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Abstract

Objective: Understanding the role of premorbid body mass index (BMI) in

the emergence of eating disorders may be key to identifying effective preven-

tion strategies. We explore relations between BMI and eating disorders traits

in young twins.

Method: The effect of BMI at age 9/12 and 15 on eating disorder traits mea-

sured using the Eating Disorders Inventory‐2 (EDI) at ages 15 and 18 was

examined using bivariate modelling in a longitudinal population sample of

Swedish twins.

Results: The correlation between BMI and EDI within individuals was stable

across all ages and remained significant after adjusting for later BMI. Bivariate

analysis indicated significant positive genetic correlations between BMI ages 9/

12 and 15 and subsequent EDI scores. The relationship remained significant

for BMI age 9/12 and EDI age 15 in the adjusted model, indicating a longitudi-

nal association.

Conclusion: Our results have implications for conceptualizing the interrela-

tion of BMI and eating disorders across childhood and adolescence.
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1 | INTRODUCTION

Several lines of evidence underscore the importance of
elucidating the etiological relation between eating disor-
der traits and body mass index (BMI). Results from a
genome‐wide association study (GWAS) revealed signifi-
cant negative single nucleotide polymorphism (SNP)‐
based genetic correlations between anorexia nervosa
and BMI: Many of the same alleles influence these traits
but act in opposing directions (Duncan et al., 2017). Addi-
tionally, data from the Avon Longitudinal Study of Par-
ents and Children showed that early divergence from
BMI‐based growth trajectories predicted later onset of
nlinelibrary.com/journal/erv
eating disorders—divergence below the norm was associ-
ated with later anorexia nervosa, and divergence above
the norm was associated with later bulimia nervosa,
purging disorder, and binge‐eating disorder (Yilmaz,
Gottfredson, Zerwas, Bulik, & Micali, 2017). Low weight
and dieting have also predicted subthreshold anorexia
nervosa in an adult female population (Stice, Gau, Rohde,
& Shaw, 2017). However, other studies report that ele-
vated premorbid BMI (Berkowitz et al., 2016) and larger
childhood body size (Li, Eriksson, He, Hall, & Czene,
2017) increased risk for anorexia nervosa. To further our
understanding of the role that premorbid BMI plays in
the emergence of eating disorders, we explored the
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developmental association between childhood BMI and
later eating disorder traits in adolescence (as measured
by the Eating Disorder Inventory‐2, [EDI; Garner,
1991]) in a longitudinal twin sample. Twin designs allow
us to explore not only the potential association but also
the extent to which the association is due to common
genetic and/or environmental factors. Understanding
the nature of the relationship (e.g., a large genetic compo-
nent could indicate common biological underpinnings,
whereas a large environmental component could reflect
a learned behavior or experienced condition) will inform
future research and eventual prevention and treatment
efforts.

Eating disorder traits are heritable and twin‐based
estimates of the heritability of EDI total and subscale
scores range from 16% to 67% for females and 0% to
47% for males (Baker et al., 2009; Baker, Thornton, Bulik,
Kendler, & Lichtenstein, 2012; Keski‐Rahkonen et al.,
2005; Klump et al., 2012; Klump, McGue, & Iacono,
2000; Rojo‐Moreno et al., 2017); the broad ranges likely
reflect sample differences including demographic factors
such as age and country of origin. Genetic effects on
EDI scores become more predominant across childhood
in females, specifically in the transition from early to
mid‐adolescence (Klump, Burt, McGue, & Iacono, 2007).
This increase in genetic risk has been hypothesized to
be moderated by pubertal development and increasing
production of ovarian hormones such as estradiol in
females (Klump, Keel, Sisk, & Burt, 2010; Klump,
McGue, & Iacono, 2003).

SNP‐based heritability estimates of BMI have been
estimated to be ~31% (Wills, Evans, & Hopfer, 2017), with
twin‐based heritability estimates ranging from 47% to 90%
(Elks et al., 2012). Moreover, GWAS of obesity has identi-
fied 112 BMI‐associated loci (Akiyama et al., 2017). Like
eating disorder traits, genetic factors influencing BMI
become more prominent from middle childhood to adult-
hood (Elks et al., 2012).

