor replication in a meta-analysis with
two additional independent eating disorder casd¢robsamples, together providing 887
AN patrticipants, 306 participants with an eatingodder characterized SV, and 1914
controls. A significant effect for the minor C-d#eof TPH2rs1473473 was observed for
both AN (OR=1.30, 95% CI 1.08-1.53<0.003) and eating disorders characterized by SV
(OR=1.52, 95% CI 1.28-2.04<0.006). In the combined case group a dominantetfias
observed for rs1473473 (OR=1.38, 95% CI 1.16-1p86,0003). The meta-analysis
revealed that th€PH2 polymorphism rs1473473 was associated with a highkrfor AN,
eating disorders characterized by SV and for tmeldned group.
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Eating disorders (ED) are debilitating diseaseb Wigh chronicity and mortality rates
(Crow et al., 2009; Steinhausen, 2002; Steinha&séfeber, 2009). Genetic influences
appear to be considerable for ED, with heritab#isfimates ranging from 28 to 83% in
women (Bulik et al., 2006; Slof-Op 't Landt et £005). A common and frequently
occurring symptom in individuals with ED is selfdinced vomiting (SV). This symptom
was associated with greater clinical severity (B&kave et al., 2009; Reba et al., 2005),
and also appears to be heritable (8-72%) (Sullataad., 1998a; Wade et al., 2008b).

Despite the multitude of performed molecular gengtudies in ED, no specific genes
have been definitively implicated as causal, altioseveral promising candidate genes
exist (Scherag et al., 2010; Slof-Op 't Landt gt2005). To retain adequate statistical
power we selected four of these candidate genestdor association in a case-control
design. The selected genes were serotonin receépt@iTR1D), tryptophan hydroxylase 2
(TPH2), stathmin §TMNJ and brain-derived neurotrophic fact®@{NF).

HTR1DandTPH2belong to the serotonin pathway. Serotonin is lvegin a broad
range of functions, including body weight regulatieating behavior and mood (Lucki,
1998). Furthermore, the functional activity of $erotonin system appears to be altered in
both current as well as recovered ED patients {&hdt al., 2010; Kaye, 2008; Kaye et al.,
2005a).HTR1Dis located under the linkage peak for anorexiaosa (AN) at 1p33-36
(Grice et al., 2002), and was significantly assecldo AN in two independent studies
(Bergen et al., 2003; Brown et al., 2006PH2 encodes the rate-determining enzyme in the
synthesis of serotonin tryptophan hydroxylase elihain (Walther & Bader, 2003), and
was previously associated with depression and gnfarnett & Smoller, 2009; Kim et
al., 2009; Tsai et al., 2009; Zhang et al., 2006).

STMN1is also located under the linkage peak for restacAN (Grice et al., 2002),
and was associated to fear processing and anxridtyth mice and humans (Brocke et al.,
2010; Shumyatsky et al., 2005).

Finally, the involvement dBDNF in ED was reported by two large collaborative
studies, that showed an association between ANrenflinctional Val-66-Met
polymorphism (Ribases et al., 2004; Ribases e2@05). This finding was replicated by
some but not all subsequent studies (Scherag, &0d10).

In general, consistent associations in the EDQI &k lacking, possibly due to small
sample sizes and the limited number of polymorphiassessed (Scherag et al., 2010; Slof-
Op 't Landt et al., 2005). In the current studysetected 25 tagging SNPs across the four
genes and tested them for association with AN (IiFB8d participants (N=149) with an
ED characterized by self-induced vomiting (SV). Regtion occurred in a meta-analysis
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with two additional independent ED case-control glas from Germany and the
Netherlands together providing 887 AN cases, 30&&3és and 1914 controls.

Methods and Materials

Participants
This study was approved by each national ethicawittee. All participants (and if
underage, their parents) gave written informed ents

Three hundred and eighty nine female ED patiest®wecruited through ten specialist
ED units throughout the Netherlands (the GenEDtudl participants fulfiled DSM-IV
(Diagnostic and Statistical Manual of Mental Disensi4" edition) criteria for an ED, made
by experienced clinicians based on a semi-strudtinterview at intake, and via the self-
report eating disorder examination questionnailER; Fairburn & Beglin, 1994). For
AN, criterion D - amenorrhea for three consecutienths- was discarded because some of
the participants despite having AN continue to nresage (for example, due to treatment
with oral contraceptives). Of the 389 cases, 182I&d the DSM-1V criteria (excluding
criterion D) for AN. Based on the EDEQ (q14: Ovee past 28 days, how many times
have you made yourself sick (vomit) as a meansnofrolling your shape and weight?) and
assessment interviews (current and past slef-imbuomiting), we defined a subgroup of
ED cases (N=149) who reported regular self-induaaditing (SV). Frequencies of mean
rates of self-induced vomiting were 30% 2 to 8 srper month, 40% 8 to 20 times per
month, and 30% more than 20 times per month. Raatits with SV fulfilled the following
DSM-IV diagnoses AN (N=64), boulimia nervosa (N=2#)d ED not otherwise specified
(N=11) (see Table 5.1). Thus the two groups wertypaverlapping, with 64 participants
belonging to both groups.

Random controls come from the population-basetiétiztnds Twin Registry (NTR),
which was established in the late 1980s at the Vivéfsity in Amsterdam, the
Netherlands. Data on the multiples (twins or tiigleand their families have been collected
every two to three years in longitudinal surveydsts (Boomsma et al., 2002). Subsamples
of the multiples were invited to participate in exipnental and laboratory studies and
donate their DNA (Boomsma et al., 2006). For theent study, one woman per family
served as control, yielding a control group of @@related women (Middeldorp et al.,
2010).

For the meta-analysis additional sample collestiaere used from Essen (The
EDNET and Essen study, Germany) and Utrecht (Thaediands) (see Table 5.1). The
EDNET and Essen sample consisted of 420 femaleipamts with AN according to
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DSM-IV criteria and 189 normal weight controls (@&n and 114 women; females with
ED were excluded) (Muller et al., 2008). The Utrtesdimple consisted of 481 female
participants diagnosed with an eating disorder, Z&%icipants fulfilled DSM-IV criteria

for AN and 157 participants reported regular setfticed vomiting. These two groups were
partly overlapping, with 56 participants belongiogooth groups. As a control population
measured and imputed genotype data from the fecoaleol group of the GAIN GWA
study were used (Boomsma et al., 2008). This gooupprised 1118 unrelated female
participants from the NTR who were at low liabilftyr major depressive disorder. The
GAIN control group was independent of the initial Rl control group.

Table 5.1 Cases and controls

DSM-IV Eating disorder diagnosis
Cases and controls Total Age Overlap AN-R AN-BP AN-P BN EDNOS
N (SD) AN&

YY)

GenED

NTR Controls 607 254
(13.6)

GenED AN 182 287 64 108 35 39 - -
(9.9)

GenED SV 149 289 64 - 29 35 74 11
(9.9)

EDNET-Essen

EDNET-Essen Controls 189 24.6
(2.5)

EDNET-Essen AN 420 214 - 152 N.A. N.A. - -
(9.1)

Utrecht

Gain GWA NTR Controls 1118 44.0
(13.7)

Utrecht AN 285 229 56 213 N.A. N.A. - -
(4.8)

Utrecht SV 157 238 56 - N.A. N.A. 37 63
(5.7)

AN= anorexia nervosa, AN-R= anorexia nervosa rastrg type, AN-BP= anorexia nervosa binge purdiyyue,
AN-P= anorexia nervosa purging type (without biegéing), SV= eating disorders characterized byisdiiced
vomiting, BN=bulimia nervosa, EDNOS=eating disoeleot otherwise specified, N.A.=data not available
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SNP selection and genotype measurements

Genomic DNA was isolated from buccal swabs fordhge group from the GenED study
and for part of the NTR control group (39%). Fog EDNET-Essen, and the Utrecht
samples, genomic DNA was isolated from blood sample

Table 5.2 Selected SNPs per candidate gene

Gene SNP Remarks
STMN1  rs12037513 The 3 SNPs genotyped capture
rs807055 11 out of 12 (91%) alleles of
rs807062 STMN1 afr=0.8
HTR1D  rs605367 The 2 tagging SNPs (rs676643
rs6300 and rs674386) genotyped
rs676643 capture 9 out of 10 (90%)
rs674386 alleles of HTR1D &t¥=0.8
TPH2 rs10748185 The 10 SNPs genotyped
rs2129575 capture 108 out of 148 (72%)
rs17110489  alleles of TPH2 4t+=0.8
rs7305115
rs1007023
rs4760820
rs1473473
rs3903502
rs12231356
rs4474484
BDNF rs7124442 The 8 SNPs genotyped capture
rs6265 38 out of 53 (71%) alleles of
rs11030107 BDNF af »=0.8
rs7103873
rs11030123
rs17309930
rs2049048
rs1491851

HTR1DSNPs were selected based on previous associatidiesin AN (Bergen et
al., 2003; Brown et al., 2006). FBDNF, STMN1 andTPH2tagging SNPs were selected
from HapMap Public Release #19 applying the efficimultimarker method wittf#0.8
and minor allele frequency (MAF)>0.05 as implemedritethe HapMap web browsers
(http://www.hapmap.org; de Bakker et al., 2005) oTaf the selecteHiTR1D SNPs

78



Chapter 5

(rs676643 and rs674386) were also present as g&diPs in the HapMap database. In
Table 5.2 the selected SNPs and coverage rateapdidate gene are listed.

Multiplex genotyping assays were designed usingppdesigner software
(Sequenom, San Diego, CA). SNPs were genotypedasg spectrometry (the
homogeneous MassARRAY system; Sequenom, San D@#oiising standard conditions.
PCR reactions were carried out in a final volumé @fl and contained standard reagents
and 2.5 ng of genomic DNA. Genotypes were assitpyaasing Genotyper version 3
software (Sequenom, San Diego, CA).

Genotype call rates for each multiplex were chdakizhin the cohorts. Samples with
call rate <75% were excluded from further analyedahe datasets. Success rates of the
SNPs ranged from 97.9 to 100% for the GenED casepgrand from 87.3 to 100% for the
NTR control group. Between 6 and 10% of the sampie® genotyped in duplicate and
checked for concordance. Duplicate genotyping eatas were 0.07% in the case group,
0.2% for the control sample.

For the GAIN GWA controls, genomic DNA was isolhfieom blood samples.
Individual genotyping was conducted by Perlegerizs (Mountain View, CA, USA)
using a set of four proprietary, high-density ofigoleotide arrays (Sullivan et al., 2009).
SNPs were imputed by Abecasis’ MACH (v1). For tmputed SNPs the average
maximum posterior probability was calculated. Tinisasure represents how much
uncertainty there is for the imputation of each SNiRging from 0 (high uncertainty) to 1
(low uncertainty).

Statistical analyses

They ? test for Hardy-Weinberg equilibrium (HWE) was adlted in the NTR controls
using the HWE program of LINKUTIL_(http://linkageckefeller.edu/ott/linkutil. ht

To investigate the association of the 25 SNPs fimum candidate genes we applied a two-
stepped approach. First, allele frequencies foBMIPs were compared between cases from
the GenED study and controls from the NTR. SNPsshawed nominal significant
associationf<0.05) with either AN or SV in the first step, weested for replication in a
meta-analysis with the two additional independaseecontrol samples (EDNET and
Essen, and Utrecht).

Differences in allele frequencies were comparetitasted for significance by
Pearson’s chi-square test with SPSS version 1®%addt(SPSS, Chicago, IL). For the
meta-analysis, the fixed- and random-effects mofiBlerSimonian and Laird
(DerSimonian & Laird, 1986) was used to estimat@mmary odds ratio’s (ORs), as
implemented in R_(http://www.r-project.orgdackage meta). The heterogeneity was
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quantified using the 12 statistic for inconsisteifejggins & Thompson, 2002) and its
statistical significance was tested with j2edistributed Cochran Q statistic (Lau et al.,
1997). F describes the proportion of variation that is keily to be due to chance and is
considered large for values over 50% (Higgins & fbson, 2002). Two tailepkvalues
are reported for all analyses.

Power calculations were performed in Quanto veri@.4 (2009). Instead of
adjustingp-values a priori for multiple testing, nomiralalues are provided in order to
allow the reader to interpret the level of sigrafice. The results from the final analyses
were corrected for multiple testing by using arifdce developed by Nyholt (2004),
available at http://genepi.gimr.edu.au/generalfdé&PSpD/ Given the fact that the
linkage disequilibrium (LD) structure among the SN#as not independent, adjusting the
p-value for the actual number of tests would be lgvaringent and result in a loss of
power. With this method thevalues were therefore adjusted for the estimatedber of
independenSNPs tested. Calculation of the number of indepen8BlPs (also called the
effective number of SNPs; i was based on the number of eigenvalues ofi tha
correlation matrix of allele frequencies of SNPggsquation 5 by Li and Ji (2005).

Results

SNP association analysis

In the NTR control group none of the SNPs reveale@parture from HWE$0.01).
Depending on the MAF of the SNP, this initial stdthd adequate power (85% power at an
alpha level of 0.05, log-additive or allelic moded)detect effects sizes ranging between
1.45 and 1.8 for AN and ranging between 1.48 a8#8 for SV.

The results of the association analysis in thigalrstudy (GenED cases and NTR
controls) are presented in Table 5.3. A nominatificant associationp<0.05) was
observed foTfPH2rs1473473 in AN as well as SV. This SNP was foddwup in the
meta-analysis.

Exploratory association analyses were performebterrestricting type AN subgroup
(N=108) of the GenED study and the NTR controlse Tésults of these analyses are
presented in supplementary Table S5.1. No sigmifiaasociation was observed for any of
the 25 SNPs
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Table 5.3 Minor allele frequencies (MAF) for eaddFSin cases of the GenED study and NTR controls

Control AN SV
DNA (n=607) (n=182) (n=149)
Gene  Position SNP change  MAF MAF X?> p MAF X2 p
STMN1 1.p36.11 rs12037513 A>G 0.35 0.32 0.33
rs807055 C>T 0.43 0.39 0.37 3.14 0.08
rs807062 G>C 0.25 0.26 0.24
HTR1D 1.p36.12 rs605367 T>C 0.31 0.33 0.33
rs6300 A>G 0.10 0.10 0.07
rs676643 G>A 0.16 0.15 0.16
rs674386 G>A 0.29 0.30 0.30
TPH2 12.9g21.1 rs10748185 G>A 0.49 0.45 0.46
rs2129575 G>T 0.26 0.25 0.24
rs17110489 T>C 0.26 0.27 0.24
rs7305115 G>A 0.41 0.41 0.41
rs1007023 T>G 0.12 0.15 0.16 3.38 0.07
rs4760820 C>G 0.43 0.40 0.38 2.84 0.09
rs1473473 T>C 0.14 0.18 4.26 0.04 0.19 4.82 0.03
rs3903502 C>T 0.39 0.42 0.41
rs12231356 C>T 0.08 0.05 3.41 0.07 0.07
rs4474484 G>A 0.35 0.36 0.37
BDNF 11pl4.1 rs7124442 T>C 0.33 0.29 0.28
rs6265 C>T 0.19 0.19 0.20
rs11030107 A>G 0.27 0.23 0.24
rs7103873 G>C 0.46 0.49 0.48
rs11030123 G>A 0.11 0.10 0.10
rs17309930 C>A 0.20 0.20 0.18
rs2049048 G>A 0.16 0.13 0.17
rs1491851 C>T 0.46 0.45 0.46

AN=anorexia nervosa, SV=eating disorders charasédry self-induced vomiting
Reported results are comparisons between alldedrecies (1df)p-values <0.1 are shown only.

Meta-analysis

The TPH2 SNP rs1473473 was genotyped in the EDNET and Emsgthe Utrecht case-
control samples. In the GAIN GWA control group tBisIP was imputed. The average
maximum posterior probability, which represents hmmuch uncertainty there is for the
imputation of a SNP, was 0.99 foPH2rs1437473. For the meta-analysis, genotype data
was available for a total of 2,987 individuals (88N cases, 306 SV cases, 1914 controls)
which provides adequate power (85% power at aradibel of 0.05, log-additive or allelic
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model, MAF of 0.16) to detect effect sizes highet 1.25 for AN and higher than 1.4 for
SV.

Table 5.4 Meta-analysis 3PH2 SNP rs1473473 in anorexia nervosa and eatingd#isecharacterized by self-
induced vomiting

SNP rs1473473 SNP rs1473473
AN SV
Study OR CIL CIR p OR CIL CIR p
GenED 1.39 1.02 1.92 0.040 1.46 1.04 2.04 0.029
Utrecht 1.25 098 160 0.067 1.24 091 170 0.176

Ednet-Essen 1.11 081 151 0.53 - - - -

Meta-analysis 1.25 1.06 1.47 0.009 1.34 1.06 1.60.013
AN=anorexia nervosa, SV=eating disorders charaaédrby self-induced vomiting , CIL=lower 95% corditce
interval, CIR=upper 95% confidence interval. NumbEeAN and SV cases per study: GenED AN N=182, SV
N=149; Utrecht AN N=285, SV N=157; EDNET-Essen AN420, SV N=0.

