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ABSTRACT
GENETIC AND ENVIRONMENTAL RISK FOR THIN-IDEAL INTERNALIZATION: AN
INVESTIGATION USING CLASSIC TWIN METHODOLOGY AND THE CO-TWIN
CONTROL DESIGN
By
Jessica Lynn Suisman

Thin-ideal internalization has received increasogport as an important risk factor in
the development of disordered eating attitudesMiermand eating disorders. However,
relatively little is known about the etiology ofitkideal internalization itself. The current
research used a series of studies to better uaddrask factors for thin-ideal internalization
during adolescence.

Study 1 investigated whether known phenotypic ckang thin-ideal internalization
across adolescence correspond to developmentajehametiological (i.e., genetic and
environmental) risk. Participants included 846 femwins (ages 8-25 years) from the Michigan
State University Twin Registry (MSUTR). Thin-ideaternalization and pubertal development
were assessed using self-report questionnaires mederation models were used to examine if
age and/or pubertal development moderate gendaliemvironmental influences on thin-ideal
internalization. Phenotypic analyses generallydatiid significant increases in thin-ideal
internalization across age and pubertal developrivéith few exceptions, twin models
suggested no significant differences in etiolodfeas across development. At all
developmental phases, environmental influences mest important in the etiology of thin-
ideal internalization, with genetic, shared envimamtal, and nonshared environmental
influences accounting for roughly 10%, 30%, and 688pectively, of the total variance.

Findings suggest that despite mean-level incraasn-ideal internalization across



development, the relative influence of genetic usemnvironmental risk does not shift across this
period, with the majority of variance accountediigrenvironmental factors. Results suggest
that early risk factors for thin-ideal internalizat are likely to be important across development,
and mean-level increases in thin-ideal internabzainay reflect increases in the
magnitude/strength of environmental risk across pleiriod.

Study 2 examined if affiliation with body-consciopser groups may influence thin-ideal
internalization through socialization processeg.(@€onversations focused on thinness) versus
selection processes (e.g., selection into bodyeaious peer groups) using co-twin control
methodology. Participants included 392 female twages 8-15) from the MSUTR. Thin-ideal
internalization and peer group characteristics vassessed via self-report questionnaires. Co-
twin control analyses examined whether twin disaam in exposure to weight-focused peers
predicted within-twin pair discordance in thin-idl@gernalization. Within co-twin control
analyses, predictive effects in monozygotic (MZJl aizygotic (DZ) twins suggest socialization
effects, as increased exposure to weight-focusedspeould be associated with increased risk
for thin-ideal internalization in one co-twin ralat to the other, regardless of the degree of
genetic and/or environmental sharing. Analyses esiggl a role for socialization, as increased
exposure to weight-focused peers predicted incoetise-ideal internalization in MZ twin pairs.
Results in DZ twins were less consistent, but di/emre similar to results in MZ twins.
Findings supported etiological theories that suggesialization processes in the association
between weight-focused peers and thin-ideal intematgon. Longitudinal and observational
research is needed to confirm causal effects adtifgl peer socialization processes that

increase thin-ideal internalization risk.
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CHAPTER 1: Risk Factorsfor Thin-ldeal | nternalization

Eating disorders (i.e., anorexia nervosa, bulingevasa, and eating disorder not
otherwise specified) are serious psychiatric dismdhat are associated with significant medical
and psychiatric consequences and greatly limitieat life (Klump, Bulik, Kaye, Treasure, &
Tyson, 2009). Full-threshold eating disorders atatively rare, with prevalence estimates of
approximately 0.5-1% for anorexia nervosa, 1-2%bidimia nervosa, and 4-5% for eating
disorder not otherwise specified (Hay, Mond, Butt@Darby, 2008; Hudson, Hiripi, Pope Jr,
& Kessler, 2007; Keski-Rahkonen et al., 2010; MachaMachado, Gongalves, & Hoek, 2007).
However, more mild, subthreshold symptoms (e.gomil dieting, occasional binge eating) are
very common, with some studies estimating the peexa of these behaviors in college women
to be as high as 68% (Mintz & Betz, 1988). Althouglatively common, these subthreshold
eating disordered behaviors are also associatéddeitreased self esteem, higher levels of body
dissatisfaction, and interference with life aciest(Mintz & Betz, 1988). Given the seriousness
of eating disorders and subthreshold symptoms,dtifical to understand risk factors for the
development of these disorders to aid in treatra#fatts, and, better yet, prevent the
development of these disorders.

Thin-ideal internalization (i.e., the acceptannd adherence to sociocultural beauty
standards of thinness) has received increasingosugp an important risk factor in the
development of disordered eating attitudes and\befsand eating disorders (Stice, 2002;
Thompson & Stice, 2001). Generally, thin-ideal intdization has been conceptualized as a
mediator in the association between exposure tocatural risk factors (i.e., factors associated
with the thin-ideal that permeates Western sociaty) the development of body dissatisfaction,

disordered eating, and eating disorders. For exantip tripartite model of body dissatisfaction



and eating disturbance (Keery, van den Berg, & Tipgon, 2004; Thompson, Heinberg, Altabe,
& Tantleff-Dunn, 1999) postulates that sociocultunfluences are reinforced and perpetuated
by three primary factors: the media (i.e., telemisiadvertisements, magazines, etc.), parents
(e.g., parental focus on weight/dieting) and péers., peer discussions about dieting, weight-
based teasing). In the tripartite model, thin-idetdrnalization and social comparison (i.e.,
evaluating and comparing oneself to others) araghtto emerge as a result of exposure to
these three primary factors. It is through the ttgwment of thin-ideal internalization and social
comparison that body dissatisfaction and otherrdesed eating attitudes and behaviors are
thought to develop. Indeed, thin-ideal internalmathas repeatedly been shown to operate as
hypothesized in the tripartite model across sevavastigations (Keery et al., 2004; Shroff &
Thompson, 2006b; Yamamiya, Shroff, & Thompson, 3008

The importance of thin-ideal internalization isther highlighted when examining the
literature on prevention programs for eating disosdInitial efforts toward the prevention of
eating pathology focused on psychoeducation ongadisorders (e.g., teaching about the
dangers associated with eating disordered behavidndortunately, these prevention programs
were ineffective, and, in some cases, predictectased levels of eating pathology, likely as a
result of participants learning new weight lossteques (Stice & Shaw, 2004). However, more
recent prevention programs that focus on decredBingdeal internalization have been shown
to be quite effective (Coughlin & Kalodner, 200@ic8, Chase, Stormer, & Appel, 2001; Stice,
Mazotti, Weibel, & Agras, 2000; Yamamiya, Cash, M, Posavac, & Posavac, 2005). These
interventions use techniques such as teachingamits about the ways in which media images
are altered (“media literacy”) and dissonance teges that help individuals make arguments

against the internalization of the thin-ideal. Tdéschniques have been shown to successfully



decrease not only thin-ideal internalization, bisbddered eating symptoms (e.g., body
dissatisfaction, dieting, bulimic symptoms), pautarly in individuals at high risk for the
development of eating pathology. This evidence eatggthat thin-ideal internalization may be a
critical variable for ongoing efforts to decreas¢irmy pathology, particularly since girls as young
as three years old have been shown to internddeéhin-ideal (Harriger, Calogero,
Witherington, & Smith, 2010).

Interestingly, these prevention programs have feduwmost entirely on jusine
potential risk factor for thin-ideal internalizatipmedia influences. It may be possible to create
even more effective prevention techniques thatccoesich broad audiences if risk factors for
thin-ideal internalization are more clearly elu¢ethand, as a result, incorporated into
prevention efforts. Unfortunately, perhaps sinae-teal internalization has conceptually been
categorized as a risk factor rather than an outaoingerest, little research has examined what
risk factors lead to the development of thin-ide&drnalization. Studies that have been
conducted have shown significant associations msthfactors for thin-ideal internalization as
proposed in the tripartite model (i.e., family, peeand media), but these studies are limited by
their correlational designs (Keery, Boutelle, VaenBerg, & Thompson, 2005; Keery et al.,
2004; Shroff & Thompson, 2006b; Yamamiya et alQ&@0

In addition to the overall lack of research on ptitd environmental risk factors for thin-
ideal internalization, prior work has almost erjingnored the possibility that genetic factors
contribute to individual differences in thin-ideaternalization. However, there is reason to
believe that genetic factors may be involved. Misstchological/behavioral constructs,
including the disordered eating symptoms that tteal internalization predicts (e.g., body

dissatisfaction, eating disorder symptoms) are kntambe significantly heritable, with estimates



often exceeding 40% (Malouff, Rooke, & Schutte, 0Buisman et al., 2012). Moreover,
although all (or most) women in Western culturesexposed to environmental factors that
reinforce the thin-ideal (e.g., thin-ideal med@)|ly some women ultimately develop high levels
of thin-ideal internalization. Genetic factors ntafip to explain who does, and who does not,
internalize the thin-ideal within these cultures.

Given the lack of research on risk factors for {idieal internalization, the aims of the
proposed set of studies are to use twin methoddlmggpmprehensively examine genetic and
environmental risk factors for thin-ideal interzaiion. The first study will use twin study
methods to determine the extent to which genetitaarenvironmental influences explain the
variance in thin-ideal internalization across depetent. Importantly, this study will extend
previous research in this and other areas by exagwhether the proportion of genetic versus
environmental influences vary or remain relativaiyilar across adolescent age and pubertal
development. These findings will be particularlypiontant because, despite the developmental
nature of thin-ideal internalization (i.e., increasn thin-ideal internalization across adolescent
ages and pubertal development), prior studiess&ffactors for thin-ideal internalization have
generally not taken a developmental approach (Heéni€eel, 2003). Thus, findings from study
1 will be the first to provide information on despmental differences and similarities in genetic
and environmental influences across adolescenceusnetty.

In the second study, co-twin control methodologl lae used to further elucidate the
origins of the associations between thin-idealrmaézation and one environmental risk factor
that has been highlighted in the tripartite mod#luences of weight-focused peer groups.
Specifically, this study will examine extent to whithe association between body-conscious

peer groups and thin-ideal internalization is emwmentally mediated (i.e., due to socialization



effects), or, instead, whether the associatiomestd selection effects. Selection effects occur
when exposure to environmental risk factors is andom; that is, a third variable (e.g., genetic
predispositions, life events) causes the exposueatironmental risk factors (body-conscious
peer groups) which then increases thin-ideal iatiezation. The co-twin control method can
parse apart socialization versus selection effegctsomparing outcomes in reared-together twins
who have experienced differing degrees of expogsub®dy-conscious peer groups. If the
socialization effects account for associations keetwbody-conscious peer groups and thin-ideal
internalization, it is expected that the twin whasaexposed to greater levels of body-conscious
peer groups will have higher levels of thin-idedkrnalization. If twin pairs have relatively

equal levels of thin-ideal internalization desliering degrees of exposure to body-conscious
peer groups, it is inferred that other circumstartbat the twins share (e.g., genes, life events)
were “selection” factors that led to similar levefsthin-ideal internalization in both twins, rathe
than the environmental exposure factor.

Results of these studies will greatly extend thsteng literature on the etiology of thin-
ideal internalization by examining the validityior assumptions that body-conscious peer
groups are an environmentally mediated risk faftiothin-ideal internalization. Further,
findings are expected to allow for the developnwdrgpecific hypotheses regarding
environmental and/or biological mechanisms thatrifoute to thin-ideal internalization and
during which developmental periods these mechaniemsbe the most important. The more
comprehensive etiological models for thin-ideaémalization that will result from this and
future research will ultimately inform and aid irepenting the development of clinically

significant symptoms of eating pathology (e.gicstlieting, eating disorders).



CHAPTER 2: Genetic and Environmental I nfluences on Thin-ldeal Internalization Across

Development (Study 1)*

ABSTRACT
Objective: Mean-levels of thin-ideal internalizatimcrease across adolescence and pubertal
development, but it is unknown whether these phgmothanges correspond to developmental
changes in etiological (i.e., genetic and environtak risk. Given the limited knowledge on risk
for thin-ideal internalization, developmental resdas needed to guide the identification of
specific types of risk factors during critical deyemental periods. The present twin study
examined genetic and environmental influences omitieal internalization across adolescent
and pubertal development. Methods: Participante\Bd6 female twins (ages 8-25 years) from
the Michigan State University Twin Registry. Thoteal internalization and pubertal
development were assessed using self-report qoasires. Twin moderation models were used
to examine if age and/or pubertal development naddegenetic and environmental influences
on thin-ideal internalization. Results: Phenotygmalyses generally indicated significant
increases in thin-ideal internalization across age pubertal development. With few exceptions,
twin models suggested no differences in etioloffieces across development. At all

developmental phases, environmental influences mes important in the etiology of thin-

! An amended version of Chapter 2 is also beingigld in thenternational Journal of Eating
Disorders,a publication by John Wiley & Sons. The full citatifor the manuscript is:

Suisman, J.L., Thompson, J.K., Keel, P.K., Bur§.SNeale, M., Boker, S., Sisk, C., & Klump,
K.L. (in press). Genetic and environmental influesion thin-ideal internalization across puberty
and preadolescent, adolescent, and young adultagewent.International Journal of Eating
Disorders.© 2014 Wiley Periodicals, Inc.



ideal internalization, with genetic, shared envimamtal, and nonshared environmental
influences accounting for roughly 10%, 30%, and 668spectively, of the total variance.
Discussion: Despite mean-level increases in tii@al internalization across development, the
relative influence of genetic versus environmeritld does not shift across this period, with the
majority of variance accounted for by environmeiaators. Findings are significant in
suggesting that early risk factors for thin-idedernalization are likely to be important across
development, and mean-level increases in thin-ishk@tnalization may reflect increases in the
magnitude/strength of environmental risk across pleiriod.
INTRODUCTION

Thin-ideal internalization (i.e., the acceptancend adherence to sociocultural beauty
ideals for women that focus on thinness) has endesigean important risk factor in the
development of body dissatisfaction, disorderethgaand eating disorders (Thompson & Stice,
2001). Specifically, multiple cross-sectional amdgpective studies have supported the role of
thin-ideal internalization in the development ofieg problems (e.g., body dissatisfaction,
dieting; Thompson & Stice, 2001), and eating disoqarevention programs that aim to decrease
thin-ideal internalization have been effective @tkasing disordered eating (Stice, Shaw, &
Marti, 2007). Given the prominent role of thin-idlegernalization in the development of
disordered eating, research on the etiology otitheal internalization is also needed. Indeed, the
identification of risk factors for thin-ideal intealization will likely lead to improved
understanding and prevention of disordered eatngeating disorders.

Research on risk for thin-ideal internalization Fasused on the role of environmental
risk factors that are thought to teach and reirddreauty ideals of thinness. For example, one

model of the etiology of thin-ideal internalizatidhe tripartite model of body dissatisfaction and



eating disturbance (Keery et al., 2004; Shroff &fipson, 2006b; Yamamiya et al., 2008),
posits that three primary risk factors lead to ld@al internalization: images of thin women in
the media (i.e., in television, advertisements, azages, etc.), parental/family influences (e.qg.,
parental focus on weight/dieting), and peer infeesn(e.g., peer focus on thinness, weight
related teasing). Although research on the trifamiodel has demonstrated that hypothesized
media, peer, and parental risk factors are indesdcated with thin-ideal internalization (Keery
et al., 2004; Shroff & Thompson, 2006b; Yamamiyalet2008), further research is needed to
confirm the direction of these effects, as curstaties are limited by cross-sectional designs.

In addition to the environmentally mediated risktéas suggested by the tripartite model,
it was recently demonstrated that genetic influsreglain approximately 40% of the variance
in thin-ideal internalization in a sample of posibprtal adolescent and young adult twins
(Suisman et al., 2012). Thus, genetic influenceg explain why, despite almost ubiquitous
exposure to the thin-ideal in Western countriesy somewomen ultimately internalize this
ideal and go on to develop disordered eating belnsyBuisman et al., 2012). More specifically,
in the context of environmental risk factors (ethin-ideal focused media) that nearly all women
within Western culture experience, it may be lexfajenetic risk for thin-ideal internalization
that differentiates those women who go on to irgkze these ideals, and those who do not.