Previous research investigating the relation between
BMI and eating disorder traits has yielded inconsistent
results. Both children with higher BMIs compared with
peers and children who are overweight or obese are at
greater risk of developing eating disorders and eating dis-
order symptoms (Berkowitz et al., 2016; Swenne, 2001;
Tanofsky‐Kraff et al., 2004; Wade et al., 2014). However,
not all research concurs; other studies report no associa-
tion with either premorbid underweight or overweight
in relation to later eating disorders (Gardner, Stark,
Friedman, & Jackson, 2000; Nicholls & Viner, 2009).

To clarify this relationship, we used longitudinal data
from the Child and Adolescent Twin Study in Sweden
(CATSS), which is part of the Swedish Twin Registry
(Anckarsäter et al., 2012). Specifically, we explored the
relation between BMI and the emergence of eating disor-
der traits as measured by three subscales of the EDI at
ages 15 and 18, in both females and males. We hypothe-
sized that childhood BMI would be significantly associ-
ated with later eating disorder symptoms. As previous
research has found differences in genetic contribution
between females and males during adolescence, we fur-
ther hypothesized that estimates would differ by sex. By
comparing the similarity between monozygotic (MZ) twin
pairs with that of dizygotic (DZ) twin pairs, we estimated
the genetic and environmental contributions to BMI and
to the EDI variables. We conducted bivariate twin model-
ling, which expands the basic twin model and provides
estimates of twin‐based genetic and environmental corre-
lations between BMI and EDI scores. These correlations
estimate the extent to which genetic and environmental
contributions to liability to the traits are shared and
change during the transition from adolescence into young
adulthood.
2 | MATERIALS AND METHODS

2.1 | Sample

CATSS is an ongoing, longitudinal, population‐based
study targeting all twins born in Sweden since July 1,
1992. Detailed information about recruitment and data
collection has been described (Anckarsäter et al., 2012).
In this present study, we used data from the parental tele-
phone interview at age 9 or 12 and follow‐up web‐based
questionnaires at ages 15 and 18. During the first 3 years
of the study, parents of 12‐year‐old twins (born July 1992
to June 1995) and 9‐year‐old twins (born July 1995 and
onwards) were invited to participate in parallel. After
the initial 3 years, baseline recruitment was restricted to
9‐year‐old twins and the total baseline sample consists
of approximately 80% 9‐year olds. All participants gave
informed consent before enrollment, parents gave
informed consent before the telephone interview, and
twins before the follow‐up was conducted. We included
all twins answering the EDI questions at age 15 or 18
and/or had recorded height and weight at any of the
three ages. Response rate at baseline was approximately
80% and at follow‐up approximately 60–70%. CATSS has
been approved by the Regional Ethical Review Board in
Stockholm, Sweden.
2.1.1 | Zygosity determination

Zygosity was determined by a panel of 48 SNPs when
DNA was available and otherwise by an algorithm based
on five questions on twin similarity derived from pairs
with known zygosity (Magnusson et al., 2013).
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2.2 | Measures

2.2.1 | Eating Disorders Inventory‐2

Eating disorder traits are measured using the Drive for
Thinness (DT), Bulimia (B), and Body Dissatisfaction
(BD) subscales of the EDI (Garner, 1991). The DT mea-
sures excessive concern with dieting, preoccupation with
weight, and fear of gaining weight; B measures binge eat-
ing and purging episodes; and BD measures dissatisfac-
tion with one's physical appearance. We computed the
three subscale scores1 and the total score (the sum of
DT, B, and BD subscales). To capture the full range of eat-
ing disorder traits and allow for greater variance in the
EDI subscales for this population‐based sample, we used
the full 6‐point response scale for each item and then
summed the respective items for each subscale. Thus,
the highest possible scores were DT = 42, B = 42, and
BD = 48. We investigated the association between BMI
and total EDI score; EDI monotonically increased as
BMI increased for all ages, not suggesting a J‐ or U‐
shaped relationship (data not shown).
2.2.2 | Body mass index

BMI (weight [kg]/height squared [m2]) was calculated for
all participants based on parental‐reported height and
weight at age 9/12 and by self‐reported height and weight
at ages 15 and 18.
2.3 | Statistical analysis

Means and standard deviations were calculated for the
EDI total score and subscales and for BMI for the total
sample and by sex.

