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Abstract

The heritability of disordered eating increases during puberty; however, prior studies have largely 

examined a composite score of disordered eating, rather than specific symptoms. Body weight and 

shape concerns cut across all eating disorder diagnoses and are some of the strongest prospective 

risk factors for the development of eating disorders. Yet, little is known about potential 

developmental increases or decreases in genetic and environmental influences for these key 

symptoms. This study examined differences in genetic and environmental effects on a range of 

body weight and shape concerns during puberty and compared results to findings for overall levels 

of disordered eating symptoms. Participants were 926 same-sex female twins (ages 8–16) from the 

Michigan State University Twin Registry. Well-validated questionnaires were used to examine 

pubertal maturation, overall levels of disordered eating, and a range of cognitive body weight/

shape constructs: body dissatisfaction, weight/shape concerns, and weight preoccupation. Findings 

for overall levels of disordered eating were very similar to those obtained in previous work, with 

significantly increased genetic effects in girls at more advanced pubertal development. 

Importantly, these same pubertal increases in genetic influences were observed for body 

dissatisfaction and weight/shape concerns. However, no pubertal moderation of genetic effects was 

observed for weight preoccupation; instead, pubertal moderation of nonshared and shared 

environmental effects was observed. Our findings point to differences in the extent to which 

genetic and environmental factors contribute to various cognitive body weight and shape 

symptoms during puberty.
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Developmental twin studies have shown increases in the heritability of eating disorder 

symptoms during puberty, with nominal genetic influences (~0%) during pre-puberty and 

substantial genetic influences (~50%) in mid-late puberty (Culbert, et al., 2009; Klump et 

al., 2007a, 2007b, 2012, 2017a). Despite consistent findings that genetic influences increase 

across puberty, prior studies have largely focused on a composite score of disordered eating 

(i.e., an omnibus measure that includes binge eating, body dissatisfaction, weight 

preoccupation, compensatory behaviors; Culbert et al., 2009; Klump et al., 2007a, 2007b). 

Only one study has explored a specific disordered eating symptom: binge eating. Using the 

same sample as the present study, Klump et al (2017a) found pubertal moderation of genetic 

effects on binge eating that was similar to those observed previously for composite 

disordered eating scores (i.e., genetic influences increasing during mid-puberty).

Notably, weight and shape concerns cut across all eating disorder diagnoses and are some of 

the strongest prospective risk factors for the development of clinical eating pathology 

(Jacobi, 2005; Killen et al., 1996; Stice & Shaw, 2002). In order to develop more 

comprehensive etiologic models of eating pathology, it is important to understand if genetic 

influences operate solely at the level of behavior (e.g., binge eating) or if weight/shape 

concerns also demonstrate etiologic shifts in heritability across puberty.

No study has explored etiologic differences underlying body weight and shape concerns 

across pubertal development. Three developmental twin studies explored changes in the 

heritability across adolescent age, but results were mixed. Two studies found negligible 

genetic influences (<1%) in pre-adolescence (i.e., ages 10–13) and significant genetic 

influences (22–50%) in early-to-late adolescence (~ages 13–16; Klump et al, 2010a; Wade 

et al., 2012) for weight and shape concerns. A third study observed more modest 

developmental differences for body dissatisfaction (e.g., 49% heritability at age 11; 60% at 

age 17) and no significant age differences in weight preoccupation (i.e., 47% heritability at 

age 11; 47% at age 17) (Klump et al., 2000), yet lower power may have affected detection of 

significant age differences that appeared to be present (i.e., twin correlations suggested 

lower heritability at age 11 compared to age 17) for weight preoccupation (Klump et al., 

2000). Nonetheless, the variability in results suggests that additional studies are needed to 

clarify developmental differences in genetic effects. Pubertal development tends to be a 

better predictor of changes in eating pathology both phenotypically (Killen et al., 1992) and 

etiologically (Klump, 2013) than age; thus, examining differences across pubertal 

development may more accurately depict developmental shifts in etiologic effects.

