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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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Chapter 2

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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Eating disorders: from twin studies to candidateege

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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Eating disorders: from twin studies to candidateege

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.

1a1dey)d



Eating disorders: from twin studies to candidateege

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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