We calculated within‐trait correlations in MZ and DZ
twins separately by sex and for opposite‐sex DZ twins. We
estimated the within‐individual phenotypic correlations
between BMI at ages 9/12 and 15 and EDI score at ages
15 and 18. We calculated intraclass correlations, that is,
the correlation between BMI at one age in Twin 1 and
EDI at a later age in Twin 2 and vice versa. A greater
intraclass correlation in MZ than DZ twins suggests that
the phenotypic correlation between the two traits can at
least partly be explained by a common genetic
component.

The analyses are based on standard assumptions of
twin modelling. Namely, MZ twins share essentially
100% of their segregating alleles, whereas DZ twins share
on average 50%, and MZ and DZ twins share their
1In the data collection of CATSS at ages 15 and 18, one item from the
BD subscale is missing (I like the shape of my buttocks); however, the
reverse item (I think my buttocks are too large) is included.
environment to an equal extent. This enables decomposi-
tion of the variance in a phenotype and the covariance
between phenotypes into additive genetic (A), shared
environmental (C), and nonshared environmental com-
ponents (including measurement error: E). Thus, MZ
twins have a correlation of 1.0 for both A and C and no
correlation for E. DZ twins have a correlation of 0.5 for
A, 1.0 for C, and no correlation for E (Plomin, DeFries,
Knopik, & Neiderhiser, 2012).
2.3.1 | Bivariate model

We performed bivariate analyses to estimate the relative
contribution of genetic and environmental factors to the
covariance between BMI age 9/12 and EDI age 15
(Model 1), BMI age 9/12 and EDI age 18 (Model 2),
and BMI age 15 and EDI age 18 (Model 3). We repeated
this for all EDI subscales separately. We estimated the
additive genetic, shared environmental, and nonshared
environmental correlations. An additive genetic correla-
tion is the proportion of variance that two traits share
due to genetic factors; a value of 1.0 indicates 100% over-
lap between the additive genetic components in each of
the phenotypes. Shared and nonshared environmental
correlations are similarly defined. Additionally, bivariate
heritability was estimated. Specifically, bivariate herita-
bility reflects the fraction of the phenotypic correlation
(the observable association between two traits) explained
by genetic factors: It is a function of the heritabilities of
the two traits and their genetic correlation. As previous
reports of sex differences for both BMI and EDI exist,
we allowed for quantitative and qualitative sex differ-
ences in our models. Quantitative differences occur
when the influence of genetic or environmental factors
on the phenotype differs in magnitude between sexes.
This is modelled by allowing estimates of A, C, and E
to be different in females and males. Qualitative differ-
ences arise when the genetic effect on a phenotype is
different between sexes. We accounted for such differ-
ences by estimating the fraction of the A correlation
between females and males in opposite‐sexed pairs, com-
pared with same‐sexed pairs, varying from 0 to 1 (Neale,
Roysamb, & Jacobson, 2006). To not introduce bias and
to be able to compare estimates between models and
time points, we fit full bivariate models (Sullivan &
Eaves, 2002).

To control for the correlated nature of BMI at differ-
ent ages, we repeated the analysis including BMI as a
covariate in the models. In the models, we adjusted EDI
for BMI measured contemporaneously, adjusting EDI
age 15 for BMI age 15 in Model 1 and EDI age 18 for
BMI age 18 in Models 2 and 3.



TABLE 2 Twin, intraclass, and phenotypic correlations for BMI

and EDI measures

MZf DZf MZm DZm DZos
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All analyses were conducted using R version 3.2.2
software and statistical package OpenMx 2.7.11 (Neale
et al., 2016).
N 3,163 3,375 3,064 3,725 7,089

Twin correlations

BMI 9/12 0.87 0.53 0.88 0.52 0.49

BMI 15 0.82 0.45 0.82 0.38 0.22

BMI 18 0.74 0.53 0.76 0.41 0.28

EDI 15 0.65 0.33 0.54 0.19 0.17

EDI 18 0.63 0.35 0.48 0.17 0.22

Intraclass correlations

BMI 9/12–EDI 15 0.32 0.11 0.27 −0.01 0.09

BMI 9/12–EDI 18 0.31 0.18 0.22 0.08 0.08

BMI 15–EDI 18 0.33 0.20 0.20 0.07 0.09
3 | RESULTS

3.1 | Descriptive statistics

Table 1 presents means and standard deviations for BMI
at all three ages for the total population and for females
and males, separately. Table 1 also presents EDI total
and subscale scores at ages 15 and 18 for the total popu-
lation and by sex. As expected, females scored higher
than males for total EDI and all subscales at both ages.
All means increased significantly between ages 15 and
18, for both sexes (all P values < 0.01).
Note. BMI: body mass index; EDI: Eating Disorders Inventory‐2; MZf: mono-
zygotic female twin pairs; DZf: dizygotic female twin pairs; MZm: monozy-
gotic male twin pairs; DZm: dizygotic male twin pairs; DZos: dizygotic

