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Abstract

The etiologic role of genetic and environmental factors on disordered eating was examined in a
sample of 15- to 17-year-old female—female, male-male, and opposite-sex twin pairs. Also
assessed was whether a single factor is underlying 3 facets (body dissatisfaction, drive for
thinness, bulimia) of disordered eating, including the possible importance of sex differences.
Univariate model-fitting analyses indicated that genetic factors are more important for girls and
environment more important for boys for body dissatisfaction and drive for thinness. A
multivariate common factor analysis indicated that a single factor accounted for the association
among these 3 facets of disordered eating in both sexes. However, only 50% of the genetic risk for
this factor is shared between the sexes.
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Eating disorders (EDs) occur in approximately 0.5-3.0% of the population, with more
affected females than males (American Psychiatric Association [APA], 2000). The female-
to-male ratio of ED diagnoses in nonclinical populations has been estimated at 10:1 (APA,
2000). However, recent research indicates a ratio of 4:1 for anorexia nervosa (AN;
Woodside et al., 2001). Even though a convergence in ED prevalence is being seen between
the sexes, a sex difference still exists. Environmental and genetic factors, including
sociocultural pressures to be thin in females (Andersen & Holman, 1997; Ricciardelli &
McCabe, 2004; Stice, 1994) and reproductive hormones (Edler, Lipson, & Keel, 2006;
Klump et al., 2005; Klump, Keel, Culbert, & Edler, 2008), have been invoked to account for
this. However, whether fewer males develop an ED because they are exposed to fewer
societal pressures to be thin or because they have a biological protection against an ED
continues to be a topic of debate (Andersen, 1999).

Sex Differences in EDs

Until recently, research examining EDs in males and sex differences in EDs focused on
individual cases or small clinical samples. This research revealed the clinical presentation
and course, symptomatology, medical complications, and prognosis of EDs are comparable
between the sexes (Bosch-Bramon, Troop, & Treasure, 2000; Carlat, Camargo, & Herzog,
1997; Crisp, Burns, & Bhat, 1986; Geist, Heinmaa, Katzman, & Stephens, 1999; Woodside
et al., 2001). Currently, research has shifted to focus on larger community-based samples of
males to examine etiologic factors. These studies revealed similarities across sexes in the
risk for EDs and disordered eating (Croll, Neumark-Sztainer, Story, & Ireland, 2002; Muise,
Stein, & Arbess, 2003; Neumark-Sztainer & Hannan, 2000; Olivardia, Pope, Mangweth, &
Hudson, 1995; Woodside et al., 2001). For example, body mass index, negative affect,
societal pressure to be thin, and body dissatisfaction are associated with the development of
disordered eating and EDs in both females (see Jacobi, Hayward, de Zwaan, Kraemer, &
Agras, 2004, for a review) and males (see Ricciardelli & McCabe, 2004, for a review). It is
unclear, however, whether body dissatisfaction is a risk for an ED or a prodromal symptom.

Finally, some important differences have been noted. First, the manifestation of body
dissatisfaction is different between the sexes. Males tend to be more dissatisfied with their
bodies when they are underweight or overweight, whereas females are most satisfied when
underweight (Cohane & Pope, 2001; Presnell, Bearman, & Stice, 2004; Ricciardelli &
McCabe, 2001). Second, homosexuality appears to be exclusively associated with ED
development in males, whereas a masculine homosexual orientation in females is a possible
protective factor (e.g., Meyer, Blissett, & Oldfield, 2001; Russell & Keel, 2002). Finally,
males with an ED demonstrate increased rates of excessive exercise and a lower prevalence
of dieting as compensatory behaviors and more frequently exhibit premorbid obesity (e.g.,
Anderson & Bulik, 2004; Lewinsohn, Seeley, Moerk, & Striegel-Moore, 2002; Ricciardelli
& McCabe, 2004).
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Genetic Risk for EDs

Multiple studies have been conducted to delineate the genetic epidemiology of EDs. Twin
studies report heritability estimates for AN in females to vary between 22% and 76% (Bulik
et al., 2006; Klump, Miller, Keel, McGue, & lacono, 2001; Mazzeo et al., 2008; Wade,
Bulik, & Kendler, 2000), whereas estimates for bulimia nervosa (BN) vary between 54%
and 83% (Bulik, Sullivan, & Kendler, 1998; Bulik, Sullivan, Wade, & Kendler, 2000;
Kendler et al., 1991, 1995). According to these same studies, unique environment (which
reflects those experiences that make twins dissimilar) is more important than shared
environment (which results from environmental experiences that make twins similar;
Kendler & Prescott, 2006). However, given the wide estimates for confidence intervals for
shared environment in these studies, we cannot eliminate it definitively as an influence
(Bulik et al., 2000).