Given the above, the present study examined differences in genetic and environmental 

influences on body weight/shape concerns and overall levels of disordered eating across 

pubertal development in a large sample of adolescent same-sex female twins (N = 926). A 

range of weight and shape concerns subscales were assessed using two different measures to 

examine replicability and convergence of findings, as well as possible unique effects 

captured across the constructs. In order to compare these effects to those observed 
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previously, we also investigated pubertal differences for overall levels of disordered eating 

symptoms. Inclusion of a composite disordered eating score allowed for replication of prior 

work in a new sample of twins, a reproducibility effort that fits with recent calls for 

replication in clinical science (Pashler & Wagenmaker, 2012; Spellman, 2013). Finally, we 

capitalized on the availability of a sample that spanned the full range of pubertal 

development (i.e., from pre-puberty to post-puberty) to ensure that we captured both very 

early and late developmental differences.

Methods

Participants

The sample consisted of 926 same-sex female twins (MZ n=466, 50.3%; DZ n=460, 49.7%) 

ranging from age 8 to 16 (M=11.71, SD=2.01; for additional details see Supplemental Table 

1) from the Michigan State University Twin Registry (MSUTR; Burt & Klump, 2013, 2019; 

Klump & Burt, 2006). The MSUTR is a population-based twin registry that recruits twins 

(ages 3–50) using birth records in collaboration with the Michigan Department of Health 

and Human Services (see Burt & Klump, 2013 for recruitment details). The current study 

included archival data from the Twin Study of Mood, Behavior, and Hormones during 
Puberty (see O’Connor et al., 2016) within the MSUTR. The Michigan State University 

Institutional Review Board approved this study and all procedures complied with the 

Helsinki Declaration of 1975, as revised in 2008. Parents of twins provided informed 

consent and twins provided assent.

Notably, participants had to meet several inclusion/exclusion criteria (e.g., no recent 

psychotropic, steroid, or other medication use that is known to influence hormone 

functioning), as a primary aim of this MSUTR study was to examine ovarian hormone 

influences on disordered eating. However, past studies have shown that MSUTR twins who 

met inclusion/exclusion criteria for these and other studies (Klump et al., 2013a, 2013b, 

2015) are not significantly different from non-participating MSUTR families in terms of 

body weight/shape concerns (e.g., body dissatisfaction, over-evaluation of weight/shape, 

etc.; d’s = .02-.14, all p>.05). Twins from the MSUTR are demographically representative of 

the recruitment region (see Burt & Klump, 2019), as are the twins in the current study (i.e., 

twins identified as White (82.7%), African American (8.0%), Asian (0.6%), American 

Indian/Alaskan Native (0.2%), multiracial (8.2%), and Latinx (3.9%).

Measures

Zygosity Determination.—Zygosity was determined using a well-validated physical 

similarity questionnaire (Lykken et al., 1990) shown to be over 95% accurate (Peeters et 

al.,1998). This questionnaire was completed independently by trained research assistants and 

the twins’ parent (the mother in over 95% of cases). Reports were compared amongst raters, 

and discrepancies were resolved using questionnaire responses, review of twin photographs 

by principal investigators (KLK), and/or DNA analysis (i.e., twin concordance across several 

single nucleotide polymorphisms (Burt & Klump, 2013; Klump & Burt, 2006)).
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Disordered Eating.—The Minnesota Eating Behavior Survey (MEBS; von Ranson et al., 

2005)1 and the Youth Eating Disorder Examination Questionnaire (YEDE-Q; Goldfein et 

al., 2005; Goldschmidt et al., 2007) were used to assess disordered eating. The MEBS is a 

30-item self-report questionnaire consisting of true/false questions. This measure was 

developed for use with adults and children as young as 10-years-old and has been shown to 

be appropriate for use in children as young as 8-years-old (e.g., Luo et al., 2016; O’Connor 

et al., 2016). The present study focused on weight and shape concerns and thus, examined 

the body dissatisfaction (i.e., assessing discontent with body size and shape) and weight 

preoccupation (i.e., assessing preoccupation with weight, eating, and dieting) subscales. The 

