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Abstract

Twin studies indicate significant genetic, but little shared environmental, influences on eating
disorders. However, critics argue that study limitations constrain the conclusions that can be drawn.
Adoption studies avoid many of these limitations, but to date, no adoption studies of eating pathology
have been conducted. The current study was the first adoption study to examine genetic/
environmental effects for disordered eating. Participants included 123 adopted and 56 biological
female sibling pairs. Disordered eating (i.e., overall eating pathology, body dissatisfaction, weight
preoccupation, binge eating) was assessed using the Minnesota Eating Behaviors Survey. Biometric
model-fitting indicated significant genetic influences (59-82%) on all forms of disordered eating,
with nonshared environmental factors accounting for the remaining variance. Shared environmental
factors did not contribute significantly to any disordered eating symptom. Our findings bolster those
from twin studies and provide critical evidence of significant genetic effects on disordered eating
symptoms.
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Twin studies suggest moderate-to-high heritability (i.e., ~50-85%) of anorexia nervosa (AN;
Bulik, et al., 2006; Klump, Miller, Keel, McGue, & lacono, 2001; Kortegaard, Hoerder,
Joergensen, Gillberg, & Kyvik; 2001; Mazzeo, et al., 2009; Wade, Bulik, Neale, & Kendler,
2000) bulimia nervosa (BN; Baker, Mazzeo, & Kendler, 2007; Bulik, Sullivan, & Kendler,
1998; Bulik, Sullivan, Wade, & Kendler, 2000; Kendler, et al.,1991; Kendler, et al., 1995; and
disordered eating symptoms (e.g., weight preoccupation, body dissatisfaction, binge eating,
the use of compensatory behaviors; Keski-Rahkonen, et al., 2005; Klump, McGue, & lacono,
2002; Klump, Burt, McGue, & lacono, 2007; Reichborn-Kjennerud et al., 2003; Rutherford,
McGuffin, Katz, & Murray, 1993; Silberg & Bulik, 2005; Spanos, Burt, & Klump,
submitted; Sullivan, Bulik, & Kendler, 1998; Wade, Martin, et al., 2000; Wade et al., 1999)
during adolescence and adulthood. Indeed, over 30 such twin studies have been conducted,
and all but two (focusing on cognitive criteria for AN and BN; see Reichborn-Kjennerud et
al., 2004 and Wade, Martin, & Tiggeman, 1998) found evidence for significant genetic effects.

Nonetheless, past critics of these studies have suggested that methodological limitations
constrain the conclusions that can be drawn. For example, some (Fairburn, Cowen, & Harrison,
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1999) have noted that heritability estimates vary across twin studies and even within the same
twin study (see Bulik, et al., 1998; Kendler, et al., 1991; Kendler, et al., 1995), making it
difficult to determine the actual contribution of genetic factors. Others point out that the 95%
confidence intervals for genetic effects have sometimes included 0, suggesting a lack of
statistically significant effects (Levine & Smolak, 2006). The validity (or invalidity) of the
Equal Environments Assumption is also frequently cited as a stumbling block to establishing
the presence of genetic influences (Fairburn et al., 1999; Levine & Smolak, 2006). Despite
evidence to the contrary (Bulik et al., 1998; Bulik et al., 2000; Kendler, Neale, Kessler, Heath
& Eaves, 1993; Klump, Holly, lacono, McGue, & Willson, 2000; Wade & Bulik; 2007),
increased physical and/or environmental similarity of MZ relative to DZ twins has been
theorized to artificially inflate MZ twin concordance and heritability estimates for eating
disorders (Fairburn et al., 1999; Levine & Smolak, 2006). Although some critics have since
acknowledged the likely presence of genetic effects (Fairburn & Harrison, 2003), earlier
critiques continue to be cited and lingering doubts about the heritability of eating disorders
remain (see Levine & Smolak, 2006).