Table 5.4 shows ORs, their 95% CI gndalues within the individual case-control
samples and the subsequent meta-analyses. Foirthe @allele (frequency 0.16) of
TPH2SNP rs1473473 a significant association was okseirvthe meta-analyses with
both AN and SV. We observed an OR of 1.25 (95%.06-11.47,p<0.009) for AN, and an
OR of 1.34 (95% CI 1.06-1.69<0.013) for SV. There was no significant evidenme f
heterogeneity of the effect in the AN or SV anatye=0.58, f= 0% andp=0.50, f=0%).

Table 5.5 Genotype count®H2rs1473473 for the three case-control samples

AN SV Control

Genotype (n) Genotype (n) Genotype (n)
Case-control sample 11 12 22 11 12 22 11 12 22
GenED 123 52 7 95 52 2 447 125 18
Utrecht 187 90 8 95 49 3 789 300 29
EDNET-Essen 266 128 16 - - - 130 50 9

The OR for the combined group of AN and/or SV cdsed073) was 1.24 (95% CI
1.06-1.44p<0.006). We could not observe significant evidefocéneterogeneity of the
effect (p=0.38, F= 0%) between the different case-control sampleseB on the genotype
frequencies of th@ PH2 SNP rs1473473 (presented in Table 5.5) we expectiminant
effect to be underlying the association. Therefare gvaluated the association with this
SNP in the combined case-group under a dominardtgeic model.
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GenED

EDNET-Essen

Utrecht

Random effects model :

0.8 1.0 1.2 14 1.6 18 20 22
Dominant genetic effect, TPH2 rs1473473, AN + SV cases

Figure 5.1 Random effect plot of the associatiawbenTPH2rs1473473 and the

combined AN/SV cases under a dominant genotypiceinod

Results: GenED: OR=1.62 (95% CI 1.18-2.23); EDNEBEdh: OR=1.19 (95% CI 0.83-1.72); Utrecht OR=1.33
(95% CI 1.04-1.72); Random effect model total: OR81(95% CI 1.16-1.64<0.0003)

Figure 5.1 represents the results of this associatiomo- and/or heterozygous carriers of
the minor allele of rs1473473 had an increasedglitity of either AN or SV (OR=1.38,
95% CI 1.16-1.64p<0.0003). Again, no evidence for heterogeneity alaserved §=0.44,
1= 0%). As there is a general tendency for inittabiges to overestimate effect sizes, we
tested sensitivity of the association by excludimgdiscovery sample (GenED cases and
NTR controls). Under the dominant genotypic modatyiers of the minor allele of
rs1473473 had an OR of 1.29 (95%CI 1.05-15%.018) among the two replication case-
control samples. In supplementary Figure S5.1| ivplot betweenTPH2rs1473473 and
the nine other selectddPH2tagging SNPs is depicted.

83



Association study in eating disorders

Because the LD structure among the SNPs was mgpletely independent, adjusting
thep-value for the actual number of tests would be lngringent and result in a loss of
power. By using the interface developed by Nyha@t04), the number of independent
SNPs in our study was estimated to be 23.5. THisdean experiment-wide significance
threshold o$<0.002. Thus the observed dominant effect of rs4433n the final analysis
in the combined AN-SV group remained significaieafdjustment for multiple testing.
However, the observed effects in the separate ANSAhanalyses did not remain
significant. In this case, the method by NyholtG2pwas still conservative since not all 25
SNPs were measured in the additional EDNET andrissel Utrecht case-control
samples.

Discussion

This is the first study to report thaPH2 SNP rs1473473 is significantly associated to AN
and ED characterized by SV. When the two ED casepgy are combined, a dominant
genotypic model for rs1473473 shows that carri€th@minor allele of rs1473473 had a
higher risk of AN or SV (OR=1.38, 95% CI 1.16-1.§40.0003). This SNP tags an LD
block that spans across part of feH2 gene, and is ended by a recombination hotspot on
one side. Therefore it is highly likely that thislB is in LD with a functionally relevant
variant(s) in the&flPH2gene. Th&'PH2 gene encodes the main rate-limiting enzyme in the
synthesis of serotonin in the brain (Zill et aD0Z). Serotonin is involved in satiety,
anxious and obsessional behavior, mood, and impolstol, features all linked to ED
(Kaye, 2008; Lucki, 1998). In long-term recoverdd Barticipants elevated 5-
hydroxyindoleacetic acid levels in cerebrospinaidiwere detected (Kaye, 2008; Kaye et
al., 2005c). This is the major metabolite of semgtdn the brain and body and is thought to
reflect extracellular serotonin concentrations.sTinding thus could be indicative of an
‘overactive’ serotonin system in ED, which in tuwould be caused by an increased
function of theTPH2 gene. TPH2was also one of 182 candidate genes that weedtést
association by comparing in total 5151 SNPs betvi&&8%b AN cases and 677 controls
(Pinheiro et al., 2010). After accounting for mpiki testing, there were no statistically
significant associations for any individual SNPc{uding TPH2). Rs1473473 is not in LD
with known TPH2 mutations (Haavik et al., 2008)PH2 SNPs in LD with rs1473473
however, have been associated with a suicidal rheaalition in Finnish men (Zhou et al.,
2005), with antidepressant response in depressitierps (Peters et al., 2004), and with
allelic mRNA expression imbalance in sections ef luman pons (Lim et al., 2007),
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indicating that genetic variation at this locus ncaptribute to mental conditions and could
influence gene function.

To retain adequate statistical power, the cursarty only covered a selection of
candidate genes for ED. To replicate previous tesulED, we selected genes for which
association was observed and confirmed in studigsam adequate sample size. Both
HTR1DandBDNF fulfilled these criteria, although we acknowledbat inclusion of the
gene encoding the opioid delta recep@PRDJ would also have been appropriate
(Bergen et al., 2003; Brown et al., 2006; Ribases.e2004; Ribases et al., 2005). Because
of previous inconsistent results the Serotonin Bewe2A and the Serotonin Transporter
genes were not included in our selection (for aenesee Bulik et al., 2007b; Slof-Op 't
Landt et al., 2005). Besides replication of pregioesults, the current study also aimed to
evaluate the involvement of two unexplored candidgnes for ED. Likei TR1Dand
OPRDJ STMN1was located under the linkage peak of restrichiNe(1p33-36) (Grice et
al., 2002). Because the associations WMiiR1DandOPRD1only explained part of the
linkage, it was expected that additional candidgtiees could underlie the linkage peak
(Bergen et al., 2003).PH2was selected because of the link between sero&odrED.

The role ofTPH2in the synthesis of serotonin (Zill et al., 200mMgkes it a plausible
candidate gene for ED. Thus far no other genes haga analysed in the GenED study.

A note concerning our study populations is the fhaat the EDNET and Essen control
population was limited in size and consisted ohlboen and women. However, no
difference in the allele frequency of rs1473473neein sexes was observed, in either the
German controls or the GAIN GWA control group (Baama et al., 2008). So it is unlikely
that this has interfered with our results. Anotlenark with regard to the German sample
is the lack of information regarding self-induceaiiting. Finally, the NTR control group
were random controls, not selected based on fanpbaliability to psychiatric disorders or
social economic status. Due to the low prevalerid&in the general population we do
not think that this has affected our results.

Another concern is the issue of multiple testig acknowledge that if we correct for
multiple testing in the GenED study, the assocmtidith rs1473473 does not remain
significant. However, if we perform permutation Bys#s in this study the globatvalue
for the association between thEH2 gene and SV and AN is still trend significant
(p<0.10). Therefore we do think that the decisiofottow-up the association GfPH2
SNP rs1473473 in the additional cohorts was jestifi

The reported association between the functiBfaNF VVal-66-Met polymorphism
(rs6265) and AN was not replicated in this studipéRes et al., 2004; Ribases et al., 2005).
However, this result is in line with several otsardies which also could not confirm this
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association (Dardennes et al., 2006; de Krom g2@06; Dmitrzak-Weglarz et al., 2007;
Friedel et al., 2005; Koizumi et al., 2004; Mercaeteal., 2007).

Previously two studies have reported significasiogiation betweeHTR1DSNPs
(including rs6300 and rs674386) and AN (Bergen.e2803; Brown et al., 2006). We did
not detect any allele frequency differences betwsmarols and AN cases in the four SNPs
that were examined. Considering the strength optbeious association and the allele
frequency, we should have had sufficient powerdtect an effect of rs6300. For rs674386
on the other hand, statistical power was lower (§@24d the association may have been
missed due to this reason.

No consistent associations were observed for ther positional candidate gene,
STMNZ1 Despite its position under the linkage peak fo, & might not be involved in ED.
However, since linkage was observed in the restetubtype of AN, it is also possible
that an effect of this gene is only apparent is #fecific eating disorder subgroup. The
exploratory analyses in restrictive AN (N=108) lo¢ tGenED study and the NTR controls
(supplementary Table S5.1), also did not reveasmociation wittSTMN1 This
exploratory study had adequate power (85% powan atipha level of 0.05, log-additive or
allelic model) to detect effects sizes around tr&éstricting AN. Thus, the association
may have been missed due to limited statisticalggow

For the first time candidate genes in ED charamdrby self-induced vomiting were
evaluated. We selected this phenotype becauseitheoa priori reason to believe that the
DSM diagnostic schema represent more ‘genetic’ symds than underlying core
behaviors or traits. A distinctive eating disordgmptom that is shared among different
types of ED is self-induced vomiting. Prevalencegamiting within clinical samples
ranged between 31 and 39% for AN (Ben-Tovim etl&®89; Garner et al., 1993), and even
over 90% in BN (Ben-Tovim et al., 1989). The reiidgyp of the measurement of this
behavior and the heritability of self-induced vangthas also been demonstrated (Sullivan
et al., 1998a; Wade et al., 2008b). Other symptitvaisare shared among ED are binge
eating and the undue influence of weight and sloapself-evaluation. Binge eating has a
substantial heritability but is less reliably measli(Bulik et al., 1998; Reichborn-
Kjennerud et al., 2003; Sullivan et al., 1998a; Watlal., 2000a; Wade et al., 2008b). The
undue influence of body weight appears to be mowrenmentally mediated (Reichborn-
Kjennerud et al., 2004a; Wade & Bulik, 2007).

Many genetic studies in AN have been performedniyné small populations
measuring only one or a few SNPs (Bulik et al.,Z4)0In the current study we used a
large population of AN cases. We selected 25 SNRapture the majority of the common
variation within four candidate geneSTMN1 HTR1D TPH2andBDNF). Our two-step
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approach gave us the opportunity to explore assogiwith all 25 SNPs in the first step,
and to evaluate the initial findings in two additid independent case-control samples. This
approach has led to a robust association oT Bt¢2 SNP rs1473473. The minor allele of
this SNP was associated with a higher risk for 8N,and for the combined group. It is
interesting that the same SNP was associated withtigpes of ED. Although there was
overlap between the two types of ED, 13% of the 8BI7cases also belonged to the SV
group, the effect of rs1473473 is also preseriénimdependent AN and SV groups. It has
been hypothesized that AN, BN, and also subthresiooms of ED share at least some risk
and liability factors (Kaye, 2008; Strober et 2D00). In a Swedish twin study,
approximately half of the genetic factors contréalito liability to both AN and BN (Bulik

et al., 2010). Our current finding is consistenttvthis hypothesis. For future studies we
aim to establish the effect of genetic variatioth&TPH2 gene on behaviors underlying
different types of ED, like perfectionism, impulgjwor obsessive-compulsiveness (Kaye,
2008).
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Supplementary table S5.1 Minor allele frequendi¢8k) for each SNP in restricting AN cases of the
GenED study and NTR controls

Control  Restricting AN

DNA  (n=607) (n=108)
Gene Position SNP change MAF MAF X? p
STMN1 1.p36.11 rs12037513 A>G 0.35 0.31
rs807055 C>T 0.43 0.42
rs807062 G>C 0.25 0.29
HTR1D 1.p36.12 rs605367 T>C 0.31 0.33
rs6300 A>G 0.10 0.11
rs676643 G>A 0.16 0.17
rs674386 G>A 0.29 0.29
TPH2 12.g21.1 rs10748185 G>A 0.49 0.44
rs2129575 G>T 0.26 0.27
rs17110489 T>C 0.26 0.27
rs7305115 G>A 0.41 0.41
rs1007023 G 0.12 0.14
rs4760820 C>G 0.43 0.42
rs1473473 T>C 0.14 0.18 277 0.09
rs3903502 C>T 0.39 0.42
rs12231356 C>T 0.08 0.06
rs4474484 G>A 0.35 0.37
BDNF  11p14.1  rs7124442 T>C 0.33 0.29
rs6265 C>T 0.19 0.22
rs11030107 A>G 0.27 0.24
rs7103873 G>C 0.46 0.45
rs11030123 G>A 0.11 0.11
rs17309930 C>A 0.20 0.19
rs2049048 G>A 0.16 0.12
rs1491851 C>T 0.46 0.44

AN=anorexia nervosa.
Reported results are comparisons between allededrecies (1df)p-values <0.1 are shown only.
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Chapter 6

Genetic variation at the TPH2 gene
iInfluences impulsivity in addition to eating
disorders

This chapter was previously submitted:
Slof-Op 't Landt, M. C. T., Bartels, M., SlaghoofE.,Boomsma, D. I., van Furth, E. F., &
Meulenbelt 1.(2011)Psychiatric Genetics



TPH2 gene influences impulsivity

Abstract

Objective Genes are involved in anorexia nervosa (AN) akdyasymptom of different
types of eating disorders (ED), self-induced vomgit{SV). Perfectionism and impulsivity
are possible predisposing personality featuregrCould genetic variation in the
Tryptophan Hydroxylase ZIPH2) gene, previously associated with AN and SV (®pf-t
Landt et al., 2011), explain the overlap between fectionism and impulsivity?
Method Perfectionism and impulsivity scores were comgdretween 324 participants
with ED and 240 controls. Subsequently, the gerstiociation between folPH2 SNPs
and perfectionism/impulsivity was evaluated. Finsa random twin-based control group
(N=512), and secondly within ED participants.

Results ED participants report higher levels of perfeoisin and impulsivity than controls.
The minor alleles oTPH2rs1473473 (OR=1.4%=0.04) and rs1007023 (OR=1.60,
p=0.02) were more frequent in impulsive controlg, &so in impulsive participants with
ED (OR=1.79p=0.05 and OR=1.83=0.02, respectively).

Discussion Genetic variation at thEPH2 gene appeared to affect impulsivity which in turn
might predispose to the ED phenotype.
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Eating disorders have chronicity and mortality satdnich are among the highest in the
field of psychiatry (Nielsen et al., 1998). The mfasniliar types of eating disorders are
anorexia nervosa (AN) and bulimia nervosa (BN). idegr, the majority of eating disorder
patients (about 60%) do not meet strict DSM-IV diastic criteria for either of these types,
and therefore belong to the eating disorder narotise specified (EDNOS) category
(Fairburn & Bohn, 2005). An important symptom tieashared among the different types
of eating disorders (AN purging type, BN, and EDN@Sself-induced vomiting (SV),
which has been associated with greater clinicadisgvand higher novelty seeking (Dalle
Grave et al., 2009; Reba et al., 2005).

Despite substantial efforts to identify causahpatys for AN and BN, very little is
known about the aetiology of eating disordersohgitudinal and cross-sectional studies,
several risk factors have been proposed, includégg a woman, elevated weight and
shape concerns, negative self-evaluation, diefiagfectionism and possibly impulsivity
(Fairburn et al., 1997; Fairburn et al., 1998; baet al., 2004; Stice, 2002). Population-
based twin studies have yielded moderate to sulisitheritability estimates (8%-83%) for
eating disorders and self-induced vomiting in worualik et al., 2006; Slof-Op 't Landt et
al., 2005; Sullivan et al., 1998a; Wade et al.,81)0

In this paper we explore the hypothesis that pfttie heritability of eating disorders
may be explained by heritable aspects of perfeistomnd impulsivity, which are
consistently associated to AN and /or BN (Cassivo& Ranson, 2005). Both
perfectionism and impulsivity remained presentraféeovering from an eating disorder
(Bastiani et al., 1995; Kaye et al., 1998; Liledfet al., 2000; Srinivasagam et al., 1995;
Wagner et al., 2006). In addition, elevated lewdlgerfectionism were observed in
relatives of individuals with AN and BN (Lilenfelet al., 2000; Woodside et al., 2002).
These findings suggest that perfectionism and isigity may be of potential aetiological
relevance for eating disorders.