MEBS Total Score (i.e., sum of all 30 items including items assessing body dissatisfaction, 

weight preoccupation, binge eating, and compensatory behaviors) was also examined to 

allow for comparisons with past studies. Good three-year stabilities and criterion-related 

validity has been demonstrated in past studies (von Ranson et al., 2005). Internal 

consistencies for these MEBS scales have ranged from .78-.89 in prior research (von Ranson 

et al., 2005) and were .75-.87 in the current study.

The YEDE-Q (Goldfein et al., 2005; Goldschmidt et al., 2007) is a self-report questionnaire 

that was adapted from the Eating Disorder Examination Questionnaire (EDE-Q; Fairburn & 

Beglin, 1994) for use in children. The YEDE-Q assesses disordered eating attitudes and 

behaviors over the past 28 days. The present study focused on the shape concerns (e.g., 

desire for a flat stomach, influence of body shape on self-evaluation) and weight concerns 

(e.g., dissatisfaction with weight, influence of weight on self-evaluation) items. Notably, 

factor analyses within clinical and community samples have suggested weight and shape 

concern items load on one-factor (Allen et al., 2011), and the shape concerns and weight 

concerns subscales were highly correlated (r=.90) in our sample. Thus, similar to past 

studies (e.g., Mond et al., 2007; van Zutven et al., 2014), we created a composite weight/

shape concerns subscale by averaging the items from the two subscales. Excellent internal 

consistency has been demonstrated for this combined weight/shape subscale in past studies 

(alphas=.92-.95; Klump et al., 2010a) and in the current sample (alpha=.94).

Based on item content, body dissatisfaction appears to tap how acceptable the participant 

finds her body size/shape, whereas weight preoccupation appears to tap the amount an 

individual thinks about or fears weight change. The weight and shape concerns subscale 

appears to tap both the amount an individual thinks about her weight/shape and the extent 

weight/shape concerns impact the participant’s view of themselves (i.e., overvaluation of 

weight/shape). Correlations between the different body weight and shape subscales seemed 

to confirm that there are discernible differences between the scales. These correlations 

ranged from r=.57-.70, indicating that only 33–49% of the variance in these scales is shared 

(see Supplemental Table 2). That leaves over 50% (range = 51–62%) of unique variance in 

each scale that could translate into etiologic differences across puberty for the different 

weight and shape scales. This degree of shared/unique variance allows for examining 

1The Minnesota 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, FL 
33549, from the Eating Disorder Inventory (collectively, EDI and EDI-2) by Garner, Olmstead, and Polivy (1983) by the 
Psychological Assessment Resources, Inc. Further reproduction of the MEBS is prohibited without prior permission from 
Psychological Assessment Resources, Inc.
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replication of effects across different weight/shape concern constructs, as well as identifying 

any unique etiologic factors that may be present.

Pubertal Development.—Pubertal development was assessed using the self-report 

Pubertal Development Scale (PDS; Petersen et al., 1988), which asks participants to rate 

their development across several physical markers of puberty (i.e., height spurts, body hair 

growth, skin changes, breast development, and onset of menarche) on a 4-point scale: (1) 

development has not yet begun; (2) development has barely started; (3) development is 

definitely underway; and (4) development seems completed. Menses was coded 

dichotomously as either absent (1) or present (4). The ratings of each physical marker are 

summed and averaged to obtain an overall continuous PDS score, with higher scores 

representing more advanced pubertal development. The continuous PDS score allowed us to 

evaluate effects across different degrees of maturation. PDS scores correlate with physician 

ratings of pubertal development (r=.61-.67; Petersen et al., 1988) and exhibit good internal 

consistency in past research (alphas= .76-.83; O’Connor et al., 2016; Petersen et al., 1988) 

and the present sample (alpha = .84).