Researchers also question the ability of twin studies to detect shared environmental effects on
eating disorders. Shared environmental factors are those environmental influences that create
behavioral similarities between siblings (Plomin, Asbury, & Dunn, 2001). Because both
genetic and shared environmental influences make twins similar, the power of the classical
twin study to detect shared environmental effects is relatively low, particularly in the presence
of additive genetic influences (Martin, Eaves, Kearsey, & Davies, 1978). This diminished
power may have contributed to the somewhat discrepant results regarding shared
environmental influences on eating pathology. Indeed, estimates of shared environmental
influences during adolescence and young adulthood have been variable. Some studies have
found evidence for shared environmental influences (Bulik et al., 2000; Bulik et al., 2006;
Kendler et al., 1991; Kendler et al., 1995; Klump, Burt, et al., 2007; Mazzeo et al., 2009;
Reichborn-Kjennerud et al., 2004; Wade et al., 1998; Wade, Martin et al., 2000), but most have
not (Bulik et al., 1998; Javaras, et al., 2008; Keski-Rahkonen et al., 2005; Klump et al.,
2001; Klump et al., 2002; Kortegaard et al., 2001; Reichborn-Kjennerud et al., 2003;
Reichborn-Kjennerud et al., 2004; Rutherford et al., 1993; Spanos et al., submitted; Sullivan
et al., 1998; Wade et al., 1999; Wade, Bulik, et al., 2000).

A powerful method for addressing these concerns is an adoption study design. Adoption studies
compare similarity for a trait or disorder in biological versus adoptive relatives to determine
the degree to which genetic and shared environmental factors contribute to a phenotype (Plomin
et al., 2001). Genetic factors are implicated if biological relatives are more highly correlated
for a trait or disorder than are adoptive relatives. By contrast, shared environmental effects are
implicated if adoptive and biological relatives are similarly correlated for a trait or disorder.
Perhaps more importantly, because they do not share segregating genetic material, significant
associations between adoptive siblings function as a “direct” estimate of shared environmental
influences. Adoption studies are thus a particularly powerful method for the detection of shared
environmental effects as compared to any other behavioral genetic design (Plomin et al.,
2001).

Despite the power of the adoption study to confirm the presence of genetic and shared
environmental effects, to date, no adoption studies have examined eating pathology. Thus, the
aim of the current study was to use an adoption study design to examine genetic and
environmental influences on disordered eating. We compared similarity for a range of
disordered eating symptoms (e.g., overall levels of disordered eating, weight preoccupation,
body dissatisfaction, binge eating) in biological versus adopted female sibling pairs.
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Participants were all female-female sibling pairs drawn from the first follow-up wave of the
Sibling Interaction and Behavior Study (SIBS) from the Minnesota Center for Twin and Family
Research (MCTFR). The SIBS study is a population-based, longitudinal study of Minnesota
adoptive (i.e., non-genetically related) and biological adolescent siblings and their parents
(McGue et al., 2007). Adoptive families were recruited in collaboration with three major
Minnesota adoption agencies and were required to have: 1) an adopted sibling between the
ages of 11 and 21 at the time of the intake assessment who had been placed in the adoptive
home prior to age 2; and 2) a second sibling in the home who was not biologically related to
the adopted individual (i.e., the second child was either biologically related to one or both
parents or had been adopted prior to age 2). Adopted siblings were placed in the adoptive homes
at a mean age of 4.7 months (SD = 3.4 months). Non-adoptive families were located using
Minnesota state birth records and were selected to have sibling pairs that compared in age and
gender to the adoptive sibling pairs. Both types of families were excluded if they did not live
within driving distance of the University of Minnesota laboratory, siblings differed by more
than 5 years in age, or either sibling had a physical or mental handicap that would prevent them
from completing the intake assessment.

Once families were identified through birth records or adoption agencies, public records (e.g.,
phone directories) were used to locate current addresses for the families. This method resulted
in the correct identification of addresses for 90% of the adoptive and 85% of the biological
families. A parent was then interviewed to determine eligibility. Of the eligible families invited
to participate, 63.2% (n = 409) of adopted families and 57.3% (n = 208) of non-adoptive
families elected to participate in the study. Participating families were generally representative
of the surrounding population (i.e., the broader Minneapolis and St. Paul, MN area) and of
eligible families from which they were drawn. Among a broad range of variables examined
(e.g., parental education, occupational status, reported child behavioral disorders), only one
difference emerged between participating families and either non-participating families or
families with two or more children in the surrounding area: participating mothers from
biological families were significantly more likely to have a college degree (43.8%) than non-
participating biological mothers (28.6%).