Two studies also suggest a common latent factor is responsible for the genetic influences on
disordered eating in females, specifically for aspects of disinhibition (i.e., disinhibition of
control of eating in response to a variety of cues) and hunger (B. M. Neale, Mazzeo, &
Bulik, 2003). The covariation between three assessments of disordered eating (i.e., self-
report, semi-structured psychiatric interview, semi-structured ED interview) was examined,
and a single latent factor was also found to explain covariance (Wade et al., 1999).
However, it is still unknown if an underlying factor is responsible for other aspects of
disordered eating and if this same structure is found in males.

Extensive research has attempted to tease apart the contribution of psychological and social
factors to sex differences in ED risk. An alternate approach is to search for the existence and
nature of sex differences in genetic risk. Using this approach, we are able to assess whether
the genetic factors influencing the development of an ED in males and females are the same
or at least partially distinct.

We are aware of eight studies examining the heritability of disordered eating in males, seven
of which include a female comparison group (Eiben, 2007; Keski-Rahkonen, Bulik, et al.,
2005; Keski-Rahkonen, Neale, et al., 2005; Reichborn-Kjennerud et al., 2003; Reichborn-
Kjennerud, Bulik, Kendler, et al., 2004; Reichborn-Kjennerud, Bulik, Tambs, & Harris,
2004; Slane, Burt, & Klump, 2007; Tholin, Rasmussen, Tynelius, & Karlsson, 2005).
Although the results of these studies are somewhat discrepant, the most consistent finding is
lower heritability estimates for males compared with females.

For example, two studies examined aspects of body dissatisfaction and drive for thinness
and showed lower heritability estimates for males than for females (Eiben, 2007; Keski-
Rahkonen, Bulik, et al., 2005). However, results are discrepant between these studies with
regard to environmental factors. Results revealed by Eiben (2007) suggested genetic and
shared environmental factors are important for males, whereas results by Keski-Rahkonen,
Bulik, et al. (2005) suggested no genetic influence, only shared and unique environmental
factors. Specifically, Eiben reported heritability estimates for body dissatisfaction at 37%
and 58% and for drive for thinness at 23% and 41% in males and females, respectively.
Lower heritabilities have also been exhibited for a measure of intentional weight loss in
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males (38% for males vs. 66% for females). However, no shared environmental factors were
indicated for males (Keski-Rahkonen, Neale, et al., 2005). Finally, in examining aspects of
cognitive restraint, emotional eating, and uncontrolled eating, Tholin et al. (2005) found that
heritability estimates ranged from 45— 60% in males, whereas shared environment was not
shown to contribute to eating behavior. However, there was no female comparison group.

Inconsistencies could be because of two main factors. First, only two of the aforementioned
studies used the same assessment instrument (Eiben, 2007; Keski-Rahkonen, Bulik, et al.,
2005), making comparisons across studies difficult. However, even these two studies show
discrepant results. This may be because the authors scored their measures of disordered
eating differently. The age of the participants in these samples also varies, ranging from
adolescence to adulthood.

The abovementioned studies also have one major limitation: They fit twin models to male
and female data separately and compared parameter estimates by inspection. This approach
does not permit for a rigorous examination of quantitative or qualitative sex differences
because it does not use sex-limitation twin models. Quantitative effects answer the question
as to whether genetic factors are more important for the etiology of disordered eating in
males or females (Kendler & Prescott, 2006). Although it is possible to fit quantitative
models with only same-sex twin pairs, opposite-sex twin pairs are needed to examine for
qualitative effects. Qualitative effects examine whether the same genes are involved in the
etiology of disordered eating in the sexes (Kendler & Prescott, 2006).