In addition to significant genetic effects, thegoriwin study of thin-ideal internalization
also suggested significant non-shared environmarmftakences on thin-ideal internalization
(Suisman et al., 2012). Non-shared environmergklfactors are those that make siblings
different from one another (e.g., differential légperiences such as different peer groups,
different life events). Shared environmental inflaes, which are environmental effects that

make siblings more similar to one another (e.gratirsociocultural influences, shared life



events) were found to be small and non-significihese findings were somewhat surprising, as
it was expected that the significant cultural iefhges on thin-ideal internalization (e.g., images
in TV, magazines, and other forms of media) wowddthptured by estimates of the shared
environment, since these influences are shared gmost women in Western cultures and
would conceivably act to make them more similanne another. Instead, our findings suggested
that the influence of theonsharednicro-environment, rather thaharedenvironmental
influences, appeared to be most important in erplgiindividual differences in thin-ideal
internalization. The lack of shared environmenttdats, however, does not imply that broad
sociocultural influences that most women in Westeitures share (e.g., thin-ideal media) are
unimportant in the development of thin-ideal intdization. Instead, results suggest that these
influences operate at the level of the nonsharedas@nvironment that acts to make siblings
different from one another. For example, mediauifices may differentially increase thin-ideal
internalization in one twin relative to anotherrhpgs as a result of differential exposure to
media images within a twin pair (e.g., one twinrggemore time reading fashion magazines that
reinforce the thin-ideal while the other twin spsmdore time engaging in non-media hobbies).
Given that only one twin study of thin-ideal intatization has been conducted, further
research is needed to extend knowledge of germatieavironmental effects. In particular, it is
necessary to examine the possibility that therelavelopmental differences in etiologic effects,
particularly across adolescence. Mean levels otitteal internalization have been shown to
increase across adolescence (Durkin & Paxton, 280@man et al., 2012) and predict the
development of eating pathology (Thompson & St&)1). The pubertal period appears to be
particularly important in this regard, as girlspre-to-early puberty report significantly lower

levels of thin-ideal internalization than girlsnmd-puberty and beyond (Hermes & Keel, 2003).



Developmental increases in mean levels of a pheeatgn be an indicator of key
etiological shifts that should be examined as vl example, observed mean level increases in
disordered eating across adolescence (Klump, Mc&Ul@;ono, 2000) were previously
hypothesized to signal potential changestinlogy(i.e., genetic and environmental influences;
(Klump et al., 2000). Cross-sectional and longmaditwin studies subsequently confirmed that
this was the case by showing significant age difiees in genetic and environmental influences
on disordered eating such that the heritabilitgiebrdered eating was negligible in pre-
adolescence (age 11), but became significant &ipgroximately 50% of variance) in middle
adolescence (age 14) and beyond (i.e., ages 16a&8;\Klump, Burt, McGue, & lacono, 2007;
Klump, Burt, et al., 2010; Klump et al., 2000). Adugh estimates of the nonshared environment
remained significant across all age groups, thecesfof the shared environment showed
substantial changes that were the opposite of thioserved for genetic influences: shared
environmental influences decreased from accouriting0% of the variance in disordered
eating in pre-adolescence to 10% or less from raiddblescence into middle adulthood.

Given that the increase in genetic influences agecuduring the transition from pre-
adolescence (age 11) to mid-adolescence (agehbdjimie when most girls experience puberty
(mean age of menarche = approximately 12.5 yedrgnea et al., 2003; Herman-Giddens et
al., 1997), it was hypothesized that pubertal dgwalent drives changes in genetic effects.
Research that examined genetic and environmeritaéntes on disordered eating by pubertal
status confirmed this hypothesis. Specificallytwms in pre-to early puberty, genetic factors
accounted for a negligible proportion of the vaceuf0%) in disordered eating, while in late
puberty, genetic factors accounted for approxingdi®Pso of the variance. Shared environmental

influences again showed the opposite effect; tlepanted for a significant proportion of the
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variance in pre-to early puberty (50%), and de@éds a negligible proportion of the variance

in late puberty (0%; Culbert, Burt, McGue, laco&XIlump, 2009; Klump, McGue, & lacono,
2003; Klump, Perkins, Burt, McGue, & lacono, 200@)portantly, these effects accounted
entirely for the age differences observed in psioidies, as genetic and environmental effects in
young pubertal twins (i.e., twins who were pubeatahge 11) were identical to genetic and
environmental influences in older, pubertal twins.( they showed significant genetic influences
and negligible shared environmental influencesntduBurt, et al., 2007; Klump et al., 2003).
These findings have been especially useful bediesehave led researchers to develop specific
hypotheses regardimgechanismghat may account for differences in heritability@ss puberty,
such as changes in ovarian hormones during pufi€uynp, Keel, Sisk, & Burt, 2010).

As noted by others (Hermes & Keel, 2003), it isgdoie that changes in genetic and
shared environmental effects on thin-ideal intemadilon follow the same pattern as those for
disordered eating. Although thin-ideal internali@gatand disordered eating are independent
constructs, the phenotypes do correlate moder@@epgero, Davis, & Thompson, 2004;
Thompson, van den Berg, Roehrig, Guarda, & Heinli&04) and they follow similar
developmental trajectories (i.e., mean level ineesaacross puberty; Hermes & Keel, 2003).
Further, in post-pubertal samples, the magnitudgeattic and environmental influences on
disordered eating and thin-ideal internalizatiom similar (i.e., no shared environmental
influences, significant genetic influences), whprvides some evidence for similar patterns of
etiology across phenotypes (Klump et al., 2003 nk{y Perkins, et al., 2007; Suisman et al.,
2012). Finally, there appear to be some commatogiical mechanisms for thin-ideal
internalization and disordered eating in late aslmd@ce. Specifically, previous analyses have

shown a genetic correlation between thin —idea&rrlization and disordered eating of .72,
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suggesting at least some common genetic etiologigifEan et al., in preparation). Given these
associations, thin-ideal internalization may indebdw similar developmental differences in
etiologic effects as those observed for disordegdthg, i.e., increasing genetic and decreasing
shared environmental effects across age/puberty.

Given the above, the aim of the present study wasvestigate the extent to which
genetic and environmental influences on thin-idie@rnalization differ across age and pubertal
development in a large (N=846) sample of same-samale twins (ages 8-25 years). To ensure
that effects are specific to thin-ideal interndiiaa, developmental differences in genetic and
environmental effects were also examined while r@dimg for disordered eating. Specificity of
effects are important to establish given phenotgpid genetic overlap in thin-ideal
internalization and disordered eating (see abowé)tlae need to identify etiological risk factors
that contribute uniquelio thin-ideal internalization.

METHODS
Participants

Participants were drawn from a sample of 848 saemdesnale twins between the ages of
8 and 25 (mean = 15.06, SD = 3.93) from the Michi§&ate University Twin Registry
(MSUTR; Burt & Klump, 2012; Klump & Burt, 2006). Msing data was minimal for thin-ideal
internalization (N = 42, 4.9%); disordered eatiNgH 6, 0.7%), pubertal group status (N = 14;
1.6%); and body mass index (N = 3; 0.3%), and ains were excluded from analyses only
when data was unavailable for both twins. Thuslfage moderation models included 846 twins
(Monozygotic [MZ] = 454, dizygotic [DZ] = 392), arfthal pubertal moderation models

included 830 twins (MZ = 444, DZ = 386)
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The MSUTR is a population-based registry that réstwins through the use of birth
records in collaboration with the Michigan Departinef Community Health (Further details are
available elsewhere; Burt & Klump, 2012; Klump &BWR2006). Twins included in this study
were participants in one of two ongoing studiedimithe MSUTR, th&win Study of
Hormones and Behavior across the Menstrual Cycle and theTwin Study of Hormones and
Disordered Eating Across Puberty. These projects have both been reviewed and apgioy an
institutional review board, and participation iretstudies involved informed consent/assent.
Both studies have primary aims involving the inigegion of ovarian hormone influences on
disordered eating. As a result, several inclusieilesion criteria were applied to ensure accurate
sampling of hormones (e.g., no psychotropic ostlemedication use; no pregnancy or
lactation, regular menstrual cycles in participages 16+). Comparisons with prior research
have indicated that the use of these inclusionieskah criteria do not inadvertently affect the
range or variability in thin-ideal internalizati@eores (Suisman et al., 2012). Moreover,
participants from the MSUTR have been shown toepeasentative of the population from
which they were drawn in terms of racial and ethrackground (i.e., 83% Caucasian; Burt &
Klump, 2012; Culbert et al., 2009; Klump et al. 13, a pattern that was consistent with the
current sample (80% Caucasian, 14% African Amerié&h Multiracial, 0.7% Asian,
0.2%American Indian or Alaka Native). Participaatgntal income also represented a range of
socioeconmic backgrounds, with 8% of participaetsorting family income less than $20,000
anually; 17% reporting $20,000-$40,000; 21% repgr$40,000-$60,000; 26% reporting
$60,000-$100,000; and 23% reporting family incomesater than $100,000 anually.

Notably, 42% of participants in the current studgrevalso included in the prior twin

study on thin-ideal internalization (Suisman et 2012). The aim of the Suisman et al. (2012)
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study was to examine genetic/environmental effecpost-pubertal twins only, so all pre-
pubertal twins included in the present sample @68) are unique to the current study.
Additionally, a portion of post-pubertal twins (N246) for whom data collection had not yet
been completed at the time of the Suisman et @LZPstudy are unique to the current
investigation.

Measures

Zygosity Determinationfwin zygosity was determined using a physical sanity
guestionnaire that has been shown to be over 9% ate when compared to genotyping
(Lykken, Bouchard, McGue, & Tellegen, 1990; Peeteéen Gestel, Vlietinck, Derom, &
Derom, 1998). To assess zygosity, research assistalependently completed the physical
similarity questionnaire for the twin pair. The gtiennaire was also completed by the twins’
parent (usually the mother) for all twins under ageand in approximately 41% of twin pairs
age 16 or older. Additionally, twins age 16 or oldach completed a self-report version of the
zygosity questionnaire. In cases where results fragnof these raters (i.e., twins, parent, and
research assistants) were not in agreement (2%4nople), questionnaire responses,
photographs of the twins, and DNA (i.e., twin comaoce across several single-nucleotide
polymorphisms) were examined by study principakstigators to determine final zygosity
status.

Thin-ldeal Internalizationinternalization of the thin-ideal was assessed Wi¢h
Sociocultural Attitudes toward Appearance Questira3 (SATAQ-3; Thompson et al., 2004).
The SATAQ-3 includes 30 items assessed on a 5-piatt scale (ranging from definitely
disagree to definitely agree) that load onto onfof subscales (i.e., general internalization,

athlete internalization, pressures, and informatibmthe past, the SATAQ-3 has been
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administered either with all 30 items positivelykd or with eight of the items reverse keyed
(Markland & Oliver, 2008). As suggested by Thompsoal., (2004), the version that included
eight reverse-scored items was utilized in thegarestudy.

The present study focused on the 9-item, geneteinalization subscale that assesses the
extent to which participants want to look like mduals from various media sources (e.g.,
television, magazines, movies). The general ialeration subscale was used in the prior twin
study on thin-ideal internalization (Suisman et 2012) and is commonly used to assess thin-
ideal internalization in risk factor and intervemtistudies (Cafri, Yamamiya, Brannick, &
Thompson, 2005; Coughlin & Kalodner, 2006). Thibstale differentiates individuals with
eating disorders from contrasd demonstrates excellent internal consistea®yX.90) in prior
samples (Calogero et al., 2004; Thompson et a4 @s well as in our current sample (see
Table 1).

Disordered EatingAs described above, possible moderating effecégyefand/or
puberty on thin-ideal internalization while contnod for disordered eating were also examined.
Overall levels of disordered eating were assessedhe total score of the Minnesota Eating
Behavior Survey (MEBS; von Ranson, Klump, lacondyl&Gue, 2005) The MEBS is a 30-
item true/false questionnaire that includes iteegmrding weight preoccupation (i.e., tendency
to think about/be concerned with ones weight), baidgatisfaction (i.e., dissatisfaction with

body weight and/or shape), binge eating (i.e.,adiinge eating or thoughts of binge eating),

2 The MEBS (previously known as the Minnesota Eabigprder Inventory [M-EDI]) was
adapted and reproduced from “Development and Vatidaf a Multidimensional Eating
Disorder Inventory for Anorexia and Bulimia Nervbsy D. M. Garner, M. P. Olmstead, and J.
Polivy, 1983, International Journal of Eating Ders, 2, by special permission of
Psychological Assessment Resources, 16204 Nortld&ldvenue, Lutz, FL 33549, from the
Eating Disorder Inventory (collectively, EDI and EB). Copyright 1983 by Psychological
Assessment Resources, Further reproduction of 8BB3/4s prohibited without prior permission
from Psychological Assessment Resources.

15



and compensatory behaviors (i.e., the use of,arghts of the use of, excessive exercise,
vomiting, laxatives, or other medicines in ordeckange weight or shape). The psychometric
properties of the MEBS total score are excellerterhal consistency is high in prior studies, in
twins as young as age 14 ¥0.86) through late adolescenee=0.89; von Ranson et al., 2005).
Internal consistency was also excellent in theenurstudy, even in our youngest (ages 8-12) age
group @ =0.87), as well as in older age groug's = .87-.88). Additionally, 3-year test-retest
reliability for the MEBS total score is also goddymp et al., 2000). Finally, women with

eating disorders score significantly higher onMHeBS scales than control women (Klump et

al., 2000; von Ranson et al., 2005). Of note, ti@l score of the MEBS is the same scale used in
the majority of the previously discussed developtalestudies of disordered eating, which found
significant moderation of disordered eating by agée pubertal development (Culbert et al.,
2009; Klump et al., 2000, 2003; Klump, Perkinsalet2007). Thus, this scale is particularly
useful since the aim of the present study is tareme whether findings for thin-ideal
internalization are independent of previously iidfesd effects for disordered eating.

Pubertal Developmentwins from theTwin Study of Hormones and Disordered Eating
Across Puberty were between the ages of 8-15 at the time of gpadycipation and thus, range
from pre-pubertal to post-pubertal developmenta$ses each participant’s degree of pubertal
development, the Pubertal Development Scale (PE&réen, Crockett, Richards, & Boxer,
1988), was completed by each twin, which is theesaoale used to assess puberty in prior
developmental studies of changes in the heritglohitdisordered eating (e.g., Klump, Burt, et
al., 2007). The PDS is a self-report measure thsgsses the extent to which participants have
experienced physical markers of puberty (i.e., bloaly growth, growth spurt, breast changes,

skin changes, and onset of menarche). Particifpaditsate whether development for each
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physical marker (1has not yet begu(®) has barely started3) is definitely underwagpr (4)

seems completetflenarche is rated as present (4) or absent (y. lRsearch with this scale has
indicated excellent reliability and validity (Culbest al., 2009; Petersen et al., 1988), and it was
also excellent in the current sample (See Tabl@ad4)n prior research, a PDS total score,
indicating overall pubertal development, was coraduiy summing and computing an average
score across all items, including menarche.

All twins from theTwin Study of Hormones and Behaviors across the Menstrual Cycle
were age 16 or older and were required to be exiperg regular menstrual cycles to participate
in the study. Since all participants were post-ptabethey did not complete a measure of current
pubertal development during study participationug;rall women from this study were assigned
a maximum PDS total score (i.e., 4) for statistanadlyses.