Body Mass Index (BMI).—BMI was calculated (weight in kg/ height in m2) using height 

and weight measured with a wall-mounted ruler and digital scale, respectively.

Statistical Analyses

Prior to analyses, body dissatisfaction, weight preoccupation, weight/shape concerns, and 

PDS scores were log transformed to account for positive skew. Past research has 

demonstrated significant associations between BMI and disordered eating (Jones et al., 

2001; Keel et al., 1997) and between age and puberty (r=.79 within the current sample). 

Thus, consistent with past studies (e.g., Culbert et al., 2009; Klump et al, 2010b, 2017a), 

BMI and age were regressed out of each twins’ disordered eating scores to ensure that 

differences across puberty were not unduly influenced by these potentially important 

variables.

We used extended, univariate twin moderation models (see Figure 1; van der Sluis et al., 

2012) to directly examine differences in additive genetic (A; effects that add or sum across 

genes), shared environmental (C; environmental factors that are common to siblings growing 

up in the same family and contribute to their behavioral similarity), and nonshared 

environmental (E; factors that are unique to siblings growing up in the same family and 

contribute to behavioral differences, including measurement error) influences on each 

weight/shape concern symptom, as well as overall disordered eating, across pubertal 

development. A strength of twin moderation models is that all twins, irrespective of twin 

concordance/discordance on pubertal development, can be included in analyses. These 

models estimate: 1) path coefficients (i.e., a, c, and e) assessing the degree of genetic/

environmental influences at the lowest level of the moderator (i.e., pubertal development); 2) 

linear moderators (i.e., βX, βY, and βZ,) assessing whether genetic/environmental influences 

increase or decrease linearly across pubertal development; and 3) quadratic moderators (i.e., 

βX
2, βY

2, and βZ
2) assessing non-linear changes in genetic/environmental influences.
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We first fit the “full” moderation model that included all three sets of parameters (see Mx 

script in Supplemental Materials). We then directly tested our study hypotheses by 

comparing the fit of this model to one that constrained all linear and quadratic moderators to 

0 (i.e., no moderation: genetic and environmental influences do not significantly change 

across puberty). Since the no moderation model provided poor fit to the data for all of the 

scales examined (see below), we fit nested models that differentially constrained linear and 

non-linear moderators. Because of the large number of submodels that could be fit, we used 

parameter estimates from the full model to identify appropriate submodels in order to test 

theoretically relevant submodels without unduly increasing the number of tests. Given our 

use of the full model, both full and best-fitting models are presented in our results (see 

Tables 1 and 2).

All models were fit to the raw data using the full-information maximum-likelihood (FIML) 

option in Mx (Neale et al., 1999), which allowed for retention of any twin pairs that had 

missing data for one co-twin (n=1 to 7; 0.2%−1.5% of the total sample). Model fit 

comparisons were made 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. Akaike’s information criterion (AIC; Akaike, 1987), Bayesian 

information criterion (BIC; Raftery, 1995), sample-size adjusted BIC (SABIC; Sclove, 

1987), and deviance information criterion (DIC; Spiegelhalter et al., 2002) were also used to 

select the best fitting model, where models that minimized these scores were preferred. Prior 

to model-fitting, scores on the disordered eating subscales were standardized, and PDS 

scores were “floored” to zero to ease interpretation. Following previous recommendations 

(Purcell, 2002), unstandardized estimates are reported in figures, as they more accurately 

depict absolute differences in etiologic effects than standardized estimates that represent 

differences as proportions of the total variance. Nonetheless, we report standardized 

estimates in the text where appropriate, as these estimates allow for a direct comparison of 

our findings to previous twin studies.2

Results

Descriptive Analyses

Variability in MEBS and YEDE-Q scores was present for all scales across pre-early puberty 

and mid-late puberty (see Supplemental Table 1), and 3.9% of the sample scored above the 

clinical cut-off on the MEBS (total score ≥ 15.55; von Ranson et al., 2005). Consistent with 

past studies, (e.g., Culbert et al., 2009; Klump et al., 2003), higher mean scores were found 

in mid-late puberty (PDS score > 2.5; N= 333) than pre-early puberty (PDS score < 2.5; N= 

