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Abstract

Obijective: To examine whether childhood body mass index (BMI) trajectories are prospectively
associated with later eating disorder (ED) diagnoses.

Method: Using a subsample from the Avon Longitudinal Study of Parents and Children (N =
1,502), random-coefficient growth models were used to compare premorbid BMI trajectories of
individuals who later developed anorexia nervosa (n = 243), bulimia nervosa (n = 69), binge-eating
disorder (n = 114), and purging disorder (n = 133) and a control group without EDs or ED
symptoms (n = 966). BMI was tracked longitudinally from birth to 12.5 years of age and EDs
were assessed at 14, 16, and 18 years of age.

Results: Distinct developmental trajectories emerged for EDs at a young age. The average
growth trajectory for individuals with later anorexia nervosa veered significantly below that of the
control group before 4 years of age for girls and 2 years for boys. BMI trajectories were higher
than the control trajectory for all other ED groups. Specifically, the mean bulimia nervosa
trajectory veered significantly above that of controls at 2 years for girls, but boys with later
bulimia nervosa did not exhibit higher BMIs. The mean binge-eating disorder and purging disorder
trajectories significantly diverged from the control trajectory at no older than 6 years for girls and
boys.
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Conclusion: Premorbid metabolic factors and weight could be relevant to the etiology of ED. In
anorexia nervosa, premorbid low weight could represent a key biological risk factor or early
manifestation of an emerging disease process. Observing children whose BMI trajectories
persistently and significantly deviate from age norms for signs and symptoms of ED could assist
the identification of high-risk individuals.

Keywords

Avon Longitudinal Study of Parents and Children (ALSPAC); eating disorders; premorbid body
mass index; development; prospective

Appetite and weight dysregulation are hallmark trans-diagnostic features of eating disorders
(EDs). Body mass index (BMI) plays a key role in the differential diagnosis and course of
illness. Low BMI is a central diagnostic feature of anorexia nervosa (AN), a key marker of
illness severity and prognosis, and a nosologic feature that distinguishes AN from other
EDs.12 Individuals with AN who later develop bulimia nervosa (BN) have a higher illness-
related BMI than individuals with AN restricting subtype.3 In contrast, patients with binge-
eating disorder (BED) often present with BMIs in the overweight/obese range.*

Despite its definitional role in ED diagnoses, studies examining whether child and
adolescent BMI predicts later ED have yielded conflicting results. Prospective longitudinal
studies have suggested that high BMI in early adolescence increases later risk for
dysfunctional eating attitudes.>” In some studies, premorbid childhood and adolescent
overweight and obesity were associated with adult BN and BED8-1% and more common in
individuals with BN than with AN.11.12 However, other studies have failed to demonstrate
an association between premorbid BMI and later BN and BED.13-15 Premorbid BMI also
can vary by diagnosis: in contrast to BN and BED, /ow BMI in adolescent girls and young
adults can predict later AN in adulthood.13:14 However, it is unclear whether low BMI in
these girls represents existing undetected subthreshold AN or whether low BMI is a risk
factor that predates disorder onset.

Because of the higher female prevalence of EDs, most research studies on premorbid BMI
were conducted using data from female participants. Although some evidence suggests
higher premorbid and prepubertal BMIs for boys with EDs (especially for AN or atypical
AN) compared with girls,16-18 whether there are notable sex differences in the premorbid
BMIs of patients with an ED remains unclear.19

Our overarching goal was to examine whether child-hood BMI trajectories represent a
prospective risk factor for the development of 4 EDs. We described premorbid BMI
trajectories (from birth through 12.5 years of age) in individuals who later developed AN,
BN, BED, and purging disorder (PD; presence of recurrent compensatory behaviors such as
vomiting without binge-eating episodes). We compared these trajectories with the BMI
trajectories of individuals with no ED or ED symptoms (ie, control group). Examining
developmental trajectories of BMI has advantages over previous research measuring child or
adolescent BMI at only 1 time point. First, doing so allows us to characterize the
developmental progression of BMI by age relative to ED status. Second, the method allows
us to identify whether and at which time point trajectories diverge across disorders.
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HYPOTHESES

METHOD

Participants

Measures

Using data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a large
prospective longitudinal cohort, we used random coefficient models to describe BMI
trajectories for individuals with AN, BN, BED, PD, or no ED. We hypothesized that
adolescents who developed AN would have a consistently lower BMI trajectory curve
throughout child-hood compared with adolescents who developed BN, BED, or PD or
unaffected adolescents, controlling for sociodemographic variables (sex and parental social
class).