Body Mass Index (BMIBMI was used as a covariate in the present stugky $atistical
Analyses), and was calculated ([weight]) / [heighfom height and weight assessed by
research assistants. Height was measured usin-emaanted ruler or a tape measure. Weight
was measured using a digital scale in all partitipa

Statistical Analyses

Data PreparationGiven the modest, but statistically significantcsation between

BMI and thin-ideal internalization (Pearsomn’s .21,p<.01), BMI was partialled out of thin-
ideal internalization scores prior to analysesrioteo to ensure results are not unduly influenced
by BMI. For analyses that controlled for disordeeading (see below), we also partialled out
MEBS total scores from each twins’ thin-ideal imi@ization score (in addition to partialling out
BMI). Thin-ideal internalization scores did noblate normality assumptions (skewness = .41,

kurtosis = -.62).
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Twin analyses were used to examine if age and/oenpyimoderate genetic and
environmental effects on thin-ideal internalizatibonth with and without controlling for
disordered eating. Etiological (i.e., genetic andimnmental) influences across age and
pubertal categories were examined using intradlasscorrelations and twin moderation
biometric models. For analyses examining pubertadenation effects, pubertal development
was dichotomized into a pre/early puberty and piabgroup using a PDS cut-off of 2.5, as has
been used in prior research on differences indiglity across puberty (Culbert et al., 2009;
Klump et al., 2003). For age analyses, categorasg wWeveloped to closely match age groups
examined in prior papers of disordered eating wstilemaintaining reasonable sample sizes in
each group. This resulted in three age categ®ié years, 13-16 years, and 17-25 years
(Klump, Burt, et al., 2007; Klump, Burt, et al.,0). In addition to corresponding closely to
previously used age categories, these age categdsi@ map on to the timing of changes in
etiological risk factors, especially changes iniesnmental risk across development.
Specifically, our age categories roughly captueertiative decreases in time spent with parents,
and corresponding increases in time spent withspé&@m mid/late childhood (i.e.,
approximately the 8-12 group) to adolescence @m@proximately 13-16 years; Parker, Rubin,
Erath, Wojslawowicz, & Buskirk, 2006). The oldegeagroup encompasses the transitional
developmental stage of graduating high school &axtirsy college or full-time work, and living

independently from parents (i.e., approximately\25#ears).

3 In addition to these categorical analyses, diffeesnin genetic and environmental effects were
examined using continuous measures of age (i.eh, gaticipant’s age in years) and pubertal
development (i.e., the PDS total score for eachigyaant). Results of these models were
essentially identical to the categorical modelsdbed above. Thus, we only present results
from categorical models throughout this paper,ipaldrly because sample sizes at each level of
the moderator were much larger for categorical rispdéhile in continuous models, sample

18



Twin Correlationsintraclass twin correlations were first computeati@r preliminary
indications of moderating effects of age and pyb&pecifically, separate twin correlations
were calculated for each age and puberty groupdardo examine whether the pattern of co-
twin similarity (or dissimilarity) in thin-ideal iternalization scores in MZ versus DZ twins
changes with age and/or pubertal status. Theselabons were computed for thin-ideal
internalization controlling only for BMI, followety analyses controlling for disordered eating
and BMI. Within each set of intraclass twin cortiglas, additive genetic influences are implied
if MZ twin correlations are approximately doubletBZ twin correlations. Shared
environmental influences are suggested if the MZ @A twin correlations are approximately
equal. Finally, nonshared environmental influermesinferred when the MZ correlation is less
than 1.00, and/or both the MZ and DZ twin correlas are small and non-significant.
Importantly, nonshared environmental estimates ialdode measurement error. Comparisons
of twin correlations across age and puberty graug® used to provide initial indications of
moderating effects (or the lack thereof) of age/anguberty.

Twin Moderation ModeldDifferences in the etiology of thin-ideal interrmdtion across
age and pubertal development were then more pheesgaluated using twin moderation
models, both with and without controlling for thiéeets of disordered eating (Purcell, 2002).
Three versions of twin moderation models have liEsmloped to date. The first model, the
standard univariate moderation model, is most lisdfien the moderator is a family-level
variable that is shared within twin pairs, as ugtfor our age moderation models (Purcell, 2002;
van der Sluis, Posthuma, & Dolan, 2012). This isalose when twin pairs are 100% concordant

for the moderator (i.e., age) there is no needtdrol for co-twin covariance on the moderator,

sizes at each level of the moderator were quitgdoine.g., as small as 8 twins, and frequently
limited to only 25-50 twins).
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which is part of the goal of the other moderatioodels described below. Thus, standard
univariate moderation models were used to examnssiple moderating effects of age on the
etiology of thin-ideal internalization (Purcell, @2).

The second type of model, the bivariate moderatiodel, is used when there is genetic
or environmental covariance between the moderatdoatcome, which is only possible when
the moderator can vary within twin pairs (as igtfor puberty) versus a twin pair or family level
variable (i.e., age). Essentially, the bivariatederation model partitions moderation effects into
those that are unique to the outcome, and thoséalhanto the shared covariance between the
moderator and outcome. The bivariate moderationainsctritical when there is significant
covariance (i.e., a significant genetic correlatsimared environmental correlation, or nonshared
environmental correlation) between the moderatdrartcome, as false negative moderation
results are likely in the standard univariate twiaderation model under these circumstances. In
the current sample, however, bivariate twin modatggested no significant covariance between
the moderator (puberty) and outcome (thin-idearimalization; genetic correlation = -.13; 95%
Cl1[-1.0, 1.0], shared environmental correlatiof3;.95% CI [-.19, .29], nonshared
environmental correlation = -.004, 95% CI [-.143])1 Given the lack of covariance on the
etiology of puberty and thin-ideal internalizatidmyariate moderation models were not
necessary for the current analyses.

Since the bivariate moderation model was not ne@dedr puberty analyses, the third
type of moderation model, the extended univariabe@nation model (van der Sluis et al., 2012),
was used. This model is identical to the standardaniate moderation model that was used for
age analyses, except that the model also accoamntsftwin covariance on the moderator (i.e.,

in this case, twin pair covariance on pubertaustaPearson=.94,p<.01). It is necessary to use
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the extended univariate model for examination dfgstal moderation because simulation
studies have demonstrated substantial increasalsepositive moderation results if co-twin
covariance on the moderatomist accounted for (i.e., if the standard univariatedelas used
instead of the extended univariate motel)

Within both the standard and extended univariatderation models, three nested
moderation models are fit. The most restrictivedbiae “no moderation” model estimates
standard additive genetic (A), shared environmg@aland nonshared environmental (E) path
estimatewithoutconsideration of the moderator (i.e., a, ¢, arngke;Figures 1 and 2). The
second model allows for linear genetic, shared,raorshared moderating effects of age/puberty
by adding linear moderation terms to the model, ()¢ fy, andfz. see Figures 1 and 2). The
third and least restrictive model (i.e., “full” mel)l also adds quadratic moderation terms to the
model (i.e x> fv* andp;’. see Figures 1 and 2), allowing for linear and gaticigenetic,
shared, and nonshared environmental moderatingtefté age/puberty.

Model fit for age analyses was determined by comgahe no moderation and linear
moderation models to the least restrictive full m@dion model (which allows for lineand
guadratic moderation). For pubertal analyseslgast restrictive linear moderation model was
compared to the no moderation model. Specificétiy,minimized value of minus twice the log

likelihood (-2InL) in the least restrictive modgl(se., the linear/quadratic moderator model for

* Given the high correspondence in pubertal statusng twins (i.e.r=.94), it was important to
ensure that the extended univariate model wasvestyoconservative, since twins generally did
share pubertal status. Thus, we also examined falineoderation effects using standard
univariate models, the same models used for aggsasathat are recommended for use when
the moderator is shared among co-twins. The patter@sults for the standard univariate models
were generally the same as those presented hareirthe standard univariate models did not
detect any significant moderation paths. Sincesthadard univariate models are more
conservative (i.e., less likely to detect modergtithese results helped to confirm that the
extended univariate models presented herein wdrpraeenting detection of moderation effects
that would have otherwise been significant.
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age, the linear model for puberty) were compardt thie —2InL value obtained in the most
restrictive model. This comparison yields a likeldd-ratio chi-square test for the significance of
the moderator effects. Additionally, Akaike’s Infoation Criteria (AIC; Akaike, 1987) and the
Bayesian Information Criterion (BIC; Reftery, 199%hich evaluate model fit relative to model
parsimony, were also used to indicate model fie Bbast-fitting model is selected by identifying
the model in which AIC and BIC are the smallesttiBaAIC and BIC are commonly used in
behavioral genetic analyses (Markon & Krueger, 2084d each have their strengths and
weaknesses. Simulation studies have demonstraae@I@ is particularly likely to outperform
AIC when sample sizes are large, there are a laugwer of variables in the model (e.g., 8+
variables), and/or the models are particularly clem@arkon & Krueger, 2004). Given that the
sample size for the present study is relatively enaté, both both AIC and BIC were examined,
in addition to the likelihood-ratio chi-square.

Model fitting was conducted using raw data techagjwith Mx statistical software
(Neale, 1995), which treats missing data at randonthallows for the inclusion of all twin pairs,
even when one twin has missing data (Little & Ruli®87). To further ease interpretation, age
and puberty scores were “floored” prior to analysesh that the minimum score was 0 for both
age and puberty. Consistent with previous recomugms, the moderator models were run a
minimum of 5 times using multiple start values ts@re that the obtained estimates minimize
the —2InL value (Purcell, 2002).

RESULTS

Descriptive Statistics

Means and variances of thin-ideal internalizatoisprdered eating, age, and pubertal

development are presented in Table 1. Consistehtpior work (Hermes & Keel, 2003;
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Thompson & Stice, 2001), thin-ideal internalizatiwas positively and significantly correlated
with age, pubertal development, and disorderech@alihe associations between thin-ideal
internalization and age/pubertal development regthstatistically significant, and relatively
unchanged, even after partialling out levels obdisred eating (See Table 1). This suggests that
there are significant mean-level increases in iti@al internalization across developmentrave
accounted for by developmental differences in lewéldisordered eating.

Since twins participating in thEBwin Study of Hormones and Behaviors across the
Menstrual Cycle were required to be experiencing regular menstyeks to participate in the
study and were assigned a maximum PDS total sterg4) for statistical analyses, we also
examined phenotypic associations between pubextaldpment and thin-ideal internalization
only in twins who did complete the PDS (i.e., twiiso participated in th&win Study of
Hormones and Disordered Eating Across Puberty, ages 8-15 year s). Interestingly, as shown in
Table 1, the association between thin-ideal inlezagon and pubertal development was small
and no longer statistically significant when examgnonly this younger subgroup of twins,
although the association between pubertal developarel disordered eating remained
significant in this subgroup. This pattern of effemay suggest that mean level increases in thin-
ideal internalization from late childhood througbhuyng adulthood may be driven by
environmental changes during development (e.gngihg sociocultural and peer pressures from
late childhood through high school) rather tharddgal changes related to pubertal status per
se.

Twin Correlations

Twin correlations for thin-ideal internalizationtratified by age and pubertal

development, are presented in Table 2. Overallp#t&ern of twin correlations when not
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controlling for disordered eating suggested thesiagy of moderation of etiologic influences
by age and pubertal status. Specifically, at yeumages and during pre/early pubertal
development, MZ and DZ twins had approximately éd¢wan correlations, or in some cases, DZ
twins had higher twin correlations than the MZ tsvilfthese correlations suggested that in the
younger/early puberty groups, genetic effects vmeigligible, with shared and nonshared
environmental effects accounting for the majorityh@ variance in thin-ideal internalization.
However, at older ages and more advanced pub&valapment, the pattern of twin
correlations changed, such that MZ twin correlagiomere greater than DZ twin correlations,
particularly in the mid/late puberty group. Thessults suggested increases in genetic effects in
mid-adolescence and mid-puberty, with subsequesredses in shared and nonshared
environmental effects. However, even in the oldegt groups/pubertal twins, the MZ twin
correlations were not double the DZ correlationiclv is the expected pattern when genetic
effects are robust. Thus, despite some evidenoedasing genetic effects across age/puberty,
it was unclear from the twin correlations how sganm significant these effects were.

Twin correlations after controlling for disorderedting suggested a different pattern of
results. As shown in Table 2, there were no sigaift differences between MZ and DZ twins
regardless of age or puberty group, and genetaklyMZ and DZ twin correlations were
approximately equal to one another. This patteggsested no substantial differences in
etiological effects across development, and regasdbf developmental stage, shared and
nonshared environmental influences appeared tods¢ important to the etiology of thin-ideal
internalization. The only exception to this patterais some suggestion of genetic effects in the
middle age group (i.e., ages 13-16), given thaMBewin correlation was larger than the DZ

twin correlation (although these differences wesegtatistically significant). Overall, however,
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the pattern of similar twin correlations in MZ abd twins suggested that once controlling for
disordered eating, there are no significant difiees in genetic or environmental effects across
development.

Twin Moderation Models

Age:Results from the twin models are summarized in @aBland 4 and Figure 3. Path
and moderator coefficients (see Table 4) were tsedeate plots of the estimates from the full
and best-fitting models (Figure 3). As a remin@d#though the results from the twin models
presented in the plots are unstandardized estintatasdeal internalization scores were
standardized prior to analyses to ease interpoetati these unstandardized scores.

Prior to controlling for disordered eating, thel fahd linear models reflect the pattern
observed from the twin correlations, as there veasesindication of moderation effects (see
Table 3 and Figure 3a). Further, model fit statssupported the linear moderation model as
best-fitting, given the lowest AIC value and thgrsficantly worse fit of the no moderation
model  =.04; see Table 3). However, none of the modargiaths in the linear (or full)
models were statistically significant (see Tablead)d BIC did suggest a better fit of the no
moderation model (see Table 3). Thus, althougtethers some ambiguity regarding which
model provided the best fit to the data, resulteevedear in suggesting that none of the
moderation paths were statistically significanttHa no moderation model, standardized
estimates for genetic influences were nonsignitieandl accounted for approximately 10% of the
variance. Shared environmental influences weréesstatly significant and were estimated to
account for about 35% of the variance. Nonsharetd@mmental effects were also statistically

significant, accounting for about 55% of the vadain thin-ideal internalization.
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Similarly, after controlling for disordered eatintge full model suggested possible non-
linear moderating effects for genetic and sharedrenmental influences (see Figure 3b), but
there were no statistically significant moderatoaghs in the full or linear moderation models.
Additionally, the best fitting model was the no necation model, as indicated by the non-
significant change in chi-squafe = .06, and smallest BIC values as compared to the liaedr
full models (see Table 3). As shown in Figuren3the best-fitting no moderation model, there
were no differences in the magnitude of genetiertironmental effects across age groups.

Taken together, age moderation results generafjgested that there were no significant
changes in etiological effects across developnadtitpugh differences may be present that we
were unable to detect in the current study. Addélty, environmental influences consistently
accounted for more variance in thin-ideal interzegtion scores than genetic influences.

Puberty Results from the puberty moderation models anensarized in Tables 3 and 4
and in Figure 4. We first examined the full moddhich, given that we examined two groups for
the puberty models, was the linear moderation modki (rather than quadratic moderation).
Again, path and moderator coefficients (see Tapleete used to create plots of the
unstandardized estimates from the linear and lt@isigfmodels (See Figures 4a-4f). Prior to
controlling for disordered eating, the linear madatovided the best fit to the data, as suggested
by the smallest AIC and BIC values and the sigaiftadecrement in fit of the no moderation
model (p <.001). The linear model suggested sicamt increases in genetic influences across
puberty (See Table 4 and Figure 4a), with standaddestimates suggested increases from 5% of
the variance in pre/early puberty, to 29% of thearece in middle/late puberty. There were no

significant changes in shared or nonshared envieotah effects across this period, with shared
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environmental effects accounting for roughly 25%h#f variance, and nonshared environmental
effects accounting for roughly 50% of the variance.

After controlling for disordered eating, the lineaodel again provided the best fit to the
data, as indicated by the lowest AIC value andstrificant decrement of fit of the no
moderation mod€(p = .001). Howevernone of the moderating effects were statistically
significant, and BIC was smaller in the no moderatnodel. Thus, after controlling for
disordered eating, there appears to be no eti@bgioderation between pre-puberty and post-
puberty. Figures 4d demonstrates the equal estneditgenetic and environmental effects across
pubertal development derived from the no moderatiodel. In this model, standardized
estimates for genetic influences were nonsignitieaxd accounted for approximately 5% of the
variance. Shared environmental influences wererat$éstatistically significant but were
estimated to account for 26% of the variance. Narethenvironmental effects were statistically
significant and accounted for 64% of the variance.