Participating biological and adoptive families also appeared to be similar to each other on
several key characteristics. Rates of psychological disorders (e.g., major depression, alcohol
use disorders) generally did not differ significantly between parents of adoptive and non-
adoptive families. Adopted and biological children were not significantly different on a range
of measured outcome variables (e.g., 1Q, delinquency, and drug use). However, parents from
adoptive families were older, more likely to have a college degree, and had higher occupational
status than parents from non-adoptive families (McGue et al., 2007). In addition, due to high
rates of international adoptions, adopted children were primarily of Asian ancestry (66%),
while non-adoptive children were primarily Caucasian (95%). Disordered eating measures
were administered to female siblings during the first follow-up assessment (i.e., they were not
administered to males and they were not administered at the intake assessment). Thus, the
sample for the present study was smaller than that for the full SIBS project and included 123
adopted female sibling pairs and 56 biological female sibling pairs (29% of the full sample).
Twenty-two adopted pairs and 5 biological pairs were “incomplete” with one sibling missing
data on the disordered eating measure (see metrics for determining missing data below).
However, levels of disordered eating did not differ significantly between complete and
incomplete sibling pairs (all p’s > .05; Cohen’s effect size d = .11-.23).

J Abnorm Psychol. Author manuscript; available in PMC 2010 November 1.
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Participants ranged in age from 14-24 years, with a mean age of 18.70 (SD = 2.25). Table 1
includes the breakdown of ethnicity by sibling pair type. The vast majority of biological siblings
were Caucasian (> 90%). By contrast, half (50%) of the adopted pairs were Asian, with a
smaller number who were either Caucasian (15%) or “Other” (e.g., Hispanic, East Indian,
Native American Indian, Pacific Islander) (5%). There was also a subsample (< 30% of total
sample) of adopted pairs with siblings of different ethnicity, including pairs in which one
sibling was Caucasian while the other was Asian or of “Other” ethnicity, and pairs in which
one sibling was Asian whereas the sibling was of “Other” ethnicity (see Table 1). Finally,
although the majority of adopted pairs (59%) included siblings who were both adopted, some
pairs included one adopted sibling and one sibling who was biologically related to one or both
of her rearing parents. Importantly, however, results did not differ when these later pairs were
excluded (data not shown), suggesting that their inclusion did not unduly influence our
findings.

Disordered Eating—Disordered eating was assessed with the 30-item Minnesota Eating
Behaviors Survey (Klump, McGue, & lacono, 2000; von Ranson, Klump, lacono, & McGue,
2005). The MEBS® includes a total score assessing overall levels of disordered eating, as well
as four subscales measuring body dissatisfaction (6 items assessing dissatisfaction with the
size and/or shape of one’s body), weight preoccupation (8 items assessing preoccupation with
dieting, weight, and the pursuit of thinness), binge eating (7 items assessing the tendency to
engage in episodes of overeating as well as thoughts about binge eating), and compensatory
behavior (6 items assessing the tendency to use or to contemplate using inappropriate
compensatory behaviors such as self-induced vomiting and laxatives to control weight). The
MEBS is scored in the traditional pathological direction, with higher scores indicating more
of the measured construct.

Although we focused on disordered eating rather than eating disorder diagnoses per se,
disordered eating symptoms contribute to diagnostic criteria for AN and BN (e.g., weight
preoccupation, binge eating) and they have been studied extensively in previous twin research
(Culbert, Burt, McGue, lacono, & Klump, submitted; Klump, McGue, et al., 2000; Klump et
al., 2002; Klump, McGue, & lacono, 2003; Klump, Burt, et al., 2007). The use of symptoms
rather than diagnoses also allowed for relatively greater statistical power, given that the number
of siblings who would be expected to have AN or BN would be low. Moreover, continuous
(rather than categorical) measures provide greater statistical power for detecting genetic effects
in behavioral genetic models (see Neale & Cardon, 1992).

