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Abstract

Background.Girlswithpredispositions for disordered eating (DE)may select intoweight-conscious
peer groups (i.e. peer groups that emphasize body weight/shape). However, factors driving selection
into these peer groups remain unknown, as genetic and/or environmental predisposition to DEmay
lead girls to select weight-conscious peers. To explore what may drive selection, the present study
investigated whether genetic or shared environmental influences underlie associations between DE
and exposure to weight-conscious peers and whether effects differ by pubertal status.
Methods. Participants included 833 female twins (ages 8–15) from the Michigan State Univer-
sity Twin Registry. Bivariate twin models were conducted to explore etiologic overlap between
DE and exposure to weight-conscious peers. Separate models were run for pre-early pubertal
girls and mid-late pubertal girls given past research demonstrates differences in genetic and
environmental contributions underlying eating pathology by pubertal status.
Results. During pre-early puberty, shared and non-shared environmental correlations
accounted for the overlap between DE and weight-conscious peer group exposure. Furthermore,
shared environmental and non-shared environmental influences underlying DE contributed to
33.3% and 20.0% of the individual differences in weight-conscious peer group membership,
respectively. In mid-late puberty, the genetic and non-shared environmental correlations
accounted for the overlap between DE and weight-conscious peer group exposure. Genetic
and non-shared environmental influences underlying DE contributed to 37.5% and 19.4% of the
variance in weight-conscious peer group membership, respectively.
Conclusions.While selection effects may exist across development, these effects may be driven
by variance inDEdue to shared environment in pre-early puberty and genes inmid-late puberty.

Membership in weight-conscious peer groups (i.e. peer groups highly focused on topics such as
attractiveness, body weight, body shape, exercise, and dieting; Van Huysse et al., 2016) has been
associated with higher rates of body weight concerns, dieting, and body dissatisfaction in both
cross-sectional (e.g. Paxton et al, 1999; Taylor et al., 1998; Vander Wal & Thelen, 2000) and
longitudinal (e.g. Keel et al, 2013) studies. Prior research has attributed these associations to
socialization effects, such that membership in weight-conscious peer groups leads to higher rates
of disordered eating (DE) due to being exposed to peers who strongly emphasize dieting,
appearance, and thin body weights/shapes. Exposure to these weight-conscious peers may
reinforce maladaptive eating and body-related cognition, which exacerbate disordered eating
symptoms (e.g. Crandall, 1988). However, peer selection is not random, as individuals may seek
out peers based on their own attitudes and beliefs or traits they deem desirable (e.g. Boutwell,
Meldrum, & Petkovsek, 2017; Rayner et al., 2013). Given that individuals’ attitudes and behaviors
may be genetically or environmentally influenced, an individual’s genetic or environmental
predispositionmay lead them to select into a particular peer group. Thus, the association between
weight-conscious peers and elevated DE could be due to girls with a predisposition for DE
selecting into peer groups who share their emphasis on weight, shape, and appearance.

Few studies have examined potential selection effects for DE and weight-conscious peer
groups (see summary in O’Connor et al, 2016). However, emerging data suggest that selection
effects may contribute to these associations. Using a co-twin control design, O’Connor et al.
(2016) demonstrated support for the presence of genetic and/or shared environmental selection
effects as opposed to pure socialization effects. These findings were consistent with previous
studies that support the presence of selection effects, including a longitudinal study that
found that girls (ages 12 to 14) were more likely to stay in friendship groups that were more
similar to their own level of body dissatisfaction and bulimic behaviors (Rayner et al., 2013) and a
study that found unselected college roommates did not become more similar in their bulimic
symptoms (suggesting a lack of socialization effects when initial selection has not occurred)
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(Myer &Waller, 2001). Thus, selection factors may be important in
the relationship between exposure to weight-conscious peers and
DE; however, it is unclear whether these effects are driven by genetic
or environmental factors.

Indeed, one limitation of O’Connor et al. (2016) was that the
study design was unable to disentangle the extent to which selection
was driven by additive genetic (i.e. genetic influences that add
across genes) and/or shared environmental (i.e. environmental
influences that are shared by reared-together twins and are thus a
source of their behavioral similarity) influences. Specifically, while
it was clear that genetic and/or shared environmental influences
were important, within this model there was no way of estimating
the contribution of these sources of influence. Understanding what
underlies these selection effects can provide a more comprehensive
picture of how peers influence DE and direct future research on
what specific genetic or environmental influences lead individuals
to select weight-conscious peers.

The present study used a bivariate twin design to explore
(1) which etiologic influences account for the overlap between
DE and exposure to weight-conscious peers and (2) to what extent
genetic and environmental variance in DE contribute to individual
differences in exposure to weight-conscious peers. This study used
the samemeasures and largely overlapping sample (65%) asO’Con-
nor et al. (2016), allowing for extension in a sample known to have
demonstrated selection effects.