DISCUSSION

This was the first study to examine genetic andrenmental influences on thin-ideal
internalization across age and pubertal developniagults generally demonstrated similarities
rather than differences in estimates of geneticaanvifonmental effects across development,
with only one statistically significant moderatiaffect detected across all models. Findings
were largely consistent with and without contraliior disordered eating and highlighted the
much more prominent role for environmental influesmon thin-ideal internalization than genetic
factors across all developmental stages examined.

Findings in the current study differ from the pattef developmental effects previously

observed for disordered eating (Klump, Burt, et2007; Klump, Perkins, et al., 2007). Indeed,
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the current results suggest a significant incraagenetic effects across puberty only in models
that do not control for disordered eating. Howewerchanges in other etiological effects were
detected (e.g., decreases in shared environmdfaelsy, and no significant changes in the
relative influences of genetic and environmentat$ on thin-ideal internalization were
detected across age groups (regardless of whadwddred eating was accounted for) or across
puberty groups (after controlling for disorderetireg). Together, these results suggest that
although genetic influences on thin-ideal interzetion may increase across puberty, these
effects are no longer present after accountinglfsrdered eating. Instead, moderating effects
of disordered eating, rather than thin-ideal indimation per se, may be driving the significant
genetic moderation effects detected in the pubedgel that did not account for disordered
eating. Indeed, studies of disordered eating hreagly demonstrated increases in genetic, and
decreases in shared environmental, influences siadi@escent age and puberty (Klump,
Perkins, et al., 2007).

Other differences in findings in the current stweysus studies of disordered eating
emerged. For example, the present study suggests(amd non-significant) genetic influences
on thin-ideal internalization, which differs frome strong and significant genetic effects for
disordered eating and eating disorders in mid-pgylserd beyondi.e., 50% or greater;

Thornton, Mazzeo, & Bulik, 2011). The present fimgs suggest the possibility of shared
environmental influences on thin-ideal internali@aateven in late adolescence, a period in which
studies of disordered eating have generally sugdeasi significant influence of the shared
environment. Although the effects of the sharedrenment were not consistently statistically
significant, estimates of the shared environmenmeweuch more substantial than has been

observed for disordered eating (Klump, Perkingle2007) and would likely be significant
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across all models with a larger sample size. Tha#ierns suggest that environmental
influences are more important in the etiology ofitideal internalization than disordered eating,
and these environmental risk factors remain statless development.

Notably, the larger environmental as compared tete effects was not identified in the
only previous twin study of thin-ideal internalimat (Suisman et al., 2012). However, that study
had a smaller sample size (N=343) and a largergotiop of older twins than the current
investigation. It is possible that differencesimdings may be explained by differences in
sample sizes across studies, as shared environma#fatds are difficult to detect when
underpowered, with these effects instead loadirig estimates of additive genetic effects
(Martin, Eaves, Kearsey, & Davies, 1978). Indeegnen the current study (N=836), estimates
of the shared environment were moderate (i.e.,8%-8f the variance), but were still
nonsignificant, supporting the notion that sigrafit shared environmental influences on thin-
ideal internalization may be difficult to detecttlout an even larger sample or different design
(e.g., adoption study). Together, findings sugyest there are likely effects of the shared
environment on thin-ideal internalization acroselagcence, but larger twin samples will be
needed to detect them and provide stable estiatagir effects.

Despite the lack of significant differences in &Egc influences on thin-ideal
internalization across development, analyses ifdusample did suggest significant mean-
level increases in thin-ideal internalization asrage and pubertal development. These effects
remained significant even when controlling for ddered eating (see Table 1). Interestingly,
however, the association between thin-ideal infezation and pubertal development was small
and no longer statistically significant when exaimgnonly a younger subgroup of twins (i.e.,

ages 8-15 years) although the association betweleer{al development and disordered eating
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remained significant in this subgroup (See Tablél'hus, pubertal development was clearly
more predictive of disordered eating than thin-idei@rnalization in the younger age groups. As
suggested above, this pattern suggests that envenatal changes (e.g., increasing sociocultural
pressures) that occur with increased age, ratlarhiological changes related to pubertal status,
may drive the mean-level increases observed aotossill sample.

The significant mean-level increase in thin-idedérnalization that was observed from
childhood through young adulthood may seem to ewlittt the limited differences in etiological
effects across adolescence. However, it is posibi@mean levels of a phenotype to change
even when the relative proportions of genetic v@ewironmental influences on the phenotype
remain stable. This could occur when the type sk factor (e.g., shared or nonshared
environmental risk factor) remains constant whike prevalence or strength of the risk factor
increases and drives increases in mean levelegiutative phenotype. In the present case, the
proportion of genetic, shared environmental, anagshared environmental effects do not change
across adolescence, but the overall prevalendeeséttypes of risk factors may increase across
adolescence/puberty and drive mean-level incraassfects. This possibility is especially
interesting as it suggests that many of the e@kyfactors for thin-ideal internalization remain
important in the etiology of thin-ideal internaliican across development, and may even become
stronger. Given the particularly strong and siguifit influences of the nonshared environment
identified in the current study, it is likely thagany of the early risk factors that remain
significant across development would fall in theyhin. For example, differential thin-ideal
media exposure may be a nonshared environmeridhgsor for thin-ideal internalization that
begins at an early age (Rideout, Foehr, & Rob2€%0), but increases across age and

development. Indeed, although the total numbeioaf$iof media usage per day does not vary
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largely between 8-18 year olds (Rideout et al. @0there are likely increases in the amount of
thin-ideal content in the types of media childremsus adolescents typically engage with, which
may contribute to increases in thin-ideal inteizetion across this period.

Although this possibility is intriguing, it is imptant to consider that the current findings
only suggest that the relativeagnitudeof genetic and environmental influences are nadii
stable across development; results do not nechssaggest thatdentical etiological influences
act on thin-ideal internalization across all agbgtal groups examined. Thus, in addition to the
possibility that the same risk factors for thinatienternalization that are most important in
childhood remain important in adolescence and eatlithood, it is also feasible that the
specific risk factors change across this periodiuait the “new” risk factors load onto the same
environmental estimates as did the earlier riskofac In other words, although the magnitude of
nonshared environmental influences do not changkedly across development, it is possible
that the specific risk factors that contributehtede nonshared environmental effects differ over
time. For example, differential exposure to tha4ideal within a twin pair may emerge in
childhood via involvement in different extracurdauactivities (e.g., one twin is involved in
ballet, while the other twin is focused on piansslens). These sorts of differences may represent
a primary source of nonshared environmental effiecthildhood. In adolescence, although
differences in extracurricular activities may cont to contribute to differential thin-ideal
exposure within the twin pair, other influences rb@gome more prominent, such as differential
exposure to weight-focused peer groups. Thus, adhnéhe current study suggested no changes
in the proportion of variance in thin-ideal intelimation that is accounted for by genetic and
environmental risk factors across development réuvork is still needed to identify which

specific environmental risk factors are contribgtat different development stages.
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Several limitations of this study must be notedst-isample sizes were smaller than
would be ideal. Most simulation studies of twin recation models include samples with 1,000
MZ and 1,000 DZ twins (i.e., 500 MZ and 500 DZ patPurcell, 2002), and we had fewer twins
in our sample (i.e., 448 MZ twins and 388 DZ twir@ur somewhat small sample size may have
influenced our results in two ways. First, it maywé limited our ability to detect significant
shared environmental influences on thin-ideal maération in some of our models, as described
above. Secondly, it is possible that a larger samje would detect significant moderation
effects that were not detected in the current stpdsticularly given that fit statistics frequently
supported the selection of the linear model asfigisig, in the absence of statistically
significant moderation paths. However, studiesg# and pubertal moderation effects in
disordered eating have employed a range of sangae 6.e., 510-2,618 twins), which at times
were on par with those used in current study (Qulsteal., 2009; Klump, Burt, et al., 2007;
Klump, Burt, et al., 2010; Klump et al., 2000, 208B3ump, Perkins, et al., 2007). Therefore,
moderating effects on thin-ideal internalizationynb@ less robust or more nuanced, and thus
more difficult to detect, than those for disordeeading. Future studies in larger samples, or
other behavioral genetic designs that are moretefeein identifying shared environmental
effects, such as adoption studies, (see KlumppsansBurt, McGue, & lacono, 2009) are
needed to confirm the current findings.

Secondly, it is important to consider that nonstamevironmental estimates were the
most robust, and in many cases, the only signifjestimates across the moderation models
presented herein. Since nonshared environmentalagst include both true nonshared
environmental effects as well as random errorwaaitld make twins different from one another,

it is difficult to know which proportion of the nehared environmental effects are indeed due to
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measurement error (Burt, 2009). The nonshared @mviental estimates were particularly high
when controlling for disordered eating, suggesthgpossibility that partialling out disordered
eating score introduced additional error to thesneament of thin-ideal internalization (Lynam,
Hoyle, & Newman, 2006). The high internal consistefor the thin-ideal internalization
measure (see Table 1) provides some reassurangadghaurement error alone may not account
for the strong nonshared environmental effects. él@s, the magnitude of these estimates
should be interpreted with caution.

Thirdly, the current study used cross-section&.das a result, developmental stability
or change within twin pairs as they advanced thinqugperty could not be examined. Future
longitudinal work that follows the same samplewiints across time is needed to replicate the
cross-sectional effects identified in the currdatlg. As noted above, genetically informed,
longitudinal studies that carefully measure spe@hvironmental risk factors (e.qg., differential
media exposure) would be most informative for elating the specific etiological risk factors
contributing to thin-ideal internalization acrosae.

Finally, this study was confined to twins betwelea ages of 8-25. Although this is a
wide age range, and allowed for examination of $vahall phases of adolescence and pubertal
development, the possibility remains that the miaigiei of genetic and environmental effects
may vary in younger or older age groups than tiexsenined herein. For example, phenotypic
data on thin-ideal internalization and related soaitural constructs is extremely limited in
adults older than about age 30 (Cafri et al., 2@&yec & Tiggemann, 2011), and thus it is
unknown the extent to which women in middle to kdelthood are influenced by thin-ideal
internalization and whether etiologic effects ided in the current study would extend to these

age groups.
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CHAPTER 3: Socialization or Selection Effects? A Co-Twin Control Study of the

Association between Body Conscious Peer Groups and Thin-ldeal | nter nalization (Study 2)

ABSTRACT

Objective: Affiliation with body-conscious peerogips is theorized to cause increases in
thin-ideal internalization through socializatioropesses (e.g., conversations focused on
thinness). However, genetic and/or environmentaicten could account for these associations
if predispositions toward thin-ideal internalizatifvia genetic or environmental propensities)
lead girls to select into body-conscious peer gsolpthat case, increased thin-ideal
internalization within the group could be due te-existing selection factors rather than group
socialization processes. The current study useasvitoeontrol methodology to disentangle
socialization from selection effects in these asdmns. Method: Participants included 392
female twins (ages 8-15) from the Michigan Stateveirsity Twin Registry. Thin-ideal
internalization and peer group characteristics vassessed via self-report questionnaires. Co-
twin control analyses examined whether twin disaam in exposure to weight-focused peers
predicted within-twin pair discordance in thin-itlegernalization. Predictive effects in
monozygotic (MZ) and dizygotic (DZ) twins suggestettialization effects, as increased
exposure to weight-focused peers would be assdoiéth increased risk for thin-ideal
internalization in one co-twin relative to the athegardless of the degree of genetic and/or
environmental sharing. Results: Analyses suggestete for socialization, as increased
exposure to weight-focused peers predicted incoetise-ideal internalization in MZ twin pairs.
Results in DZ twins were less consistent, but di/emre similar to results in MZ twins.

Discussion: Findings supported etiological theotied suggest socialization processes in the
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association between weight-focused peers and deiatinternalization. Longitudinal and
observational research is needed to confirm caffadts and identify peer socialization
processes that increase thin-ideal internalizaisin

INTRODUCTION

Thin-ideal internalization (i.e., the acceptancd adherence to sociocultural beauty
standards of thinness) has been identified akdatsor for the development of disordered
eating and eating disorders (Stice, 2002; Thom@gs8tice, 2001). Indeed, multiple cross-
sectional and prospective studies have demonstifaée@levations in thin-ideal internalization
predict increased levels of body dissatisfactiospmiered eating behaviors (e.g., dieting), and
eating disorders (Thompson & Stice, 2001). Givenrtile of thin-ideal internalization in the
development of disordered eating, improvementsigtetstanding the etiology of thin-ideal
internalization itself may be a critical step irepenting the development of thin-ideal
internalization and subsequent disordered eating.

The current study aimed to closely examine onefastor that is often implicated in the
development of thin-ideal internalization; body soious peer groups that are highly focused on
body weight, body shape, and dieting. Body-conscjmeer groups are a core risk factor in the
tripartite model of body dissatisfaction and eatiligfurbance, which is a leading conceptual
theory about how sociocultural factors and thiraldaternalization lead to the development of
disordered eating (van den Berg, Thompson, ObreBisiaidon, & Coovert, 2002). The
tripartite model posits that thin-ideal internatina develops from sociocultural influences, such
as when peers, family/parents, and media teacheamidrce the cultural ideals of thinness
through behaviors such as exposing girls to ideflkinness, encouraging weight/loss and

dieting, pressuring girls to be thin, and/or engggn weight-related teasing. Thin-ideal
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internalization is then hypothesized to lead todaeelopment of disordered eating. In other
words, thin-ideal internalization is thought to nad the association between sociocultural
influences and disordered eating.

To date, only cross-sectional investigations hasarened the association between body-
conscious peer groups and thin-ideal internalipationdings from these studies have
demonstrated that affiliation with weight-focuseskpgroups (i.e., peers who frequently talk
about the thin-ideal and issues such as dietingaaaight-loss) is significantly associated with
increased thin-ideal internalization, with effeides generally in the moderate-to-large range
(Clark & Tiggemann, 2006; Jones, Vigfusdottir, &d,2004; Keery et al., 2004; Shroff &
Thompson, 2006a; Shroff & Thompson, 2006b; Yamaretyal., 2008). Researchers have
concluded that affiliation with weight-focused pgeoups may cause increases in thin-ideal
internalization (See Figure 5a; Shroff & Thompsad)6b). However, there have been no
longitudinal or experimental studies on the assmradetween weight-focused peer groups and
thin-ideal internalization, limiting the causal @nénces that can be drawn.

Rather than affiliation with these peer groupsatlgecausing increases in thin-ideal
internalization (i.e., socialization effects), ignbe that girls who are already more inclined
toward thin-ideal internalization are more liketydelect into weight-focused peer groups (i.e.,
selection effects). Such selection effects woulclod pre-existing genetic and/or
environmental factors lead an individual to selett potentially “risky” environments. These
types of selection effects can operate in two teffie ways; in the first scenario, predisposing
selection factors cause exposure to the “risk” mmment, and the risk environment then causes
higher levels of thin-ideal internalization (segtiie 5b). For example, genetic predispositions

for thin-ideal internalization may cause an induadito select into environments consistent with
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their genotype (e.g., selecting weight-focused geeups). Exposure to weight-focused peer
groups would then further reinforce genetic predssfions for thin-ideal internalization, and
lead to increased levels of thin-ideal internal@at This possibility is consistent with the theory
of gene-environment correlations, in which an indliil’'s exposure to risk environments is
influenced by (i.e., correlated with) their genayscarr & McCartney, 1983).