With the exception of the compensatory behavior subscale (see below), the MEBS scales
exhibit good psychometric properties. Internal consistency in adolescent girls in past studies
(Klump, McGue, et al., 2000; von Ranson et al., 2005) and the current sample (see Table 2) is
adequate, and convergent validity with related self-report measures of disordered eating (e.qg.,
the Eating Disorders Examination Questionnaire; von Ranson et al., 2005) is strong (i.e., r’s
> .65; von Ranson et al., 2005). Three-year stability during middle and late adolescence has
been shown to be moderate (~.40; Klump, McGue, et al., 2000), which is reasonable given the
length of the test-retest interval and the likelihood of some change in disordered eating across
this time period. The MEBS total score, body dissatisfaction, weight preoccupation, and binge
eating scales also have been found to discriminate successfully between women with AN, BN,
and control subjects (Klump, McGue, et al., 2000; von Ranson et al., 2005), suggesting that

8The Minnesota Eating Behavior Survey (previously known as the Minnesota Eating Disorder Inventory) was adapted and reproduced
by special permission of Psychological Assessment Resources, Inc., 16204 North Florida Avenue, Lutz, Florida 33549, from the Eating
Disorder Inventory (collectively, EDI and EDI-2) by Garner, Olmstead, Polivy, Copyright 1983 by Psychological Assessment Resources,
Inc. Further reproduction of the MEBS is prohibited without prior permission from Psychological Assessment Resources, Inc.
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they tap clinically relevant disordered eating symptoms. The lone exception is the
compensatory behavior scale. In current (see Table 2) and past (e.g., see Klump, McGue, et
al, 2000) studies of young adolescent girls, the internal consistency of the compensatory
behavior subscale is poor (particularly in adoptive siblings) and item endorsement is low.
Consequently, we excluded the compensatory behavior subscale from further analysis.

Statistical Analyses

The MEBS total scores were prorated for siblings who were missing <10% of the items. Scores
were coded as missing for siblings missing more than 10% of items. Given the relatively small
number of items on the MEBS subscales (range = 6 — 8 items), subscale scores from siblings
with one or more missing items were not prorated, but were instead coded as missing. Thus,
sample sizes vary somewhat across subscale analyses. Scores on the binge eating subscale were
transformed (logyg X + 1) prior to analysis due to the positive skew of the data.

Our sample was somewhat diverse in age and ethnicity. We therefore controlled for age by
regressing out age from each sibling’s MEBS score prior to analysis. This ensured that our
results were not unduly influenced by differences in age across or within sibling pairs. We
controlled for ethnicity by conducting analyses in the full sample, as well as in two subsamples:
1) pairs in which siblings “matched” on ethnicity (i.e., Caucasian-Caucasian or Asian-Asian
pairs); and 2) pairs in which both siblings were Caucasian. Notably, we were unable to
separately examine pairs in which both siblings were Asian because of the lack of biological
pairs (N = 0 Asian-Asian biological siblings) to use for a comparison group. Nonetheless,
sibling correlations in the adopted Asian pairs (range = .08 - .007) were similar to those of the
other adoptive groups (see Table 3), and model fitting results in the other two subsamples (see
above) allowed us to directly evaluate whether differences in ethnicity within or between pairs
could account for our results.

We first calculated descriptive statistics to examine potential differences in means and/or
variances for the MEBS scales between biological and adoptive sibling pairs. Sibling
correlations were computed by sibling type to provide initial indications of genetic and
environmental effects. Univariate structural equation models were then fit to the raw sibling
data using the full maximum-likelihood method (FIML) and the Mx software program (Neale,
1995). The raw data option in Mx treats missing data as missing at random (MAR). Although
it is sometimes difficult to determine if data are truly MAR (i.e., the probability of missing
data on an item is unrelated to an individual’s level of disordered eating), the use of FIML
produces less biased and more efficient and consistent estimates than other techniques (e.g.,
pairwise or listwise deletion) in the face of missing data (Little & Rubin, 1987).