Importantly, O’Connor et al. (2016) did not find differences in
selection versus socialization in pre to early (pre-early) pubertal and
mid to late (mid-late) pubertal individuals – that is, genetic and
shared environmental selection effects were present across adoles-
cence, regardless of pubertal stage. However, this does not rule out
the possibility that the influences driving selection effects could
change across development. Indeed, prior studies examining devel-
opmental differences in genetic/environmental influences on DE
symptoms only have shown dramatic differences across puberty
(i.e. substantial shared environmental influence in pre-early
puberty and significant genetic influences in mid-late puberty;
Culbert et al., 2009; Klump et al., 2000; 2007; Klump, McGue, &
Iacono, 2003; O’Connor et al., 2020) that may translate into differ-
ential etiologic associations with weight-focused peer groups as
well. Consequently, we conducted models separately in pre-early
pubertal and mid-late pubertal samples to examine this possibility.
Notably, past developmental twin studies have highlighted these
shifts across a number of DE constructs, including DE assessed
broadly (e.g. Culbert et al., 2009; Klump et al., 2007, 2013), binge
eating (Klump et al., 2017), and cognitive symptoms of DE
(e.g. body dissatisfaction, weight/shape concerns, weight preoccu-
pation; O’Connor et al., 2020). Furthermore, O’Connor et al. (2016)
included multiple measures of DE; however, results were largely
similar across DE constructs.Within the present paper, we focus on
overall DE and include results for each of the DE constructs used in
O’Connor et al. (2016) in Supplemental Tables 2–6. Given past
work, we hypothesized that shared environmental influences would
be more important for the association between weight-conscious
peers and DE prior to mid-puberty, whereas genetic influences
would contribute to the association in mid-late puberty.

Methods

Participants

Participants included 833 female twins ages 8–16 years (M = 11.69,
SD = 2.10; 51.6% monozygotic (MZ) or identical twins who share

100% of their segregating genes, 48.4% dizygotic (DZ) or fraternal
twins who share approximately 50% of their segregating genes)
from the Twin Study of Mood, Behavior, and Hormones during
Puberty (TSMBH; Klump et al., 2018) within the Michigan State
University Twin Registry (Burt & Klump, 2013, 2019; Klump &
Burt, 2006). Information on the recruitment, eligibility criteria, and
TSMBH sample can be found in Appendix A in the Supplemental
Materials.

Zygosity determination

Zygosity was determined using a well-validated physical similarity
questionnaire (Lykken, Bouchard, McGue, & Tellegen, 1990) that
demonstrates 95% accuracy when compared with genotyping
(Peeters, Van Gestel, Vlietinck, Derom, & Derom, 1998). Both
twins, their mother, and two research assistants evaluated the
physical similarities independently. Reports were compared and
discrepancies were resolved through review of questionnaire data
and twin photographs by one of the principal investigators (KLK)
or by examination of DNA markers (Burt & Klump, 2019).

Measures

Exposure to weight-conscious peer groups
The same self-report measures used in O’Connor et al. (2016) were
used to assess exposure to weight-conscious peer groups (as
described below). These questionnaires tap related constructs, as
inter-correlations between questionnaires were moderate-to-large
(rs = .25–.58, mean r = .43, SD = 0.12), and previous analyses suggest
very similar results across the different peer exposure questionnaires
(O’Connor et al, 2016). Thus, the present study used a peer exposure
composite score to decrease the number of models fit; however,
models using each individual peer exposure questionnaire were
included in Supplemental Tables 7–11. More details about the cre-
ation of the composite score are provided following the description of
the four peer exposure questionnaires below.

The Perceived Friend Preoccupation with Weight and Dieting
Scale (Schutz, Paxton, & Wertheim, 2002) is a 9-item self-report
questionnaire that aims to assess frequency of weight- and dieting-
related thoughts and behaviors among their friends. Participants
are asked to rate their response on a 5-point Likert scale. Good
internal consistency has been suggested in a previous study of
adolescent girls (α = .87) and in the present sample (α = .86;
McDonald’s Ω = .86).

TheAppearance Conversations with Friends (Jones, Vigfusdottir,
& Lee, 2004) is a 5-item questionnaire that assesses the frequency
of discussions about current and desired body shape with friends.
This questionnaire was modified from the original Magazines as
a Source of Influence Scale (Levine, Smolak, & Hayden, 1994).
This scale has demonstrated good internal consistency in prior
studies (α = .85; Jones et al., 2004) and in the present sample
(α = .89; McDonald’s Ω = .89).

The Friends as a Source of Influence Scale (Paxton et al. 1999) is a
5-item questionnaire that assesses how important participants
think their friends’ opinions are in influencing their ideas of the
‘perfect’ body, diet products, exercise, and dieting. Participants are
asked to rate each item on a 5-point Likert scale. Good internal
consistency was found in prior studies (α = .87; Paxton et al. 1999),
as well as in the present sample (α = .83; McDonald’s Ω = .84).