2Notably, twin moderation models rest on one important assumption – that the moderator (i.e., pubertal development) is genetically 
independent of the dependent variable (i.e., body dissatisfaction, weight preoccupation, weight/shape concerns, overall disordered 
eating). If there is not independence, then genetic mediation (i.e., termed gene-environment correlations or rGE) may be present and 
could “masquerade” as puberty effects. Consequently, we fit a series of “GxE in the presence of rGE” models that tested for genetic 
mediation and found that the parameter that tests for these effects (i.e., the moderation of the covariance path) could be constrained to 
0 (comparison with full model: for MEBS total score: χ2Δ(1) = .18, p = .67; body dissatisfaction: χ2Δ(1) = .02, p = .89; for weight/
shape concerns: χ2Δ(1) = .02, p = .90; and for weight preoccupation: χ2Δ(3) = 1.14, p =.29.
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593) for overall disordered eating (d=.30, p<.01), body dissatisfaction (d=.51, p<.01), 

weight/shape concerns (d=.47, p<.01), and weight preoccupation (d=.17, p=.01).

Twin Moderation Models

For all outcome variables, moderation models suggested pubertal differences in etiologic 

effects. The no moderation models provided a poor fit to the data when compared to the full 

model (i.e., significant chi-square change tests and larger AIC, BIC, SABIC and DIC values 

were present; see Table 2). Additional submodels were then fit to identify the specific types 

of moderation that were significant across development. Importantly, with one clear 

exception (i.e., weight preoccupation – see below), there appeared to be minimal non-linear 

moderation for any of the genetic, shared environmental, or nonshared environmental 

factors; thus, we also fit a model that constrained all non-linear moderators to 0 for each of 

the scales.

Similar to previous work (Culbert et al., 2009; Klump et al., 2007a, 2007b, 2012), the full 

model for MEBS total score showed mainly linear increases in genetic and non-shared 

environmental effects across pubertal development (see Figure 2). However, unlike previous 

work, there were minimal differences in shared environmental influences. Based on this full 

model, we fit a series of submodels that tested whether constraining the non-linear 

moderators and individually constraining the linear genetic, shared environmental, and non-

shared environmental influences improved model fit. As shown in Table 2, the model that 

constrained the linear shared environmental and non-shared environmental moderators (and 

all non-linear moderators) provided the best fit to the data. Unstandardized (see Figure 2) 

and standardized (see parentheses) estimates from the best fitting model showed significant 

linear increases in genetic effects (from 1% to 66%) across pubertal development and no 

differences in shared environmental (10–28%) and non-shared environmental (24–70%) 

influences3.

Findings for body dissatisfaction and weight/shape concerns showed a similar pattern of 

results with graphs of the full model indicating increases in genetic effects across pubertal 

development (see Figure 2). For both body dissatisfaction and weight/shape concerns, the 

best-fitting model constrained the linear shared environmental (and all non-linear 

moderators; see Table 2)4. Additionally, the best fitting model for weight/shape concerns 

constrained the nonlinear environmental moderation to zero. Unstandardized estimates (see 

Figure 2) and standardized estimates (in parentheses) from the best-fitting models showed 

significant linear increases in genetic effects from pre-puberty to post-puberty (body 

dissatisfaction: 1% to 50%; weight/shape concerns: 11% to 69%), and no difference in 

shared environmental influences (body dissatisfaction: 7–27%; weight/shape concerns 7–