We used the univariate sibling models to estimate the relative contribution of additive genetic
(A,; genetic influences that add across segregating genes), shared environmental (C;
environmental influences that are shared by siblings and are a source of behavioral similarity
regardless of genes shared), and nonshared environmental (E; environmental influences that
are not shared by siblings and are a source of behavioral dissimilarity) factors to the total
phenotypic variance in each MEBS scale. Notably, because measurement error will make
siblings different from each other, the E estimate includes this error of measurement. Under
the full ACE model, the expected biological sibling covariance is %2A + C, the expected adopted
sibling covariance is C, and the expected variance is A + C + E for biological and adoptive
siblings.

The full ACE model was initially fit to the data and then compared to three submodels: one
including additive genetic and nonshared environmental factors only (AE), another including
only shared and nonshared environmental effects (CE), and a final model including only
nonshared environmental factors (E). Model fit was determined by examining the difference

J Abnorm Psychol. Author manuscript; available in PMC 2010 November 1.
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in the minimized value of minus twice the log-likelihood (—2InL) between nested models. This
difference yields a likelihood-ratio 2 test that is compared to the standard chi-square
distribution to test the significance of the more restrictive model. A nonsignificant x2 indicates
that the more restrictive model provides an appropriate fit to the data. In addition, models that
minimize Akaike’s information criterion (AIC; AIC=y2-2*Adf; Akaike, 1987) are preferred,
as the AIC balances model fit with parsimony.

The MEBS subscale means and standard deviations by sibling pair type are presented in Table
2. There were no significant mean or variance differences in levels of disordered eating between
biological and adoptive siblings. In both samples, there was ample variability in the range of
scores as well as the percent of siblings (i.e., 8-29%) scoring above the MEBS scale clinical
cut-offs (determined using means of individuals with eating disorders — see von Ranson et al.,
2005). Indeed, arange of disordered eating (including clinical levels) was present in our sample.
Comparisons of these data to those published previously suggest that disordered eating level
and variability were similar to those of twins from the same recruitment region (see von Ranson
et al, 2005). Collectively, these findings rule-out the possibility that our sample of adoptees
had a restricted range of disordered eating symptoms, an issue that has been raised as a
limitation of past adoption study research of other psychological phenotypes (see Stoolmiller,
1999).

In terms of the covariance between siblings, in the full sample, biological sibling correlations
were uniformly greater than zero and moderate in magnitude (r’s = .29-.46; see Table 3). By
contrast, none of the adoptive sibling correlations were statistically distinguishable from zero.
Differences between adoptive and biological sibling correlations were statistically significant
or approached significance, suggesting the presence of significant genetic, but little shared
environmental, influences on disordered eating. Importantly, the pattern of sibling correlations
in the two subsamples was highly similar to that of the full sample (see Table 3), suggesting
that genetic influences were prominent in these samples as well.

Findings from the univariate models are presented in Table 4. Parameter estimates from the
ACE model in the full sample corroborated the sibling correlations by suggesting substantial
genetic effects but little-to-no shared environmental influences on all forms of disordered
eating. Indeed, while shared environmental estimates tended to be low and include 0 in the
95% confidence intervals, estimates of genetic effects were greater than 50% and rarely
included 0. Model fit comparisons confirmed these impressions. The best fitting model for all
types of disordered eating was the AE model, as evidenced by non-significant chi-square
change tests and the lowest AIC values. The improved fit of this model offers further support
for the notion that shared environmental factors did not meaningfully contribute to the variance
in any type of disordered eating. By contrast, parameter estimates in the AE model indicated
significant genetic influences (59-82%) on all types of disordered eating symptoms, with
nonshared environmental factors accounting for the remaining variance.

Notably, findings in the subsamples were essentially identical to those of the full sample.
Indeed, in all cases, the AE model provided the best fit to the data. Although confidence
intervals were broader, and genetic estimates were higher in the subsamples as compared to
the full sample (likely due to smaller samples, loss of power, and correspondingly imprecise
point estimates), genetic and nonshared environmental effects were again prominent with little
shared environmental influence.