The Multidimensional Perfectionism Scale (MPS)ealeped by Frost et al. (Frost et
al., 1990) is one of the most widely used instruraém measure perfectionism. This scale
distinguishes six dimensions of perfectionism,dbee three dimensions were moderate to
substantially heritable (0.29 to 0.42) (Tozzi et 2004). The Dickman Impulsivity
Inventory (DII; (Dickman, 1990) distinguishes twarins of impulsivity (dysfunctional and
functional). This same distinction was observed factor analysis based on the DlIl, the
Eysenck Impulsiveness Questionnaire, and the Bamaulsiveness Scale in a Flemish
population (Bastiaens et al., 2003). For the Déls¢he highest factor loadings and highest
internal consistency was observed. A substantidtatdity of approximately 45% has
been estimated for different impulsivity measutdar(& Bouchard, Jr., 1997; Pedersen et
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al., 1988; Seroczynski et al., 1999). To obtairfeztionism and impulsivity scores in a
large random control group, we have selected termstfrom the Youth Self Report (YSR)
(Levinson, 2005; Verhulst et al., 1997) questiormaio represent these behaviours in the
current study.

Recently we observed an association between phato hydroxylase 2ZTPH2) SNP
rs1473473 and ANpE0.04) as well as ED characterized by $¥Q.03) (Slof-Op 't Landt
et al., 2011). Trend significant associations warserved for TPH2 rs12231356,
rs1007023 and rs4760828<0.09). In a subsequent meta-analysis with twotamhdil
independent case-control populations the assonidtbwveen rs1473473 and both disorders
(AN p=0.009, SWp=0.01) was replicated. THEPH2 gene encodes tryptophan hydroxylase
in the brain (Zill et al., 2007). This enzyme cgsals the formation of 5-
hydroxytrypthophan, which is the first and rateedgtining step in the biosynthesis of the
neurotransmitter serotonin. In individuals with determ recovered AN and BN elevated 5-
hydroxyindoleacetic acid levels in cerebrospinaidiwere detected (Kaye et al., 1991;
Kaye et al., 1998). This is the major metabolits@fotonin in the brain and body and is
thought to reflect extracellular serotonin concatitins. This finding thus could be
indicative of an ‘overactive’ serotonin system atieg disorders, which in turn could be
caused by an increased function of TiRH2 gene. It has been hypothesized that a
disturbance of serotonin activity may create a erdbility for a cluster of symptoms that
are common to both AN and BN, for example perfegtim and impulsivity/control (Bruce
et al., 2005; Kaye et al., 1998; Racine et al. 2@®eiger et al., 2001; Steiger et al., 2004;
Steiger et al., 2005).

In the current study, we investigated whether emariation at th@PH2 gene
explains the overlap between eating disordersegptohism and impulsivity, by
performing three analyses. Firstly, extensive phgsio analyses were conducted to
evaluate the association between the perfectioaisiimpulsivity phenotypes, as
measured by the MPS and DIl, and AN and SV in 3di@pants with eating disorders
from the GenED study and 240 controls without amgalisorder. DNA was not collected
for this control group. Secondly, to study the ilwemnent of theTPH2 gene in
perfectionism and impulsivity items (YSR) in thesabce of disease, foilPH2 SNPs
were evaluated in a second control group consistingndom twin-based controls
(N=512) from the Netherlands Twin Registry (NTRhirGly, for the SNPs that showed an
association with impulsivity or perfectionism irethNTR controls, we tested if this
association was also present within the particpavith eating disorders from the GenED
study for which th&’PH2 genotypes were available (N=267).
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Methods

Participants

This study was approved by the ethics committeédei/U University and by the ethics
committee for mental health instutions in the Nddres (METIGG). All participants (and
if underage, their parents) gave written informedsent. In this study we distinguish three
groups (Table 6.1): 1. participants with eatingdiers from the GenED study, for whom
extensive perfectionism and impulsivity phenoty(d®S, DIl, and YSR) and DNA was
available; 2. controls without an eating disorder, whom extensive perfectionism and
impulsivity phenotypes (MPS and DII) but no DNA wasilable; 3. random twin-based
controls from the NTR, for whom less extensive petibnism and impulsivity phenotypes
(YSR) and DNA was available.

The GenED study.

Female eating disorder patients (N=322) were regmiuthrough 10 specialist eating
disorder units throughout the Netherlands (the Gesttdy). DSM-IV eating disorder
diagnoses were made by experienced clinicians t@sadsemi-structured interview at
intake, and by the self-report eating disorder ération questionnaire (Fairburn & Beglin,
1994). Of the 322 participants, 218 fulfilled maei DSM-1V criteria for AN (excluding
criterion D, amenorrhea). Based on the eating de&sogexamination questionnaire and
assessment interviews, we defined a subgroup tGtipants (n=189) who reported regular
self-induced vomiting (SV). These two groups weaetly overlapping, 85 participants
belonged to both groups, thus the eating disordmrmgwas comprised of 133 independent
participants with AN, and 104 independent partioigawith SV.

DNA was collected for all the participants of 8enED study. Howevel,PH2 SNPs
were only genotyped in part of the participantdweiiting disorders (as can be seen in
Table 6.1). For the genetic analyses in the ealisgrder groupT PH2 genotype data was
available for 267 participants with either AN or SV

Controls
A healthy control group was recruited through atisements in magazines and via internet
websites. The questionnaires collected in the Gesiily were send to 276 women, 252
women returned the questionnaire (response rag®91Twelve women were excluded
because they reported that they had a currentstreading disorder. A total of 240 women
without an eating disorder were used in the cursaudy for phenotypic comparison to
participants with AN and SV. No DNA was collectedrh these participants.
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Netherlands Twin Registry (NTR) controls
The NTR was established in the late 1980s at théMlversity in Amsterdam, the
Netherlands. Data on the multiples (twins or triglend their family members have been
collected every two to three years in longitudisaivey studies (Bartels et al., 2007;
Boomsma et al., 2002). Subsamples of the multigkr® invited to participate in
experimental and laboratory studies and providie A (Boomsma et al., 2006).
Genotype and phenotype data for a total of 512amndnrelated women from the NTR
were analyzed.

Table 6.1 Sample sizes and available phenotypganatype data in the different participating groups

MPS DIl YSR YSR TPH2
Participating Groups Perfectionism Impulsivity Perfectionism Impulsivity genotypes
GenED study
Participants with
eating disorders
(AN and/or SV) 322 315 89 89 267
Controls
Controls without an
eating disorder 240 233 - - -
Netherlands Twin Registry (NTR)
Twin-based controls - - 512 484 512

MPS=Multidimensional Perfectionism Scale, DII= Dic&n Impulsivity Inventory, YSR=Youth Self Report

Measures

Phenotypes
An overview of measurement instruments availabképarticipating groups in this study
is presented in Table 6.1. The Multidimensionaf@sionism Scale (MPS) by Frost (1990)
is a 36-item questionnaire which distinguishesdéimensions of perfectionism: Concern
over Mistakes (the negative reaction to mistakektha tendency to interpret mistakes as
equivalent to failure), Personal Standards (thénggst of high standards and the importance
placed on these standards for self-evaluationgrRal Expectations (the believe that one’s
parents set very high goals), Parental Criticidme {ielieve that one’s parents are overly
critical), Doubt about Actions (the tendency to dbabout the ability to accomplish tasks),
and Organization (the importance and preferencerer and organization). Responses
were given on five point Likert-scales, rangingnfréstrongly disagree’ to ‘strongly agree’.
The coefficients of internal consistency for thetéa scales ranged from 0.77 to 0.93 (Frost

96



Chapter 6

et al., 1990). In our control group without eatitigorders the internal consistency
coefficients were comparable and ranged from G©7291.

The Dickman Impulsivity Inventory (DIl, Dickman920) is a 23-item questionnaire
with responses in a true/false answer format. iIFfisgsument distinguishes two forms of
impulsivity: Dysfunctional Impulsivity (the tendeyto engage in rapid, error-prone
information processing in situations where thisdsioptimal) and Functional Impulsivity
(the tendency to engage in rapid, error-prone médion processing when such a strategy
is rendered optimal). The coefficient of internahsistency was 0.85 for the DI subscale
and 0.74 for the FI subscale (Dickman, 1990). Inamuntrols without eating disorders the
internal consistency coefficients were 0.75 forEhesubscale and 0.77 for the FI subscale.

The Young Adult Self Report (YASR; Achenbach, 1p8Ad the Youth Self Report
(YSR; Levinson, 2005; Verhulst et al., 1997) quastiaires belong to the Achenbach
System of Empirically Based Assessment (ASEBA, wasgba.org which provides age
adjusted instruments to assess similar facets tedaptive functioning from 1.5 to 90
years. Responses were given on three point scalethe code 0 if the item was not true, 1
for sometimes true, and 2 for often true. For tiieent study two items (item 32: | feel that
I have to be perfect, and item 4X&ct without stopping to think) from the YSR/YASR
guestionnaire were used to measure perfectionishinapulsivity.

For the genetic analyses in the eating disordaugrdata from the YSR perfectionism,
YSR impulsivity, MPS perfectionism and DIl impulg&iw measures were available to test
for association with th& PH2 SNPs.

Genotype measurements
Genomic DNA was isolated from buccal swabs forghdicipants with eating disorders
from the GenED study and for part of the contratsrf the Netherlands Twin Registry
(39%), for the remaining 61% of the genotype cdatggnomic DNA was isolated from
blood samples. Multiplex genotyping assays werégdes using Assay Designer software
(Sequenom, San Diego, CA). SNPs were genotypedasg spectrometry (the
homogeneous MassARRAY system; Sequenom, San D@#oiising standard conditions.
PCR reactions were carried out in a final volum& @il and contained standard reagents
and 2.5 ng of genomic DNA. Genotypes were assitpyaasing Genotyper version 3
software (Sequenom, San Diego, CA).

In a previous study (Slof-Op 't Landt et al., 2D1&nTPH2tagging SNPs were
selected from HapMap Public Release #19. We obdeand replicated an association
between the minor allele 3PH2 SNP rs1473473 and a higher risk for both AN (OR8].
95% CI 1.08-1.57p<0.003) and SV (OR=1.52, 95% CI 1.28-2.p40.006). Furthermore,
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trend significant associations were observed fardladditionallPH2 SNPs in participants
from the GenED study, rs12231356 was associatddAdt (OR=0.59, 95% CI 0.35-1.01,
p<0.05), rs1007023 (OR=1.40, 95% CI 0.98-2)40.06) and rs4760820 (OR=0.80, 95%
Cl 0.62-1.04p<0.09) with SV In the current study, genotypes for these four SN&=
available for 267 participants with eating disosdand 512 controls from the NTR.

Study design

In the current study we investigated whether genedriation at th& PH2 gene explains
the overlap between eating disorders, perfectiomisthimpulsivity, by performing three
analyses. In the phenotypic analyses, we testethehperfectionism and impulsivity, as
measured by the MPS and DIl scales, are differeparticipants with an eating disorder
(AN or SV) from the GenED study compared to cortmithout an eating disorder (see
Table 6.1). In addition to the MPS and DIl scaths, YSR perfectionism and impulsivity
items were obtained in a subset of the participaitts eating disorders (N=89). In these
participants, we tested the overlap between tHerdiit MPS and DIl scales and the YSR
items.

In the genetic analyses, we tested whether thelBt2 SNPs that we found
previously to be associated to eating disordef(8023, rs4760820, rs1473473, and
rs12231356; Slof-Op 't Landt et al., 2011) wereakged to perfectionism or impulsivity,
as measured by the YSR items, in the random twéedb@&ontrol group from the NTR
(N=512).

In the final analyses, we tested whetherTRéi2 SNPs, that were associated with
perfectionism or impulsivity in the NTR controlds@a showed such associations in the
participants with eating disorders from the GenERig. These analyses were performed
for the YSR items, and the MPS and DIl measuretswieae substantially correlated to
these items.

Statistical Analyses
Data from the MPS and DIl scales were tested fomatity. Natural logarithm
transformations were calculated for nonnormallyribsted data. ANOVA's were
performed to calculate the differences betweerp#récipants without eating disorders and
the participants with eating disorders (AN, SV, @mel combined group), and to compare
the two independent eating disorder groups (AN S¥iiwith each other.

The overlap between the YSR perfectionism and Isiyity items and the subscales of
the MPS and DIl in a subset of the participanthwiting disorders (N=89) was evaluated
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by calculating Pearson correlations. The MPS aridlbscales that were correlated (above
0.5) to the YSR perfectionism or impulsivity itenese used in the final genetic analyses.

In the two genetic analyses, Pearson’s Chi-Sgstatestics were calculated to compare
response frequencies of perfectionism and impuysheétween carriers and non-carriers of
the minor allele of th@PH2 SNPs, and between the differ8iH2 genotypes. In the NTR
controls these analyses were performed for the ¥&Rs, whereas the YSR items, the
MPS and the DIl subscales were tested in the fjzatits from the GenED study. All
statistical analyses were performed in SPSS vef®ofSPSS, Chicago, IL).

Results

Phenotypic analyses

The controls without eating disorders (N=240) waneaverage four years older (mean
age=31.7, SD=11.3) than the participants with ANdmage=27.1, SD=9.4), and with SV
(mean age=27.8, SD=9.8). As expected, the BMI vgasfecantly different between the
controls (mean BMI=22.4, SD=3.4) and the partictpanith AN (mean BMI=16.6,
SD=2.9). Within the control group a significantexff for age on the perfectionism scales
Personal Standards and Parental Criticism was wddetherefore the subsequent case-
control analyses were adjusted for age.

As can be seen in Table 6.2, the participants @ating disorders scored significantly
higher on all perfectionism scales and the Dysfonal Impulsivity scale (except for
participants with AN), whereas the score on Fumaidmpulsivity was significantly lower
in participants with eating disordersValues ranging from 0.003 to 5.8 x ¥ Within the
eating disorder group, the participants with ANrscbsignificantly higher than the
participants with SV on the perfectionism scaless&eal Standard$(232)=3.063p<0.01)
and Organizationt(234)=3.882p<0.01). Dysfunctional Impulsivity scores, on thaert
hand, were significantly higher in the participawith SV {(232)=-3.923p<0.01). When
performing nonparametric tests instead of applyiatyral log-transformations identical
results were observed (data not shown).

As expected the participants with eating disordemsed extremely different on the
perfectionism and impulsivity scales compared todbntrols without an eating disorder.
Because the differences between participants wiraAd with SV were minimal, and the
scores in comparison to the controls went in tmeesdirection, the combined AN/SV
group was used in the subsequent genetic analyses.
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Table 6.2. Comparison of MPS and DIl scales betweamirols and independent AN, independent SV, Atlfem
SV combined

Controls AN p SV p AN/ SV p
(N=240) (N=133) (N=104) (N=322)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

MPS:
CM  157(6.2) 30.9(9.0) * 286(9.5 ** 3049  *
PS  17.2(6.0) 26.8(5.7) * 246(7.2) *  26.0(6.5) **
PE 73(34) 95(.1) * 9347 * 9.5 (4.9) ok
pC 54(27) 81(42) * 84(44) *  8.4(4.4) wx
DA 7.2(31) 13.0(4.0) ** 125(4.6) * 131(41 *

o) 195(5.2) 24.4(53) ** 216(5.6) *  23.4(5.6) **
DII:

FI 6.6(2.7) 3.7(28) * 42(28) *  38(28) **
DI 1.8(22) 2328 NS. 3735 * 30(3.2 *

MPS=Multidimensional Perfectionism Scale: CM=Comcever Mistakes; PS=Personal Standards; PE=Parental
Expectations; PC=Parental Criticism; DA=Doubt abctions; O=Organization. Dll=Dickman Impulsivity
Inventory: Fl=Functional Impulsivity; DI=Dysfuncti@l Impulsivity.

! Analyses in PC and PS corrected for age

*p<5x10*

** n<5x109

The two YSR items measuring perfectionism and isipily were also present in a
subset of the eating disorder group (N=89). TalBepBesents the Pearson’s correlations
between the different MPS and DIl scales and thR ¥&ms. For the YSR perfectionism
item the highest correlation was observed withMiRS scales Concern over Mistakes
(r=0.53) and Personal Standards (r=0.51). The lediwa between the YSR impulsivity
item and the Dysfunctional Impulsivity scale of tbd was 0.61.

Table 6.3 Pearson correlations between YSR itedvi?S and DIl scales in participants with eatingpdilers
(N=89)

MPS DIl
YSR-item CM PS PE PC DA ) Fl DI
Perfectionism 0.53* 0.51* 0.01 0.05 0.38* 0.21*
Impulsivity 0.01 0.61*

MPS=Multidimensional Perfectionism Scale: CM=Comcever Mistakes; PS=Personal Standards; PE=Parental
Expectations; PC=Parental Criticism; DA=Doubt abctions; O=Organization. Dll=Dickman Impulsivity
Inventory: FI=Functional Impulsivity; DI=Dysfuncti@l Impulsivity.