3Percentages are not identical because they are standardized estimates that are proportional to the total variance.
4Notably, Figure 2 indicated that there might be some non-linear shared environmental moderation for body dissatisfaction, however 
the model constraining these non-linear effects (“Constrain AE nonlinear mods to 0”) produced larger BIC, SABIC, and DIC values as 
compared to the full model (see Table 1). Additionally, two fit indices (i.e., BIC and DIC) supported constraining linear shared 
environmental moderation for body dissatisfaction, while two other fit indices (i.e., AIC and SABIC) supported retaining linear shared 
environmental moderation (see “Constrain all nonlinear mods to 0” and “Constrain all nonlinear and linear C mods to 0” in Table 1). 
However, the linear shared environmental moderation estimate was non-significant when included in the full model. Thus, we selected 
the most parsimonious model for body dissatisfaction that constrained all non-linear and linear shared environmental moderators to 
zero as best-fitting.
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21%). Significant linear increases in non-shared environmental influences are shown across 

puberty for body dissatisfaction (despite the proportion of attributable variance decreasing 

for the standardized estimates: 72–74% to 43%), whereas no differences in non-shared 

environmental influences are shown for weight/shape concerns (24–68%).

A different pattern of effects was observed for weight preoccupation. The graph of the full 

model suggested small increases in genetic influences after mid-puberty, non-linear changes 

(increasing then decreasing) in shared environmental influences, and increases in non-shared 

environmental influences (see Figure 2). The best-fitting submodel constrained genetic 

moderators to zero (see Table 2 and Figure 2). Unstandardized estimates from the best fitting 

model (see Figure 2) and standardized estimates (in parentheses) showed significant shared 

environmental effects increasing (from 3% to 60%) until mid-puberty then decreasing (to 

30%) in late puberty. Non-shared environmental effects significantly decreased from early to 

mid-puberty (from 97% to 40%) then increased (to 70%) in late puberty.

Post-Hoc Analyses of Binge Eating

Prior studies have found significant pubertal effects on the heritability of binge eating, with 

dramatic increases across pubertal development that are similar to the differences in genetic 

effects described above (e.g., Klump et al., 2017a). Importantly, binge eating (measured with 

the MEBS binge eating score that assesses the tendency to think about or engage in binge 

eating symptoms) is moderately correlated with body dissatisfaction (r=.38, p<.001), weight/

shape concerns, (r=.51, p<.001), and weight preoccupation (r=.50, p<.001) in our sample. 

Consequently, we conducted post hoc analyses in which we re-fit the moderation models to 

the weight/shape concerns subscales after regressing out MEBS binge eating scores5 in 

order to confirm that pubertal differences in genetic effects on weight/shape concerns were 

not completely due to genetic effects on binge eating.

Graphical depictions of genetic effects from the full models (see Supplemental Figure 1) 

were largely similar to those obtained in initial analyses (see Figure 2). Genetic effects on 

body dissatisfaction and weight/shape concerns appeared to linearly increase from pre-

puberty to post-puberty (Supplemental Figure 1), although the magnitude of genetic effects 

was somewhat attenuated. Indeed, comparison of the model fit between submodels indicated 

that the no moderation model was best-fitting (see Supplemental Table 3). It is likely that the 

more attenuated differences in genetic (and other) effects across puberty (see Supplemental 

Figure 1) decreased our power to detect significant moderating effects. Full model results for 

the modified weight preoccupation scale showed some increases in genetic effects later in 

puberty (see Supplemental Figure 1) that were similar to those of the original weight 

preoccupation scale (see Figure 2). However, results also revealed a more complex and non-

linear pattern of genetic effects that is difficult to detect without larger sample sizes (i.e., the 

no moderation model was best-fitting for this scale as well- see Supplemental Table 3). 

Overall, these results suggest that the general pattern of pubertal moderation of genetic 

5Notably, we re-ran twin moderation models for the total score recalculated without binge eating items; however, given the lack of 
endorsement of compensatory behaviors, this recalculated total score largely reflects body dissatisfaction and weight preoccupation, 
which we provide models for separately herein.
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effects was similar across the scales with binge eating regressed out, although pubertal 

differences in genetic effects were somewhat attenuated.