Four studies have examined quantitative or qualitative sex effects (Reichborn-Kjennerud et
al., 2003; Reichborn-Kjennerud, Bulik, Kendler, et al., 2004; Reichborn-Kjennerud, Bulik,
Tambs, & Harris, 2004; Slane et al., 2007). Two studies by Reichborn-Kjennerud et al.
(2003; Reichborn-Kjennerud, Bulik, Kendler, et al., 2004) examined quantitative and
qualitative sex effects on binge eating. The first examination showed no quantitative effects
(i.e., the magnitudes of the genetic and environmental effects were the same in male and
females). However, results indicated qualitative effects (Reichborn-Kjennerud et al., 2003).
This suggests the genetic factors influencing binge eating are not entirely the same in both
sexes. In the follow-up examination, however, excluding those individuals who reported
compensatory behaviors, no quantitative or qualitative sex differences were exhibited
(Reichborn-Kjennerud, Bulik, Tambs, & Harris, 2004). Similarly, Slane et al. (2007)
reported no quantitative sex differences on the facets of weight preoccupation and binge
eating. Quantitative effects were, however, indicated for body dissatisfaction, with females
having a higher heritability than males (Slane et al., 2007). Finally, one additional study
revealed no quantitative or qualitative sex effects on a measure of the influence of weight on
self-evaluation (Reichborn-Kjennerud, Bulik, Kendler, et al., 2004).

Taken together, results appear somewhat inconsistent. Although most of the previous studies
indicate lower heritability estimates for males compared with females, results in regard to
environmental influences are discrepant. Some studies suggest that both genetic and shared
environmental factors are important for males, whereas others indicate only environmental
factors are of importance. In sum, however, results from the studies reviewed suggest that
environmental factors are more important for aspects of body dissatisfaction and drive for
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thinness in males than in females. Studies also suggest similar heritability estimates in males
and females for binge eating.

The Current Study

Method

Participants

For the present study, we used an epidemiological sample of 15-to 17-year-old Swedish
male and female same-sex twin pairs and opposite-sex twin pairs. Our purpose is to answer
the following questions: (a) Are there quantitative and qualitative sex differences in the
genetic risk factors for aspects of body dissatisfaction, drive for thinness, and bulimia; (b) is
there a single latent factor underlying these three facets of disordered eating; and (c) are
there sex differences in the genetic and environmental risk factors on this latent factor?

This study improves on the limitations of previous studies in several ways. First, we are
using an adolescent sample. Adolescence is consistently shown to be the greatest period of
risk for disordered eating, especially in females (APA, 2000; Hudson, Hiripi, Pope, &
Kessler, 2007). Our population also has a much higher response rate than most of the
previous studies discussed. Third, we are examining the structure of disordered eating (i.e.,
whether a single underlying factor is responsible). Finally, we are fitting a complete sex-
limitation model.

The present sample, the Swedish Twin Study of Child and Adolescent Development
(TCHAD), began with all twin pairs born in Sweden between May 1985 and December
1986 (Lichtenstein, Tuvblad, Larsson, & Carlstrém, 2007). The sample includes 246 and
238 monozygotic (MZ) and 181 and 169 dizygotic (DZ) female—female and male-male twin
pairs, respectively, and 366 opposite-sex twin pairs. Twin pairs were recruited through the
Medical Birth Registry: Identified twins and their parents were mailed study questionnaires
(Lichtenstein & Svartengren, 1997). For Wave 1 assessments, only parents of twins were
recruited. In Wave 2, twin self-reports were also assessed and 78% of the twins responded.
For the present study, information from Wave 3, when the twins were 15 to 17 years old, are
used. The response rate at Wave 3 for all twins contacted was 82% (Lichtenstein et al.,
2007). Ninety-two percent of twins who responded at Wave 2 responded to Wave 3
questionnaires (Lichtenstein et al., 2007).

Analyses have been conducted to investigate the effect of attrition on the data. Results show
nonsignificant results for those subjects lost to follow-up at Wave 3 and responders on twin
self-reports of antisocial behavior and sex ratio (Lichtenstein et al., 2007). Similarly, no
significant differences were found for parental self-reports of unemployment level,
educational level, buying power, or neighborhood crime rate. However, nonparticipating
families did tend to live in more ethnically diverse neighborhoods, and, when we used
parent-report data, we found that those twins lost to follow-up at Wave 3 also showed a
significantly elevated risk for hyperactivity—impulsivity (Lichtenstein et al., 2007).
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The questionnaires used in the TCHAD were approved by the Ethics Committee of the
Karolinska Institute, Stockholm, Sweden. Informed consent is not required, as responding to
the questionnaire constitutes consent in Sweden.