The Peer Attribution Scale (Lieberman, Gauvin, Bukowski, &
White, 2001) includes 8-item assessing appearance-related attribu-
tions from friends on a 6-point Likert scale. The original scale
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includes items referring to same-sex and opposite-sex friends;
however, in the current sample, we used a modified 4-item version
(Shroff & Thompson, 2006) that refers to any friend (same- or
opposite-sex). This modified scale exhibited good internal consist-
ency in past research (α = .85; Shroff &Thompson, 2006) and
adequate internal consistency in the present study (α = .79; McDo-
nald’s Ω = .81).

A Composite Measure of exposure to weight-conscious peer
groups was created by standardizing (via z-scores) each of the four
peer questionnaires and computing an average score. While most
participants had data for all four peer questionnaires (n = 750,
90%), a minority had data available for only three of the four peer
measures (n = 56, 6.7%). The composite score was computed for all
individuals with data available for at least three of the four peer
measures by taking the average of the available questionnaires.
Participants missing two or more peer measures (n = 27, 3.2%)
were recoded as missing. Internal consistency of this composite
peer exposure score was excellent in the current sample (α = .91;
McDonald’s Ω = .91).

Disordered eating
DE was assessed using the Minnesota Eating Behavior Survey
(MEBS; von Ranson, Klump, Iacono & McGue, 2005; the Minne-
sota Eating Behavior Survey [MEBS; previously known as the
Minnesota Eating Disorder Inventory (M-EDI)] was adapted and
reproduced by special permission of Psychological Assessment
Resources, Inc., 16204 North Florida Avenue, Lutz, Florida
33549, from the Eating Disorder Inventory [collectively, EDI and
EDI-2] by Garner, Olmstead, & Polivy (1983) Copyright 1983 by
Psychological Assessment Resources, Inc. Further reproduction of
the MEBS is prohibited without prior permission from Psycho-
logical Assessment Resources, Inc.), a 30-item questionnaire made
up of true/false questions that assesses a range of DE symptoms.
This measure was developed for use with children as young as
10 years old; however, past studies have supported its use in girls as
young as 8 years old (e.g. Luo, Donnellan, Burt, & Klump, 2016).
The present study focused on the MEBS Total Score (i.e. sum score
of all 30 items). The MEBS Total Score demonstrates good internal
consistency in samples of adolescent girls (α = .86–.87; von Ranson
et al., 2005) and within the present sample (α = .84). (We were
unable to include McDonald’s omega for MEBS Total Score as low
endorsement of some items prevented calculation [i.e. lead to
negative inter-item correlations].)

Pubertal Development Scale
The Pubertal Development Scale (PDS; Petersen, Crockett, Richards,
& Boxer, 1988) is a self-report questionnaire in which participants
rate their pubertal development based on the physical signs of
puberty (i.e. height spurts, body hair growth, skin changes, breast
development, onset ofmenarche) ona 4-point scale: (1) development
has not yet begun; (2) development has barely started; (3) develop-
ment is definitely underway; and (4) development seems completed.
An exception to this 4-point scale is the coding for menses, which is
coded dichotomously (absent (1) or present (4)). Similar to previous
studies (e.g., Culbert et al., 2009; Klump et al., 2003), the ratings of
each physical marker were averaged to obtain an overall PDS score,
with higher scores representing more advanced pubertal develop-
ment. The PDS exhibits good psychometric properties and correlates
highly (r = .61–.67) with physician ratings of pubertal development
(Petersen et al., 1988).

Given past research demonstrated differences in genetic and
environmental contributions underlying eating pathology in pre-

early puberty vs mid-late puberty and adulthood (Culbert et al.,
2009; Klump et al., 2007, 2013, 2017; O’Connor et al., 2020), models
were conducted separately in these two groups using a cutoff
established in past research (i.e. PDS score < 2.5 = pre-early
puberty; PDS score ≥ 2.5 = mid-late puberty). Sixty-six percent
(275/419 pairs) of twins comprised the pre-early pubertal group,
whereas the remaining (144/419 pairs) comprised the mid-late
pubertal group. Twin pairs discordant on pubertal status were
excluded from analyses as they could not be included in both
pubertal groups (n = 122 twins). These twins were not included
in our reported sample size (N = 833). Notably, discordant twins
did not differ in their level of DE (t(968) = .377, p = .35) or exposure
to weight focused peers (t(941) =�.132, p = .45) compared to twins
concordant on pubertal status with their co-twin.

Covariates: body mass index (BMI) and age
Given demonstrated associations between body mass index (BMI)
within peer groups (Trogdon, Nonnemaker, & Pais, 2008), BMI
was included as a covariate to ensure that the associations between
peer group and DE were independent of BMI. BMI was calculated
(weight in kg/ height inm2) using height and weight measured with
a wall-mounted ruler and digital scale.

A variety of ages were present in each pubertal group. Age was
regressed out of the disordered eating and exposure to weight-
conscious peer composite scores, and the unstandardized residuals
were used to ensure differences in age were not driving effects.