** Correlation is significant at the 0.01 level {@{ed)

* Correlation is significant at the 0.05 level @ted)
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Genetic analyses in twin-based controls
The NTR control group had a mean age of 29.3 (SB)lahd a mean BMI of 22.9
(SD=4.1). For the YSR perfectionism response fraqies were 47.7% score 0, 41.6%
score 1, and 9.3% score 2. The response frequeiociee YSR impulsivity item were
45.9% score 0, 49.6% score 1, and 4.5% score 2uBedess than five percent of the
controls reported an impulsivity-score of 2, thep@nses were merged into two answer
categories (absent/present, Impulsivity 1 / 2).

In Table 6.4 the genotype counts and minor affelguencies of the folfPH2 SNPs
are shown per perfectionism category. As a compaitise MAF in participants with AN
and/or SV are also listed in this table.

Table 6.4 Genotype counts and minor allele freqiesn@1AF) for the foulTPH2 SNPs per perfectionism
category within a control sample (as reference NiAEombined AN/SV group are included)
Rs1007023 Rs476820 Rs1473473 Rs12213156

Perfectionism 0  Genotype 11 (n) 200 77 187 203
(N=244) Genotype 12 (n) 34 126 43 39
Genotype 22 (n) 10 37 10 1
MAF 0.11 0.42 0.13 0.08
Perfectionism 1 Genotype 11 (n) 154 72 150 178
(N=213) Genotype 12 (n) 54 101 55 33
Genotype 22 (n) 4 38 5 2
MAF 0.15 0.42 0.16 0.09
Perfectionism 2  Genotype 11 (n) 10 14 43 50
(N=55) Genotype 12 (n) 4 28 11 5
Genotype 22 (n) 1 13 1 0
MAF 0.12 0.49 0.12 0.05
Association Genop 0.02 0.51 0.21 0.61
Allele p 0.26 0.34 0.47 0.35
AN/SV (N=267) MAF 0.15 0.39 0.19 0.06

For rs1007023 a significant difference in genotfrpguency was observed between
the three perfectionism categories. However, redialissociation was observed and the
genotypic effect appeared to be due to a highguirecy of heterozygotes in the ‘middle
perfectionism’ category compared to lower frequesdaf heterozygotes in both the ‘no
perfectionism’ and ‘high perfectionism’ group, aischot considered robust.

For impulsivity (Table 6.5) two SNPs showed a #igant association. Both genotypic
and allelic associations were observed for rs108708e minor allele of this SNP was
more frequent in impulsive controls compared to mopulsive controls (OR=1.60, 95% CI
1.08-2.36p=0.02). Furthermore, the minor allele of rs14734 &3 &lso more frequent in
the impulsive controls (OR=1.49, 95% CI 1.02-2{%0.04) compared to the non-
impulsive controls. The linkage disequilibrium (LBgtween the twdPH2 SNPs was high
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(D'= 0.95, ’=0.74), therefore haplotype analyses with thesesSM#te performed in New
Thesias (http://ecgene.net/genecanvas/uploads/TAES1). The combined haplotype of
the minor alleles was significantly more frequemttie impulsive controls compared to the
non-impulsive controls (OR=1.58, 95% CI 1.05-23%0.03).

Table 6.5 Genotype counts and minor allele freqiesn@®1AF) for the four TPH2 SNPs per impulsivitytegory
within a control sample (as reference MAF in conebi®AN/SV group are included)

Rs1007023 Rs476820 Rs1473473 Rs12213156

Impulsivity 0 Genotype 11 (n) 179 66 172 188
(N=222) Genotype 12 (n) 41 117 42 33
Genotype 22 (n) 2 37 4 1
MAF 0.10 0.43 0.12 0.08
Impulsivity 1 /2  Genotype 11 (n) 195 90 187 221
(N=262) Genotype 12 (n) 54 125 62 39
Genotype 22 (n) 13 43 11 2
MAF 0.15 0.41 0.16 0.08
Association Genop 0.03 0.50 0.13 0.91
Allele p 0.02 0.43 0.04 0.85
AN/SV (N=267) MAF 0.15 0.39 0.19 0.06

Genetic analysis in participants with an eatingadder

The YSR impulsivity item an@PH2 genotypes were available for 79 participants \ith
and/or SV. The reported frequencies for YSR impitisiwere 34.2% score 0, 50.6% score
1, and 15.2% score 2. In accordance with the NTiRrots, the responses on the YSR
impulsivity item were merged into two answer catégm(absent/present, Impulsivity 1 /
2). In the eating disorder group the minor allel€both rs1007023 and rs1473473
appeared to be more frequent in the impulsive gipehts compared to the non-impulsive
participants (14.8% vs 25.0%), although this effidtnot reach significance (OR=1.97,
95% CI 0.80-4.59p=0.14).

In the final analyses, it was evaluated whetheTPH2 SNPs rs1007023 and
rs1473473 were also associated to the Dysfunctiomallsivity scale in the eating
disorder group. The responses on this impulsiibleswere also merged into two answer
categories, 31% of the participants reported tngtisivity was absent whereas 69%
reported that impulsivity was present. The mind¢glas of both rs1007023 and rs1473473
were more frequent in the impulsive participantsipared to the non-impulsive
participants (rs1007023: 10.6% vs 17.5%, OR=1.7% @3 1.01-3.17p=0.05; rs1473473:
13.1% vs 21.6%, OR=1.83, 95% CI 1.08-3.08).02). The combined haplotype of the
minor alleles was significantly more frequent ie impulsive participants with eating
disorders compared to the non-impulsive participé®R=2.12, 95% CI| 1.11-4.04,
p=0.02).
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Because the LD structure among fieH2 SNPs was not independent, adjustingphe
value for the actual number of tests would be gvetringent. An interface developed by
Nyholt (2004;_http://genepi.gimr.edu.au/generaB8dENP SpD); was used to determine
experiment-wide significarg-values for the analyses in the control wome+0(017), and
the ED patientsp<0.041). Thus, the association between impulsiitg rs1007023 in the
control women§=0.018) came close to significance, while the dssion between
rs1473473 and impulsivity in the patienps0.02) remained significant after correction for
multiple testing.

Discussion

In the current study it was shown that perfectionénd impulsivity are related to AN and
SV. Because the hypothesis of the study was bgseal the assumed relation between
these features and eating disorders (Cassin & \arséh, 2005), we first confirmed this
association in a sample consisting of 324 partidipavith eating disorders and 240 controls
without an eating disorder. To study the involvet@iTPH2in perfectionism or
impulsivity in the absence of disease, the relatietween th8 PH2 SNPs and a
perfectionism and impulsivity item was subsequeatigluated in a random twin-based
control group. It was shown that thi@H2 SNP rs1473473 that was associated with a
higher risk of both AN as well as SV previouslydB0Op 't Landt et al., 2011), was
associated with higher impulsivity in the contr@@R =1.49, 95% CI 1.02-2.1=0.04).
In addition, the nearby located rs1007023 showeelvan stronger association with higher
impulsivity (OR=1.60, 95% CI 1.08-2.36570.02). In our previous study, a trend
association was observed between this SNP andcharhiigk of SV, although this
association could not be replicated in two add#laase-control samples. Finally, in the
combined AN/SV group an association between Dysfonal Impulsivity (DIl) andTPH2
rs1007023 (OR=1.79, 95% CI 1.01-3.p#0.05) and rs1473473 (OR=1.83, 95% CI 1.08-
3.08,p=0.02) was observed.

The observed significant difference between piaditts with AN and participants with
SV in the perfectionism scales Personal Standard<aganization, and in the
Dysfunctional Impulsivity scale was in accordandthwhe study by Reba et al. (2005).
They also reported that individuals with eatingoditers who endorse vomiting scored
lower on the Personal Standards and Organizat@iesof the MPS compared to
participants who do not vomit. Furthermore, botlb&et al. (2005) and Dalle Grave et al.
(2009) have shown significantly higher scores antbmperament and Character
Inventory scale Novelty Seeking in individuals wdradorse vomiting compared to those
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without vomiting or purging. Impulsivity is also msured as a subscale of the Novelty
Seeking scale (Cloninger et al., 1993). Whitesids.2001) showed that this Impulsivity
subscale of the Temperament and Character Invelttadg on the same underlying factor
as the Dysfunctional Impulsivity scale, suggestimgt these scales measure the same
underlying construct.

The haplotype analyses revealed that the assmtiagitween impulsivity and the
combined haplotype of rs1007023 and rs1437473 wastronger than the effect observed
for rs1007023 alone in the controls. In the pgptaits with eating disorders however, the
association between the combined haplotype wasg#radhan the effect observed for both
SNPs separately. It appears that the presenceeasdtamy disorder influences the
association betweerPH2 and impulsivity. However, the difference couldoate caused
by the difference in measurement instrument usedpife the considerable correlation
between the YSR impulsivity item and the Dysfuneiblmpulsivity scale, these scales
might not measure the same underlying construabti#er possibility is that both
rs1007023 and rs1437473 are in LD with a third genariant that underlies the
associations with eating disorders and impulsivity.

It is interesting that rs1473473T®H2 SNP associated to both AN and SV (Slof-Op 't
Landt et al., 2011), was linked to impulsivity iadithy controls and individuals with eating
disorders, while the results in Table 6.2 indidhte Dysfunctional Impulsivity scores in
AN did not differ from healthy controls. This mighé explained by the relatively small
sample sizes. The association between AN and Dgséural Impulsivity may have been
small, hence there was insufficient power to detgisteffect.

Impulsivity has been linked to alterations in $enin activity in both non-clinical
populations and in eating disordered groups (Baiad., 2005; Racine et al., 2009; Steiger
et al., 2001, Steiger et al., 2004; Steiger et28105). In addition, trend significant<0.07)
associations were observed between three 3EI2 SNPs (rs1352250, rs10879352, and
rs1487275) and cognitive impulsivity in childrenttvADHD (Oades et al., 2008). There is
substantial LD between these SNPs and rs1007028&4d@3473, D’ ranges from 0.9 to
1.0 and tis between 0.21 and 0.46. Furthermore, genetiatiam at theTPH2 gene have
been associated with suicide attempts (Yoon & KI09; Zhou et al., 2005; Zill et al.,
2004), response inhibition (Stoltenberg et al.,&0behaviors that are linked to
impulsivity (Congdon & Canli, 2008). Indicating thgenetic variation at this locus may
contribute to mental conditions characterized bgutsivity like SV.

The current study has several limitations. Fissth the present study design we could
not test whether the association between impusandTPH2was underlying the
previously reported association between eatingdéss andrPH2 Because YSR
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impulsivity was only measured in a small subsdhefparticipants with eating disorders,
we did not have sufficient power to adjust the pres case-control association analyses
with impulsivity scores. Another approach to detieera causal relation is to evaluate, in a
longitudinal prospective design, whether carridrhe minor alleles of rs1007023 and
rs1473473 who are impulsive will also develop atingadisorder more frequently than
non-carriers or non-impulsive carriers. As menttbabove, there was a difference in
measurement instruments used in the twin-basedatsrfitom the NTR and the
participants with eating disorders from the GenkilRlg. Because we were not able to
collect DNA from the healthy control group usedhe phenotypic analyses, we could not
evaluate whether an association with Dysfunctidmglulsivity was also present in controls
without an eating disorder, which is subject fatlier research. Finally, sample sizes of the
eating disorder groups were modest. Hence, we rhigfe missed associations due to
suboptimal statistical power.

In the present study we have reported that twhepreviously identified
susceptibility SNPs for eating disordersTiAH2 showed an association with impulsivity in
a twin-based control group. Carriers of the mintales of rs1473473 and rs1007023 did
not only have a higher risk for SV and/or AN, bugresalso more prone to higher
impulsivity. Interestingly, these same two SNPsenaso associated with high impulsivity
in individuals with eating disorders. Genetic vtida at theTPH2 gene thus appears to
affect impulsivity which in turn might predisposethe AN and or SV phenotype. In future
studies we hope to explore this link further.
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General discussion

Eating disorders have a debilitating effect onlites of people who suffer from these
disorders, and the people surrounding them. Theatitgrrate is considerable and the
prognosis is poor. Relapse rates are high, andfafieto ten years of follow-up a
substantial part of the patients has not recov@Ceow et al., 2009; Harris & Barraclough,
1998; Nielsen et al., 1998; Papadopoulos et a928teinhausen, 2002; Steinhausen &
Weber, 2009; Sullivan, 1995). Eating disorders realarge heritable component, and
identification of susceptibility genes underlyidgese disorders will clarify which
pathophysiologic mechanisms and pathways contritoutieeir aetiology. In the future,
knowledge regarding the genetic aetiologies mayga¢hways for novel drug targets,
enhance treatment and improve prevention. Alsin@ease in knowledge regarding the
extent to which disorders are influenced by genatloerability may help to decrease the
stigma associated with such disorders (Klump ea9).

However, it is clear that the genetics of eatirspriers is still in an early phase.
Despite the fact that since the publication of mwiew (chapter 2) several twin (Bulik et
al., 2006; Bulik et al., 2010) and a multitude dafletular genetic studies have been
performed (see Appendix B and C), the conclusiegamding those studies remain the
same. Studies have mainly been characterized bl samaple sizes, inadequate statistical
power and the use of diagnostic categories for ptype assessment.

In the series of genetic studies described intti@sis, | tried to improve issues such as
study design, use of phenotypes, phenotype measuatenthoice of candidate genes, and
genotype measurements. The main findings from tgliess will be discussed in this
chapter.

Study design

Figure 7.1 summarizes the design of the novel stiedgribed in this thesis. There were
three groups of participants who took part in défe phases of the study:

1. participants from the Genetics of Eating Disor@&@enED) study, this study was initiated
as part of this thesis to collect DSM-IV eatingadiger diagnoses, DNA and extensive
phenotype information from a large group of papiaeits with an eating disorder
throughout the Netherlands;

2. population-based sample of twins and family mersitfrom the Netherlands Twin
Registry (NTR); and

3. control participants without an eating disorder.

108



Chapter 7
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! without an eating
\ disorder
N N=240

AN and/or SV
N=322

_____

GenED questionnaire data

GenED interview, questionnaire
data + NTR survey data

. NTR survey data

Figure 7.1 Study design used in this thesis

This design can be used for heritability studiesggfioup 2) and genetic association
studies (in groups 1 and 2). Elaborate phenotypeware collected for the different
groups by administering questionnaires and intersiel herefore, it was not only possible
to examine the genetics of DSM-IV eating disordagdoses, but also of related traits and
possible endophenotypes like perfectionism and isiyty (Bulik et al., 2007a).

Heritability of disordered eating behaviour
In the adolescent twins from the NTR, the DisordeEating Behavior (DEB) scale was
devised and used instead of categorical DSM-1V ) %&ting disorder diagnoses. To

enhance the statistical power, an extended twirgdeéscluding an additional sibling per
family was applied. In addition, the psychometniality of the DEB-scale was evaluated
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by testing for measurement invariance with respesex (chapter 3), before performing

the bivariate genetic analysis. In both adolesogn and women the different disordered
eating behaviors and attitudes measured by the 8zl were explained by one
underlying factor. This is in line with the overlapd the hypothesized shared liability
between the different eating disorders. The requérgs of complete measurement
invariance with respect to sex could not be metHerDEB-scale. Thus scores on the DEB-
scale cannot be taken to represent exactly the saderlying trait in men and women. As

a consequence the genetic analysis described ptexhéwere performed separately in men
and women. We were the first to evaluate completasurement invariance in the eating
disorder field. Thus, despite the fact that sunresson eating disorder scales are used
widely to compare for example men and women, eatisgrder cases and controls, or
different age and ethnic groups, measurement ianeg was never established for any of
these grouping variables. In other words, repostedlarities and differences between
these groups could be a consequence of measurbrasrimstead of a genuine resemblance
or difference in the underlying trait.

Genetic bivariate analyses as presented in chdtieowed that genetic factors
explained a considerable part of the variancesordiered eating behavior (DEB).
Heritability estimates for DEB were 0.65 in womemd&.39 in men. BMI was highly
heritable in women (heritability =0.80) and menr{tability =0.76). In addition, additive
genetic factors were responsible for the total lagebetween the two characteristics,
yielding a genetic correlation of 0.43 in women &6l in men. Despite the overlap
between BMI and DEB, a large part of the genefiluénces on DEB was due to genetic
effects that are independent of BMI in women ad agimen. The heritability estimates for
DEB are in line with the heritability estimates yimusly reported for eating disorders and
eating disorder symptoms (ranging from 7 to 83%, d®pter 1).