Zygosity Determination

Measures

Zygosity of twin pairs is determined on the basis of computer algorithms of questionnaire
responses (Lichtenstein et al., 2007). These questions were validated by a discriminant
analysis of 106 same-sex pairs where zygosity had been determined by typing 16
polymorphic DNA markers (Lichtenstein et al., 2007).

Symptoms of disordered eating were examined with the Eating Disorder Inventory-II (EDI;
Garner, 1991). This Swedish version of the EDI has been translated and validated on a
female population (Nevonen, Clinton, & Norring, 2006; Norring & Sohlberg, 1988). The
Drive for Thinness (i.e., excessive concern with dieting, preoccupation with weight, and
entrenchment in an extreme pursuit of thinness), Bulimia (i.e., tendency toward episodes of
binge eating that may be followed with the impulse to induce vomiting), and Body
Dissatisfaction (i.e., belief that specific parts of the body are too large) subscales were used
(Garner, Olmsted, & Polivy, 1983). Questions were phrased to indicate current disordered
eating attitudes and behaviors. Only questions corresponding to these subscales were
assessed in the TCHAD.

Although the EDI was created for use with female populations, it functions similarly in
males. It can differentiate between males with EDs and controls (Olivardia et al., 1995) and
produces the same factor structure and similar factor loadings and intercorrelations in
college males and females (Spillane, Boerner, Anderson, & Smith, 2004). Reliability of the
EDI in males is also acceptable (Eiben, 2007; Keel, Baxter, Heaterton, & Joiner, 2007;
Keski-Rahkonen, Bulik, et al., 2005). Cronbach's alpha coefficients were previously
reported for the identical sample used in the present study and were estimated at .88 and .81
for Drive for Thinness, .75 and .70 for Bulimia, and .91 and .88 for Body Dissatisfaction in
females and males, respectively (Eiben, 2007).

Confirmatory factor analyses were conducted with Mplus 5.1 (Muthén & Muthén, 1998—
2006) to examine the factor structure of the EDI items in our study's males and females.
Initial confirmatory factor analyses indicated that the first question, “I eat candy and
carbohydrates without worrying,” was a very poor indicator of its intended factor (Drive for
Thinness) for both sexes and was excluded from further analysis. Model fits were assessed
by examining the comparative fit index (CFI) and root mean square error of approximation
(RMSEA). CFI values above .90 (Bentler, 1990) and RMSEA values from .05 to .08
indicate an acceptable fit (Browne & Cudeck, 1993). The original EDI factor solution
reflected a reasonable fit for both females (CFI = .93, RMSEA = .07) and males (CFI = .95,
RMSEA = .06).
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Statistical Analyses

The EDI was scored as indicated by the EDI manual (Garner, 1991). Missing data were
handled as follows: If subjects responded to more than 75% of items but less than 100% of
items, missing values were imputed with the mean for that specific question. If fewer than
75% of the completed items were available, the score for the scale was considered missing.
Thus, sample sizes vary across subscale analyses. Scores were normalized using SAS rank
due to a positive skew, which assumes an underlying normal distribution of the observed
scores. Items were created and normalized in this manner to remain consistent with previous
research from TCHAD using the EDI (Eiben, 2007).

Univariate twin model-fitting analyses—The sources of variation in a trait that are
decomposed in the classical twin design include additive genetic effects, shared
environmental effects, and unique environmental effects. The unique environmental effects
factor also includes measurement error. The basic principle of twin studies is that MZ twins
are genetically identical whereas DZ twins are presumed to share, on average, 50% of their
genes. However, recent research has shown that this assumption may be unreasonable, as
several biological factors can result in functional genetic differences in MZ twins (Bruder et
al., 2008; Gringras & Chen, 2001).

Our univariate twin model uses data from the five twin-zygosity groups: female—female MZ,
female—female DZ, male-male MZ, male-male DZ, and male-female DZ. We fit the full
sex-limitation twin model, allowing for qualitative and quantitative sex effects on
normalized EDI scores. This model allows for the estimation of sex-dependent genetic and
environmental parameters and also estimates the correlation between the genetic factors
influencing disordered eating in males and females (rg).