In the second scenario, main effects of the seledtctor (e.g., genetic risk for thin-ideal
internalization) directly cause increases in thieal internalization. Additionally, the selection
factor causes exposure to “risk” environment (evgight-focused peer groups). In this case,
there may be no causal association between tHe &m/ironment and thin-ideal internalization.
Instead, main effects of the predisposing seledfotors cause exposure to weight focused peer
groups and thin-ideal internalization (See Figack

Each type of selection effect described above ease problems when drawing
conclusions based on studies that use correlatd@sagns to examine associations between
body-conscious peer groups and thin-ideal intezatibn. Specifically, in each of the above
scenarios, an association would emerge betweendmcious peer groups and thin-ideal
internalization, which may led researchers to belihat exposure to these peer groups directly
caused thin-ideal internalization. However, theseatational designs are not able to test for the
presence of the selection effects described albosieding both the gene-environment
correlation processes (Figure 5b) as well as miéacts of the selection factors (Figure 5c¢). In
the case of gene-environment correlations, coroglak designs “miss” the fact that predisposing
factors cause exposure to the risk factor. In #se ®©f main effects of the selection factor,
correlational designs may lead to conclusionsttiatisk factor directly leads to increases in

thin-ideal internalization, when there is actualty causal relationship between these variables.
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Fortunately, research methods such as the co-twitra design have been developed
that can identify whether selection effects arsen¢ (McGue, Osler, & Christensen, 2010). Co-
twin control methods are drawn from the countetfaktmodel, which eliminates environmental
selection effects by matching individuals from esp@ and control groups on several key
demographic and other characteristics that cowdrtically drive selection into the exposure
versus control groups (Rubin, 2007, 2008). Theariag behind the counterfactual model is that
the best way to determine whether an environmexjabsure factor is truly a risk factor would
be to examine the same person’s outcome both wiposed and when not exposed to the risk
factor (Burt et al., 2010; McGue et al., 2010; Ryta007, 2008). Of course, it is impossible to
simultaneously examine these outcomes in one pebsibithe counterfactual method comes
close by matching control and exposed participantas many key variables as possible.
Essentially, the counterfactual model uses matahgididuals to estimate the missing, non-
exposure outcomes for those who were exposedcandersely, the missing exposure outcomes
for those who were not exposed (Burt et al., 2010).

In a co-twin control study, outcomes are companecared-together co-twins discordant
for level of exposure to an environmental factorthis case, degree of peer group focus on
weight/dieting. This design eliminates the needdtablish matched samples to control for
selection effects, as the members of reared-togeilie pairs are already matched on key shared
environmental experiences (i.e., environmentabgrices that are common to co-twins such as
age, socioeconomic status, and key sociocultuflaleinces such as thin-focused media, parental
focus on weight, etc.) that the traditional coufatetual model goes to great lengths to control
for. Further, the co-twin control design improwg®n the counterfactual model because, due to

their genetic relatedness, twin pairs are entifi@lyhe case of identical twins) or partially (met
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case of fraternal twins) matched on genetic predigions. Thus, in the co-twin control design,
shared environmental and genetic selection effaetsontrolled for, since twin-pair discordance
in an exposure variable such as body-consciousgreaps cannot be explained by differences
in genetic or shared environmental predispositions.

In order to determine whether selection effectspaesent, three sets of regression results
are compared within the co-twin control designintlividual level effects (i.e., each individual
twin’s level of exposure to the risk factor predigther own level of thin-ideal internalization,
without consideration of the co-twin), 2) effeatsfiaternal (i.e., DZ) twins, which is estimated
by examining if twin pair discordance on level gpesure to the risk factor predicts each
individual twin’s level of thin-ideal internalizath and 3) effects in identical (i.e., MZ) twins
(calculated in the same way as for DZ twins). Tidhiidual level effect most closely
approximates correlational research results, @sas not control for any selection effects
(genetic or environmental) and thus, does not explhiether an association is due to selection
or socialization.

The inferences drawn from the second set of reghktscomparison of outcomes in
discordant DZ twin pairs, are driven by the faettreared-together DZ twins share 50% of their
genes and 100% of their shared environment. Asudtrén discordant DZ twins, associations
between twin pair discordance in body-conscious gemips and thin-ideal internalization may
be due to genetic selection effects (since DZ twisnge genetic differences), but not shared
environmental selection effects. Thus, significasgociations between twin pair discordance in
body-conscious peer groups and thin-ideal intezatibn can emerge in DZ twins when no
selection is present (see Figure 6, Scenario Axh@n genetic selection is present (see Figure 6,

Scenario B). However, since shared environmentatsen is entirely controlled for in DZ
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twins, an association between discordance in botgaous peer groups and thin-ideal
internalization would not emerge when shared emvirental selection is present (see Figure 6,
Scenatrio C).

The third, and most influential, set of results tr@se from discordant MZ twins. MZ
twins that are discordant on exposure to a ristofamome extremely close to meeting the goal of
the counterfactual model — to examine the samep&reutcome both when exposed and when
not exposed to the risk factor. This is becausetM@s share all of their genes and shared
environmental experiences, so the exposure effetiscordant MZ twins controls entirely for
genetic andhared environmental selection effects. Sincpaskible selection effects are
controlled, in MZ twins discordant for levels ofposure to a “risk” factor, a significant
association between peer groups and thin-ideainalieation cannot be due to selection effects,
and instead are explained by socialization effgs#e Figure 6, Scenario A). Alternatively, when
the association between level of exposure to nmder groups and thin ideal-internalization is
not significant in discordant MZ twins, either gén@and/or shared environmental selection
effects are suggested (see Figure 6, Scenariosl Bprsince levels of thin-ideal internalization
are similar despite differential exposure to bodysrious peer groups. More specifically,
scenario B suggests genetic selection effectse shreassociation is not significantly in MZ
twins, where genetic selection effects are corgdbtor entirely, but remains significant in DZ
twins, where genetic selection effects are onlyigiéy controlled for. Scenario C suggests
geneticandshared environmental selection effects, since socsion is present only at the
individual level, and is not present when genetid anvironmental selection is partially or

entirely controlled for (i.e., in MZ and DZ twins).
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Taken together, by comparing individual level efée@vhich do not control for selection
effects), effects in DZ twins (which control forasled environmental selection and partially
control for genetic selection), and effects in Mérts (which control for shared environmental
and genetic selection), the co-twin control desithows for a powerful test of socialization
versus selection effects for thin-ideal interndlima and its key risk factors.

Given the advantages of the co-twin control dedliga present study aimed to investigate
whether socialization or selection effects betignl&n the association between self-reported
exposure to body-conscious peer groups and thiad-ideernalization in a sample of pre-
adolescent and adolescent female twins. It is htipetdresults will more clearly delineate
whether exposure to body-conscious peer groupstgseas a purely environmentally mediated
risk variable (i.e., socialization) or instead, Wiex genetic and/or environmental selection
explains the association between body-consciousgreaps and thin-ideal internalization. The
identification of selection versus socializatiolgesses will extend knowledge on specific
mechanisms by which peer groups are linked to ittea internalization.

METHODS
Participants

Participants for the present study included 392esaex female twins (208 monozygotic;
184 dizygotic) between the ages of 8 and 15 (M=G,1SD = 1.89) from the ongoinigvin
Study of Hormones and Disordered Eating Across Puberty within the Michigan State
University Twin Registry (MSUTR). The MSUTR is pdption-based and recruits twins
through birth records in collaboration with the kiigan Department of Community Health
(further details are available elsewhere; Burt &idp, 2012; Klump & Burt, 2006). The

primary aims of the study from which these datadsesvn involves the investigation of ovarian
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hormone influences on disordered eating. Thus,rakegclusion criteria were applied to ensure
accurate hormone sampling (i.e., no psychotropécogl, or other medication use that is known
to influence hormone functioning). Prior researals khown that the use these
inclusion/exclusion criteria do not inadvertentffeat the range or variability in thin-ideal
internalization or disordered eating measures (Kl@mal., 2013; Suisman et al., 2012).
Moreover, participants from the MSUTR have beenshto be representative of the population
from which they were drawn in terms of racial atlthec background (i.e., 83% Caucasian; Burt
& Klump, 2012; Culbert et al., 2009; Klump et &Q13), a pattern that was consistent with the
current sample (83% Caucasian, 10% African Ameri8&h Multiracial, 0.5% Asian).
Participant parental income also represented arahgocioeconmic backgrounds, although
there were a higher proportion of participantspper income brackets. Specifically, 6% of
participants reporting family income less than $20,anually; 12% reported $20,000-$40,000;
18% reported $40,000-$60,000; 27% reported $60§1@W,000; and 37% reported family
incomes greater than $100,000 anually.

Measures

Zygosity Determination

Twin zygosity was determined using physical siniiyaquestionnaires that have been
shown to be over 95% accurate compared to genaj\pykken et al., 1990; Peeters et al.,
1998). During study assessment, two research astgshdependently completed the physical
similarity questionnaire for the twin pair. Additially, the twins’ parent (usually the mother)
completed the questionnaire on his/her twins. \esnlts across raters (i.e., parent and research

assistants) were discrepant (21% of sample), quresire responses and pictures of the twins
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were examined by the study principal investigakdrK) and graduate students to determine
final zygosity status.

Body-Conscious Peer Groups

In order to assess multiple peer group charatitwirelated to body-consciousness and
weight focus, four different self-report measuresewsed, which assessed different aspects of
weight-focused peer groups. Specifically, thesasuees assessed degree of peer group
preoccupation with weight, dieting, and appearaaseayell as how much the participant
perceived her friends to influence her perspectoreseight, dieting, and appearance. Although
significantly correlated, the peer group questior@saappear to identify distinct characteristics
of friend groups. Indeed, correlations among thestjonnaires were moderate, ranging from
0.31 to 0.56 (see Table 5), and the squared ctimeleoefficients (%) indicate that only 10-31%
of the variance is shared amongst each of the ignestres. Importantly, however, the peer
guestionnaires do generally appear to be morelatetewith one another than they are with
thin-ideal internalization (see Table 5), suppatihe idea that each of these questionnaires may
be part of an overarching “peer group” construatditionally, with the exception of the peer
preoccupation with weight and dieting scale, eddh® peer questionnaires is a significant
predictor of thin-ideal internalization, even whée other questionnaires are accounted for (data
not shown), suggesting that examining the questivas separately may be useful in identifying
differential etiological associations with thin-alenternalization.

Peer Preoccupation with Weight/Dietinthe Perceived Friend Preoccupation with

Weight and Dieting Scale (PFP; Schutz, Paxton, &tihéem, 2002) is a 9-item self-report scale
that was used to assess the degree to which aiparti’s friends think and talk about weight

and dieting (e.g., “My friends encourage each othdéose weight”, “My friends worry about
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what they eat”, “Weight and shape are importamhyofriends”). On this questionnaire,
participants rate the extent to which each itetnus for their friend groups on a 5-point likert
scale ranging from Ingver/definitely ngtto 5 @lways/a lo}. Prior research has demonstrated
that all items load on a single factor and havea®wstrated excellent internal consistency (alpha
= .87) in samples of adolescent girls (Schutz.e2ai02).

Appearance Conversations with Friend$ie Appearance Conversations with Friends

Scale (Jones et al., 2004) was used to asses®thuehcy in which participants engage in
conversations with peers regarding physical appearée.g., “My friends and | talk about what
we can do to look our best”; “My friends and | talkout how our bodies look in clothes”).
Although similar in some regards to the Peer Prgpaton with Weight/Dieting questionnaire
described above, that scale focuses specificallyoowersations related to weight/shape/dieting,
while the Appearance Conversations with Friendtedoguses on appearance more generally.
The Appearance Conversations with Friends scalebistem questionnaire and is rated on a 5-
point likert scale ranging from hévej to 5 {very often. Prior investigations using this scale (or
slightly modified versions of the scale) have destmated acceptable internal consistency with
alphas between .78-.88 (Clark & Tiggemann, 200@nijpson et al., 2007).

Friends as a Source of Influenddie Friends as a Source of Influence Scale (Paxton,

Schutz, Wertheim, & Muir, 1999) was used to asbkessimportant participants think their
friends’ opinions are in influencing her ideas nmelyag diets, having a “perfect” body, and
weight loss techniques (e.g., exercise, diet priju€his scale consists of 5 items that are rated
on a 5-point likert scale from hdt at all importantto 5 (very importankt. Prior studies have
reported excellent internal consistency for thelecwith alphas ranging from .86-.87 (Paxton et

al., 1999; Thompson et al., 2007)
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Appearance Peer Attribution Scaléhe Appearance Peer Attribution Scale (Thompson et

al., 2007) was created using four appearance ceit@es included in the full Peer Attribution
Scale (Lieberman, Gauvin, Bukowski, & White, 200l)e Appearance Peer Attribution Scale
assess the degree to which participants beliewdndrdriends/peers would like her better and
would result in increased popularity if she losigi® and/or was better looking (e.g., “My
friends would like me more if | lost weight”). Eadkem is rated on a 6-point likert scale ranging
from 1 false to 6 true). Internal consistency for this scale has beerléxat in prior studies
with alphas of 0.85 (Thompson et al., 2007).

Thin-ldeal Internalization

Internalization of the thin-ideal was assessedgutie Sociocultural Attitudes toward
Appearance Questionnaire-3 (SATAQ-3; Thompson.eR8D4) This 30-item questionnaire
includes four subscales (i.e., general internabpatthlete internalization, pressures, and
information). Importantly, in prior studies, the $AQ-3 has been administered with all 30 items
worded positively, or with eight of the thirty itemvorded negatively. As suggested by
Thompson et al. (2004), the version that includeddight reverse-scored items was utilized in
the current study.

The 9-item general internalization subscale wasngxed for the current study, which is
commonly used to assess thin-ideal internalizatiarsk factor and intervention studies (Cafri et
al., 2005; Coughlin & Kalodner, 2006; Yamamiya let 2005). This subscale assesses the extent
to which participants want to look like individudfem various media sources (e.g., television,
magazines, movies), which is rated on a 5-poinettikcale from 1definitely disagregto 5
(definitelyagred. It has demonstrated excellent reliability antddity as it differentiates

individuals with eating disorders from contralsd demonstrates excellent internal consistency in
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prior samplesq’s >.90) (Calogero et al., 2004; Thompson et abD420as well as in the current
sample (see Table 6).
Covariates

Age and Pubertal Development: Recent work has stgdehat genetic and
environmental influences on thin-ideal internaliaatdo not vary across age or
adolescent/pubertal development (Suisman et dmgted). However, mean levels of thin-ideal
internalization do increase across adolescenc@uainertal development (Hermes & Keel, 2003;
Suisman et al., submitted). In order to ensurefthahotypic associations between age, pubertal
development, and thin-ideal internalization do maduly influence results of the current study,
these variables were controlled for in all analyg&sticipant age on the date of study
participation was computed based on parent-repaldés of birth. To asses each participant’s
degree of pubertal development, the Pubertal Devedmt Scale (PDS; Petersen et al., 1988),
was completed by each twin, which is the same scs#d to assess puberty in prior
developmental studies of changes in the heritglolidisordered eating and thin-ideal
internalization (e.g., Klump, Burt, et al., 200UiSnan et al., submitted). The PDS is a self-
report measure that assesses the extent to whitbipents have experienced physical markers
of puberty (i.e., body hair growth, growth spunte&st changes, skin changes, and onset of
menarche). Participants indicate whether developfoem®ach physical marker (has not yet
begun(2) has barely starte@3) is definitely underwaypr (4) seems completetMenarche is rated
as present (4) or absent (1). Prior research Wwithstcale has indicated excellent reliability and
validity (Culbert et al., 2009; Petersen et al38)9 and it was also excellent in the current

sample (See Table 5). As in prior research, a R $core, indicating overall pubertal
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development, was computed by summing and compatir@yerage score across all items,
including menarche.

Body Mass Index (BMI): Given significant associatsdoetween BMI and thin-ideal
internalization, BMI was used as a covariate iraalllyses to account for possible differences in
weight-focused peer group/thin-ideal internalizatassociations that may be explained by
weight status. BMI was calculated ([weight]) /ifite]?) from laboratory assessments of height
and weight made using a wall-mounted ruler andaligcale, respectively.

Statistical Analyses

Data Transformation

Prior to analyses, scores on each of the peer gmagsures were log transformed to
account for positive skew and kurtosis (i.e., skad/or kurtosis >1). Thin-ideal internalization
scores did not violate normality assumptions (skessre .60, kurtosis = -.14), and thus log
transformations were not needed.