The four DEB items are related to body weight, engeneral body weight appears to
be a risk factor for the development of eating disos, especially bulimia nervosa (Jacobi
et al., 2004). Therefore it is noteworthy that ¢jemetic influence on DEB was largely
independent of BMI, indicating that there are gengslved in DEB that do not seem to
have an effect on body weight. On the other haad, gf the genetic factors that influence
BMI also influence DEB. It would be interestingdisentangle the direction of causation of
the overlap between these characteristics. Geinditiences on for example metabolism
may be causal to weight gain that eventually léadiisturbed eating behavior. Genetic
influences on DEB may alternatively be causal tiisturbed eating profile, leading to
fluctuations in weight. Several approaches carakert to disentangle the direction of
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causation, for example phenotypic causation mo@aiéy & Martin, 1994; Heath et al.,
1993) and the co-twin control design (Cederlofletl®77; Kendler et al., 1993).

A concern with regard to the four item DEB-scal¢hiat it might not be ideal to
measure the underlying latent trait in eating disos. However, in large epidemiological
studies such as becoming common for gene findimgt Scales might be a requirement to
obtain phenotyping in sufficiently large samplesththe selection of the items we have
tried to capture a variety of eating disorder syonm. Three of the items (fear of weight
gain, importance of body weight and shape for eetfluation and binge eating) used in this
study are based on eating disorder criteria fraerBM-IV. The fourth item (dieting) has
been identified as a potent risk factor (Jacolil e2004). One eating disorder symptom,
compensatory behavior, is missing in our assessmstntiment. Since heritability
estimates for compensatory behavior and self-indlwoiting in female twins (0.50-0.70)
were comparable to the estimate for DEB (Klumple2800; Sullivan et al., 1998a), the
inclusion of compensatory behaviors in our phenetypght not influence the results found
for the women in the current study. However, wendbknow what the consequences for
the heritability estimates in the men would be eesly since significant gender
differences have been reported for a variety ofmemsatory behaviors like self-induced
vomiting, laxative use and fasting (Anderson & BuR004).

Genetic association study

In a two step design, the association betweendandidate genes and eating disorders was
investigated in chapter 5. Eating disorders inatLideorexia nervosa (AN) as well as eating
disorders characterized by self-induced vomiting)(S he four candidate genes were
serotonin receptor 1IHTR1D), stathmin $TMNJ, brain-derived neurotrophic factor
(BDNF) and tryptophan hydroxylase ZRH2). To replicate previous results in ED, genes
were selected for which association was observdctanfirmed in studies with an
adequate sample size (as discussed in Chapteo®)HBR1DandBDNF fulfilled these
criteria (Bergen et al., 2003; Brown et al., 20Rfhases et al., 2004; Ribases et al., 2005).
Besides replication of previous results, we alsoeai to evaluate the involvement of two
unexplored candidate genes for EEX.MN1was located under the linkage peak of
restrictive AN (1p33-36) (Grice et al., 2002). Besa the associations witiTR1Dand
Opioid Receptor Delta-1 (genes located under theegaeak) only explained part of the
linkage, it was expected that additional candidgtiees could underlie the linkage peak
(Bergen et al., 2003).PH2was selected because of the link between serotomireating
disorders (Kaye, 2008; Lucki, 1998). To overcormeedhawbacks of previous association
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studies in which candidate genes were tested loyesBNPs , 25 tagging SNPs were
selected based on HapMap to capture the majoritiyeo€ommon variation within the four
candidate genes. Between 71 and 91% of commortieariaithin the four genes was
captured by the tagging SNPs. In addition, reghcadf association was performed in two
additional independent case-control samples frarNétherlands and Germany, making
this one of the largest association studies peddrthus far with 887 AN cases, 306 SV
cases and 1914 controls.

In the first step allele frequencies of the 25 SMRRre compared between the GenED
case groups (AN and SV cases) and random contmisthe NTR. No association was
observed for any of thBDNF, HTR1DandSTMN1SNPs. A nominal significant
associationff<0.05) was observed fdPH2rs1473473 in AN as well as SV. Subsequently
this association was replicated in a meta-analyilstwo additional independent eating
disorder case-control samples. In the meta-anatymsminor allele oTPH2 SNP
rs1473473 was significantly more frequent in ANesas@OR=1.25, 95% CI 1.06-1.47,
p<0.009) and SV cases (OR=1.34, 95% CI 1.06-1p60,013) compared to controls. We
are the first to observe an association with a giemariant in theTPH2 gene and eating
disorders.

The TPH2gene encodes the main rate-determining enzynteeisyinthesis of
serotonin in the brain (Zill et al., 2007). Serdtois involved in satiety, anxious and
obsessional behavior, mood, and impulse contratufes all linked to eating disorders
(Kaye, 2008; Lucki, 1998). In long-term recovered And bulimia nervosa (BN) patients
elevated 5-hydroxyindoleacetic acid levels in cevspinal fluid were detected (Kaye et al.,
1991; Kaye et al., 1998). This is the major metidalf serotonin in the brain and body
and is thought to reflect extracellular serotoroneentrations. This finding thus could be
indicative of an ‘overactive’ serotonin system atieg disorders, which in turn could be
caused by an increased function of TiRH2 gene.

TheTPH2gene was also one of 182 candidate genes thatimestigated for
association with AN in another large collaborattedy (Pinheiro et al., 2010). In this
study 5151 SNPs (43 SNPs within fiieH2 gene) were evaluated in 1085 participants with
AN and 677 controls. After accounting for multipssting, there were no statistically
significant associations for any individual SNP. &ksociation was found between the
measured PH2 SNPs and AN, but rs1473473 was not genotypedsrstody. The extent
of the linkage disequilibrium between rs1473473 dnedgenotyped SNPs is not known, a
small linkage disequilibrium could explain why tassociation witifPH2 was not found
in this study.
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The LD block thalfPH2rs1473473 tags spans across part offfhd2gene, and is
ended by a recombination hotspot on one side. Tdveré is highly likely that this SNP is
in LD with a functionally relevant variant(s) indiPH2 gene. Rs1473473 is not in LD
with known TPH2 mutations (Haavik et al., 2008)PH2 SNPs in LD with rs1473473
however, have been associated with a suicidal rheaalition in Finnish men (Zhou et al.,
2005), with antidepressant response in depressitierps (Peters et al., 2004), and with
allelic mRNA expression imbalance in sections ef tluman pons (Lim et al., 2007),
indicating that genetic variation at this locus ncaptribute to mental conditions and could
influence gene function.

To find yet unidentified functionally relevant vamnts with an effect in eating
disorders, th&PH2gene could be sequenced in eating disorder casefsuaily members,
for example by exon resequencing to detect ratevofrequency variants of medium
effect (Gloyn & McCarthy, 2010; Johansen et al1@Q0 Since a multitude of genes belong
to the serotonin pathway, measuring the presemt@etivity of serotonin either in blood
or in cerebrospinal fluid will probably not be aagbrepresentation of tHEPH2 gene per se
(Kaye et al., 1998; Savelieva et al., 2008). Aatgik way to evaluate the activity of the
TPH2gene is by measuring mRNA expression levels irbtlaén (Lim et al., 2007). A
difficulty of this approach is that brain tissuerégjuired. When investigating gene
expression in eating disorders it is importantiftecentiate between the secondary effects
of malnutrition (for example due to fasting in Afpm effects of the disorder itself. The
inclusion of a recovered eating disorder groughast studies therefore seems to be a
prerequisite, which makes this approach even miffieut. Translational models might
offer a solution for this problem.

Previously, a full phenotypic evaluation of fi@H2 knock-out mouse was performed
(Savelieva et al., 2008). The mice appeared langaignal both in appearance as well as
behavior. In general the results indicated thatdhe of serotonin appears to be modulatory
instead of essential in behavior. However, theltesd one behavioral test suggested
increased obsessive/compulsive behavior inTE2 knock-out mice. This is an
interesting finding, since a substantial comorlitietween eating disorders and obsessive-
compulsive disorder is present (Bulik et al., 199¥nfeld et al., 1998).

This is the first genetic study that used SV abenotype. This phenotype was chosen
because there is reopriori reason to believe that a DSM eating disorder diaign
represents a more ‘genetic’ syndrome than undeylgore behaviors or traits. Twin studies
have shown that binge-eating and vomiting represeme genetically mediated symptoms
(heritability estimates ranging between 8 and 8Bijle genetic factors did not appear to
have any effect (heritability estimate of 0) on timelue influence of weight and shape on
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self-evaluation represents (Bulik et al., 1998;dRbbrn-Kjennerud et al., 2003; Reichborn-
Kjennerud et al., 2004b; Reichborn-Kjennerud et28104a; Sullivan et al., 1998a; Wade et
al., 2008b; Wade & Bulik, 2007). Because the rdliigtof the measurement of SV is high
and the heritability of this behaviour is highes,apposed to binge eating, it was decided to
select cases based on this core behaviour inuldg described in chapter 5 (Sullivan et al.,
1998a; Wade et al., 2000a).

The selection of candidate genes in chapter esepts a choice from a larger set of
possibilities. Another plausible candidate gene ldidnave been Opioid Receptor Delta-1,
since association with this gene was also obseaaddconfirmed in two large studies
(Bergen et al., 2003; Brown et al., 2006). This wasthe case for the genes encoding
Serotonin Receptor 2A and the Serotonin Transposteich have been studied most
intensively in eating disorders (see Table 1.4)c@frse many alternatives exist for the
novel candidate gen&TMNlandTPH2that were currently selected. However, with the
sample sizes of the current study design (Figutgahly a few candidate genes could be
evaluated with a good coverage rate while retainithgguate statistical power.

Despite this selection, the statistical powetim GenED study was limited. Depending
on the minor allele frequency the study had adegpatver (85% power at an alpha level
of 0.05, log-additive or allelic model) to detetfeets sizes ranging between 1.45 and 1.8
for AN and ranging between 1.48 and 1.85 for SMsTould explain why previously
reported associations betweBBNF, HTR1Dand AN were not observed in this study
(Bergen et al., 2003; Brown et al., 2006; Ribases.e2004; Ribases et al., 2005). The
meta-analysis of PH2rs1473473 had adequate power (85% power at aa &phbl of
0.05, log-additive or allelic model) to detect effeizes of at least 1.25 for AN and 1.4 for
SV. This approach has led to a robust associafitimed PH2 SNP rs1473473.

Performing candidate gene studies is an outdaiprbach to identify susceptibility
genes for eating disorders. However, at the tiraetthis study was designed it was the
available method for performing this kind of resarSince the aetiology of eating
disorders is largely unknown, genomewide associatiadies are more appropriate for
finding candidate genes in these disorders. Theskes rely on the assumption that
linkage disequilibrium enables one SNP to act sisreogate marker for association to other
sequence variants in the same region (Freimer &iBaB007). Currently the Genetic
Consortium of Anorexia Nervosa is conducting a geewide association study in a large
group of female participants who meet DSM-IV ciigfior AN and a group of female
controls, all of European ancestry. The GenED shaldy takes part in this consortium.
Although this is a huge step forward in identifyiplgqusible candidate genes, the
heterogeneity of eating disorders, including ANyl be kept in mind. Substantial
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differences in genetic and environmental contriimgito componergymptom®f AN
suggests that we may be obscuring our ability teaddoci that contribute to risk by
focusing on a contrived and heterogeneous conditimorporating additional phenotypes
within this study might lead to interesting findmalthough the multiple testing issue
should be taken into account. Additional phenotyg@sbe core symptoms of eating
disorders, like binge eating and SV, but also pmabty features associated to eating
disorders, like perfectionism and impulsivity.

The link between TPH2 and personality features

The substantial heritability of AN and SV may irrtplae explained by heritable aspects of
perfectionism and impulsivity, which are consistgaissociated to eating disorders (Cassin
& von Ranson, 2005). Both perfectionism and impatgiremained present after
recovering from an eating disorder (Bastiani gti95; Kaye et al., 1998; Lilenfeld et al.,
2000; Srinivasagam et al., 1995; Wagner et al.620@ addition, elevated levels of
perfectionism were observed in relatives of indists with AN and BN (Lilenfeld et al.,
2000; Woodside et al., 2002). These findings sughes perfectionism and impulsivity
may be of potential aetiological relevance formgtlisorders.

Chapter 6 explored the hypothesis that geneti@ttan in the TPH2 gene explains part
of the overlap between eating disorders, perfeistiomnd impulsivity. In the phenotypic
analyses, earlier observations that patients withafid/or SV score different from healthy
controls on perfectionism and impulsivity, as meadby the Multidimensional
Perfectionism Scale (Frost et al., 1990) and thekian Impulsivity Inventory (Dickman,
1990) were confirmed. To study the involvementaffTPH2 SNPs, that were associated
to AN or SV previously (chapter 5), in perfectiamisind/or impulsivity in the general
population, genetic association analyses were pagd in a random twin-based control
group (N=512) with perfectionism and impulsivitgrs from the Youth Self-Report
(Levinson, 2005; Verhulst et al., 1997). The miabele of rs1473473 (OR =1.49, 95% CI
1.02-2.17p=0.04) and rs1007023 (OR=1.60, 95% CI 1.08-2036.02) were more
frequent in impulsive controls. In the eating ddgrcase group (N=267), an association to
Dysfunctional Impulsivity, a subscale from the Dit&n Impulsivity Inventory, was
observed for both rs1007023 (OR=1.79, 95% CI 1.a7-®=0.05) and rs1473473
(OR=1.83, 95% CI 1.08-3.0870.02). The degree of perfectionism was not astetit
genetic variation at the TPH2 gene.
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Eating
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p < 0.009 — 0.013
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Figure 7.2 The link between TPH2, impulsivity aradieg disorders. The observed associations betieéef2
and impulsivity (chapter 6), TPH2 and eating disosdchapter 5), impulsivity and eating disordetgpter 6),
and perfectionism and eating disorders (chaptaré&yepicted with the arrows. The TPH2 gene leatiggher
impulsivity which in turn might make people moresseptible for an eating disorder. An alternativplamation, a
third factor that is affected by TPH2, and whichium influences both impulsivity and eating disenslis
presented by the dashed arrows.

In Figure 7.2 the results from the analyses anensarized. Both impulsivity and
perfectionism were associated to eating disorddé?si2 showed an association with eating
disorders (AN and SV) and with impulsivity. Posgiltthere is a causal relation, thus that
genetic variation at the TPH2 gene leads to highpulsivity which in turn will make
people more susceptible for developing an eatiagrder. Another explanation is that
TPH2 affects another unknown factor, which influemboth impulsivity and eating
disorders. To evaluate whether the associationdstWwPH2 and impulsivity is underlying
the association with eating disorders a longituldimaspective study design (following up
carriers of the minor alleles of rs1007023 and Y844 3) is preferred. However, because of
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the low prevalence of eating disorders and the ¢exnmature, it will be difficult to conduct
this study. To overcome this, a more prevalentrimégliate phenotype, for example DEB
discussed in chapter 3 and 4, could be used. Anagiyroach to test for causality is by
adjusting the case-control association analysishimpulsivity phenotype. Because the
Youth Self Report impulsivity item was only meagsiiie a small subset of the eating
disorders cases, we did not have sufficient powadjust the previous case-control
association analyses with impulsivity scores.

In addition to perfectionism and impulsivity, teeare other established risk factors for
eating disorders that might predispose to theiettgpment, like negative self-
evaluation/low self-esteem, negative body imagewagight concerns (Jacobi et al., 2004).
It would be interesting to find out whether oneseveral shared factors are underlying this
overlap between personality features and eatirgdiss, and whether these factors have a
genetic or an environmental background. Large patfmr-based twin studies can be used
to investigate these questions.

A limitation of the study design used in chapteés éhat although there is overlap in
the features that were phenotyped in the casestfierenED study and the NTR controls,
the questionnaires used to measure these featerestidentical (Figure 7.1). Extensive
perfectionism and impulsivity phenotypes were aldé for the participants with an eating
disorder, whereas the available phenotypes in ffie Bbntrols were based on single items.
It is possible that despite the considerable catiat between these instruments they do not
measure the same underlying construct. By recguttie control women without eating
disorders we tried to overcome this limitation. Theestionnaires administered to this
group were identical to the questionnaires usedeérGenED study. However, because no
DNA was collected from these women the utility listgroup was limited (Figure 7.1).
Therefore the association with Dysfunctional Impulg scale could not be evaluated in
controls without an eating disorder.

The observed differences in perfectionism and isipitly scores between participants
with an eating disorder and controls without anngatlisorder indicate that currently ill
individuals are more impulsive and highly perfentfic. Although measurement
invariance with respect to disease state was staddthe framework described in chapter
3 can be used to do this), it is likely that thales do not measure exactly the same
underlying trait in both groups (both within patiesmbgroups and between patients and
controls). For example, someone who regularly eagag self-induced vomiting (a quite
dysfunctional impulsive behavior), may have anotty@nion or standard on dysfunctional
impulsivity compared to somebody who does not eagagelf-induced vomiting. These
persons will probably respond in a different magtexceding their iliness or after recovery.
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The previously reported elevated levels of peretim and impulsivity in recovered
patients however, point out that the differencegdrfectionism and impulsivity are not
entirely disease state-dependent and may be amlyindgrait preceding eating disorder
onset (Bastiani et al., 1995; Kaye et al., 199&)iGasagam et al., 1995; Wagner et al.,
2006).