As a final check on our results, we also re-fit the twin moderation models for binge eating 

(as conducted in Klump et al. (2017a)) after regressing out the weight/shape concern scores 

to ensure that pubertal differences in genetic effects on binge eating were independent of 

weight/shape concerns. We fit the same models as those included in the original paper (see 

Supplemental Table 3 and Klump et al. (2017a)) and found that in all cases, the same model 

that was best-fitting in the original paper was best-fitting with the weight/shape scales 

regressed out (see Supplemental Table 3). These best-fitting models indicated significant 

linear increases in genetic effects on binge eating from pre-puberty to post-puberty (see 

Supplemental Table 3; Supplemental Figure 1). Taken together, there appear to be unique 

(albeit, attenuated) pubertal moderation of genetic effects on weight/shape concerns that are 

independent of binge eating, and pubertal moderation of genetic effects on binge eating that 

are independent of weight/shape concerns.

Discussion

Results confirm that weight and shape concerns show etiologic differences across pubertal 

development. These data are the first to demonstrate that genetic effects on body 

dissatisfaction and weight/shape concerns increase during puberty, and since age was 

regressed out of weight/shape scores, our results highlight that puberty likely accounts for 

the age-related effects found in prior studies (Klump et al., 2000, 2010a; Wade et al., 2012). 

This pubertal emergence of genetic effects mimics effects found for overall disordered 

eating (in this study and past work: Culbert et al., 2009; Klump et al., 2007a, 2007b) and 

binge eating (e.g., Klump et al., 2017a). Post-hoc analyses revealed that genetic moderation 

underlying weight/shape concerns exist independently of binge eating, although effects were 

somewhat attenuated when controlling for binge eating.

Animal and human studies have highlighted the likely role of ovarian hormones during 

puberty for the genetic diathesis of binge eating (Klump et al., 2018; for reviews, see Culbert 

et al., 2018; Klump, 2013, Klump et al., 2017b). Specifically, genetic and hormonal changes 

during puberty have been linked to changes in basic appetitive or reward processes that may 

increase intake for palatable food. While these reward and appetitive processes are unlikely 

to be important for weight/shape concerns, hormones have wide-reaching effects, including 

effects on social/emotional processing that could drive pubertal effects for weight/shape 

concerns. Changes in social and affective processing begin around the onset of puberty 

(Crone & Dahl, 2012). Theoretically, it is possible that these pubertal changes in affective 

processing and heightened attention to social stimuli may make one more vulnerable to 

perceived pressure to be thin. In this case, genetic/hormonal changes driving changes in 

cognitive processing and attention could underlie the increased genetic influence across 

puberty observed in this study. Notably, the influence of ovarian hormones on social and 

affective processing may be more complicated than processes affecting reward and 

appetitive processes (see Crone & Dahl, 2012), which may explain the more attenuated and, 

in some cases, complicated nature (i.e., for weight preoccupation) of genetic influences 

across puberty after controlling for binge eating. Larger samples are needed to increase 

O’Connor et al. Page 9

J Psychiatr Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



power to detect these more complex effects. Moreover, longitudinal studies are needed that 

carefully parse out temporal ordering of binge eating and weight/shape concerns to examine 

the emergence of these concerns across time and better understand their phenotypic and 

genetic links across pubertal development.

Interestingly, unlike past studies that have demonstrated pubertal moderation of shared 

environment influences for overall disordered eating and binge eating (e.g., Klump et al., 

2017a), the present study generally did not detect significant differences in shared 

environmental influences across puberty. One exception were for weight preoccupation, for 

which significant pubertal moderation of both shared and non-shared environmental effects 

and negligible genetic influences were suggested. Larger samples are needed to clarify 

whether the general lack of pubertal moderation of shared environmental influences is due to 

low power, as graphs of the full model depict some shifts in shared environmental effects for 

nearly all measures.