Multivariate twin model-fitting analyses—All multivariate model-fitting analyses
were conducted in males and females separately and then together, including in opposite-sex
twins. First, an independent and common pathway model was fit to the normalized EDI data.
Both models assume a common factor influences the observed variables but differ in the
way the common factors influence variables. In the independent pathway model, the
common genetic and environmental factors influence the observed variables directly with
separate additive genetic, shared environmental, and unique environmental components
estimated for each of the variable residuals. The common pathway model, however, asserts
that a single latent factor underlies the observed variables. The variance in this factor is then
partitioned into higher order additive genetic effects, shared environmental effects, and
unique environmental effects. These components are also estimated for each observed
variable's residual specifics. The common pathway model uses fewer parameters and is
therefore more parsimonious than the independent pathway model. Therefore, if the
common pathway model fits as well as the independent pathway model, it is preferred. Sex
effects were examined as described above.

The Bayesian information criterion (BIC) was used to determine the best-fitting model. The
BIC is a function of a model's degrees of freedom and chi-square goodness-of-fit (Raftery,
1995). Models that provide a better fit while retaining the fewest parameters yield lower BIC
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values. Twin modeling was done using a raw data approach in the statistical package Mx
(M. C. Neale, 1997). This approach allows data from both incomplete and complete twin
pairs to be used.

Although twin studies are a useful technique for exploring sex differences in the liability to a
specific phenotype, their statistical power can be quite limited (M. C. Neale, Eaves, &
Kendler, 1994). For phenotypes that are relatively rare in the population, exceptionally large
samples are necessary to reliably detect sex differences in genetic risk factors (Prescott &
Gottesman, 1993). Previous work by Sullivan and Eaves (2002) indicates that in studies with
modest-sized samples with lower power, more valid parameter estimates are obtained using
the full model than are obtained by the best-fitting model when constraining certain
parameters to zero. Guided by this work, we only examine the full model here, which freely
estimates both quantitative and qualitative sex effects.

Twin Model Assumptions

Results
EDI

The twin method has three central assumptions that must be met. First, genetic effects are
additive so that the genetic correlations for MZ and DZ twins are 1.0 and .50, respectively.
Second, there is no assortative mating for the measure in question. Fortunately, there is little
evidence for spousal similarity on most psychological characteristics (M. C. Neale et al.,
1998). The third is referred to as the equal environments assumption. The equal
environments assumption states that MZ and DZ twins are equally correlated for their
exposure to environmental influences that are relevant to the trait under investigation.
Empirical studies have found little evidence for violations of the equal environments
assumption in EDs (Bulik et al., 2000; Klump, Holly, lacono, McGue, & Willson, 2000).

Sex differences in the EDI factor measurement structure were examined. First, using Mplus
5.1 (L. K. Muthén & Muthén, 2004), we conducted multiple group tests of measurement
invariance between males and females for both factor loadings and thresholds for all
indicators of the three EDI constructs. This was done by comparing models in which factor
loadings and thresholds were constrained to be equal between groups with models allowing
factor loadings and thresholds to vary by sex.

EDI data was recoded to binary for these measurement invariance tests. The invariance
models took into account the nonindependence of twin structure. The Mplus robust weighted
least squares mean and variance-adjusted estimator for categorical data was used to fit the
measurement invariance models. Results produced a chi-square difference test of x2(10, N =
2,368) = 34.5, p = .0002. However, the point estimates for the RMSEA and CFI for the
unrestricted model (i.e., no invariance constraints) were .057 and .952, respectively, and
these remained unchanged to the second decimal place under the restrictive factor loading
and threshold measurement invariant model. Given the large sample size and associated
power for testing this restrictive invariance hypothesis, these results collectively offer
reasonable evidence that the three constructs are being measured in an equivalent manner
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across the sexes by the EDI items. Results are similar to a previous examination of the EDI
using a smaller sample (Keel et al., 2007).

Finally, linear regression was used to assess the effects of sex on the subscales. Raw scores
were converted to Z scores for ease of interpretability. Females had significantly higher
scores on the Drive for Thinness subscale (f = 0.58, p < .001) and Body Dissatisfaction (p=
0.68, p <.001), with sex accounting for 29% and 33% of the variance, respectively.
However, no difference was seen on Bulimia subscale scores, ( = .04, p = .35).