Future Perspectives

In future research identical phenotypes will beilatde for a substantial group of cases
from the GenED study and for random participandsifthe NTR. This will increase the
possibilities for conducting studies into genesis@ciations, phenotype correlations and the
way these influence the development of eating dm@: A major limitation of the study
design thus far used is that questionnaires us€&iED and NTR controls were not
identical (Figure 7.1). Both studies are howeviranigoing which enable us to complete
the data.

It will be interesting to evaluate the influendadisease-state on the performance of
the used measurement instruments, by investigatg@surement invariance (as discussed
in chapter 3). For the Multidimensional PerfectgmiScale (Frost et al., 1990) and the
Dickman Impulsivity Inventory (Dickman, 1990) thesealyses can be performed in the
cases from the GenED study and the controls withowgating disorder (group 1 and 3
depicted in Figure 7.1). In the future, it will albe possible to test for measurement
invariance in the combined sample of GenED casdd\AiR controls, not only for
perfectionism and impulsivity but also for othergmnality features which are measured
within the NTR survey.

Besides perfectionism and impulsivity there ateopersonality features that possibly
predispose to the development of eating disordikespegative self-evaluation/low self-
esteem, negative body image and weight concernslfiat al., 2004). Because different
types of eating disorders are characterized byfardnt combination of these features (for
example high perfectionism, low self-esteem andatieg body image in AN), it will be
interesting to examine the overlap of these featuneluding the overlap with different
types of eating disorders or different eating disorsymptoms (e.g. binge eating, SV).
Within the twin sample of the NTR it will be posihio examine whether these features
have a common background, and whether geneticvarommental influences are
underlying this overlap. Furthermore the twin dasign be used to disentangle the
direction of causation, for example phenotypic etios models (Duffy & Martin, 1994;
Heath et al., 1993) and the co-twin control de¢@aderlof et al., 1977; Kendler et al.,
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1993). The first method is a nested model of tvardte Cholesky decomposition, in this
approach the correlated traits need to have differedes of inheritance. In the co-twin
control design relative risks for one feature (pgyfectionism) would be compared
between unrelated individuals discordant for anotbature (e.g. impulsivity), DZ twins
discordant for impulsivity, and MZ twins discorddat impulsivity.

The next step is conducting genomewide associatiaties to identify genetic loci
that influence the susceptibility for eating diseng| but also the susceptibility for the
combined phenotype of predisposing personalityufeat As was shown in chapter 6,
perfectionism and impulsivity scores are differeng¢ating disorder cases compared to
controls, and the same is expected for the penspfehtures mentioned above. In order to
detect genes that are involved in these persorfabityires in the absence of disease,
genomewide association studies should be performtg: twins from the NTR or in
family members of eating disorder cases. As patti®iGenED study first degree family
members of participating individuals with an eatdigorder are also approached to
participate in the study. Currently, phenotype gadotype data of 161 relatives of 64
eating disorder cases have been collected. Befsidgenetic association studies, this
family sample can also be used to perform phenotsfuidies. It can be questioned whether
family members of eating disorder cases show edeMatvels of for example perfectionism
and impulsivity. Furthermore, in the combined saamfl cases and relatives it can be
examined whether these features are familial.

When genetic loci are identified by the genomevadsociation studies, these genes
will have to be followed-up. In the first step mdpeeferably) functionally relevant
variants within that gene will be measured. Subsetly, the gene will be sequenced to
find yet unidentified variants that can explain theserved association. A recommended
approach for genes associated to eating disorslepsoin resequencing in severe cases and
matched healthy controls, to detect rare or lowdency variants of medium effect (Gloyn
& McCarthy, 2010; Johansen et al., 2010). In addito newly identified genes based on
genomewide association studies, the same apprafidiewsed to follow up the
association with the TPH2 gene in the future.

Once it is established that a gene is involvegitimer eating disorders or a
predisposing personality feature, the activity &ntttion of this gene can be tested by
using translational models, like knock-out mices$tbly these mice show a difference in
behavior compared to wild-type mice, which canddevant for the studied phenotype in
humans. In addition to knock-out mice, the actihipsed anorexia (ABA) or semi-
starvation induced hyperactivity model (Kas et 2009), a translational model for AN, can
be used to test the activity of the identified gene
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Finally, in the future more studies regarding gengironment interaction (G x E),
whereby a person’s genes may influence how seagitvor she is to the effects of the
environment, should be performed. This interactionld be a potential explanatory model
in eating disorders (Bulik, 2005). Despite the fdett practically every young girl in
Western society is exposed to cultural standard$eniderness and attractiveness and the
majority of them is or has been on a diet, onlynals number ever develops an eating
disorder. Possibly dieting will only trigger thevddopment of eating disorders in girls with
a large genetic vulnerability for these disord@tse underlying molecular processes of G x
E, with genes mediating an individual's risk to éample stressful life events, may be
elucidated by studying epigenetics (Feinberg, 2@airoeder et al., 2010). Epigenetics is
the study of inherited changes in phenotype or gampeession caused by mechanisms
other than changes in the primary underlying DNéussce. These epigenetic alterations
are potentially reversible and accessible for dregtment. Recent findings suggest that the
transmission of vulnerability for depression froargnt to offspring could occur, in part,
through the epigenetic modification of genomic oegi that are implicated in the regulation
of stress response and related processes suchrag@eeesis, like the glucocorticoid
receptor and brain-derived neurotrophic factor (Ma@n et al., 2009; Schroeder et al.,
2010). Expectancies with relation to benefits fdufe personalized diagnostics and
therapies for psychiatric disorders from this rigkdyy new form of genetic research are
high. Epigenetic changes might also be involveéating disorders. To examine these
changes epigenetic studies can be performed iemtlyrill or recovered patients with
eating disorders.

Clinical implications

Genetic research as discussed in this thesismjflidve the knowledge regarding the
genetic background of eating disorders. Once tttewzgys involved in these disorders and
in the associated personality features are elumilarevention and treatment can be
improved. Phenotypic studies into the shared backyt of eating disorders and
personality features will enable us to make a pisKile for eating disorders. This will
increase the chance of early recognition, and ingpevention strategies.

The knowledge that certain genes are involvedting disorders could be used to
predict the outcome of the disease if genetic wsiavill be found with sufficient
predictive effect sizes. Carrying a number of aflkles might worsen the prognosis of the
eating disorder, because specific behaviors ongatisorder features are influenced by
these genes (Hetrick et al., 2008; Maguire, 2008atment programs could be adjusted
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and improved based on this knowledge. Furthernior@wledge regarding the genetic
aetiologies may open pathways for novel drug tardgihce the prevalence of eating
disorders is relatively low, pharmaceutical companay not invest in the development of
medications to cure or mask genetic effects speftfithese disorders. However, since
there is evidence for shared genetic vulneraliiigiween eating disorders, depression and
anxiety (Keel et al., 2005; Kendler et al., 1995d# et al., 2000b; Wade et al., 2004),
genes that contribute to this spectrum of disordeght become targets for medical
interventions.

Also, an increase in knowledge regarding the esttewhich disorders are influenced
by genetic vulnerability may help to decrease tiggrsa associated with such disorders. It
can relief the burden of guilt with which many patseof eating disorder patients struggle
(Enten & Golan, 2009; Jacobi et al., 2004; Le Geaegal., 2010). In addition, this
knowledge could also change and ameliorate thidéts towards individuals suffering
from them (Crisafulli et al., 2008; Crisp, 2005e®art et al., 2006)

121






Chapter 8
Summary




Summary

In this thesis, a series of studies were conductéavestigate different aspects of the
genetics of eating disorders. Eating disordersitinguished into anorexia nervosa (AN),
bulimia nervosa (BN) and eating disorders not otlies specified (EDNOS). Chronicity
and mortality of patients with eating disorders ameong the highest of all psychiatric
illnesses. Despite substantial efforts to idertdysal pathways for AN and BN, very little
is known about the aetiology of eating disorders

Chapter 2 reviews the different studies that Haeen performed to explore the
biological background of eating disorders. Familydges have shown that AN and BN are
strongly familial, and that familial aetiologic facs appear to be shared by both disorders.
Twin studies mainly focussed on broader phenotgpesibthreshold eating disorders.
These studies consistently yielded moderate totaotial heritability estimates for both
AN (ranging between 48 and 76%) and BN (rangingvbet 30 and 83%). However, due
to the low prevalence of both disorders, and sulesetly the small numbers of affected
twins, the statistical power, even when using beogdhenotypes, was far from adequate.
Genomewide screens have demonstrated linkage farakbl on chromosomes 1p33-36
and 4913, for AN including behavioral covariateschnromosomes 1931, 2p11 and 13qg13,
and for BN on chromosomes 10p13, and 14g22-23. Meangtic association studies have
been conducted in eating disorders, in which genetiiation within a candidate gene is
compared between cases and controls. Nearly #lese studies did not lead to any
definite conclusion. Typical of the associationdsts in this field is the excess of small,
discrepant studies.

In chapter 3 we evaluated whether the disordeatidgebehavior (DEB)-scale was
comparable between men and women. We describediffegent steps of a multi-group
discrete factor analysis accumulating into a madelomplete measurement invariance,
which was applied in a sample of 1195 adolescemtanel 1507 adolescent women from
the Netherlands Twin Registry (NTR). DEB was themscore of four items on clinical
features from different eating disorders: dietifegr of weight gain, importance of body
weight or shape on self-evaluation and binge eakong DEB, the model of full
measurement invariance with respect to sex (modeli® not fit the data well. If this
model had fitted, the probability of a certain resge on a given item would have been the
same for all participants with the same value enuhderlying trait (DEB) regardless of the
sex of the participant. However, this was not thgec The underlying common factor might
not be the only source of difference between tikesevith respect to the four items. The
sum score based on the four eating disorder itherefore cannot be taken to represent
exactly the same underlying trait in men and wonTdis means that sex differences in this
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sum score might be due to measurement bias inefemttue difference in the underlying
trait.

In chapter 4 we reported the results of a bivariain study on DEB and body mass
index (BMI) in 474 monozygotic twin pairs (194 maled 280 female pairs), 310 dizygotic
twin pairs (140 male and 170 female pairs), anthddmplete twin pairs (22 men and 23
women) from the NTR. The sibling group was comptie€69 brothers and 115 sisters.
Because the DEB items were not measurement intaméimrespect to sex (chapter 3), the
genetic analyses were performed separately in mémamen. Twin-, cross-twin, and
twin-sibling correlations indicated that a largetps the variance in both DEB and BMI
was explained by genetic factors, and that gewetigponents were underlying the overlap
between DEB and BMI in women. The bivariate analgsiowed that DEB is a highly
heritable trait in women {a0.65) and moderately heritable in mefr@39), whereas BMI
is highly heritable in both women?z0.80) and men {&0.76). The remaining variance in
both traits was explained by unique environmergetdrs. In addition, additive genetic
factors were responsible for the total overlap leetwthe two characteristics, yielding a
genetic correlation of 0.43 in women and 0.51 imnigespite the overlap between BMI
and DEB, the majority of the genetic influencesadB were due to genetic effects that are
independent of BMI in women as well as men.

Based on the overview of genetic studies presdnteldapter 2 and the update given in
chapter 1, it is clear that the serotonin pathway fmostly been indicated as relevant in the
development of eating disorders, because of itsliment in a broad range of biological,
physiological and behavioral functions, for exampbely weight regulation, eating
behavior, perfectionism, impulsivity and obsesslityiaBut the involvement of many other
candidate genes has also been studied in eatiogldis. So far the only association with a
‘hypothesis based’ candidate gene that has beemausin at least two large association
studies was between brain-derived neurotrophiofeantd AN. From a ‘hypothesis free’
approach the associations with two candidate geaes been observed in at least two large
studies, namely serotonin receptor 1D and opiaidptor delta 1.

In chapter 5, we evaluated the association ofBsSfrom four candidate genes
serotonin receptor 1D (HTR1D), stathmin (STMNZ1jibrderived neurotrophic factor
(BDNF) and tryptophan hydroxylase 2 (TPH2), withtb&N and eating disorders
characterized by self-induced vomiting (SV). Firgg performed genetic association
analyses in cases from the GenED study (182 ANscaisé 149 SV cases) and random
controls from the NTR (N=607). A nominal signifidaassociationg<0.05) was observed
for TPH2 rs1473473 in AN as well as SV. This SNBwabsequently tested for replication
in a meta-analysis with two additional independsattng disorder case-control samples
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from Germany and the Netherlands together provi88ig AN cases, 306 SV cases and
1914 controls. For the minor C-allele (frequency6).of TPH2 SNP rs1473473 a
significant association was observed in the metdyars with both AN and SV. We
observed an OR of 1.25 (95% CI 1.06-1470.009) for AN, and an OR of 1.34 (95% ClI
1.06-1.69p=0.013) for SV. The OR for the combined group of Aht/or SV cases
(n=1073) was 1.24 (95% CI 1.06-1.44%0.006). Based on the genotype frequencies of the
TPH2 SNP rs1473473 we expected a dominant effdmt tanderlying the association.
Therefore, we evaluated the association with thi® $1 the combined case-group under a
dominant genotypic model. Homo- and/or heterozygraugers of the minor allele of
rs1473473 had a higher risk of either AN or SV (QR8, 95% CI 1.16-1.64<0.0003).
The TPH2 gene encodes the main rate-determiningnamin the synthesis of serotonin in
the brain (Zill et al., 2007). Serotonin is involivim satiety, anxious and obsessional
behavior, mood, and impulse control, featuresirltled to eating disorders (Kaye, 2008;
Lucki, 1998).

Chapter 6 explored the hypothesis that genetiattan in the TPH2 gene (associated
to a higher risk for AN and/or SV in chapter 5)pkins the overlap between eating
disorders, perfectionism and impulsivity by perfargithree analyses. In the extensive
phenotypic analyses, we confirmed earlier obsewaatthat participants with AN and/or
SV score different from healthy controls on perifaism and impulsivity as measured by
the Multidimensional Perfectionism Scale and Dickrnhapulsivity Inventory. To study
the involvement of four TPH2 SNPs in perfectioniand impulsivity in the absence of
disease, genetic analyses were performed in a mahdim-based control group (N=512).
We observed an association with the Youth Self Refm on impulsivity for two SNPs.
The minor allele of rs1473473 (OR =1.49, 95% CPR12017,p=0.04) and rs1007023
(OR=1.60, 95% CI 1.08-2.36=0.02) were more frequent in impulsive controlsxt\eve
tested whether these two SNPs were also assotiaiengbulsivity (as measured by the
Dickman Impulsivity Inventory) in an eating disordmse group (N=267). An association
was observed for both rs1007023 (OR=1.79, 95% @1-B.17,p=0.05) and rs1473473
(OR=1.83, 95% CI 1.08-3.0870.02). Genetic variation at the TPH2 gene thusapd to
affect impulsivity which in turn might predisposethe AN and/or SV phenotype.
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Genetische factoren bij eetstoornissen

Het is nog onvoldoende bekend waarom mensen est&sen ontwikkelen. Wel is
gebleken dat er niet één oorzaak is, maar datidlestle factoren een rol spelen bij het
ontstaan van deze ziekten. Eén van deze factomfelgkheid. In dit proefschrift hebben
we meerdere studies uitgevoerd om meer te lerendaveol van erfelijkheid en genen in
relatie tot eetstoornissen.

Eetstoornissen hebben grote negatieve gevolgeetdpyen van mensen die eraan
lijden en van mensen in hun omgeving. De mortakitaen deze stoornissen is hoog en de
prognose is slecht. Deze ziekten worden gekenndexdkt een grote kans op terugval na
behandeling en een groot deel van de patiéntereeme¢etstoornis is vier tot tien jaar later
nog niet hersteld. In het handboek voor psychigtgsstoornissen (DSM-1V) worden drie
eetstoornisdiagnoses onderscheiden, namelijk ai@onexvosa, boulimia nervosa en
eetstoornis niet anderszins omschreven (zie kadgri9et grootste deel van de
eetstoornispatiénten (ongeveer 60%) behoort tat thestste groep.

Er is veel overlap in de symptomen van de versailé eetstoornissen. Zo worden
verschillende vormen van eetgestoord gedrag €ndgs gedeeld tussen eetstoornissen,
zoals bijvoorbeeld de rol die lichaamsvorm en géwvépelen in de manier waarop men
zichzelf beoordeelt en zelfopgewekt braken. Daatiaahet niet ongebruikelijk dat
mensen tijdens hun leven voldoen aan verschilleedetoornis-diagnoses. Over
risicofactoren is bekend dat het vrouwelijk gestaetvaarlijvigheid in de kindertijd,
ernstige bezorgdheid over gewicht en lichaamsvoegatieve zelf-evaluatie (laag
zelfvertrouwen), lijnen, perfectionisme en mogeiijipulsiviteit betrokken zijn bij het
ontstaan van eetstoornissen.