Statistical analyses
Twin intraclass correlations (e.g. correlation between the MEBS
total score of Twin 1 and theMEBS total score of Twin 2) and cross-
twin, cross-trait correlations (e.g. correlation between the MEBS
total score of Twin 1 and the composite weight-conscious peer
group score of Twin 2) were calculated to provide initial indications
of genetic and environmental influences.

Bivariate twin models. Bivariate twin models were fit to raw data
using the full maximum likelihood option inMx (Neale et al., 1995).
The full maximum likelihood option assumes missing data are
missing at random and allows for less biased and more consistent
estimates than pairwise or listwise deletion. Only three twin pairs
had one missing co-twin; the full maximum likelihood option
allowed for retaining the data of the participating co-twin within
the dataset. The current study aimed to determine what etiologic
influences account for overlap between DE and weight-conscious
peer group exposure. Bivariate twin models were used to calculate
genetic (ra), shared environment (rc), and non-shared environment
(re) correlations between DE and exposure to weight-conscious
peer groups.

Next, we explored the extent to which the variance in exposure
to weight-conscious peers may be accounted for by the variance in
DE using Cholesky decomposition models. Cholesky decompos-
ition is a multivariate technique based on the principles of factor
analysis that provides estimates of additive genetic (A), shared
environmental (C), and nonshared environmental (E) contribu-
tions to variance in, and to covariance between, exposure to weight-
conscious peers and DE (see Figure 1). Importantly, while the
ordering of variables within the Cholesky model does not affect
the model fit, ordering DE first (as shown on the left-hand side of
Figure 1) allows the variance in exposure to weight-conscious peers
to be decomposed into components attributable to the genetic and
environmental effects on DE (depicted as a21,c21, and e21) and the
residual components that are independent of the genetic and
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environmental variance in DE (depicted as a22,c22, and e22). The
variance in DE is not decomposed into components attributable to
exposure to weight-conscious peers and those solely DE. Indeed,
variance in DE is only decomposed into the total variance due to
genetic, shared environment, and non-shared environmental influ-
ences (depicted as a11, c11, and e11 in Figure 1). The following
statistics were derived from the estimated parameters: the herit-
ability of DE (h1

2); the heritability of exposure to weight-conscious
peer groups, both overall (h2

2) as well as decomposed into a portion
attributable to genetic effects onDE (ha

2) and a residual component
(hr

2); the influence of shared and non-shared environment under-
lying DE (c1

2 and e1
2, respectively); the influence of shared and

non-shared environment underlying exposure to weight-conscious
peers groups overall (c2

2 and e2
2, respectively) as well as decom-

posed into a portion attributable to shared and non-shared envir-
onmental effects on DE (ca

2 and ea
2, respectively) and residual

components (cr
2 and er

2, respectively).
Four models were fit to the data: the full ACE, CE, AE, and E

models. Model fit was compared by taking the difference in
minus twice the log-likelihood (�2lnL) between the full and
nested models, which is chi-squared distributed under the null
hypothesis implied by the reduced model. Large (statistically
significant) differences led to a rejection of the nested model.
Additionally, low estimates on Akaike’s information criteria
(AIC; Akaike, 1987), Bayesian information criterion (BIC; Raf-
tery, 1995), sample-size adjusted BIC (SABIC; Sclove, 1987),
and deviance information criterion (DIC; Spiegelhalter, Best,
Carlin, & Van Der Linde, 2002) were also used to select the best
fitting model, as these indices differentially weigh model fit
versus model parsimony.

Results

Descriptive data

A range of DE and weight-conscious peer composite scores were
present in our sample (see Table 1). Given our samples age range
(ages 8–16; M = 11.69, SD = 2.10), the proportion of our sample that
scored above the clinical cut-off (score = 15.55) for the MEBS Total
Score was within an expected range (n = 23, 2.7%; von Ranson et al.,
2005). Additionally, 15.1% of twins scored >1 SD above the mean
on the composite score for exposure to weight-conscious peers. As
expected, the mid-late pubertal group reported higher levels of DE
and more weight-conscious peers than the pre-early pubertal sample
(DE: t(507.334) = �3.12, p < .001, Cohen’s d = .23; exposure to
weight-conscious peers: t(506.21)=�10.24, p< .001, Cohen’s d= .78).

Pearson correlations and twin correlations

As expected, significant phenotypic associations were observed
between exposure to weight-conscious peers and DE (rs = .51–.59,

Figure 1. Path diagram of Cholesky ACEmodel for exposure to weight-conscious peers
and disordered eating. Variance in each attribute is assumed to be determined by the
additive combination of the three latent factors: additive genetic (A), shared
environmental (C), and non-shared environmental (E) effects. The additive genetic,
shared environmental, and non-shared environmental variances in the exposure to
weight-conscious peers composite score are partitioned into those components
attributable to the genetic and environmental effects disordered eating (a21, c21, e21)
and the residual components that are independent of the genetic and environmental
effects of disordered eating (a22, c22, e22).

