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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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Chapter 4

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

59



Genetic influences on disordered eating behavidrEivil

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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1/0.5 1 1/0.5 1

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).
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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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