Het menselijk lichaam bestaat uit verschillendefaals (huid, spier, bloed, vet etc.),
die opgebouwd zijn uit cellen. In iedere celkegt het erfelijk materiaal (DNA) verdeeld
over 23 chromosoomparen opgeslagen. Een gen bagtaah stukje DNA binnen een
chromosoom en draagt de informatie voor een spdeiferfelijke eigenschap in een cel.
Alle genen samen bepalen het functioneren van lenosaaruit de mens is opgebouwd.
Genen zijn grotendeels volledig identiek tussensaanmaar er is ook variatie. Deze
variatie kan de functie van het gen beinvioederarrdat hoeft niet.

Studie opzet

In dit proefschrift wordt een serie studies besetnewaarin de verschillende aspecten van
genetica van eetstoornissen onderzocht wordentaaltzijn drie verschillende studie
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populaties gebruikt om de onderzoeken in uit taenecAllereerst de ‘Genetics of Eating
Disorders’ (GenED) populatie, bestaande uit eetegymep Nederlandse
eetstoornispatiénten. De tweede studiepopulatiaéiesit tweelingen en hun familieleden
van het Nederlands Tweelingen Register (NTR). Algld is een populatie van volwassen
Nederlandse vrouwen zonder een eetstoornis gebruikt

Kader 9.1 Kenmerken verschillende eetstoornissen
Anorexia nervosavordt gekenmerkt door ernstig ondergewicht, eéenise angst voor
gewichtstoename en een gestoorde beleving van eefiichaamsvorm. Anorexia
nervosa wordt onderverdeeld in twee subtypes: égetikende type en het
eetbuien/purgerende type. In tegenstelling toek#iuien/purgerende type, zijn
personen met het beperkende type niet geregeld beti eetbuien of purgerende
maatregelen, zoals zelf-opgewekt braken of het miklvan laxeermiddelen.

Belangrijke symptomen vavoulimia nervosaijn het herhaaldelijk optreden van
eetbuien (gemiddeld 2x per week in de afgeloperad8nden) gevolgd door inadequaa
compensatoir gedrag (zoals braken, misbruiken aaeermiddelen en overmatig
bewegen) om de toename in gewicht te voorkomeneBdien wordt het oordeel over
zichzelf in onevenredige mate bepaald door lichaanmsen en/of gewicht. Bij boulimig
nervosa wordt een onderscheid gemaakt tussen rgerpade type (regelmatig bezig
met 0.a. zelfopgewekt braken of misbruik van largddelen) en het niet-purgerende
type (andere inadequate compensatoire gedragirggas Zasten of overmatige
lichaamsbeweging worden toegepast).

De groep patiénten met eeatstoornis niet anderszins omschrebentaat uit: 1.
personen die niet voldoen aan één van de criteba anorexia of boulimia nervosa; 2.
personen die een combinatie hebben van criterizoesel anorexia als boulimia
nervosa; 3. personen met een eetbuistoornis, geké&hdoor herhaaldelijke episodes
van eetbuien (gemiddeld twee keer per week in gelghen 6 maanden) in afwezighe
van inadequaat compensatoir gedrag.

o

Overzicht ander onderzoek naar genetische achtergnal eetstoornissen
Hoofdstuk 4s een overzichtsartikel van studies naar de ggaiet achtergrond van

eetstoornissen die zijn uitgevoerd tot en met 26@milie studies laten zien dat anorexia
en boulimia nervosa vaak binnen bepaalde famili@skomen. Daarnaast is het risico op

131



Nederlandse samenvatting

het krijgen van zowel anorexia als boulimia nervesdnoogd in familieleden van personen
die één van beide stoornissen hebben. In tweelidgst worden de overeenkomsten en
verschillen tussen ééneiige (genetisch identiekjvereiige (genetisch gezien 50% gelijk)
tweelingparen gebruikt om te berekenen hoe groetrfidijke en omgevingsinvioeden zijn
voor een bepaalde aandoening. Uit deze studiés bt 48 tot 76% van de individuele
variatie in anorexia nervosa verklaard wordt daameagische factoren, voor boulimia
nervosa ligt dit percentage tussen de 30 en 83%.

Om chromosomale locaties op te sporen waarinrmchonbekende belangrijke genen
bevinden die het ontstaan van anorexia en boulmigosa kunnen verklaren, zijn
zogenoemde koppelingsstudies uitgevoerd. Dergelijfipelingsstudies worden gedaan
binnen families waarin de ziekte vaker voorkomiydnrbeeld in aangedane broer en/of
zusparen. Omdat 50% van het DNA tussen broers senwelijk is, is de verwachting dat
zodra beide zussen anorexia nervosa hebben zecookrianten zullen delen die anorexia
nervosa veroorzaken. Door heel veel van dit scameip uit verschillende families te
onderzoeken kan er worden bekeken welk deel vabNét door al deze paren vaker
gedeeld wordt dan wat op basis van toeval wordiaeht. Zo kunnen er bepaalde
chromosomale gebieden worden gevonden die ‘gekdppigt aan de ziekte. In eerder
uitgevoerde koppelingsstudies is voor anorexiaaga\bewijs voor koppeling gevonden in
gebieden op chromosoom 1, 2, 4, en 13, en vooirhiauhervosa op chromosoom 10 en
14.

Associatie studies worden uitgevoerd om te ondsko of een specifiek gen, waarvan
wordt gedacht dat het een rol speelt bij een bepazkkte, ook werkelijk betrokken is bij
deze ziekte. In deze studies wordt onderzocht wanten van dit gen vaker voorkomen bij
een groep aangedane personen (patiéntengroepgalijieng tot een groep niet-
aangedane personen (controlegroep). In dat geealsigrake van associatie. Er zijn veel
associatiestudies uitgevoerd in de verschillendsgt@@rnissen. Doordat in de meeste
uitgevoerde associatie studies in eetstoornissgEnekpatiénten- en controlegroepen zijn
onderzocht, zijn er veel tegenstrijdige resultajemonden. Op basis van grotere
associatiestudies lijken serotonine receptor 1pidpeceptor D1 en brain-derived
neurotrophic factor geassocieerd te zijn met eetsissen.

Vergelijkbaarheid vragenlijst eetgestoord gedrag
In hoofdstuk 3vordt een methode beschreven om de vergelijkbahviag een

meetinstrument (vragenlijst/interview) tussen geefop basis van geslacht, leeftijd etc.)
te onderzoeken. Als toepassing van deze methodkamelerzocht of mannen en vrouwen
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de ‘disordered eating behavior’ (DEB)-schaal opetfee wijze invullen of interpreteren.
De DEB-schaal is opgebouwd uit vier losse itemdetier een aspect van eetgestoord
gedrag meten, namelijk: lijnen, angst voor gewid@same, belang van lichaamsgewicht
en —vorm bij zelf-evaluatie en eetbuien. Door dee®p deze vier items op te tellen, krijg
je een totaal score die iets zegt over de matéveaistoring van eetgedrag’ van die
persoon. Het idee is dat mensen die geen of wanigestoord’ gedrag vertonen een
lagere score op alle vier de items hebben dan matiesameer of veel ‘eetgestoord’ gedrag
vertonen, ongeacht hun geslacht. Als nu bijvoorbbéjkt dat de ‘niet-eetgestoorde’
mannen op slechts drie van de vier items laag scteewijl de ‘niet-eetgestoorde’
vrouwen op alle vier de items laag scoren, dam @i een sekse-verschil in hoe de DEB-
schaal de mate van ‘eetgestoordheid’ meet. Metrantleorden de DEB-schaal is dan niet
meetinvariant met betrekking tot geslacht. Om deeetinvariantie van de DEB-schaal te
testen, werd een discrete factor analyse bestaandigf opeenvolgende stappen
uitgevoerd in een steekproef van 1195 adolesceatsen en 1507 adolescente vrouwen
van het NTR. De DEB-schaal bleek niet volledig rimegtriant te zijn, het is onduidelijk of
gevonden sekse-verschillen in de DEB score weReeliprschillen tussen mannen en
vrouwen weerspiegelen in ‘eetgestoordheid’ of eevolg zijn van de meetafwijking in de
schaal. Op basis van de DEB-schaal zijn mannemamen dus niet vergelijkbaar, en in
toekomstige analyses moeten deze groepen aparewandegenomen.

Erfelijkheid eetgestoord gedrag en BMI

Is de mate van eetgestoord gedrag erfelijk, enelk@vmate zijn genetische factoren die
van invioed zijn op deze mate van eetgestoord gealv& van invioed op BMI? De
tweelingstudie die uitgevoerd is om deze vragdretntwoorden wordt beschreven in
hoofdstuk 4Hiervoor werden gegevens van een grote groepitges (474 ééneiige, 310
tweeeiige tweelingparen en 45 losse tweelingeruernbroers en zussen (69 broers, 115
zussen) van het NTR gebruikt. Omdat de DEB-schaabhmeetinvariant was met
betrekking tot geslacht (hoofdstuk 3) werden ddyees apart uitgevoerd voor mannen en
vrouwen. Uit de bivariate tweelinganalyses bleek6d#6 van de individuele variatie in
eetgestoord gedrag verklaard werd door genetisadteren in vrouwen, in mannen was dit
percentage 38%. De erfelijkheid van BMI was hoogawel vrouwen (80%) als mannen
(76%). De overlap tussen de mate van eetgestoardgen BMI werd verklaard door
genetische factoren, er werd een genetische ctiergkn 0.43 in vrouwen en 0.51 in
mannen gevonden. Ondanks deze overlap, werd henhdeel van de genetische invlioed
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op de mate van eetgestoord gedrag verklaard doetigehe factoren die geen rol speelde
bij BMI in mannen en vrouwen.

Associatie studie van kandidaatgenen in anorexia nesa en zelfopgewekt braken

In hoofdstuk 5vordt een associatie studie beschreven waariolden verschillende
kandidaatgenen in anorexia nervosa en in eetstsmmigekenmerkt door zelfopgewekt
braken worden onderzocht. Zelfopgewekt brakenmsbetangrijk klinisch symptoom bij
verschillende eetstoornissen, dat in hoge matdijktfepaald blijkt te zijn. In deze studie
werden vier kandidaatgenen onderzocht, serotoeiceptor 1D ITR1D), brain-derived
neurotrophic factorBDNF), tryptophaan hydroxylase ZRPH2) en stathmineSTMNJ.
HTR1DenBDNF werden gekozen op basis van resultaten uit eestietléees TPH2 speelt
een belangrijke rol binnen het serotonine systégitrsysteem is betrokken bij
verschillende biologische, fysiologische en geditaggties die een rol kunnen spelen bij de
ontwikkeling van een eetstoornis, zo is serotonen@ invioed op de regulatie van
lichaamsgewicht, eetgedrag, maar ook op psychisehmerken zoals perfectionisme,
impulsiviteit en obsessief gedra®TMN1ligt in een gebied op chromosoom 1 waarmee
eerder koppeling was gevonden met anorexia nerwesder speelt dit gen een rol in angst
en angstgevoelens bij zowel muizen als mensen.

Voor de associatie studie werden 25 variantendrirde vier kandidaatgengd{R1D,
BDNF, TPH2enSTMNJ in twee patiéntgroepen van de GenED populati@ ¢igiénten
met anorexia nervosa en 149 patiénten met eemeriis gekenmerkt door zelfopgewekt
braken) vergeleken met 607 vrouwen van het NTR.r\éém variant (rs1473473) binnen
hetTPH2gen werd een associatie gevonden met beide gati&pten. Voor replicatie,
werd vervolgens onderzocht of deze variant ookassociatie liet zien in een meta-analyse
met twee andere onafhankelijke eetstoornis pogglatit Duitsland en Nederland. De
studiepopulatie voor deze analyse bestond incladsegsenED populatie uit totaal 887
anorexia nervosa patiénten, 306 patiénten metetstoernis gekenmerkt door
zelfopgewekt braken en 1914 vrouwen uit de algenbewelking. In deze analyse bleek
rs1473473 ook geassocieerd met anorexia nervosatstoornissen gekenmerkt door
zelfopgewekt braken. Voor de zeldzame variant edd 73473 werd een odds ratio van
1.25 voor anorexia nervosa en een odds ratio \&hvior zelfopgewekt braken gevonden.
Dit betekent dat dragers van de zeldzame varianveghoogd risico hebben op het
ontwikkelen van anorexia nervosa en eetstoornigekanmerkt door zelfopgewekt braken.
TPH2encodeert het enzym dat de mate bepaald waadtosére wordt gevormd in de
hersenen.
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Perfectionisme en impulsiviteit bij de associatieussen eetstoornissen en TPH2

Hoofdstuk Gonderzoekt de hypothese dat genetische variatietiiPH2 gen (geassocieerd
met eetstoornissen, hoofdstuk 5) de overlap tussderctionisme, impulsiviteit en het
voorkomen van eetstoornissen kan verklaren. Altstegerd getoetst of patiénten met een
eetstoornis (GenED populatie) anders scoren ogg@hisme- en
impulsiviteitsvragenlijsten in vergelijking met wehssen vrouwen zonder een eetstoornis.
Patiénten met een eetstoornis bleken zeer penfigstikch en impulsief te zijn in
vergelijking met de groep zonder eetstoornis. Vigmos werd binnen een groep van 512
vrouwen van het NTR de associatie tussen2varianten en een enkel
perfectionisme- en impulsiviteitsitem getoetst. Bwarianten (rs1473473 en rs1007023)
waren geassocieerd met een hogere impulsiviteggoatds ratio’s 1.49 en 1.60). Ten slotte
werd onderzocht of deze twee varianten ook eercedBomet impulsiviteit lieten zien in
een groep van 267 eetstoornispatiénten.Voor beideagianten werd een associatie
gevonden met hogere impulsiviteitsscores (rs100/0@@&s ratio 1.79; rs1473473, odds
ratio 1.83). Genetische variatie in i@®H2 gen lijkt dus invloed te hebben op impulsiviteit,
wat de kwetsbaarheid op het ontstaan van anorexiemsa of eetstoornissen gekenmerkt
door zelfopgewekt braken kan beinvioeden.

Conclusie en toekomst

In hoofdstuk #vorden de belangrijkste bevindingen uit de voongi@ahoofdstukken
besproken, verder worden mogelijkheden voor toekignosiderzoek en klinische
implicaties toegelicht. Het is duidelijk dat heingéisch onderzoek bij eetstoornissen,
vergeleken met andere psychische en somatischee@inden, nog in de kinderschoenen
staat. Het veld wordt nog steeds gekenmerkt dderkleine associatie studies naar
bepaalde kandidaatgenen, met tegenstrijdige bengedials resultaat. Doordat
eetstoornissen weinig voorkomen onder de bevolkibet noodzakelijk dat
onderzoeksgroepen wereldwijd meer samenwerken a®arpoek te kunnen doen in
grotere groepen. Daarnaast maakt de opkomst vayogemijde associatie studies het
uitvoeren van kandidaatgen studies achterhaald nli®e wanneer er nog weinig over de
etiologie van een ziekte bekend is, zoals bij eetsiissen, zijn genoomwijde associatie
studies een goede methode omdat genetische variagrtspreid over het hele genoom (alle
chromosomen) in één keer worden getoetst op assod@annenkort worden de resultaten
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van een grote genoomwijde associatie studie inextenervosa verwacht, uitgevoerd door
het Genetic Consortium of Anorexia Nervosa waamdaiGenED studie ook deel uitmaakt.

De bevinding dat een variant binnen MEtH2 gen geassocieerd is met anorexia
nervosa en met eetstoornissen gekenmerkt doomppeifeckt braken lijkt robuust. Het is
niet duidelijk wat de functie van variant rs147343.3Heeft deze variant zelf invloed op de
activiteit van het gen, of weerspiegelt het de wayk/an een functionele variant in de
buurt? Om deze vraag te beantwoorden zal Rét2 gen beter onderzocht moeten worden,
bijvoorbeeld door meer varianten binnen dit gemé&ten of door het gen te sequencen (het
uitlezen van het hele stuk DNA waaruit het genpgebouwd). Verder is het ook
interessant om de activiteit van dit gen te ondekea door de zogenaamde expressie in de
hersenen te meten.

Naast het genotype is het belangrijk om naar detypes gerelateerd aan
eetstoornissen kijken. De verwachting is dat genenvan invloed zullen zijn op een
volledige eetstoornis diagnose, maar eerder eenteftillen hebben op onderliggende
gedragskenmerken, zoals perfectionisme, zelfopgelwaken en impulsiviteit (zie
hoofdstuk 5 en 6). Naast perfectionisme en impitéstwzijn er ook andere
gedragskenmerken gerelateerd aan eetstoorniss#s, nematieve zelf-evaluatie/laag
zelfvertrouwen, negatief lichaamsbeeld en zorgear bet gewicht. In de toekomst is het
belangrijk om te onderzoeken of de overlap tussze @edragskenmerken en
eetstoornissen wordt verklaard door één of meemiederliggende factoren, en in hoeverre
deze factoren door genetische of omgevingsinvloedaden verklaard. Tweelingstudies
kunnen hierin een belangrijke bijdrage leveren.