Phenotypic correlations between body-conscious gemips and thin-ideal internalization

Pearson correlations were first used to replipate research showing significant
within-person associations between weight-focusst groups and thin-ideal internalization
(Hermes & Keel, 2003; Suisman et al., submitte@dxtiNwithin-twin pair difference scores on
measures of peer groups and thin-ideal intern&izatere calculated by subtracting twin 2’s
score from twin 1's score on each of the questioasaln order to retain information on which
twin scored higher on each measure, the sign ddifference score was preserved. Thus,
positive difference scores indicate that twin 1reddhigher on the measure, and negative

difference scores indicate that twin 2 scored higimethe measure.
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Pearson correlations were then used to examin#efehces within twin pairs in peer
group affiliation is associated with within-pairfférences in thin-ideal internalization. These
within-twin pair difference score correlations wersed to begin to examine if differential
exposure to body conscious peer groups is assdaiatie differences in thin-ideal
internalization (i.e., socialization effects), ohether thin-ideal internalization is similar in co-
twins despite differential exposure to peer grofies, selection effects). As a reminder, since
MZ twins share 100% of their genes and shared enwient, significant positive correlations
between these difference scores was indicative@kzation effects. This is because a
significant positive correlation between differesoeres indicated that the twin with higher
levels of “risky” peer group exposure also had kiglevels of thin-ideal internalization, even
after controlling for genetic or shared environna¢selection. Selection effects, on the other
hand, were inferred if correlations in MZ twins weron-significant and close to zero, since this
indicated that co-twin differences in peer groupsraot associated with differences in thin-ideal
internalization. DZ twin correlations were partiady useful if selection effects were implied
based on associations in MZ twins (i.e., if therao significant correlation between difference
scores). Specifically, genetic selection effectsenmplied if DZ twin but not MZ twin
correlations were significant, because, genetiectiein effects are controlled for entirely in MZ
twins, but only partially in DZ twins. The possibyl of both genetic and shared environmental
selection effects were inferred if MZ and DZ twilfference correlations were both non-
significant.

In order to quantify differences in MZ versus DZretations, the Z-test of independence
was used to examine whether MZ and DZ twin con@hagtwere significantly different from one

another.
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Co-Twin Control Analyses

Co-twin control analyses were then used to défiely confirm or disconfirm selection
versus socialization effects. The co-twin contrmdlgises used regression-based models within a
multilevel model (MLM) framework (Burt et al., 201McGue et al., 2010). MLM accounts for
the non-independence of the twin data within a ppinesting each individual within the twin
pair. For each MLM, the difference in each twirésel of exposure from the mean level of
exposure within her family was used to predictléwel of thin-ideal internalization in each twin.
Specifically, lety; be the observed outcome for the jth twin (j=1,20e ith twin pair
(i=1,2,...,N) and lek; be the corresponding exposure index (i.e., peargexposure). The
overall regression of thin-ideal internalizationlewel of peer group exposure is given by the
model

Yi= Po+t P1 Xj + &,

wherep; is the individual-level effect of peer group exp@san thin-ideal internalizatiofipis
the intercept term, ang is the residual (which is correlated across therveonbers of a twin
pair). The overall regression effect can be furtireken down into a within-paif{) effect and
a between pai}) effect. TheB,, effect is the core of the co-twin control desigwl aepresents
how well discordance on the peer groups withinia pair predicts thin-ideal internalization in
each twin. This effect was calculated separateMzhand DZ twins. The between-pafi,]
effect approximates the individual-level effece(j.the association between the exposure factor
and thin-ideal internalization without taking irdaocount twin pair discordance (i.e.,
approximates the correlation between peer groupsxe and thin-ideal internalization). The

within-pair and between-pair effects can be represkusing the regression model

Yii = Bo+ Buw(Xj-%i) + BoXi + &i,
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wherex; is the mean exposure index (peer group expousoiréhé ith pairNotably, by
subtracting theneanexposure index within the twin pair from the leeékexposure in the twin
with higher exposure, the within-pair effect estiesahow much more exposure the more highly
exposed twin experienced as compared to what thesexe would be expected to be simply
from being a member of that family. In order toedatine whether exposure and/or selection
explain the association between body consciousgreeps and thin-ideal internalization, the
magnitude and significance of the individual leggéct (i.e. ) and within-pair effectsf(,; in

MZ and DZ twins separately) was compared. As oedliabove and in Figure 6, exposure effects
were suggested if all three effects are similanagnitude and significance, while selection
effects were suggestedBif, in MZ twins is small and non-significant. If selext effects were
suggested (i.efwin MZ twins is small and non-significant), effeatsDZ twins would help to
differentiate genetic selection effects (Figure&enario B) versus genetic and/or shared
environmental effects (Figure 6, Scenario C).

All regression analyses were conducted in SPS%/adtand were repeated for each of
the peer questionnaires. In all analyses, age rfallievelopment, and BMI were included as
covariates. As previously recommended (Burt ¢t28l10), the outcome variable (thin-ideal
internalization) was standardized to have a medhaofd a standard deviation of 1 for all
multilevel modeling analyses to aid in interpredatof the unstandardized fixed-effect
coefficients that result from multilevel models.

RESULTS

Descriptive StatisticsTable 6 includes descriptive statistics for all exyre (i.e., peer

group measures) and outcome (i.e., thin-idealmaldezation) variables, as well as covariates

(BMI, age). Means, standard deviations, and ranfiesores are presented for both raw scores
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and difference scores. Additionally, informatiorpresented for the full sample, as well as MZ
and DZ twins separately.

Mean difference scores and standard deviationsiggest that twin pairs tended to score
somewhat similarly on each of the measures, buetthees seem to be adequate variability
within twin pairs (see Table 6). For each of thegjionnaires, the majority of twins did score
differently from her co-twin (i.e., difference seor0). Indeed, across questionnaires, 54-92% of
twins had a difference score greater than zero (s 7SD=15%), and 24-65% percent had a
difference score greater than 1 (M=49%, SD=17%).

Given that the core of the co-twin control desigguires comparison of associations
between variables in MZ versus DZ twins, mean oiav&e differences across zygosity on key
measures were investigated. As shown in TableeBetwere minimal differences between MZ
and DZ twins on exposure or outcome measures,angls sizes were similar for MZ and DZ
twins. Of particular importance, there are no digant differences between groups on any of the
difference score variables, which are the coréefdo-twin control design. Given the overall
pattern of similarity across zygosity, any diffecen in associations between body-conscious
peer groups and thin-ideal internalization in MZstes DZ twins are unlikely to be explained by
mean or variance differences between groups.

Phenotypic Correlations

Pearson correlations were next used to examitien individual associationbetween
peer groups and thin-ideal internalization (seeld@h As expected based on prior work (e.g.,
Keery et al., 2004), within individual correlatiomslicated that individual scores on peer group
measures were significantly associated with thealdnternalization. Significant associations

were present in the full sample, as well as in Md BZ twins separately. These data support
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prior findings suggesting within-individual assdmas between peer groups and thin-ideal
internalization.

Next, within-pair difference scores were used tamexe if twin differences in exposure
variables (i.e., peer groups) are associated with differences in outcomes (i.e., thin-ideal
internalization). As shown in Table 7, these ressitongly suggested socialization, rather than
selection mechanisms. In MZ twins, co-twin diffeces in peer group exposure were positively
correlated with twin differences in thin-ideal imalization, suggesting that the twin with higher
levels of peer group exposure was also more liteelyave higher levels of thin-ideal
internalization. Interestingly, given the resuidMZ twins, significant associations were also
expected in DZ twins (i.e., evidence for social@a}, since the only difference between these
groups is that correlations in DZ twins do not ecohéntirely for selection effects. Contrary to
expectations, most of the DZ twin associations wertestatistically significant. However, as
indicated by the Z-test (see Table 7), in all caesDZ twin correlations were not significantly
smaller than the MZ twin correlations, suggestimaf although they did not reach statistical
significance, they were still similar to the findmin MZ twins, which were uniformly
statistically significant. Thus, despite the somatwhconsistent findings for DZ twins, the twin
difference correlation results, particularly in N&ins, suggest socialization, rather than
selection, mechanisms.

Co-Twin Control Analyses

Results of the co-twin control analyses were simddindings from the Pearson
correlations (see Table 8). As shown in the taddlegf the between pair effects estimates were
statistically significant, as expected, since teteen pair effects indicate associations between

each individual twins’ exposure to peer groups la@down thin-ideal internalization. Within-
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pair effects also tended to be statistically sigatit, particularly in MZ twins, suggesting that
twins with higher levels of weight focused peerugse also had higher levels of thin-ideal
internalization. As was true for the correlatiordvizeen co-twin difference scores, there was less
consistency in results for DZ twins. Specificallyithin-pair effects for DZ twins were only
significant for one peer measure (the Peer Appearatiribution Scale). However, there were
generally not statistically significant differendesresults for MZ versus DZ twins, suggesting
that even in cases where statistical significanas mot reached for DZ twins, the effect in DZ
twins was not significantly smaller than the effecMZ twins. Taken together, overall, results
most closely represent scenario C from Figurer&essignificant associations were consistently
found between and within pairs for MZ twins, anduiés in DZ twins, although not significant,
did not generally differ significantly from resuits MZ twins.
DISCUSSION

Using a powerful co-twin control design, this stutbmonstrated that the association
between weight-focused peer groups and thin-igeainalization appears to be driven by effects
of socialization, rather than selection. Theseltesuggest that peer groups are an
environmentally mediated contributor to thin-idedérnalization during late childhood and
early adolescence. Importantly, analyses contrdde®@MI, age, and pubertal development,
suggesting that effects of these variables do ndtly influence findings. Taken together,
findings strongly support prior theories that pre@d that associations between body-conscious
peer groups and thin-ideal internalization are tueffects of socialization (Shroff & Thompson,
2006b)

Interestingly, a recent co-twin control study deistoated that selection, rather than

socialization effects, contributed to the assocrabetween body-conscious peer groups and
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disordered eating symptoing.e., scenario C in Figure 6 was present; O'©@onBurt, &

Klump, in preparation). The O’Connor et al (in pregtion) study was conducted with nearly the
same sample as the current study (92% overlaprticipants), and the peer measures used were
identical to those in the current study. Indeed,dhly substantial difference between the
O’Connor et al (in preparation) study and the aurievestigation is the outcome measure; the
O’Connor et al (in preparation) paper studigsbrdered eating symptomshereas the current
paper examined thin-ideal internalization.

The fact that socialization effects were identiffedbody-conscious peer group/thin-
ideal internalization associations while selectdiects were identified for body-conscious peer
group/disordered eating associations may initis#lgm incompatible. However, similar patterns
have been observed for other phenotypes, wheréleyatit mechanisms (i.e., selection versus
socialization) explain associations between theesaradictor but different outcome variables.
For example, research has shown that the assoclaigveen gang membership and selling
drugs appears to be due primarily to socializagiffects, as the tendency to sell drugs increases
only after joining a gang (i.e., the tendency is pr@sent before joining a gang; Gordon et al.,
2004). By contrast, the association between gagmlmership and engaging in violent behavior
appears to be due to selection effects, as boysehlvated levels of aggression and violence are
more likely to join a gang than are those who ass bggressive/violent (Gordon et al., 2004).
Overall, these findings regarding gang membersigblight how selection and socialization
effects can be complimentary processes that mdydwsttribute to the development of complex,
but related, phenotypes.

This type of a complimentary process may be prefeernhin-ideal internalization as

well. As shown in Figure 7, it may be that genaticl/or environmental predispositions for
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disordered eating initially cause girlsgelectinto body-conscious peer groups (as suggested by
O’Connor et al., in preparation). Once involvedhese body-conscious peer groups,
socialization effects may then then drive increasékin-ideal internalization (as suggested by
the present study) that would then lead to furthereases in disordered eating symptoms
(Thompson & Stice, 2001). The increases in dis@deating would likely lead to even further
selection into similarly minded, weight-focused pgmups (as suggested by O’Connor et al. [in
preparation]) which may then further increase teeetbpment of thin-ideal internalization (via
socialization effects). These processes may coaima cyclical fashion, leading to increasingly
disordered behaviors, particularly in girls who eméally predisposed to eating disordered
behavior.

Overall, this re-conceptualization could enrich ¢éxeésting hypotheses made by the
tripartite model by proposing the specific procesbeough which weight-focused peer groups,
thin-ideal internalization, and disordered eatinghhdevelop in relation to each other.
However, the model is speculative, as no longitalditata exist to test its directional (and
causal) hypotheses. A longitudinal, co-twin congtoidy could examine whether differences in
disordered eating at baseline predict later afidiawith weight focused peer groups, providing
additional evidence in favor of the selection pssas suggested by O’Connor et al. (in
preparation). Such a study could also investigatgazation processes by examining
longitudinal effects of affiliation with weight-farsed peer groups, above and beyond the initial
effects of selection. Finally, a longitudinal a@ht control study could examine whether the
increased thin-ideal internalization within peeogps predicts further selection into weight-
focused friendships. In essence, by following paréints over a long period of time, a

longitudinal co-twin control study could replicadar cross-sectional results and those of
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O’Connor et al. (in preparation) and also makengjen inferences regarding the direction of
effects and the main etiologic pathways in Figure 7

Nonetheless, even without confirmation via londithal designs, the significant
socialization effects observed for thin-ideal ingdization in this study have implications for
prevention and intervention work. The most effegt@nd well-studied eating disorder prevention
programs, cognitive dissonance programs (Sticek&e& Yokum, 2013) have been shown to
reduce thin-ideal internalization and disorderethgan non-clinical samples of adolescent girls
(Becker, Bull, Schaumberg, Cauble, & Franco, 2@&;ker, Smith, & Ciao, 2006; Coughlin &
Kalodner, 2006; Stice et al., 2001; Stice et &lI0® Yamamiya et al., 2005), and initial evidence
also suggests that enhanced cognitive dissonateeentions are effective in treatment with
girls with diagnosed eating disorders (Stice, Butfgohde, & Shaw, 2013). However, these
prevention programs are focused almost entirelgl@ngingnterpretationsof beauty ideals by
providing psychoeducation on the realities of insageesented in the media (e.g., digital editing
of body sizes) and asking participants to engageriiting and other activities that actively argue
against the thin-ideal. Results of the currentg&upgest that focusing on reducing body-
conscious conversations within peer groups mightroe the effectiveness of cognitive
dissonance prevention programs. For example\aepten program that provided
psychoeducation about the effects of focus on weigt dieting among peer groups, and then
trained the members of the prevention program ttpber representatives” that are able attempt
to change the focus of conversation among herdagoould be developed to supplement
existing cognitive dissonance programs. Indeed;-faeditated cognitive-dissonance prevention
programs have been developed and used successfabilege sororities (Becker et al., 2006),

so it is possible that similar efforts within higlhool or middle-school aged peer groups may be
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possible. It is intriguing to think that the effedf prevention efforts, with the proper trainirfg o
program participants, could spread within the ggeups of program participants, even if those
peers did not participate in the prevention program

Despite the strengths of the current study, thexesaveral limitations that need to be
considered when interpreting its results. The curdata are cross-sectional, limiting the ability
to confirm causal associations between peer grangghin-ideal internalization. Although the
co-twin control design is powerful for ruling otnet presence of selection effects, it does not
allow for examination of the direction of the asation between the risk factor (body-conscious
peer groups) and outcome (thin-ideal internalizgtiwithout the use of longitudinal designs.
Given the robust theory suggesting that exposursky peer groups precedes the development
of thin-ideal internalization(Shroff & Thompson,@b) the association was conceptualized in
this way throughout the paper. However, the polssilaf a reverse effect cannot be ruled out. It
is possible that a high level of thin-ideal intdrretion in an individual causes her peer group, or
her perceptions of her peer group, to become merght/diet focused. Regardless of the
direction of effects, the current study does alfonthe conclusion that pre-existing selection
factors do not account faissociationdbetween peer groups and thin-ideal internalization
However, as described above, longitudinal dataiawéhco-twin control framework would be
particularly powerful to examine causal associajavhile controlling for selection effects.
However, given the absence of such data at this, tinis study is a critical first step in
understanding selection versus socialization efféatpeer groups and thin-ideal internalization.

Additionally, analyses in the current study wersdzhentirely on self-report data. As a
result, objective data on the degree to which & groups were actually focused on weight and

shape were not available. Thus, it is unclear wéretthins pairs who are discordant on peer
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group measures were truly discordant in terms eftinount their peer groups were body-
conscious, or if they were instead discordant amiye perceptionsf their friend group.