opposite sex twin pairs.
3.2 | Twin correlations

Twin correlations for BMI at all ages and for EDI ages 15
and 18 are presented in Table 2. MZ correlations for all
measures are higher than DZ correlations suggesting
genetic effects for both BMI and EDI scores. The pheno-
typic correlations were longitudinally stable across age
and sex, ranging from 0.31 to 0.33 for females and 0.26
to 0.29 for males. Furthermore, the higher intraclass cor-
relations for MZ compared with DZ twins suggests that
the overlap between BMI and EDI is influenced by
genetic factors.
3.3 | Bivariate model—Unadjusted for
BMI

Results from the full bivariate models including BMI and
EDI total score at different ages are presented in
Table 3A–C. For BMI, the majority of the variance was
explained by additive genetic factors for females and
males at both age 9/12 and 15. For both sexes, the
TABLE 1 Means (SD) for BMI and EDI full score and subscale score

9/12 years 15 years

All Female Male All Fem

N 26,400 12,904 13,496 9,372 5,148

BMI 16.97 (2.52) 16.95 (2.60) 16.98 (2.43) 20.51 (2.76) 20.46

EDI total — — — 46.74 (17.21) 53.27

DT — — — 15.03 (7.00) 17.61

BD — — — 21.00 (9.09) 24.38

B — — — 10.81 (4.09) 11.41

Note. BMI: body mass index (kg/m2); EDI: Eating Disorders Inventory‐2; DT: dri
proportion of variance explained by additive genetic fac-
tors increased between ages 9/12 and 15 and the variance
explained by shared environmental factors decreased.
The variance explained by the nonshared environmental
component increased slightly for both females and males
between ages 9/12 and 15.

For the EDI total score, estimates of variance explained
by additive genetic factors were higher for females than for
males at both ages 9/12 and 15. At age 15 (Table 3A), the
contribution of additive genetic factors and nonshared envi-
ronmental factors were estimated to be 66% and 34% in
females and 57% and 43% in males. At age 18 (Tables 3B
and 3C), the contribution of additive genetic factors
decreased for both females and males compared with age
15; however, the confidence intervals overlapped. The
shared environment contribution was estimated to be near
0% in all models at both age 15 and 18.
s for the total population and by sex

18 years

ale Male All Female Male

4,224 7,230 4,157 3,073

(2.72) 20.58 (2.72) 21.95 (3.15) 21.63 (3.16) 22.38 (3.10)

(18.19) 38.72 (11.69) 51.89 (19.16) 58.90 (19.72) 42.20 (13.24)

(7.73) 11.90 (4.23) 16.32 (7.85) 19.27 (8.22) 12.32 (5.09)

(9.10) 16.81 (7.11) 23.16 (9.07) 26.34 (8.93) 18.77 (7.24)

(4.40) 10.08 (3.53) 12.44 (5.19) 13.33 (5.67) 11.20 (4.14)

ve for thinness; BD: body dissatisfaction; B: bulimia.
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The genetic correlation between BMI age 9/12 and
EDI at age 15 in Model 1 was estimated to be 0.48 for
females and 0.43 for males (Table 3A), and the bivariate
heritability was estimated to be 1.00 for females and
0.98 for males in Model 1. These results indicate that
there is considerable but not complete overlap in genetic
factors that contribute to the liability to these two traits
and that the genetic factors almost entirely account for
the observed phenotypic correlation. In males, the genetic
correlations between BMI age 9/12 and EDI age 15 in
Model 1 and between BMI age 9/12 and EDI age 18 in
Model 2 (Table 3B) were similar. For females in Model
2, the genetic correlation was lower between BMI age 9/
12 and EDI age 18 than it was in Model 1; however, con-
fidence intervals overlapped. In Model 2, the bivariate
heritability was estimated to be 0.99 for males and 0.61
for females. For females, the overlap of genetic factors
between BMI age 9/12 and EDI age 18 was than less than
that observed in Model 1. Both genetic and environmen-
tal factors that are shared by BMI age 9/12 and EDI age
18 contribute to the phenotypic correlation. The genetic
correlation between BMI age 15 and EDI age 18 in Model
3 (Table 3C) was similar between females and males, esti-
mated to be 0.38 and 0.36, respectively. In this model, the
bivariate heritability was lower for males but higher for
females, compared with Model 2; however, all confidence
intervals were overlapping. The results for Model 3 indi-
cate that BMI age 15 and EDI age 18 share considerable
genetic factors in both males and females and the shared
genetic factors account for most of the association
between these two traits.
3.4 | Bivariate model—Adjusted for BMI