J Abnorm Psychol. Author manuscript; available in PMC 2010 November 1.
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Discussion

This study is the first adoption study of disordered eating. Findings provide critical evidence
of substantial genetic effects on a range of disordered eating. Our heritability estimates were
similar to those found in twin studies of eating disorders (Bulik et al., 1998; Klump et al.,
2001; Kortegaard et al., 2001; Wade, Bulik, et al., 2000) and disordered eating symptoms
(Keski-Rahkonen et al., 2005; Klump et al., 2002; Reichborn-Kjennerud et al., 2003;
Rutherford et al., 1993; Spanos et al., submitted; Sullivan et al., 1998; Wade et al., 1998; Wade
et al., 1999). This is somewhat surprising, given that heritability estimates from adoption
studies tend to be lower than those from twin studies (Burt, in press). Nonetheless, the
consistency of results suggests that twin study findings are unlikely to be unduly influenced
by limitations cited by critics (Fairburn et al., 1999; Levine & Smolak, 2006).

In aggregate then, twin and adoption studies have established genes as significant risk factors
for the development of eating disorders. Heritability estimates obtained in this and other studies
are on par with those for other forms of psychopathology (e.g., schizophrenia, Sullivan,
Kendler, & Neale, 2003; bipolar disorder, Edvardsen et al., 2008) considered to be biologically
based. The consistency of findings is striking and underscores the need for molecular genetic
work identifying genes contributing to the genetic variance. Importantly, genetic research to
date has produced somewhat inconsistent results (Bulik & Tozzi, 2004; Hinney, Friedel,
Ramschmidt, & Hebebrand, 2004; Mazzeo, Slof-Op’t Landt; van Furth, & Bulik, 2006),
particularly with regard to BN (Klump & Culbert, 2007). Although this is not unlike other
areas of psychiatry (e.g., schizophrenia; Crow, 2008) it has led some to argue against genetic
effects on disordered eating (Levine & Smolak, 2006). Our data suggest a different conclusion,
in that discrepancies likely reflect the need for more sophisticated approaches (e.g., genome-
wide association studies; studies of epigenetic effects) rather than a lack of genetic effect per
se. Our results should be interpreted as critical support for these investigations.

Our findings also provide an important lack of support for shared environmental influences on
disordered eating. Correlations between adoptive siblings, which function as “direct” estimates
of shared environmental effects, were uniformly small and non-significant. Moreover, shared
environmental estimates in the full ACE model were non-significant and, not surprisingly,
were able to be dropped in the final model (i.e., the AE model). These results provide strong
support for findings from most twin studies that have suggested negligible shared
environmental main effects on the development of disordered eating during adolescence and
young adulthood.

However, there are three important caveats to these findings. First, although our findings
suggest that shared environmental factors do not exert strong main effects during adolescence,
they may impact the development of disordered eating through interactions with other etiologic
factors. For example, family conflict may interact with genetic risk to increase susceptibility
to disordered eating in both siblings (for an example in other areas of psychopathology, see
Burt, McGue, Krueger, & lacono, 2007). Likewise, family conflict could interact with a
nonshared environmental factor (i.e., peer group) to increase susceptibility to disordered eating
in one sibling relative to another. Within twin and adoption designs, gene x shared environment
interactions are partitioned into the additive genetic variance (Burt, in press), while shared x
nonshared environment interactions are partitioned into the nonshared environmental estimate.
In both cases, there will be a corresponding decrease in the main effects of shared
environmental effects in traditional decompositions of variance. Thus, while our findings rule
out the main effects of shared environment, they do not rule out interactive effects that may be
equally important and potent.

J Abnorm Psychol. Author manuscript; available in PMC 2010 November 1.
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Second, and building upon the above points, the lack of shared environmental effects says very
little about the role of culture in the development of eating disorders. A common misconception
is to think that broad sociocultural factors (e.g., the thin beauty ideal for women) are implicated
if shared environment is significant, and are excluded if shared environment is negligible. To
the contrary, cultural factors may influence disordered eating in the face of non-significant
shared environmental effects. For example, cultural factors (i.e., pressures for thinness) may
increase risk for disordered eating in genetically susceptible siblings via gene x environment
interactions. Indeed, in the absence of a culture that emphasizes thinness, phenotypic and
genetic expression of disordered eating may be diminished (Keel & Klump, 2003). In addition,
cultural factors may also influence disordered eating through nonshared environmental
mechanisms. The prototypical example in this regard is participation in weight-focused sports.
A sibling who participates in ballet will presumably experience more pressures to be thin than
her sister who is a softball player. In this example, the cultural factor is a nonshared rather than
shared environmental effect and is therefore included in the nonshared environmental variance
that is significant (see Table 4) for the development of disordered eating.