Table 1. Descriptive statistics

Variables
Total
sample

Categorical puberty categories

Pre-/early
pubertal group

Mid-/late
pubertal group

Sample sizes

MZ twins 430 286 144

DZ twins 403 260 143

Total 833 546 287

Age

Range 8.02–16.01 8.02–14.45 8.75–16.01

Mean (SD) 11.69 (2.10) 10.47 (1.26) 14.02 (1.24)

Body mass index

Range 10.70–39.67 10.70–37.42 15.48–39.67

Mean (SD) 19.43 (4.39) 17.91 (3.50) 22.33(4.47)

PDS scores

Range 1.00–4.00 1.00–2.40 2.60–4.00

Mean (SD) 2.18 (.91) 1.59 (.42) 3.31 (.38)

MEBS total score

Range (max score = 30) 0–19 0–19 0–19

Mean (SD) 4.09 (4.11) 3.75 (3.84) 4.73 (4.52)

Alphas .84 .83 .85

Skewness 1.29 1.41 1.07

Kurtosis 1.17 1.72 0.36

Composite peer exposure

Range (possible: 23–119) 23–78 23–78 23–78

Mean (SD) 36.61 (12.42) 33.39 (10.69) 42.77 (13.18)

Alphas .91 .90 .90

Skewness .81 1.18 .33

Kurtosis .02 1.28 �.68

Note. MEBS, Minnesota Eating Behavior Survey; PDS, Pubertal Development Scale;
SD, standard deviation. Sample sizes indicate the number of twins (not the number of twin
pairs).
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p < .001; see Table 2). Twin intraclass correlations provide an initial
indication of the degree to which these associations are due to genetic
versus environmental factors. Within the pre-early pubertal sample,
shared environmental and non-shared environmental effects were
suggested for DE and exposure to weight-conscious peers, as the MZ
andDZ correlations were not significantly different from one another
(indicating shared environmental effects) and less than 1.0 (indicating
non-shared environmental effects). Within the mid-late pubertal
sample, genetic and non-shared environmental effects were suggested
for both DE and exposure to weight-conscious peers, as the MZ
correlations were greater than DZ correlations (indicating genetic
effects), and the MZ correlation was less than 1.0 (indicating non-
shared environmental effects). Cross-twin, cross-trait correlations
also indicated shared environmental influences underlying the asso-
ciation between DE and weight-conscious peers in pre-puberty, as
correlations were similar in MZ and DZ twin pairs. However, genetic
influences were suggested to underlie the association between DE
symptoms and exposure to weight-conscious peers in the mid-late
pubertal sample.

Bivariate twin models

Table 3 provides comparisons of the four bivariate models
(i.e. ACE, CE, AE, and E models). The CE model provided the best
fit to the data in the pre-early pubertal sample, and the AE model
was best fitting in the mid-late pubertal sample; these models had

the lowest AIC, BIC, SABIC, and DIC values and as demonstrated
non-significant changes in chi-square values between the full model
(i.e. ACE) and best-fitting submodel.

Significant bivariate correlations were calculated in each of the
best fitting models (see Table 4). In pre-early puberty, DE and
exposure to weight-conscious peers had an rc = 0.58 and re = 0.45,
indicating that the proportion of the shared and non-shared envir-
onmental variance of one trait that was shared with the other was
0.34 (=0.58*0.58) and 0.20 (=0.45*0.45), respectively. In mid-late
puberty, DE and exposure to weight-conscious peers had an ra = .61
and re = .44, indicating that the proportion of the genetic and non-
shared environmental variance of one trait that was shared with the
other was 0.37 (=0.61*0.61) and 0.19 (=0.44*0.44), respectively.

Parameter estimates from the full model (ACE) and best-fitting
models from the Cholesky decompositionmodels are also shown in
Table 4. Notably, the full (ACE) model indicated non-significant
estimates of A for the pre-early pubertal sample and non-significant
estimates of C for the mid-late pubertal sample, confirming the
appropriate selection of theCE andAEmodels as best-fitting for the
pre-early pubertal and mid-late pubertal samples, respectively.
Findings from the best-fitting models were consistent with prior
twin studies exploring DE (e.g., Klump et al., 2007, 2010), with
significant shared environmental influences in the pre-early puber-
tal sample (c2 = .41) and significant genetic influences in the mid-
late pubertal sample (h2 = .52). Non-shared environmental influ-
ences were prominent for DE in both pre-early puberty (e2 = .59)

Table 2. Phenotypic, intraclass, and cross-twin, cross-trait correlations

Phenotypic Intraclass correlations Cross-twin, cross trait

Correlation MZ DZ Z p q
q

interpretation MZ DZ Z p q
q

interpretation

Pre-early pubertal

Disordered eating .51*** .44*** .42*** .33 .37 .03 No effect .24*** .27*** �.37 .36 .03 No effect

Peer exposure .46*** .48*** �.31 .38 .03 No effect

Mid-late pubertal

Disordered eating .59*** .66*** .32*** 3.95*** <.001 .46 Medium effect .40*** .20* 1.86* .03 .22 Small effect