The absence of genetic contributions to weight preoccupation during puberty was somewhat 

surprising. Prior studies have generally demonstrated significant genetic influences on 

weight preoccupation in females (e.g., heritability= 47%−66%; Klump et al., 2000, 2009; 

Spanos et al., 2010). However, while the best-fitting model constrained genetic influences 

across puberty to be zero, it is notable that the visual depiction of the raw data (see Full 

Model in Figure 2) was suggestive of possible increases in genetic influences in late/post-

puberty. Thus, genetic influences on weight preoccupation may become activated late in 

pubertal development. Large-scale developmental twin studies are needed to test this 

hypothesis.

Indeed, future research is needed to understand the differences in etiologic patterns for 

weight preoccupation compared to weight/shape concerns and body dissatisfaction. 

Evaluation of item content on the various subscales suggests that weight/shape concerns and 

body dissatisfaction assesses the extent to which an individual is distressed or impacted by 

their weight/shape concerns or view their bodies as unacceptable, whereas the weight 

preoccupation subscale assesses the extent to which an individual thinks about weight or 

weight loss. Further exploration is needed to understand how differences in these subscales 

may map on to the observed differences in etiologic effects.

Before ending, we should note a few limitations. We used a community sample of twins and 

thus, it is unclear whether results generalize to clinical populations. However, weight and 

shape concerns are both symptoms of, and precursors to, clinical eating disorders (Killen et 

al., 1996; Stice & Shaw, 2002), and recent data suggest that disordered eating exists on a 

continuum with eating disorders (Luo et al., 2016). Although additional studies are needed, 

our results may generalize across the spectrum of eating pathology. We used a cross-

sectional design and thus, longitudinal studies are needed to confirm that differences in 

genetic influence observed across pubertal development occur within the same sample 

assessed repeatedly across pubertal development. Finally, we only examined female twins, 

and past studies suggest sex differences in etiologic shifts for overall levels of eating 

pathology across pubertal development (see Culbert et al., 2018). These past studies suggest 

that earlier developmental periods may be important for males (i.e., adrenarche) and 

O’Connor et al. Page 10

J Psychiatr Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



consequently, it will be critical for future work to examine the full range of pubertal 

development (i.e., adrenarche and gonadarche) to comprehensively examine sex differences 

in effects.

Despite these limitations, our study had many strengths (e.g., large sample size, examination 

of a range of body weight/shape concerns) that allowed us to comprehensively examine 

differences in etiologic factors across pubertal development in girls. Our findings confirm 

that puberty is a critical developmental period for etiologic shifts in risk for the weight/shape 

concerns that are central to eating disorders. These etiologic shifts appear to occur even 

when controlling for binge eating (albeit, attenuated, as demonstrated by smaller increases in 

genetic effects across puberty). Studies focused on identifying the factors contributing to 

these shifts (e.g., changes in social and affective processing) are needed to build 

comprehensive models of pubertal risk. Although more work is needed before these findings 

can directly inform prevention or intervention efforts, our findings add to the growing 

recognition (e.g., Ciao et al., 2014) that these efforts should be aimed at girls across the 

developmental spectrum (i.e., pre-puberty, puberty, young adulthood) in order to directly 

address the range and shifting nature of etiologic risk factors for eating disorders for 

females.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Path Diagram for the Full Moderation Model and Extended Moderation Model for 
One Twin Only.
Abbreviations include: Pub = puberty; A = additive genetic effects; C = shared 

environmental effects; E = non-shared environmental effects; M1 and M2 =moderator for 

twin 1 and twin 2, respectively; βM = phenotypic regression coefficient; a, c, and e = paths 

or intercepts; βX, βY, βZ = linear moderators; βX
2, βY

2, βZ
2 = quadratic moderators. The 

model is depicted for only one twin, but parameters are fit separately for MZ and DZ twins.
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Figure 2. Unstandardized Estimates of Additive Genetic (a), Shared Environmental (c), and 
Nonshared Environmental (e) Effects from the Full and Best-Fitting Models for Total Score, 
Body Dissatisfaction, Weight/Shape Concerns, and Weight Preoccupation.
Although log-transformed PDS scores that were floored to 0 were used in all models (see 

Methods), raw PDS scores are depicted here for ease of interpretation.
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