Descriptive Statistics

Table 1 presents the means, standard deviations, and intraclass correlations for the raw EDI
scales. A significant mean difference was seen for female MZ and DZ twins for the Body
Dissatisfaction subscale, with DZ twins scoring significantly higher ( p < .01). Overall, the
pattern of correlations suggests genetic influences on all three subscales as all the observed
correlations in MZ twins are higher than those observed in DZ twins. The correlations
between opposite-sex twin pairs suggest that the familial factors influencing disordered
eating are not entirely the same in the sexes because the observed correlations are lower than
those observed in same-sex DZ pairs. However, these correlations are greater than zero,
suggesting that some familial factors influence both male and female liability to disordered
eating. Finally, with the exception of Bulimia in MZ pairs, the observed correlations were
larger in female twin pairs. This would be expected if the specific traits were more heritable
in females than in males.

Univariate Twin Analyses

As seen in Table 2, model-fitting results indicate genetic factors influence disordered eating
in both sexes. Heritabilities were estimated at 61% and 20% for Drive for Thinness, 16%
and 33% for Bulimia, and 57% and 40% for Body Dissatisfaction for females and males,
respectively. However, it is important to note the 95% confidence intervals for genetic
effects in males for Drive for Thinness and Bulimia include zero. The full model provided
genetic correlations between the sexes of .49, 1.00, and .66 for Drive for Thinness, Bulimia,
and Body Dissatisfaction, respectively (see Table 3), suggesting that the genetic risk factors
for Drive for Thinness and Body Dissatisfaction are not entirely the same in the sexes.

Unique environmental influences are also important for all three subscales in both sexes.
These estimates were fairly large for Drive for Thinness and Body Dissatisfaction in males
as well as for Bulimia in both sexes, which could suggest a large amount of error in
estimates. However, large estimates can also come from truly unique environmental effects,
and we are unable to differentiate these two possibilities.

Multivariate Twin Analyses

In females, the common pathway model (BIC = —4,313.00) fit better than the independent
pathway model (BIC = —4,304.74). Results were similar for males: The common pathway
model (BIC = —4,267.33) fit better than the independent pathway model (BIC = -4,259.36).
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The full common pathway model estimated a genetic correlation of .71 between the latent
liability for disordered eating in males and females (see Table 3 and Figure 1). By squaring
the higher order path estimates from Figure 1 (represented by the abbreviations Af and Am),
we estimated the heritability on this latent liability at 45% for females and 66% for males.
However, when the proportion of genetic variance for each subscale is calculated, common
genetic factors account for more of the variance in females for all subscales (see Table 4).
Specifically, common genetic factors account for 36% (calculated by [0.67 x 0.89]%; see
Figure 1) of the variance in Drive for Thinness scores for females and 32% in males, 7% of
the variance in Bulimia scores for females and 1% in males, and 27% of the variance in
Body Dissatisfaction scores in females and 21% in males.

Although the higher heritability for the latent factor in males compared with females may
seem contradictory, the total heritability for each of the subscales (including the proportion
of genetic variance from the common factor, as well as the proportion specific to the
subscale) is higher in females for all three subscales. The fact that the heritability for the
latent factor is higher in males versus females reflects the fact that the genetic factors that
the three subscales have in common explain more of the variance of the latent factor in
males but are partly different from those in females (rg = .71). However, a smaller
proportion of the variance of each of the subscales is accounted for by the common factor in
males than in females (lower factor loadings).

As can be seen in Table 4, common shared and unique environmental factors also account
for more of the variance in females than in males for all subscales. Common shared and
unique environmental variance was greatest for Drive for Thinness at 29% ([0.60 x 0.89]%;
see Figure 1) and 15% ([0.44 x 0.89]2; see Figure 1), respectively. Males have substantially
more variable specific unique environmental influences for all subscales. The greatest
amount of specific unique environmental influence was estimated at 67% for the Bulimia
subscale. This statistic can be calculated by squaring the subscale, sex-specific residual path
estimate (see Figure 1). For Bulimia, this is calculated by squaring 0.82.

Several results from these analyses are noteworthy. First, the genetic risk factors for the
disordered eating common factor are not entirely the same in both sexes. Second, common
genetic factors account for more of the variance in this factor for females than for males.
Third, the loadings for all three subscales on the common factor were larger for females than
for males. Fourth, Bulimia is the least discriminating subscale and Drive for Thinness the
most salient indicator of the factor in both sexes.