Peer exposure .60*** .35*** 2.60** <.01 .33 Medium effect

Note. Disordered Eating, Total Score on the Minnesota Eating Behavior Survey; DZ, dizygotic; MZ, monozygotic; Peer Exposure, composite score on 4 peer measures; Phenotypic correlation,
Pearson’s correlation between the disordered eating symptom and the composite peer exposure score for each individual; q, effect size that indexes the magnitude of the difference between
MZ and DZ twin correlations (q values of .10 are considered small, .30 is considered medium, and .50 is considered large); Z, Z test of equality that tests for differences between the MZ and DZ
twin correlations.
*p < .05.
**p < .01.
***p < .001 one-tailed. The correlation is significantly different from zero.

Table 3. Comparison of nested bivariate Cholesky decomposition models

Model χ2 (df)
χ2 diff
(df)a p AIC BIC SABIC DIC χ2 (df)

χ2 diff
(df)a p AIC BIC SABIC DIC

Pre-early pubertal sample (n = 275 twin pairs) Mid-late pubertal sample (n = 144 twin pairs)

ACE 2304.27 (1068) 168.27 �1847.22 �154.01 �865.79 1335.04 (548) 239.04 �692.30 174.68 �188.72

AE 2314.01 (1071) 9.74 (3) .02 172.01 �1850.78 �152.81 �866.59 1335.20 (551) .16 (3) .98 233.20 �699.66 172.07 �193.33

CE 2307.67 (1071) 3.4 (3) .33 165.67 �1853.95 �155.98 �869.76 1346.93 (551) 11.89 (3) .01 244.93 �693.80 177.93 �187.46

E 2407.67 (1074) 103.4 (6) <.01 259.67 �1812.37 �109.65 �825.43 1394.09 (554) 59.05 (6) <.01 286.09 �677.66 198.81 �168.57

Note. χ2 diff = chi-squared difference test; AIC, Akaike’s information criterion; BIC, Bayesian information criterion; DIC, deviance information criterion; SABIC, Sample-size adjusted Bayesian
information criterion. The best fitting model is indicated in boldface.
aAE, CE, and E models are compared with the full ACE model for the χ2 diff test.
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and mid-late puberty (e2 = .48). Similarly, shared environmental
influences (c2 = .45) and non-shared environmental influences
(e2 = .55) were significant for exposure to weight-conscious peers
in pre-early puberty, whereas genetic influence (h2 = .64) and non-
shared environmental influences (e2 = .36) were significant in mid-
late puberty. No study to date has explored the etiologic influences
underlying exposure to weight-conscious peers, and interestingly,
differences across puberty mirror existing and current results
underlying DE.

While genetic and environmental influences on DE were con-
sistent with prior studies, the novelty of the Cholesky

decomposition models is the ability to explore what proportion
of genetic and shared environmental variance in exposure to
weight-conscious peers is attributable to genetic and shared envir-
onmental variance in DE. Within the pre-early pubertal sample,
bivariate estimates suggest that the relationship between DE and
exposure to weight-conscious peers is primarily mediated through
shared environmental and non-shared environmental effects. Spe-
cifically, 33% of variance in exposure to weight-conscious peers was
due to shared environmental influences attributable toDE, and 20%
of variance in exposure to weight-conscious peers was due to non-
shared environmental factors attributable to DE (see Table 4).

Table 4. Parameter estimates for bivariate model for disordered eating symptoms and exposure to weight-conscious peers composite score (pre-early puberty: 275
twin pairs; mid-late puberty: 144 twin pairs)

Pre-pubertal sample Pubertal sample

Full model: ACE Best fitting: CE Full Model: ACE Best fitting: AE

Bivariate correlations

Additive genetic (ra) �1.00 (�1.00, 1.00) - .66 (.25, 1.00) .61 (.41, .76)

Shared environmental (rc) .86 (.43, 1.00) .58 (.41, .72) �1.00 (�1.00, 1.00) -

Non-shared environmental (re) .52 (.39, .62) .45 (.35, .54) .43 (.23, .59) .44 (.25, .60)

Cholesky decomposition models

Heritability estimate

MEBS total score

Total (h2) .09 (.00, .42) - .52 (.19, .65) .52 (.36, .65)

Peer composite score

Total (h2) .09 (.00, .42) - .58 (.15 .75) .64 (.48, .76)

Attributable (h2a) .09 (.00, .39) - .25 (.02, .67) .24 (.09, .40)

Residual (h2r) <.01 (.00, .41) - .33 (.00, .54) .41 (.26, .54)