Adding to this potential problem is that the coxiwtith higher thin-ideal internalization may be
more likely to report higher focus on weight andtuofig in her peer group simply because she is
more sensitive to or perceptive of these topicthiff is the case, there may be a bias toward
finding socialization rather than selection effaatshe current study, as the association between
thin-ideal internalization and friend groups woblel higher in the co-twin with elevated thin-
ideal internalization as a result of her increasausitivity to these topics, rather than actual
differences in peer groups. However, as noted glaostidy using the same sample and the
same peer group measures as the current studgetitfy selection, rather than socialization
effects, for disordered eating (O’Connor et alpiaparation). These results provide some
reassurance that the use of self-report data dideemn to prevent the identification of selection
effects. However, future studies with more objextilata on similarities and differences in friend
groups (e.g., by collecting data from the peersdtly), or observational data on topics of
conversation within friend groups, would be uséfulconfirming the current findings.

In the current study, MZ and DZ twins tended foomt equally similar characteristics of
their peer groups. Specifically, correlations withivin pairs were about the same for MZ and
DZ twins for the peer preoccupation with weight aleting scale (M4 = .48, DZr=.47);
appearance conversations with friends (MZ.50, DZr = .49); and the peer attribution scale
(MZ r = .48, DZr =.40). The only exception was the friends as ac®af influence scale,
where MZ twins did report more similar peer grotipsn DZ twin (MZr = .50, DZr = .19). The
overall pattern of similar peer characteristicbath MZ and DZ twins contrasts with prior

literature, which demonstrates that MZ twins temghare more friends than DZ twins (Cronk et
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al., 2002). If twins in our sample also followedstpattern, than it seems that MZ twins should
report more similar peer characteristics than Diagywhich was not generally the case.
Unfortunately, we did not explicitly assess thegeatage of friends that twins objectively share.
It is possible that our sample still fits this gealgoattern of MZ twins sharing more friends than
DZ twins, but that twins still reported relativedymilar levels of weight focused peer groups.
Future work should further validate the peer questaires used in the current study by also
examining how many friends the twins objectivelgish and examining whether this is related
to the degree to which twins report similar peeugs, as it would be expected that co-twins
who share more friends would report more similarpdaracteristics.

Third, the co-twin control design does not accdonnhonshared environmental
influences, or those unigue environmental expedsietween co-twins (e.g., experiencing
differential levels of media exposure) that makentidifferent from one another (McGue et al.,
2010). Thus, all types of selection effects weyeaontrolled for, since nonshared
environmental variables that could cause twingfferéntially select into body-conscious peer
groups (e.g., one twin being involved in a weighttfsed sport) were not accounted for. As a
result, although the significant associations betwdifferential peer group exposure and
outcomes observed in the present study stronglgesigocialization versus selection effects,
selection into weight-focused peer groups baseotloer nonshared experiences between twins
cannot be ruled out. Future co-twin control studieg explicitly measure and account for
several relevant, nonshared experiences betwearptiis (e.g., differential exposure to thin-
ideal media) would strengthen conclusions thatleadrawn from the current study.

Finally, although the co-twin control design wagaaverful way to begin to understand

selection versus socialization effects in the assion between body-conscious peer groups and
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thin-ideal internalization, other twin designs naso provide useful contributions to
understanding these effects. Indeed, althoughdkevim control design provides information on
the extent to which co-twin differences in expodiara risk factor (body-conscious peer groups)
contribute to differences in outcome (thin-ideaémalization), leading to the inference of
selection versus socialization effects, it doespnovide specific estimates of the percent of
variance in body-conscious peer groups and thiatigéernalization that is accounted for by
genetic, shared environmental, and/or nonsharedogmuental effects. Indeed, a bivariate twin
study would be especially useful, as such a desmrld indicate the extent to which genetic or
environmental effects that contribute to havingyodnscious peer groups overlap with genetic
or environmental effects on thin-ideal internaliaat In a bivariate twin design, large genetic
correlations would support the possibility of sélet effects, as it would suggest that the genetic
influences on thin-ideal internalization also cdmnite to selecting weight-focused peers. Small
and nonsignificant genetic correlations, on theeptiand, would be more consistent with
socialization processes. Unfortunately, our samjae (N = 392) did not allow us to conduct
bivariate models at this time, as recommended saspés for these designs generally fall in the
range of 500-1,000 individuals (Posthuma & Booms2@®0). Future studies that employ both
co-twin control and bivariate twin designs woul@yde particularly powerful and
complimentary evidence for selection versus sa@#bn processes.

Despite these limitations, the current study presidtrong evidence that the previously
observed association between peer groups anddeal-internalization are not accounted for by
unmeasured genetic or shared environmental seteetiects. The socialization effects
suggested in the current study strongly suppodtiexj etiological models of thin-ideal

internalization and disordered eating, which hypethe that exposure to weight-focused peer
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groups leads to thin-ideal internalization via @ammental effects. If longitudinal replications of
confirm these findings, it may be useful for pretvem programs to add modules that focus not
only on direct media influences, but also on thmgleage and conversation topics that occur

within peer groups.
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CHAPTER 4: Summary and Conclusions

The current set of studies expanded knowledge @dé¢lrelopmental course of
etiological influences on thin-ideal internalizatj@as well as mechanisms through which body-
conscious peer groups may contribute to increast#sn-ideal internalization. Study 1
demonstrated that the relative proportion of gertid environmental influences on thin-ideal
internalization do not appear to differ across gdetescent and adolescent development,
particularly after controlling for disordered eafirSpecifically, nonshared environmental, shared
environmental, and genetic influences were geneeslimated to be equal across development.
These findings also highlighted the particularlyportant role of environmental influences in the
development of thin-ideal internalization, and segjgd that risk factors present in late-
childhood may persist throughout adolescent dewved. Study 2 examined the mechanisms
through which one risk factor, body-conscious ggeups, may lead to the development of thin-
ideal internalization. This study was the firsprovide empirical support that socialization
effects account for the association between boag@ous peer groups and thin-ideal
internalization, ruling out the role of selectidifeets.

Integration of the findings across these studmgdcfurther contribute to existing
knowledge on the etiology of thin-ideal internatina. Prior to these two studies, models of the
development of eating disorders, such as the tiipanfluence model of body dissatisfaction
and disordered eating, suggested that socioculiskafactors (e.g., body-conscious peer groups,
media exposure) lead to thin-ideal internalizatiwhich then contributes to the development of
disordered eating (Shroff & Thompson, 2006b). Aghhghted in study 2, however, a re-
conceptualization of this model may be needed Ksgare 7), particularly when also considering

the results of a recent study that identified dedaeceffects in the association between body-
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conscious peer groups adigordered eatindO'Connor et al., in preparation). The re-
conceptualized model suggests that selection fatawy initially cause genetically or
environmentally predisposed girls to select intdyaoonscious peer groups, which then leads to
increases in thin-ideal internalization via soaation influences, leading to the further
development of disordered eating. The results oflysil may enhance this proposed model
further, since Study 1 suggests few changes itogital effects across development. Thus, it is
likely that the re-conceptualized etiological modeluld apply to girls throughout development
(i.e., late childhood through young adulthood).

Additionally, Study 1 suggested relatively largeieonmental influences on thin-ideal
internalization, and Study 2 supported the rolsamfialization in the association between weight-
focused peer groups and thin-ideal internalizafi@aken together, it is possible that body-
conscious peer groups are one environmental indkigémat contributes to the robust
environmental estimates in Study 1. The resulStofly 1 also suggested small genetic
influences on thin-ideal internalization. The cuireet of findings do not allow for the
identification of what specific mechanisms conttéto this genetic variance, although one
possibility is that heritable personality charaistiezs that contribute to thin-ideal internalizatio
(e.g., perfectionism) play a role (see Suisman.e2@12 for more detail on the possible role of
personality in the heritability of thin-ideal intealization).

As highlighted throughout this series of studtag)-ideal internalization is generally
considered to be a risk factor for disordered gatirhompson & Stice, 2001). When
establishing a phenotype as a risk factor, it igdrtant to provide evidence that the proposed
risk factor is not simply a correlate, consequencsymptom of the outcome (in this case,

disordered eating or eating disorders; (Thomps@ti€e, 2001). The current findings further
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contribute to the conceptualization of thin-idedkrnalization as a possible risk factor for
disordered eating by highlighting the ways in whilsim-ideal internalization is a separate
phenotype from disordered eating with unique dgualental pathways. Indeed, thin-ideal
internalization appears to be unique from disordeaing in terms of the degree to which
genetic and environmental effects vary across adeld and pubertal development. Specifically,
the etiology of disordered eating is known to cleaagross development, with increasing
genetic, and decreasing shared environmental sffactoss puberty (Klump, Perkins, et al.,
2007). On the other hand, the current study sugdeslatively stable genetic and environmental
influences on thin-ideal internalization acrossalepment, with larger influences of nonshared
and shared environmental effects, and smaller geekécts, than are typically reported for
disordered eating. These findings suggest thagtibogy of thin-ideal internalization is

relatively stable, and largely environmental, whisk for disordered eating is more dynamic
and is significantly influenced by genetic factbrgther, as highlighted above and in Study 2,
socialization effects may play a larger role in dexelopment of thin-ideal internalization than
disordered eating, at least in terms of the rolleanfy-conscious peer groups. (O'Connor et al., in
preparation). Taken together, these findings hggitlthat thin-ideal internalization is not an
early manifestation of symptoms of disordered gatwth similar etiology, but instead appears
to be an early risk marker that has a unique devedémtal and etiological trajectory.

In order to further understand the unique etiolofpoth thin-ideal internalization and
disordered eating, it would be particularly int¢irgg to study the reverse effects as those
examined in the current series of studies. For g@ant may be interesting to examine
etiological effects of disordered eating while aatting for thin-ideal internalization, or to

examine thin-ideal internalization as the indep@andariable in a co-twin control study of thin-
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ideal internalization and disordered eating. Indeedh designs would contribute to
understanding of the variance in disordered edtliagis unique from thin-ideal internalization.

Relatedly, the current set of studies did not atersine possibility that eating and thin-
ideal internalization have differing etiologicakasiations across development. For example, it
is feasible that in adulthood, all genetic influes®n thin-ideal internalization are accounted for
by disordered eating, but in adolescence, therergrie genetic contributions to thin-ideal
internalization. Indeed, when examining Study litssthe full age models before and after
accounting for disordered eating (Figures 3a andedpectively) suggest that this precise
pattern might be supported. Before accounting feordered eating, genetic influences on thin-
ideal internalization appear to increase for eadissquent age group (although, as described
above, none of these changes are statisticallyfisigmt). However, after accounting for
disordered eating, the genetic effects in the oldgs group plummet, while they remain about
the same as they were prior to controlling for disoed eating in the middle age group. This
pattern could occur if genetic influences on tideal internalization are entirely accounted for
by disordered eating in adulthood but not middlelescence. Future studies using bivariate
moderation models will be important to directly exae this possibility. Indeed, it is possible
that etiological associations between thin-idetdrimalization and disordered eating vary
markedly across development, even if the etioldgifluences on thin-ideal internalization
remain relatively stable.

Given the importance of thin-ideal internalizatiarthe development of disordered
eating (Thompson & Stice, 2001), and the uniquaadical trajectory of thin-ideal
internalization identified in the current seriesstddies, continued efforts to intervene

specificallyin the development of thin-ideal internalizatiggpaar warranted. Indeed, current
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results suggest that much of the etiology of thlieal internalization may be due to key
environmental factors that are prominent acroseldgment (e.g., sociocultural risk factors such
as body-conscious peer groups), so interventiorth@se environmental factors may be useful.
As hypothesized in Study 2, it is possible that-llieal internalization is more likely to develop
in vulnerable girls as a result of selection inteight-focused peer groups. This may be an
especially useful area for intervention, as itasgble that thin-ideal internalization is a
particularly potent risk factor when it influencgisls who are already vulnerable to disordered
eating. If this hypothesis is correct, then deasas thin-ideal internalization could contribute

to the prevention of the development of eating miscs even in the most vulnerable girls (i.e.,
those with high genetic risk for disordered eatidd)hough the findings of the current set of
studies can not speak directly to which prevengimgrams might be most useful, continued use
of known programs that have been identified ascaffe (e.g., cognitive dissonance and media
literacy programs) and further dissemination okthprograms, is needed (Stice, Becker, et al.,
2013; Stice & Shaw, 2004). Further, as suggest&tudy 2, future work that specifically
examines efforts to change the thin-ideal cultuithivw body-conscious peer groups may be a
viable addition to existing programs.

Overall, these findings contribute to a growirtgriature on the etiology of thin-ideal
internalization and disordered eating, and idergdyeral areas in which the etiology of thin-
ideal internalization is unique from that of disereld eating. Future longitudinal research is
needed to specifically examine the complex intgrpl@ong genetic and environmental risk for
thin-ideal internalization and disordered eatirggynell as the roles of socialization and selection
factors in the associations between environmeistial thin-ideal internalization, and disordered

eating.

66



APPENDIX

67



Table 1

Descriptive Statistics

Pearsom with
Puberty, Only

Pearson Twins that
with Pearsom with  Completed Pearson
Scale o M (SD) Range MEBS Puberty? PDS? with Age?
SATAQ-3 General Internalizatior 0.88 2.33 (0.93) 1.00-5.00 A5** 25%*(.20**) .07 (-.02) 28%%(.24**)
MEBS Total Score 0.87 4.82(4.87) 0.00-25.00 - 5% 21%* 5%
Pubertal Development Scale 0.83 3.16(1.11) 1.00-4.00 - - -- .88**

Age - 15.06 (3.93) 8.5-25.14 -

Note.SATAQ-3 = Sociocultural Attitudes Toward Appearar@@uestionnaire — 3. MEBS = Minnesota Eating BedvaSurvey. PDS

= Pubertal Development Scale.

®Pearson correlations for SATAQ-3 General Interrion are presented both with and without contrgllior disordered eating.
The correlations in parentheses are partial cdioalsthat control for the MEBS total score
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Table 2

Twin Intraclass Correlations for the SATAQ Gendrdérnalization Scale by Age and Pubertal Status

Thin-ldeal Internalization

Thin-ldeal Internalization Controlling for Disordered Eating and
Controlling for BMI Only BMI
Moderator MZ DZ MZN DZN Z MZ DZ MZN DZN Z
Age
Ages 8-12 30**  42** 148 134  -1.15 23 23** 146 132 0.00
Ages 13-16 A9* 33 118 104 1.42 39** 20 114 104 1.52
Ages 17-25 S4x* - 40** 154 118 1.46 32% 37 154 116 -0.46
Puberty

Pre/Early Puberty 25%  44% 122 98 -1.58 27 25% 122 98 0.16

Mid/Late Puberty S5*  39** 270 224 2.27* 39** 31 266 222 1.00
Note. BMI = Body Mass Index. MZ = Monozygotic. DZDizygotic
Asterisks following twin correlations indicate ththe correlation is significantly greater than zeketerisks following the Z-statistic
indicate whether the MZ and DZ correlations araificantly different from one another (one-taileBr all puberty twin
correlations, only twin pairs who are concordamtgobertal category are included (91% of total Sajnp
*p<0.05, **p<0.01.
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Table 3.

Indices of Fit for Nested ACE Models ExaminingEtielogy of Thin-ldeal Internalization by
Age and Pubertal Development

Model 2InL df Ay2 (df) p AIC BIC
Age M odels

Control for BMI

Full Moderation 2181.38 803 -- --  575.38 -1340.17
Linear Moderation 2183.89 806 251 (3) A7 571.89  -1347.99
No Moderation 2194.60 809 13.22 (6) .04 576.60 -1351.72
Control for BMI & DE

Full Moderation 2185.40 795 -- -- 595.40 -1311.13
Linear Moderation 2185.92 798 0.52 (3) -- 589.92 -1319.94
No Moderation 2197.37 801 11.97 (6) 06 59537 -1323.29

Puberty Models
Control for BMI

Linear M oderation 2148.82 787 -- -- 574.82 -1300.55
No Moderation 2167.30 790 18.48(3) <.001 587.30 -1300.37
Control for BMI & DE

Linear Moderation 2160.46 780 -- -- 600.46  -1270.80
No Moderation 2176.82 783 16.36(3) .001 610.82 -1271.66

Note -2InL = minus 2 times the log likelihoody2 = change in chi-square (-2InL) from the full
moderation model; AIC = Akaike information criterlBIC = Bayesian information criterion;
Mod = Moderator; DE = Disordered Eating; A=additiyenetic effects; C = Shared
environmental effects, E = Nonshared environmegftalts. Best-fitting models, as determined
from non-significant chi-square and lowest AIC &1@ values, are indicated with bold text. In
the “Full” moderation model, genetic, shared enwinental, and nonshared environmental
estimates are allowed to vary both linearly anddgaiécaly across levels of the moderator (i.e.,
age or pubertal development). In the "Linear" maten model, genetic, shared environmental,
and nonshared environmental estimates are allowvedry linearly across levels of the
moderator. In the "No Moderation" model, geneti@red environmental, and nonshared
environmental estimates are constrained to be equass all age or pubertal groups. A full
moderation model was not calculated for pubertaigs since quadratic moderation is not
possible when examining only two groups.
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Table 4.