Discussion

We had three aims for this investigation: (a) to examine the structure of disordered eating
(i.e., whether a single common factor accounts for the association among the three
disordered eating facets), (b) to examine quantitative and qualitative differences on this
possible common factor; and (c) to examine quantitative and qualitative differences in three
specific facets of disordered eating. Findings associated with each of these aims are
discussed.
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Structure of Disordered Eating

To our knowledge, only two previous studies have examined the factor structure of the
genetic and environmental influences on disordered eating, and both indicate a single
underlying factor is responsible (B. M. Neale et al., 2003; Wade et al., 1999). Results of the
current study corroborate and extend these findings by indicating this structure is quite
similar in males and females. However, our three subscales tend to discriminate individual
differences more sharply on the factor for females than they do in males. This is not
surprising given that the EDI was developed for use with a female population (Garner,
1991).

Of note, the Bulimia subscale was a poor indicator of this latent liability. The common
factor only accounted for 15% (0.392) and 2% (0.152) of the variance in Bulimia scores for
females and males, respectively (see Figure 1). Similarly, however, the two previously
discussed studies also had a variable—specifically, a measure of restraint (B. M. Neale et
al., 2003) and a semi-structured ED interview (Wade et al., 1999)—for which the latent
factor did not account for a large proportion of variance.

Sex Differences in Disordered Eating

Quantitative sex effects—Our modeling produced evidence for quantitative sex effects.
Genetic factors showed a stronger contribution in males, whereas shared environment
contributed more in females when accounting for variability in latent liability to disordered
eating. Unique environmental factors appear to be contributing at an equal magnitude in the
sexes. Quantitative effects were also revealed at the univariate level for Drive for Thinness
and Body Dissatisfaction. Heritability estimates were greater for females than for males, and
95% confidence intervals also indicate lower genetic variability. These results are similar to
those from previous research by Slane et al. (2007), whose population age and sample size
were similar to those in the present study.

Qualitative sex effects—Only two previous reports, both examining binge eating, have
examined qualitative sex differences in disordered eating. Our results suggest that the
genetic risk factors for disordered eating in general, and particularly for Drive for Thinness
and Body Dissatisfaction, are not entirely the same in males and females. Only
approximately 50% of the genetic risk factors are shared between the sexes.

In contrast, our univariate results indicate all of the genetic risk factors for bulimia are
shared. This is discrepant with previous reports examining binge eating (Reichborn-
Kjennerud et al., 2003; Reichborn-Kjennerud, Bulik, Tambs, & Harris, 2004). Although
binge eating alone was not assessed in the current study, the Bulimia subscale would be the
most comparable. Reichborn-Kjennerud et al. (2003) showed a very slight improvement in
model fit when the genetic correlation was allowed to be estimated, revealing a genetic
correlation of .57. However, the results of our multivariate model do provide evidence of
qualitative differences on Bulimia, as the genetic risk for the disordered eating factor does
not completely overlap between the sexes.
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This discrepant result might arise from several methodological differences between the
studies. First, our study had a considerably smaller sample size, so with more power, we
might have detected these qualitative sex effects at the univariate level. Second, the age
range for participants in the current study (15-17 years) is younger than the ages of the
participants in the study of Reichborn-Kjennerud et al. (19 —-31 years; Reichborn-Kjennerud,
Bulik, Kendler, et al., 2004; Reichborn-Kjennerud, Bulik, Tambs, & Harris, 2004).
Differences in assessment could also have impacted results. For example, our measures
examine aspects of disordered eating that relate to EDs, whereas the previous study used
questions designed to capture DSM-IV criteria for binge eating. We also used a Swedish
population, whereas the former was a Norwegian population. However, these two
populations are culturally similar.

Candidates for Sex Differences in Disordered Eating

Our study provided evidence for qualitative sex differences in disordered eating but no
direct information about the nature of these differences. Several plausible hypotheses are
worth considering. First, results are consistent with the hypothesis that gonadal hormone
exposure creates a differential ED risk in males and females (Klump et al., 2005; Reichborn-
Kjennerud et al., 2003). For example, research indicates estrogen may play an important role
in disordered eating (e.g., Klump, Burt, Sisk, & Keel, 2007; Klump et al., 2005). Disordered
eating in females is also related to effects of cyclic hormonal changes (Edler et al., 2006;
Lester, Keel, & Lipson, 2003), which would not be expressed in males.