Tables 3A–3C also present the estimates for the models
when EDI is adjusted for contemporaneous BMI. In all
models, adjusting for BMI led to reductions in estimates
of both phenotypic correlations and genetic correlations.
The estimates for the phenotypic correlations between
BMI and EDI were, however, still positive and significant
in all models. Thus, in Model 1 (Table 3A), some of the
observed correlation between BMI age 9/12 and EDI
age 15 was explained by the association between BMI
age 15 and EDI age 15 and by the association between
BMI at the two ages. However, a significant genetic cor-
relation between the two traits remained in this model.
Note that in the adjusted model, the bivariate heritability
exceeded 1. This is because the estimates are expressed in
proportions and sum to 1: Since the bivariate shared
environmental effect was negatively associated with
BMI, the bivariate heritability is outside of the range 0
and 1. In this case, the bivariate heritability should be
interpreted as explaining a very large proportion of the
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phenotypic correlation. In Model 2 (Table 3B), including
BMI age 9/12 and EDI age 18 and adjusting for BMI age
18, the pattern was similar; however, the genetic correla-
tion in the adjusted model was only still significant in
males. In the third model (Table 3C), the genetic correla-
tion decreased to 0.08 for both females and males and
became nonsignificant.

The results for the DT and the BD subscales follow a
similar pattern to the EDI total score. For the B subscale,
the phenotypic correlations with BMI were all very low.
Results for all three subscales are presented in
Tables S1–S3.
4 | DISCUSSION

In this population‐based longitudinal twin study, we
observed significant positive phenotypic correlations
between BMI and eating disorder traits measured by the
EDI at all ages. When controlling for later BMI, the phe-
notypic correlations, although slightly lower, remained
significant in all models. We also found significant posi-
tive genetic correlations between BMI at younger ages
and EDI scores in later adolescence. The genetic correla-
tion between BMI age 9/12 and EDI age 15 remained sig-
nificant after controlling for BMI at age 15. These results
add to our understanding of common etiological path-
ways between BMI and eating disorders traits by
highlighting a common genetic effect (i.e., significant
genetic correlations) between these two traits in a longi-
tudinal model, which suggests that some of the same
genetic factors play a causal role for both BMI and eating
disorder traits. That is, elevated, premorbid BMI may be a
risk factor for later disordered eating.

Klump et al. investigated the overlap between BMI in
childhood and eating disorder traits in adolescence, on a
smaller, female‐only, twin sample (Klump, McGue, &
Iacono, 2000). They reported a positive association
between higher BMI and higher EDI scores. Our study
supports and extends those findings in two ways. First,
we report on a much larger sample that is both popula-
tion based and longitudinal, allowing us to detect associ-
ations that previous research has not been adequately
powered to detect. Longitudinal measures increase the
ability to isolate effects that BMI has on eating disorder
traits in different phases of the transition from childhood
through adolescence. Second, our sample contains both
females and males, enabling a deeper understanding of
sex differences in the developmental course of eating dis-
orders traits. Previous research suggests that there are dif-
ferences in genetic and environmental contributions for
eating disorders traits between females and males (Baker
et al., 2009; Klump et al., 2012; Rojo‐Moreno et al., 2017).
This study clarifies those findings by elucidating the role
of childhood and adolescent BMI in the observed
associations.