Finally, while shared environment does not appear to be important during late adolescence/
young adulthood, it has been found to be critical during other developmental stages. Data from
two twin registries (i.e., see Culbert et al, submitted; Klump, Burt, etal., 2007; Klump, McGue,
et al., 2000; Klump, Perkins, Burt, McGue, & lacono, 2007; Klump, et al., submitted; Klump,
McGue, & lacono, 2003) confirm that the shared environment accounts for approximately 50%
of the variance in disordered eating in girls before puberty. Our sample consisted of adolescent
and young adult siblings; thus, our findings do not speak to the presence of shared
environmental effects at other developmental stages (i.e., before adolescence or in middle
adulthood). Additional adoption studies in these age ranges are needed to confirm twin study
results. However, given the consistency of prior findings, it is likely that disordered eating
shows important shared environmental effects during the pre-adolescent and pre-pubertal
periods.

We should note several limitations of our work. First, sample sizes were relatively small,
resulting in wide confidence intervals for some estimates. Thus, point estimates for genetic
and nonshared environmental factors may be somewhat unstable, particularly in the
subsamples where sample sizes were reduced. However, estimates for these effects are similar
to those obtained in large, population-based twin studies (Bulik et al., 1998; Bulik et al.,
2006; Klump, McGue, et al., 2000; Wade & Bulik, 2007). Moreover, it should be noted that
our sample size likely did not affect our selection of the best-fitting models or estimates of
shared environmental effects, as the adoptive sibling correlations (which are direct estimates
of shared environmental effects) were estimated to be 0. Thus, regardless of our sample size,
model-fit comparisons would have preferred the AE model and indicated no significant shared
environmental effects on disordered eating.

Second, our sample was more diverse in age and ethnicity than those included in most twin
studies of disordered eating. However, past twin data suggest no differences in genetic and
environmental influences on disordered eating from post-puberty (Klump, Burt, et al., 2007)
into young adulthood (Klump et al., submitted). Even so, we regressed out age from all sibling
scores to address this concern. We also conducted subsample analyses to confirm that ethnicity
did not affect findings. Thus, we feel our findings were not unduly influenced by our inclusion
of a wider range of ages and ethnicities than examined in prior twin work. Nonetheless, it is
important to note that we only examined siblings residing in Minnesota from primarily middle
class backgrounds. Although this sample appeared to be representative of families in the
surrounding areas (see Participants above), additional research is needed to confirm that our
results are generalizable to other regions of the U.S. and world. Heritability estimates are
population statistics that can vary by population and environmental circumstances. For
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example, a recent study of female twins in Japan suggested significant shared environmental
(but little genetic) influences on personality traits (e.g., interoceptive awareness, maturity fears,
feelings of ineffectiveness) associated with eating disorders (Kamakura, Ando, Ono, &
Maekawa, 2003). Likewise, research in other areas of psychology (e.g., 1Q) found lower
heritability in samples from disadvantaged backgrounds (e.g., low family income)
(Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman, 2003). In the case of disordered
eating, heritability estimates may vary when examining individuals from other cultures (e.g.,
non-Western nations; see Keel & Klump, 2003) and/or socioeconomic backgrounds (e.g., low
family income). Future research should directly examine this possibility. This is particularly
true given that twin studies of eating disorder and disordered eating focus almost exclusively
on middle class samples from Western nations (e.g., the U.S., United Kingdom, Australia,
Sweden; Bulik et al., 2000). These studies clearly show the importance of genetic influences
for disordered eating within these cultures, but little is known about the heritability of
disordered eating outside of a Western context.