Similarly, testosterone levels could impact disordered eating. Decreased levels of
testosterone have previously been linked to AN in males (APA, 2000). Testosterone has also
been shown to be a protective factor against disordered eating in females (Culbert,
Breedlove, Burt, & Klump, 2008). Because testosterone levels decline in males as they age,
especially after the age of 40 years (e.g., Feldman et al., 2002), one can hypothesize that as
testosterone levels decrease, males become more susceptible to disordered eating. However,
testosterone levels in males with AN improve with weight gain (Scott, 1986), and studies
have been unable to replicate results suggesting that testosterone impacts risk for disordered
eating (Baker, Lichtenstein, & Kendler, 2009; Raevuori et al., 2008).

Finally, several social and psychological factors relevant to EDs could be the basis for this
sex difference in genetic risk. For example, cultural pressure to be thin is much greater for
females than for males. Additional psychological factors such as childhood sexual abuse,
personality characteristics, and symptoms of depression or anxiety may also play a role.
These differing social and psychological factors could produce separate pathways to ED
development in males and females, thereby creating a distinct genetic variation in risk. For
example, given the different cultural influences on body shape in males and females, the
kinds of temperamental effects that impact on body shape could differ across sexes. This, in
turn, would create different genetic effects, driving males to be more muscular and females
to be thin and have small waists.
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Study Limitations and Future Directions

Several limitations warrant discussion. One possible limitation is our sample size and the
associated modest statistical power, especially for the detection of sex effects. Our sample
also comes from a single birth cohort in Sweden. Although studies suggest the prevalence of
EDs in Sweden and other Scandinavian countries is similar to slightly less prevalent
compared with the prevalence of EDs the United States, we still cannot be certain that our
findings would extrapolate to other populations (Ghaderi & Scott, 2001; Rastam, Gillberg,
& Garton, 1989).

There are also limitations to our use of the EDI. First, because of our low mean scores,
especially within the Bulimia subscale, there may not have been adequate variability to
detect sex differences at the univariate level. Second, males and females likely have
differential thresholds for expressing disordered eating, which would impact results. For
example, the Bulimia subscale may represent more normative aspects of behaviors in males
(Eiben, 2007). Many of the subscale items deal with binge eating behaviors, and 15- to 17-
year-old boys commonly consume large amounts of food (Eiben, 2007; Katzman, Wolchik,
& Braver, 1984). Males are also less likely to label the consumption of large quantities of
food a binge or to report feeling out of control during the food consumption (Carlat &
Camargo, 1991; Franco, Tamburino, Carroll, & Bernal, 1988; Lewinsohn et al., 2002).
However, results from our measurement invariance analyses provide some limited evidence
that this is not the case, as we constrained item-level thresholds to be equal; we did the same
for factor loadings. Finally, as previously noted, males typically desire to be more muscular
whereas females desire to be smaller, and the Body Dissatisfaction subscale of the EDI
focuses on the latter. The Body Dissatisfaction subscale also focuses on core areas of the
body with which females are more likely to express dissatisfaction (i.e., stomach and
thighs).

We found several differences in the genetic risk factors for disordered eating in males and
females. However, replication of this study with a larger sample size and at different ages is
needed to make definitive conclusions about etiologic differences in disordered eating, as
our results are limited to adolescence. Future research should also examine genetic and
shared environmental similarities and differences in AN and BN diagnoses, and it should
focus on examining developmental trajectories of disordered eating in males as it is possible
genetic and environmental influences change across development.
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Figure 1.

Genetic and environmental path estimates from multivariate common pathway model
including all five zygosity groups. Rg = genetic correlation; Af = female common factor
additive genetic path estimate; Cf = female common factor shared environmental path
estimate; Ef = female common factor unique environment path estimate; Am = male
common factor additive genetic path estimate; Cm = male common factor shared
environmental path estimate; Em = male common factor unique environment path estimate;
% = squared parameter estimates indicating percentage of variance accounted for by factor;
DT = Drive for Thinness subscale; B = Bulimia subscale; BD = Body Dissatisfaction
subscale; a = residual additive genetic path estimate; ¢ = residual shared environmental path
estimate; e = residual unique environment path estimate. Male path and parameter estimates
for factor loadings and residual genetic and environmental factors are indicated in
parentheses.
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