Een ander belangrijk aspect is het meetinstruwemthet betreffende
(gedrags)kenmerk. Als in grote groepen mensen wiggfen of interviews worden
afgenomen om de mate van aanwezigheid van eenltdamnerk vast te stellen, is het
wel essentieel dat het meetinstrument vergelijkisarssen bijvoorbeeld man en vrouw,
oud en jong, maar ook tussen ziek en gezond. Met studie (beschreven in hoofdstuk 3)
waren we de eerste die binnen het eetstoorniswddtddn gekeken naar de meetinvariantie.
Dus ondanks het feit dat somscores van eetstoohailen vaak worden gebruikt om
groepen te vergelijken, is nooit eerder vastgesitttbze schalen wel werkelijke
verschillen laten zien of dat het om een meetafgjlgaat.

Op korte termijn zijn de klinische implicaties vaet genetisch onderzoek in
eetstoornissen niet zo groot. Het kan helpen onstigrtha omtrent eetstoornissen te
verminderen en om het schuldgevoel van oudersrtielvien. Op de lange termijn, als
meer duidelijk is over de etiologie en betrokkedhen specifieke genen bij
eetstoornissen, kunnen preventie-activiteiten dnabeéeling worden verbeterd (zgn.
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‘matched care’). Betere risicoprofielen op basis ganen en persoonlijkheidskenmerken
zouden kunnen worden opgesteld voor eetstoornigseliat de kans op een vroege
ontdekking van de stoornis groter wordt. Daarnaastlen genen kunnen worden gebruikt
als voorspellers van het verloop en de uitkomstdamiekte. De behandeling zou hier
vervolgens op aangepast kunnen worden.
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Appendix A: DSM-IV criteria for eating disorders

Anorexia nervosa

A. Refusal to maintain body weight at or above a maliyonormal weight for age and
height (e.g., weight loss leading to maintenandeoafy weight less than 85% of that
expected; or failure to make expected weight ganing period of growth, leading to
body weight less than 85% of that expected).

B. Intense fear of gaining weight or becoming fat,retrough underweight.

C. Disturbance in the way in which one's body weighstmape is experienced, undue
influence of body weight or shape on self-evaluatmr denial of the seriousness of the
current low body weight.

D. In postmenarcheal females, amenorrhea, i.e., thenak of at least three consecutive
menstrual cycles. (A woman is considered to havermmhea if her periods occur
only following hormone, e.g., estrogen, administraj

Specify type

Restricting Typeduring the current episode of Anorexia Nervoka,ferson has
not regularly engaged in binge-eating or purginigawéor (i.e., self-induced
vomiting or the misuse of laxatives, diureticseoemas)

Binge-Eating/Purging Typeluring the current episode of Anorexia Nervoba, t
person has regularly engaged in binge-eating agipgibehavior (i.e., self-
induced vomiting or the misuse of laxatives, diipgtor enemas)

Bulimia nervosa

A. Recurrent episodes of binge eating. An episodengfebeating is characterized by both
of the following:

(1) eating, in a discrete period of time (e.g., withity 2-hour period), an amount of
food that is definitely larger than most people ldoeat during a similar period of
time and under similar circumstances

(2) a sense of lack of control over eating during thisae (e.g., a feeling that one
cannot stop eating or control what or how muchisreating)
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B. Recurrent inappropriate compensatory behaviordewto prevent weight gain, such
as self-induced vomiting; misuse of laxatives, diios, enemas, or other medications;
fasting; or excessive exercise.

C. The binge eating and inappropriate compensatorg\iefs both occur, on average, at
least twice a week for 3 months.

D. Self-evaluation is unduly influenced by body shapd weight.

E. The disturbance does not occur exclusively durpigaeles of Anorexia Nervosa

Specify type:

Purging Typeduring the current episode of Bulimia Nervosa&, person has regularly
engaged in self-induced vomiting or the misusearétives, diuretics, or enemas
Nonpurging Typeduring the current episode of Bulimia Nervosa, person has used
other inappropriate compensatory behaviors, suéastisig or excessive exercise, but
has not regularly engaged in self-induced vomitinghe misuse of laxatives, diuretics,
or enemas

Eating disorder not otherwise specified
Eating disorder not otherwise specified includesrers of eating that do not meet the

criteria for any specific eating disorder.

1. For female patients, all of the criteria for andaexervosa are met except that the
patient has regular menses.

2. All of the criteria for anorexia nervosa are metept that, despite significant weight
loss, the patient's current weight is in the norraabe.

3. All of the criteria for bulimia nervosa are met ept that the binge eating and
inappropriate compensatory mechanisms occur lesstiice a week or for less than 3
months.

4. The patient has normal body weight and regulargslisappropriate compensatory
behavior after eating small amounts of food (eelf-induced vomiting after
consuming two cookies).

5. Repeatedly chewing and spitting out, but not swahg, large amounts of food.

6. Binge-eating disorder is recurrent episodes of diating in the absence if regular
inappropriate compensatory behavior characteridtivulimia nervosa.
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Appendix B: Overview of genetic association studigserformed since 2005 with adequate statistical poav.

Polymorphism Phenotype N p-value, Ref  Note
Gene
Serotonin
Serotonin Rs652783 RAN 122 NS (1) UK
Receptor 1D, BPAN 104
HTR1D, 1p36 Controls 678
Rs604030 RAN 122 NS (1) UK
BPAN 104
Controls 678
T-1123C RAN 122 0.03 (1) ANrvsctrlOR 1.44
(rs674386) BPAN 104 UK
Controls 678
Rs856510 RAN 122  0.02, 0.04 (geno) (1) ANrvsctrlOR 1.51
BPAN 104 UK
Controls 678
Serotonin p.L459L German AN 265 NS (2)  Germany, Spain
Receptor 3A, (exon 9) German BN 91
HTR3A, 11923 German Controls 191
Spanish AN 78
Spanish BN 119
Spanish Controls 331
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Polymorphism Phenotype N p-value, Ref  Note
Gene
C.-42C>T German AN 265  German sample: (2) Pooled data NS
(rs1062613) German BN 91 ANFr vs ctrl 0.04 (geno, Germany, Spain
German Controls 191  N=138)
Spanish AN 78
Spanish BN 119
Spanish Controls 331
IVS1-19G>A  German AN 265 German: 0.03 (geno) (2) Pooled data NS
(rs1176722) German BN 91 ANFr vs ctrl 0.006 Germany, Spain
German Controls 191  (geno, N=138)
Spanish AN 78 BN vs ctrl 0.01
Spanish BN 119 BNP vs ctrl 0.008
Spanish Controls 331  (geno, N=80)
IVS3+7A>C German AN 265 NS (2)  Germany, Spain
German BN 91
German Controls 191
Spanish AN 78
Spanish BN 119
Spanish Controls 331
Serotonin p.Y192S German AN 265 German: 0.004 (geno) (2)  Pooled ANr vs ctrl
Receptor 3B, (rs1176744) German BN 91 ANTr vs ctrl 0.007 (genotypic, p<0.002
HTR3B, 11923 German Controls 191  N=138) Germany, Spain
Spanish AN 78
Spanish BN 119
Spanish Controls 331
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Polymorphism Phenotype N p-value, Ref  Note
Gene
c.-104_-102 German AN 265 NS (2)  Germany, Spain
delAGA German BN 91
(‘5 untransl German Controls 191
region) Spanish AN 78
Spanish BN 119
Spanish Controls 331
IV6+72A>G German AN 265 NS (2)  Germany, Spain
German BN 91
German Controls 191
Spanish AN 78
Spanish BN 119
Spanish Controls 331
Catecholamine
Beta 3 adrenergic Trp64Arg AN 96 NS (3) Japan
receptor, BN 116
ADRB3, 8pl11-12 Controls 284
Dopamine -141C/Indel AN 191 NS (4) TDTO0.01
D2 Receptor, (rs1799732) Parents & aff rel 457 USA, UK
DRD2, 11923 Controls 98 and Germany
T2730C AN 191 NS (4) USA, UK
(rs1800498) Parents & aff rel 457 and Germany
Controls 98
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Polymorphism Phenotype N p-value, Ref  Note
Gene
C932G AN 191 NS (4) USA, UK
(rs1801028) Parents & aff rel 457 and Germany
Controls 98
C939T AN 191 NS (4) USA, UK
(rs6275) Parents & aff rel 457 and Germany
Controls 98
C957T AN 191 NS (4) TDT 0.006
(rs6277) Parents & aff rel 457 USA, UK
Controls 98 and Germany
Rs6278 AN 191  ANp vs ctrl 0.04 (geno, (4) USA, UK
Parents & aff rel 457  N=88) and Germany
Controls 98
C10620T AN 191  ANp vs ctrl 0.05 (geno, (4) USA, UK
(rs1800497) Parents & aff rel 457  N=88) and Germany
Controls 98
Dopamine C-521T AN (trios) 202  0.009 (65) TDT
D4 Receptor, Controls (fam) 418 Israel
DRD4, 11p15 C-616G AN (trios) 202 NS (5) TDT
Controls (fam) 418 Israel
A-809G AN (trios) 202 NS (5) TDT
Controls (fam) 418 Israel
120 bp tandem AN (trios) 202 NS (65) TDT
repeat dupl Controls (fam) 418 Israel

soolpuaddy



Polymorphism Phenotype N p-value, Ref  Note
Gene
Exon Ill repeat AN (trios) 202 NS (5) TDT
Controls (fam) 418 Israel
Noradrenaline S4/L4 RAN 67 NS (6)  Austria, UK
transporter, (promoter) BPAN 48
SLC6A2, 16912 AN subtype n.a. 27
(trios)
Neuropeptide & feeding regulation
Cholecystokinin, Rs6791019 AN 165 NS @) Netherlands
CCK, 3p21 Controls 283
Rs7611677 AN 165 NS @) Netherlands
Controls 283
Rs6809785 AN 165 NS @) Netherlands
Controls 283
Rs6801844 AN 165 NS @) Netherlands
Controls 283
Rs11129946 AN 165 0.0001 (geno) (7)  AC genotype OR 2.64
Controls 283 Netherlands
Ghrelin, GIn90Leu AN 366 NS (8)  Austria, France,
GHRL, 3p25-26 BN 326 Germany, ltaly,
AN and BN (trios) 529 Slovenia, Spain,
Controls 342 and UK

L91
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Polymorphism Phenotype N p-value, Ref  Note
Gene
Leu72Met AN 196 NS (8)  Austria, France,
Controls 98 Germany, ltaly,
Slovenia, Spain,
and UK
Arg51GIn AN 196 NS (8)  Austria, France,
Controls 98 Germany, ltaly,
Slovenia, Spain,
and UK
T171C AN 96 BN vs ctrl 0.04 (3) Japan
(rs495225) BN 116
Controls 284
Rs17700633 AN 267 NS (9) Netherlands
Controls 1636
Rs17782313 AN 267 NS (9) Netherlands
Controls 1636
Opioid receptor Rs569356 RAN 122  0.007, 0.0003 (geno) (1) ANvsctrl OR 1.67,
delta-1 BPAN 104  0.05, 0.04 (geno) ANr vs ctrl OR 1.77
OPRD1, 1p35 Controls 678 AN vs ctrl 0.0008, 0.001 ANbp vs ctrl OR 1.57
(geno) UK
Rs204047 RAN 122 NS (1) UK
BPAN 104

Controls 678
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Polymorphism Phenotype N p-value, Ref  Note
Gene
Rs204055 RAN 122 NS (1) UK
BPAN 104
Controls 678
Rs2298896 RAN 122 NS (1) UK
BPAN 104
Controls 678
Rs521809 RAN 122 0.02 (geno) (1) UK
BPAN 104
Controls 678
Rs4654327 RAN 122  0.03, 0.03 (geno) (1) ANrvsctrlOR 1.42
BPAN 104 UK
Controls 678
Other candidate genes
Brain Derived C-270T AN 195 NS (10) Netherlands
Neurotrophic Factor, Schizofrenia 273
BDNF, 11p13-14 Controls 580
Val-66-Met AN 195 NS (10) Netherlands
(rs6265) Schizofrenia 273
Controls 580
20 kb upstr AN 195 NS (10) Netherlands
ATG Schizofrenia 273
Controls 580
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Polymorphism Phenotype N p-value, Ref  Note
Gene
33 kb downstr AN 195 NS (10) Netherlands
exon 2 Schizofrenia 273
Controls 580
Rs1488830 AN 267 NS (9) Netherlands
Controls 1636
Rs925946 AN 267 NS (9) Netherlands
Controls 1636
Cannabinoid R63Q AN 94 ED vs ctrl 0.04 (11) EDvsctrliOR 1.24
receptor 2, BN 111 Japan
CNR2, 1p36 Controls 1867
Estrogen receptor 1, Rs488133 French AN (fam) 321 NS (12) France and Germany
ESR1, 6425 German RAN (fam) 41
Rs11155819 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs12199722 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs188405 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs726281 French AN (fam) 321  French AN 0.02 (12) France and Germany
German RAN (fam) 41 French RAN 0.005
German RAN 0.03
Rs3020407 French AN (fam) 321 NS (12) France and Germany

German RAN (fam) 41
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Polymorphism Phenotype N p-value, Ref  Note
Gene
Rs17081994 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs2981712 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs3020371 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs2228480 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
Rs3798577 French AN (fam) 321  French RAN 0.02 (12) France and Germany
German RAN (fam) 41
French women 693 ED in population-based
(population-based) women 0.008
Rs2295193 French AN (fam) 321  French AN 0.02 (12) France and Germany
German RAN (fam) 41 French RAN 0.007
Rs2252837 French AN (fam) 321 NS (12) France and Germany
German RAN (fam) 41
ETS variant gene 5, Rs7647305 AN 267 NS 9) Netherlands
ETV5, 3928 Controls 1636
Fat mass- and obesity Rs1121980 AN 267 NS 9) Netherlands
associated gene, Controls 1636

FTO, 16912

,Jaydey)d
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Polymorphism Phenotype N p-value, Ref  Note
Gene
Glucosamine-6-phosphateRs10938397 AN 267 NS (9) Netherlands
deaminase 2, Controls 1636
GNPDAZ2, 4p13
G-Protein coupled Gly195Vval AN 235 0.02 (13) OR 131
receptor 55, (rs3749073) Controls 1244 OR 2.41 (<0.005)
GPR55, 2937 Val195 homozygotes

Japan

Potassium channel Rs368794 AN 267 NS (9) Netherlands
tetramerisation domain, Controls 1636
KCTD15, 19913
Mitochondrial carrier Rs10838738 AN 267 NS (9) Netherlands
homolog 2, Controls 1636
MTCH2, 11g12
Neurol growth regulator 1,Rs2568958 AN 267 NS 9) Netherlands
NEGR1, 1p31 Controls 1636
SH2B adaptor protein 1, Rs7498665 AN 267 NS 9) Netherlands
SH2B1, 16pl1 Controls 1636
Transmembrane protein Rs6548238 AN 267 NS 9) Netherlands
18, Controls 1636

TMEM18, 2p25

AN=Anorexia Nervosa, BN=Bulimia Nervosa, RAN= Ragive Anorexia Nervos, BPAN= Binge-purge AnoreNarvosa
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Appendix B: Reference list large genetic associaticstudies since 2005

1. Brown, K. M., Bujac, S. R. et al. (2006). Furtks/idence of
Association of OPRD1 & HTR1D Polymorphisms withs8aptibility to
Anorexia NervosaBiologic Psychiatry, 61367-373.

2. Hammer, C., Kapeller, J. et al. (2009). Functlorariants of the serotonin
receptor type 3A and B gene are associated withgedisorders.
Pharmacogenet Genomics,, ®0-799.

3. Miyasaka, K., Hosoya, H. et al. (2005). Assaciabf ghrelin receptor gene
polymorphism with bulimia nervosa in a Japanegaufaiion.Journal of
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4. Bergen, A. W., Yeager, M. et al. (2005). Asstieiaof Multiple DRD2
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Psychiatric Genetics, 1239.
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Genetics, 1538395-699.

10. de Krom M., Bakker, S. C. et al. (2005). Polyptidsms in the brain-derived
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cannabinoid CB2 receptor gene is associated wiihgdisorders in humans
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12. Versini, A., Ramoz, N. et al. (2010). Estrogeceptor 1 gene (ESR1) is

associated with restrictive anorexia nervé$auropsychopharmacology, 35,
1818-1825.

13. Ishiguro, H., Onaivi, E. S. et al. (2011). Rimal polymorphism in the
GPR55 gene is associated with Anorexia NervBgaapse, §5103-108
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Appendix C: References of small genetic associati@iudies in eating disorders from
2005 to present
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Appendix D: References of small genetic associatiaudies in eating disorders until
2005
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