% Attributable 100% - 43.1% 37.5%

Shared environmentality estimate

MEBS total score

Total (c2) .34 (.06, .48) .41 (.30, .50) <.01 (.00, .28) -

Peer composite score

Total (c2) .39 (.12, .54) .45 (.35, .54) .06 (.00, .39) -

Attributable (c2a) .28 (.05, .51) .15 (.07, .26) .06 (.00, .39) -

Residual (c2r) .10 (.00, .34) .30 (.22, .39) <.01 (.00, .35) -

% Attributable 71.8% 33.3% 100% -

Non-shared environmentality estimate

MEBS total score

Total (e2) .57 (.46, .68) .59 (.50, .70) .48 (.35, .64) .48 (.35, .64)

Peer composite score

Total (e2) .52 (.41, .63) .55 (.46, .65) .36 (.25, .54) .36 (.24, .52)

Attributable (e2a) .14 (.07, .21) .11 (.06, .18) .07 (.02, .16) .07 (.02, .16)

Residual (e2r) .38 (.29, .48) .43 (.36, .52) .29 (.20, .44) .29 (.20, .42)

% Attributable 26.9% 20.0% 19.4% 19.4%

Note. % Attributable, the percentage of variance attributable to MEBS Total Score out of the total variance underlying the peer composite score; c2, shared environmentality; c2a, shared
environmentality of the peer composite score that is attributable to common shared environmental effects of MEBS Total Score; c2r, shared environmentality of the peer composite score that is
independent of shared environmental effects of MEBS Total Score; e2, non-shared environmentality; e2a, non-shared environmentality of the peer composite score that is attributable to common
non-shared environmental effects of MEBS Total Score; e2r, non-shared environmentality of the peer composite score that is independent of non-shared environmental effects of MEBS Total
Score; h2, total heritability; h2a, heritability of the peer composite score that is attributable to genetic effects of MEBS Total Score; h2r, heritability of peer composite score that is independent of
genetic effects of MEBS Total Score; MEBS, Minnesota Eating Behaviors Survey.
Estimates are followed by 95% confidence intervals in parentheses. Confidence intervals that do not overlap with zero indicate statistical significance (bolded) at p <.05.
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Nonetheless, results also suggest that the bulk of environmental
variance in weight-conscious peer groups is independent of DE, as
residual estimates indicated that 67% of shared environmental
influences and 80%of non-shared environmental influences under-
lying exposure to weight-conscious peers is unique/independent of
DE (as calculated by subtracting the percent attributable from
100%).

Within the pubertal sample, bivariate estimates suggest that the
association between DE and exposure to weight-conscious peers is
primarily mediated through genetic effects and non-shared envir-
onmental effects. Specifically, 38% of genetic influences and 19% of
non-shared environmental influences underlying exposure to
weight-conscious peers is attributable to DE (see Table 4). Thus,
62% of genetic influences and 81% of non-shared environmental
influences underlying exposure to weight-conscious peers is inde-
pendent of variance in DE.

Discussion

Individual differences in DE may at least partial account for expos-
ure to weight-conscious peers. Indeed, our findings suggest that
some of the same genetic/environmental influences that underlie an
individual’s vulnerability toward DE may also lead to exposure to
weight-conscious peers. Approximately one third of the genetic/
shared environmental influences underlying weight-conscious
peer exposure is attributable to the same etiologic factors under-
lying DE. Importantly, these shared underlying influences differ
across development with shared and non-shared environmental
influences underlying the overlap between DE and weight-
conscious peers in pre-early puberty and genetic and non-shared
environmental influences underlying the overlap between DE
and weight-conscious peers in mid-late puberty. Interestingly,
the concept that an individual may select into a particular envir-
onment based on genetic propensities is known as active gene–
environment correlation (‘active rGE’). To our knowledge, des-
pite the extensive literature exploring the influence of peers on
DE, the present study is the first to demonstrate the possibility of
active rGE within this relationship.

Importantly, our findings mirror developmental shifts found in
past twin studies. Indeed, the etiologic differences underlying the
relationship between DE and exposure to weight-conscious peers
across puberty are consistent with prior developmental twin studies
that demonstrate identical shifts for disordered eating (Klump et al,
2007, 2010, 2017; O’Connor et al., 2020). Prior work that has
identified environmental risk factors for DE during pre-/early
puberty may point to factors that may drive selection of weight-
conscious peers during this developmental period. For instance,
prior twin family studies have highlighted that parents likely influ-
ence offspring via the shared environment during pre-early puberty
(O’Connor et al., 2019, 2022). Thus, girls who observe parental DE
could select into peer groups who also exhibit these behaviors. The
increase in genetic influence that has been demonstrated atmid-late
puberty into adulthood may be driven by the influx of ovarian
hormones, as twin and animal studies indicate that at least part of
the female-specific risk for DE is due to genetic factors associated
with estrogen activation at puberty (e.g. Klump, 2013). This acti-
vation of genetic risk duringmid-puberty could then drive exposure
to weight-conscious peers. Interestingly, progesterone (another
ovarian hormone that increases at puberty) has demonstrated
moderating effects of the association between perceived social
pressure to conform to the thin ideal and body image concerns
(Forney et al., 2019), suggesting that hormone changes at puberty
may directly impact responses to social environments or indirectly

through activating genetic vulnerabilities to DE (e.g. Klump, 2013).
Future longitudinal twin studies with ratings of the parental mod-
eling of DE and/or other factors thatmay be hypothesized as drivers
of selection are needed to further explore how effects may shift over
development.