Unstandardized Path and Moderator Estimates fol Batl Best-Fitting Twin Models

Moderator a C e Al Ci El A2 C2 E2
Age Models
.00 -.52 .68 -.63 .01 14 .19 -.02 -.06
(-.55, .55) (-.65,-.13) (.60,.77) (-.90,.90) (-.82,.90) (-.13, .43) (-.75,.75) (-.56, .80) (-.21,.08)
Control for Linear .19 .50 -.69 13 .07 -.03 -- -- --
BMI (-.56, .56) (.15, .65) (-.78,-.61) (-.38,.38) (-.17,.25) (-.10, .04)
-.32 -.58 72 -- -- -- -- -- --
(-.64, .64) (-.72,-.26) (.66, .79)
-.19 -.39 .75 -.59 21 .03 31 -.16 .01
(-.61, .59) (-.57,.56) (.64,.85) (-.90,.90) (-.90,.90) (-.26, .36) (-.70,.71) (-.73,.73) (-.14, .15)
Control for Linear 27 .36 -74 -.01 A2 -.06 -- -- --
BMI & DE (-.60, .60) (-.56, .56) (-.84,-.64) (-.39,.39) (-.40, .40) (-.13,.02)
-.26 -.48 .80 -- -- -- -- -- --
(-.63, .63) (-.62,.62) (.73,.87)
Puberty Models
-.18 A7 .67 75 .05 .05 -- -- --
Control for (-.53,.32) (.14,.62) (.58,.77) (.05 .90) (-.90,.51) (-.07,.18)
BMI 31 -.59 -73 -- -- -- -- -- --
(-.64, .64) (-.73,-.29) (-.79, -.66)
-.43 .23 .69 .87 .25 A2 -- -- --
Control for (-.64, .64) (-.56,.54) (.59,.81) (-.90,.90) (-.90, .90) (-.03, .26)
BMI & DE No Mod .23 -.51 -.80 -- -- -- -- -- --
(-.63, .63) (-.64, .64) (-.87,-.73)
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Table 4 (cont’'d)

Note.BMI = Body Mass Index; DE = Disordered Eating,jIFuFull moderation model allowing for linear agdadratic moderation
effects; Linear = Linear moderation model allowfoglinear moderation only; No Mod = No moderatimodel; a, genetic path
estimate; Al, linear moderator of genetic pathmese; A2, quadratic moderator of genetic pathneste; ¢, shared environmental
path estimate; C1, linear moderator of shared enmental path estimate; C2, quadratic moderatehafed environmental path
estimate; e, nonshared environmental path estirgaténear moderator of nonshared environmentdl patimate; E2 quadratic
moderator of nonshared environmental path estinkstttmates are followed by 95% confidence interwalgarentheses. Confidence
intervals that do not overlap with zero indicatistical significance at p < .05. Significant esiies are noted in bold text. All age
moderation models are univariate twin moderationl@e (Purcell, 2002). All puberty models are exeghdnivariate moderation
models (van der Sluis et al., 2012). A full modieraimodel was not calculated for pubertal groupsesiquadratic moderation is not
possible when examining only two groufyrs best-fitting model.
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Table 5.

Correlations among peer questionnaires and thiraideternalization

1 2 3 4 5
1. Peer Preocc. Weight/Dieting -
2. Appearance Conversations .56** --
3. Friends as Source of Influence S4Fr 4T -
4. Peer Attribution A1 31 .35* -
5. Thin-Ideal Internalization 32**  36** 37 A1+ --

Note. Peer Preocc. Weight/Dieting = Peer Preocaupatith Weight/Dieting Scale. Appearance
Conversations = Appearance Conversations with Bsi&cale. Friends as a Source of Influence
= Friends as a Source of Influence Scale. Peeib@tion = Peer Attribution (Appearance)

Scale. N = 383-415.

*p<0.05, **p<0.01.
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Table 6.

Descriptive statistics for peer group measures)-illeal internalization, and covariates.

MZ Twins Only DZ Twins Only
(N = 182-206) (N=176-200) MZ/DZ Differences
M M

Variable Alpha (SD) Min Max (SD) Min Max t (df) Variance F
Raw Score
Peer Preocc. 14.08 14.08 0.002
Weight/Dieting 0.98 (5.66) 9.00 36.00 (5.46) 9.00 37.00 (386) 0.16
Appearance 8.60 8.89 -0.69
Conversations 0.87 (4.28) 5.00 25.00 (4.15) 5.00 25.00 (413) 0.66
Friends 7.86 7.46 1.13
Influence 0.84 (4.12) 5.00 25.00 (3.06) 5.00 19.00 (385.75) 5.41*

Note. Peer Preocc. Weight/Dieting = Peer Preocaupatith Weight/Dieting Scale. Appearance Conveoset = Appearance
Conversations with Friends Scale. Friends Influenégiends as a Source of Influence Scale. PeebAtion = Peer Attribution
(Appearance) Scale. Thin-ldeal Internalization sn&al Internalization Subscale of the Sociocultéttitudes Toward Appearance
Questionnaire - 3; BMI = Body Mass Index. Possiblege = Possible range of scores on the measuran?a F = F-test from
Levines' Test of Equality of Variances. N's forfelience score analyses are approximately halfiieeo$ the N's for raw score
analyses as difference score analyses were comldiecteach pair, while raw score analyses wereutatied for each individual.
Further, raw scores include all individuals thatipgated in the study, but difference scores wertly able to be calculated for
families in which data was available for both twirsbsolute values of sibling difference scoresevased for all anaylses presented
in this table in order to present the range ofirsgbtlifferences in peer groups and internalizatiblowever, pearson correlations and
co-twin control analyses presented in Tables 34awere conducted with the sign of the differencaecetained.
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Table 6 (cont’'d)

MZ Twins Only DZ Twins Only
(N = 182-206) (N=176-200) MZ/DZ Differences

M M
Variable Alpha (SD) Min Max (SD) Min Max t (df) Variance F
Raw Score

5.92 5.76 0.50
Peer Attribution  0.80 (3.48) 4.00 19.00 (3.12) 4.00 22.00 (411) 1.63
Thin-ldeal 2.10 2.06 0.40
Internalization 0.81 (0.85) 1.00 4.67 (0.81) 1.00 4.89 (399) 0.14

18.54 19.66 11.9 -2.48
BMI -- (3.83) 11.24 34.49 (5.39) 7 46.55 (376.94)** 10.06**
11.21 11.24 -0.17 0.72

Age -- (2.91) 8.49 15.12 (2.01) 8.72 15.89 (431)
Difference Score
Peer Preocc. 3.56 3.82
Weight/Dieting -- (4.58) 0.00 27.00 (3.65) 0.00 21.00 -.41 (178) 0.39
Appearance 2.86 3.08
Conversations -- (3.22) 0.00 18.00 (2.84) 0.00 13.00 -.51 (201) 0.00
Friends 2.55 2.62
Influence -- (3.32) 0.00 20.00 (2.82) 0.00 11.00 -.14 (198) 0.11

2.01 1.96
Peer Attribution -- (2.94) 0.00 12.00 (2.69) 0.00 12.00 .13 (199) 0.44
Thin-ldeal 0.75 0.63
Internalization -- (0.57) 0.00 2.89 (0.54) 0.00 2.44 1.48 (189) 0.45
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Table 7.

Within-Individual and Within-Pair Correlations

Mz/DZ
DZ Difference
Full Sample MZ Twins  Twins Two-Tailed Z

Within-Individual Correlations

Peer Preocc. Weight/Dieting 32F* 32F* 31** 0.11ns
Appearance Conversations 36%* 38** 35** 0.34ns

Friends as Source of
Influence 37** .38** .36** 0.23ns

Peer Attribution A1** .36** A7** 1.32ns
Within-Twin Pair Difference Score Correlations

Peer Preocc. Weight/Dieting 21 29%* 0.09 1.32ns
Appearance Conversations 24** 27+* 0.20 0.50ns
Friends as Source of

Influence 20%* 23* 0.14 0.63ns
Peer Attribution 28*F* 28** 27* 0.07ns

Note. Peer Preocc. Weight/Dieting = Peer Preocaupatith Weight/Dieting Scale. Appearance
Conversations = Appearance Conversations with Bsi&cale. Friends as a Source of Influence
= Friends as a Source of Influence Scale. PeeibAtion = Peer Attribution (Appearance) Scale
.For Within-Individual Correlations, Sample sizee as follows: Full Sample N = 374-414, MZ
N =193-212, DZ N = 181-202. For Within Twin Paiiffierence Score Correlations, Sample
sizes are Full Sample N = 168-203; MZ N = 87-103;ND=81-99
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Table 8.

Co-twin control analyses examining the associabetween weight-focused peer groups and thin-ideaftmalization

Between-Pair b (SE) Within-Pair b (SE)
Peer Measures MZ Twins DZ Twins MZ Twins DZ Twins MZ/DZ Difference

Peer Preocc. Weight/Dieting 0.34 (0.07)**  0.26 (0.08)** 0.20 (0.06)** 0.01 (0.06) 0.19 (0.08)*
Appearance Conversations 0.39 (0.07)** 0.35(0.08)** 0.19 (0.05)** 0.09 (0.06) -0.04 (0.11)
Friends as Source of Influenc 0.33 (0.07)**  0.29 (0.07)** 0.18 (0.05)** 0.06 (0.05) -0.13(0.11)

Peer Attribution 0.33 (0.07)** 0.46 (0.07)** 0.19 (0.05** 0.15 (0.06)** -0.19 (0.10)

Note. Peer Preocc. Weight/Dieting = Peer Preocaupatith Weight/Dieting Scale; Appearance Conveoset = Appearance
Conversations with Friends Scale; Friends as acgafrinfluence = Friends as a Source of Influebcale; Peer Attribution = Peer
Attribution (Appearance) Scale; b = unstandardipesd-effect estimate; SE = standard error; MZ =rdpygotic; DZ = Dizygotic.
Unstandardized fixed-effect estimates, followedstandard errors in parentheses, are presented talile. Although fixed-effect
estimates are unstandardized, thin-ideal interatdin scores were standardized prior to analysésctiate interpretation of these
effects. All analyses included BMI, age, and ptadaetevelopment as covariates. Between-pair efigmpsoximate individual level
effects. Within-pair effects demonstrate effectslevbontrolling for shared environmental selectedfects (MZ and DZ twins) and
genetic selection effects (entirely in MZ twinsrigaly in DZ twins). Significant within-pair eshates in MZ twins suggest
socialization effects, particularly when the DZhiuit-pair estimate is also significant, or not stiadally different from effects in MZ
twins. * = p<.05 **=p<.01.
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Figure 1.

C
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Figure 1. Path diagram for the standard univanateeration modelFigure illustrates model for
one twin only. Age=age moderator; A= additive genetfects; C,=shared environmental
effects; E=nonshared environmental effects; M=Matt®t Syy=phenotypic regression
coefficient; a, ¢, and e=paths or intercepisfy, andsz =linear moderatorg}?, Ay, and
Bl=quadratic moderators.
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Figure 2.
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Figure 2. Path diagram of extended univariate nedaer model Although prior figures include a path diagramyofar one twin, this

figure includes twin 1 and twin 2 in order to ilttete the way the moderator value for twin 2 isoarded for in the model for twin 1
and vice-versa. The model is pictured for only twme type, but parameters are fit separately for &id DZ twinsPi=pubertal
development in twin 1; Pz=pubertal development in twin 2; A= additive genetic effects; C,=shared environmental effects;
E=nonshared environmental effects; M1 and M2=Moderator in twin 1 and twin 2, respectively; fu=phenotypic regression
coefficient; a, ¢, and e=paths or intercepisfy, ands, =linear moderatorg?, A+, andp,°=quadratic moderator
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Figure 3 Age Moderation Results =additive genetic effeCt Sl

effects ¢++«« ) € = Nnonshared environmentaot$ « -« ). Unstandardized genetic, shared
environmental, and nonshared environmental varianogoonents by age. The full models are
graphed in panels 3a (controlling for BMI) and 8br{trolling for BMI and disordered eating).
Linear models are graphed in panels 3c (controfiim@MI) and 3d (controlling for disordered
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eating. The no moderation models are indicatedapltgs 3e (controlling for BMI) and 3f

(controlling for BMI and disordered eating). Nonfele differences in etiological effects across

age (figures 3a — 3d) are statistically significant
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Figure 4 Puberty Moderation Resulta =additive genetic effecto=== ), c =rgha
environmental effects.¢++« )€ = nonsharadrenmental effects=-~ ). Graphs depict
unstandardized genetic, shared environmental, andhared environmental variance
components by age. The full models are graphedmels 4a (controlling for BMI) and 4b
(controlling for BMI and disordered eating). The moderation models are indicated in graphs
4c (controlling for BMI) and 4d (controlling for BMand disordered eating). For models
controlling for BMI only, the linear model (Figuda) provided the best fit to the data. For
models controlling for BMI and disordered eatirgg ho moderation model (Figure 4d)
provided the best fit. In figures 4a and 4b, thiy etatistically significant change in etiological
effects across puberty is the linear increase ditizé genetic effects for the model controlling
for BMI only (figure 4a).
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Figure 5a.

Weight Focused Peer ; Increased thin-ideal
Groups internalization

Figure 5b.

Predispositions:

Genetic andor ; Weight Focused Pecr ; 9 Increased thin-tdeal

Environmental Groups internal tzation

Figure 5c.
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Figure 5._Possible exposure versus selection sffectassociations between weight-focused
peer groups and thin-ideal internalizatiéigure 5a demonstrates an exposure effect, wiereb
certain experiences (e.g., weight teasing) dirdetiyls to increases in thin-ideal internalization.
Figure 5b demonstrates one type of selection effduéreby genetic and/or environmental
selection factors lead to increases in certaingygeisk experiences (e.g., weight teasing) as
well as increases in the outcome (thin-ideal irdézation), but the increase in risk experiences
also leads to increases in thin-ideal internalaratFigure 5¢ demonstrates the second type of
selection effect, main effects of the selectiondgovhereby preexisting genetic and/or
environmental selection factors cause both thefastor and the outcome (thin ideal
internalization).
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Figure 6._Interpretation of results within a co+tveiontrol designGraph indicates the
hypothetical exposure effect of body-conscious jgeeups on thin-ideal internalization when
measured at the individual level, within dizygdfizZ) twins pairs, and within monozygotic

(MZ) twin pairs. Individual level effects do notmiool for any selection processes. Effects in DZ
twins control partially for genetic and entirelyr fshared environmental selection effects. Effects
in MZ twins control entirely for genetic and shae/ironmental selection effects.
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Selection: Predispositions Socialization: Body-

for disordered eating lead to conscious peer groups lead to
Genetic and/or selection into body- increases in thin ideal
environmental conscious peer groups BodV-CONsCious peer internalization )
predispositions for > y P > Thin-ldeal
disordered eating (e.g., groups Internalization
interest in dieting)

Selection: Disordered eating
leads to continued selection into
body-conscious per groups

Disordered Eating

Figure 7._Proposed Interplay among Socializatiah $@lection ProcesseBhis model integrates results from O’Connor diral
preparation), which suggest that selection facor®unt for associations between body-consciousgreaps and disordered eating,
and results from the current study, which sugdestdocialization effects account for associatioetsveen body-conscious peer

groups and thin-ideal internalization.
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