The longitudinal design allowed us to control for BMI
measured contemporaneously with EDI, ensuring that we
are observing correlations between earlier BMI and later
eating disorder traits, not simply the effect of the high
correlation of BMI with itself over time. In the typical
developmental course of female eating disorders, symp-
toms usually arise in adolescence (Herpertz‐Dahlmann
et al., 2015; Micali et al., 2015; Micali, Ploubidis, De
Stavola, Simonoff, & Treasure, 2014) and during the same
period, most adolescents experience physical and emo-
tional changes (Chulani & Gordon, 2014). Previous twin
studies have explored, for example, timing of menstrua-
tion, pubertal development, and female hormonal levels
in relation to eating disorder traits (Baker, Thornton,
Bulik, Kendler, & Lichtenstein, 2012; Klump, 2013;
Klump et al., 2012; Klump, Keel, Sisk, & Burt, 2010).
Our results reveal that even after adjusting for BMI, phe-
notypic correlations in all models remain significant,
indicating a longitudinal, stable association between
BMI and eating disorder traits. Previous studies that did
not account for the effect of BMI may have overestimated
the magnitude of the observed associations between
puberty and eating disorder traits.

The subscales DT and BD follow the pattern of results
for EDI total scale in both sexes. However, in the B sub-
scale, the average score was lower than the two other
scales and the phenotypic correlations with BMI were
close to zero. This is not surprising; in a population sam-
ple, few individuals are expected to endorse bulimic
behaviours. Other studies in similar settings have found
comparable results (Baker et al., 2009).

These results are also consistent with the recent
molecular genetic studies evaluating the association
among eating disorders and BMI on a genetic level (Dun-
can et al., 2017). Also, the studies reporting that high
childhood BMI is associated with risk for eating disor-
ders, including anorexia nervosa, bulimia nervosa, and
binge‐eating disorder, map well onto our findings
(Berkowitz et al., 2016; Swenne, 2001; Yilmaz,
Gottfredson, Zerwas, Bulik, & Micali, 2017). Although
we did not examine clinically diagnosed disorders, our
results nonetheless contribute to increased knowledge as
these differences have been observed between BMI and
threshold eating disorders.

It should be noted that these analyses do not identify
specific liability factors that these traits have in common.
Thus, we are unable to determine who may be most vul-
nerable to the development of disordered eating. How-
ever, the substantial genetic correlations and the high
bivariate heritabilites observed encourage next scientific



8 WIKLUND ET AL.
steps to identify specific genetic regions and biological
pathways that are shared between the traits during the
developmental period of adolescence. The increasing
specificity that such approaches afford, together with
BMI trends, has the potential to assist with prediction
and early intervention to mitigate adverse outcomes.
4.1 | Limitations

Limitations should be considered. Previous research on
the EDI has found individuals with bulimia nervosa score
higher than individuals with anorexia nervosa. Those
with anorexia nervosa may underestimate or be unable
to acknowledge symptoms, experiencing them as more
ego syntonic (Nevonen & Broberg, 2001). This would
mean that we preferentially capture certain aspects of eat-
ing disorder traits.

Further, the missing item from the total score and BD
subscale could render our means slightly lower than
other studies. Nevertheless, the items in the scale are
highly correlated; we therefore expect results to be similar
to those from BD subscales without the missing item. The
total and subscale scores agree well with previously seen
numbers in Sweden, for both females and males (Baker
et al., 2009).

The BMI scores are based on parental‐reported or
self‐reported data. However, studies have found that
self‐reported height and weight show high validity
compared with objectively measured estimates for
Swedish adolescents (Ekström, Kull, Nilsson, &
Bergström, 2015).

Finally, we evaluated eating disorder traits assessed
by the EDI, rather than clinical diagnosis of eating disor-
ders—which have low population prevalence. Therefore,
how our results generalize to individuals with threshold
eating disorders is unknown.

In conclusion, we studied a large, longitudinal, pop-
ulation‐based twin cohort to explore the relationship
between child and adolescent BMI and later eating dis-
order traits. The results revealed significant, longitudinal
phenotypic correlations in all models, which remained
after adjusting for contemporaneously measured BMI.
We observed significant genetic correlations between
BMI and EDI total score at all ages. These results
inform our conceptualization of the relationship
between BMI and eating disorders across childhood
and adolescence. Future studies should explicate specific
commonalities in genetic contributions that influence
both BMI and eating disorder traits during the develop-
mental period of adolescence using both twin and
molecular genetic designs to identify specific biological
liability factors.
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