It is also possible that a risk factor for DE could influence exposure
to weight-conscious peers across pubertal development but be driven
by different etiologic influences in pre-early vs mid-late puberty. For
instance, perfectionism exhibits significant associations with a range
of eating disorder symptoms (e.g. fasting, binge behaviors) and diag-
noses (Forbush, Heatherton & Keel, 2007) and could drive selection
via shared environmental influences prior to puberty (e.g. girls raised
in an environment with excessively high standards may select peers
who are also self-critical and have high standards). Perfectionistic
peers could translate their high standards into an emphasis on
society’s notion of the ‘ideal’ body and thus, lead to an increased rate
of DE symptoms within the group. Alternatively, perfectionism could
also drive genetic selection effects following the onset of puberty
(e.g. girls who are genetically predisposed to perfectionistic qualities
may select into peer groups with other perfectionistic peers). Future
studies are needed to better understandwhat specific risk factors drive
selection effects and how the influences of these factors may differ
across pubertal development.

Notably, our interpretation of these results has been through the
lens of selection given past studies that have highlighted the likely
influence of this process. Within this context, genetic and environ-
mental influences underlying DE drive exposure to weight-
conscious peers. However, the design of the present study does
not necessarily explore selection versus socialization. Our study
findings simply highlight that some of the same genetic/environ-
mental influences underlying DE underlie exposure to weight-
conscious peers. Another interpretation could be through the lens
of socialization, such that shared genetic/environmental factors
contribute to who is suspectable to weight/shape socialization.
Thus, interpretation of findings relies on integrating current find-
ings with findings from other study designs that more directly
explore socialization versus selection.

While this study has many strengths (e.g. exploration of effects
across development, modeling of both genetic and environmental
influences), it is not without limitations. First, the study used a non-
clinical sample and thus, the generalizability of our findings to a
clinical population is unknown. Indeed, it is possible that genetic
architecture differs by clinical and non-clinical case (Bulik, Sullivan,
Wade, & Kendler, 2000). However, DE is a precursor to full clinical
eating disorders (Killen, et al., 1996; Prnjak et al., 2021; Stice & Shaw,
2002), estimates of heritability are similar for many disordered eating
symptoms compared to clinical eating disorders (i.e. heritabilities
>50%; significant influence of additive genetic and non-shared envir-
onment across symptoms and diagnoses during adulthood; Bulik,
Sullivan, & Kendler, 1998, 2003; Bulik et al., 2006, 2010; Keski-
Rahkonen et al., 2005; Klump et al., 2001; Klump, McGue, & Iacono,
2003; Munn et al., 2010; Reichborn-Kjennerud et al., 2003; Ruther-
ford et al., 1993; Slof-Op’t Landt et al., 2008; Wade, Bulik, Neale, &
Kendler, 2000; Wade et al., 1999; Wade, Wilkinson, & Ben-Tovim,
2003), andpast studies have indicated thatDE is best represented ona
dimension with clinical eating disorders (Luo et al., 2016), suggesting
our findings may generalize to a clinical sample. Second, the cross-
sectional nature of our data limits our ability to address causality
(i.e. whether exposure to weight-conscious peers leads to DE or DE
leads to selection of weight-conscious peers). Third, we were limited
to self-report assessments ofDE and perceived importance ofweight/
shape within peer groups, which could inflate associations between
exposure to weight-conscious peer groups and DE due to shared
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method variance (e.g. similarities in response styles may lead to
stronger associations between exposure and outcome variables;
Podsakoff et al., 2003). Future studies should use additional inform-
ants to assess the value of weight/shape topics within a shared peer
group. Finally, the mid-late pubertal group may have been under-
powered to detect low amounts of shared environmental influence.
However, our results demonstrating the importance of additive
genetic and non-shared environment during mid-late puberty are
consistent with past work that invariably show the importance of
additive genetic and non-shared environment and lack of import-
ance of shared environment from mid-late puberty into adulthood
(e.g. Bulik, Sullivan, & Kendler, 1998, 2003; Bulik et al., 2010;
Klump, McGue, & Iacono, 2003; Klump et al., 2017; Munn et al.,
2010; O’Connor et al., 2020; Slof-Op’t Landt et al., 2008; Wade,
Bulik, Neale, & Kendler, 2000;Wade et al., 1999;Wade et al., 2003).

Despite these limitations, the present study adds to the existing
literature exploring the role of peers in the development of DE. Our
findings highlight that vulnerabilities to DE may contribute to
exposure to weight-conscious peers, a potential risky environment
for individuals with vulnerabilities to DE. The factors driving
exposure appear to shift across pubertal development, and future
research is needed to elucidate specific environmental and genetic
factors that may be driving this relationship.
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