Third, we did not assess the biological relatives (i.e., parents, siblings) of the adoptees.
Although identification and assessment of these types of relatives present significant logistical
difficulties, their inclusion would have allowed us to rule out the possibility that our heritability
estimates were inflated due to increased environmental similarity in biological versus adoptive
siblings. Essentially, we would have been able to rule out the equivalent of the Equal
Environments Assumption for adoption studies. It is important to note, however, that our
heritability estimates are on par with those from previous large-scale twin studies where the
Equal Environments Assumption has been upheld (Bulik et al., 2000; Bulik et al., 1998;
Kendler et al., 1993; Klump, Holly, et al., 2000; Wade & Bulik, 2007). In addition, violations
of the Equal Environments Assumption would not affect our estimates of shared environment,
as the near zero adoptive sibling correlations confirm a lack of shared environmental effects
in our sample. Thus, although future work should aim to include biological relatives of
adoptees, our findings likely represent reasonable estimates of the degree of genetic and
environmental influences on disordered eating

Finally, we examined disordered eating symptoms rather than AN or BN per se, and we only
examined them in women. Findings therefore may not generalize to men or populations of
individuals with clinical eating disorders. However, our genetic and environmental estimates
are highly consistent with those obtained in most twin studies of men (see Slane, Burt, &
Klump, submitted; Reichborn-Kjennerud et al., 2003; , Reichborn-Kjennerud et al., 2004;
Tholin, Rasmussen, Tynelius, & Karlsson, 2005) as well as twins studies of AN and BN (i.e.,
heritability ~ 50-83%). Thus, while the limitation still deserves note, accumulating data suggest
that the genetic and environmental architecture underlying risk for eating pathology is similar
across sex and the continuum of severity of eating disorders.

Before ending, it is important to highlight implications of our findings. Perhaps most
importantly, we hope that our work will help change perceptions of eating disorders as purely
psychosocial phenomena. Currently, some US legislation and insurance statutes limit mental
health parity for eating disorders because they are not considered to be “biologically

based” (Klump, Bulik, Kaye, Treasure, & Tyson, 2009). While no psychiatric disorder is
entirely “biologically based”, we hope that our findings will contribute to increased recognition
of the genetic basis for eating disorders and the ways in which genes may interact with
environmental factors to create differential risk.
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Breakdown of Ethnicity by Sibling Pair Type.

Table 1

Number of Sibling Pairs

Sibling Pair Type N (%)
Biological Siblings:

Caucasian 51 (91%)
Asian 0 (0%)
“Other” 5 (9%)
Total 56 (100%)
Adoptive Siblings:

Same Ethnicity

Caucasian 19 (15%)
Asian 62 (50%)
“Other” 6 (5%)
Subtotal 87 (71%)
Different Ethnicity

Caucasian-Asian 30 (24%)
Caucasian-“Other” 3 (2%)
Asian-“Other” 3(2%)
Subtotal 36 (29%)
Total 123 (100%)
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Table 3
Sibling Correlations for Disordered Eating.
Test of Equality
Biological Adoptive One-tailed

MEBS Scales Pairs Pairs z p
Full Sample: N = 51 pairs N = 101 pairs

Total Score 42 .02 243 .008
Weight Preoccupation 29™* .07 1.30 .10
Body Dissatisfaction 30 -.06 2.10 .02
Binge Eating 31 -.06 2.16 .02
Same Ethnicity: N = 51 pairs N = 66 pairs

Total Score 4% -.03 2.49 .006
Weight Preoccupation 29™* —.04 1.77 .04
Body Dissatisfaction 30™* -.05 1.88 .03
Binge Eating 31 -.08 2.09 .02
Caucasian Pairs Only: N = 47 pairs N = 17 pairs

Total Score 46" —-15 211 .02
Weight Preoccupation 33** -17 1.68 .05
Body Dissatisfaction 34 -.18 175 .04
Binge Eating 327 -12 1.47 .07

Page 15

Note. MEBS = Minnesota Eating Behavior Survey; Same Ethnicity = pairs who “match” on ethnicity (i.e., either Caucasian-Caucasian or Asian-Asian

pai

Fk

irs).

p <.001. The correlation is significantly greater than zero.
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