The ALSPAC is a longitudinal, population-based, prospective study of women and their
children. All pregnant women living in the geographic area of Avon, United Kingdom who
expected to deliver from April 1, 1991 to December 31, 1992 were invited to participate in
the study. All participating women gave informed and written consent. The ALSPAC is
representative of the geographic area of Avon and is broadly nationally representative,
although ethnic minorities are under-represented.2’ The ALSPAC website contains details of
all the data that are available through a fully searchable data dictionary (http://
www.bris.ac.uk/alspac/researchers/data-access/data-dictionary). A total of 14,541
pregnancies were enrolled, resulting in 14,062 live births and 13,617 singleton children who
were alive at 1 year of age.2 An additional 713 children enrolled in the cohort at 7 years are
not included in these analyses because of missing data by design (ie, child BMI in early
life).20 Our analytic sample included 1,502 individuals with at least 1 BMI measurement
from birth to 12.5 years who could be confidently coded as having an ED diagnosis at 14,
16, or 18 years or as having no diagnosis or risk symptoms at any of these ages. Specifically,
4,037 participants with no diagnosed ED but who exhibited only ED behaviors or cognitions
(such as binge eating, restrictive eating, or purging less than once a month, or high weight
and shape concern in the absence of ED behaviors) or met criteria for another specified
feeding and eating disorder (apart from PD) at any time point were excluded from the
analyses.

Of the 1,502 individuals included in our study, 58% were girls and 97% were white. Average
maternal age at birth was 29.73 years (standard deviation 4.51) and mean maternal BMI
before pregnancy was 22.37 kg/m? (standard deviation 3.32). The 1,502 children in the
sample presented for an average of 5.98 waves (standard deviation 2.42, range 1-12) of BMI
longitudinal follow-up before 12.5 years, resulting in 8,980 longitudinal BMI observations.
We restricted BMI observations to 12.5 years of age to ensure that data on BMI preceded
any ED assessment (Table 1).

Body Mass Index.—Child and adolescent BMI (weight in kilograms/[height in
centimeters/100]2) was obtained from weight and height collected from questionnaires sent
to mothers on average every year and face-to-face assessments (carried out on average every
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2 years). The correlation between directly measured height and weight and maternal report
was 0.91.21 We used measured BMI for trajectory analyses. Because all analyses were
conducted by sex and comparisons across participants were made at discrete time points
when they were all the same age, we did not further standardize BMI measures (ie, z-scores
or BMI percentiles).

ED Status.—ED assessments were conducted at 14, 16, and 18 years. ED diagnoses were
obtained using DSM-5 criteria as presented in Table 2.2 We used self-reported ED
behaviors for the 12 months before each data collection point, collected from questions
adapted from the Youth Risk Behavior Surveillance System questionnaire previously
validated in a population-based sample of adolescents.22:23 Weight and shape concern were
ascertained using 3 questions from the McKnight Risk Factor Survey to derive a
dichotomous variable.2425 Parental report of fear of fatness and restrictive eating obtained
using the Development and Wellbeing Assessment26:27 was used to supplement self-reported
fear of fatness and restrictive eating when diagnosing AN, given evidence that young people
often deny AN symptoms and that the use of parental report can overcome this.28

Participants were categorized as meeting criteria for an ED diagnosis if they met criteria for
ED at 14, 16, or 18 years. Participants with no ED diagnoses and no ED behaviors at any
assessment were categorized as having no ED. Table 1 presents ED frequencies by sex.
Twenty-two participants met criteria for 2 and 1 met criteria for 3 different ED diagnoses
over the 3 ED assessment time points. Participants with more than 1 ED were classified
according to which disorder came first.

Confounders.—Maternal age at birth, maternal ED history, maternal history of other
psychiatric disorders, gestational age, birthweight, race/ethnicity, and social class—as
reported by the mother at enrollment—were included as confounders. Social class was
obtained by questionnaire at enrollment and categorized as manual and non-manual (87%).
Age at menarche was not included as a confounder because boys were included in the
analyses; however, a sensitivity analysis and our previous work concluded that results are
not sensitive to the inclusion of this covariate.29 Because maternal BMI can arguably be
considered a confounder or a predictor in the causal pathway between BMI trajectory and
ED status, we tested the sensitivity of model results with and without maternal prepregnancy
BMI included as a covariate.

Ethical approval for the study was obtained from the ALSPAC ethics and law committee and
the local research ethics committees, including the institutional review board of the
University of North Carolina at Chapel Hill.

Data Analysis

Growth Models.—We conducted parametric and nonparametric analyses of growth
trajectories as a function of child sex and eventual ED status. Nonparametric analyses were
conducted in R software (R Foundation, Vienna, Austria) by plotting 95% confidence bands
for BMI as a function of child age in months and ED status separately by sex. Significant
differences in mean BMI across ED categories exist when confidence bands do not overlap.
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Parametric growth models were conducted using linear mixed models (MIXED procedure)
in SAS 9.4 (SAS Institute, Cary, NC). First, unconditional growth models were specified to
determine the appropriate functional form of growth trajectories by sex and the appropriate
covariance structure for random effects. Second, covariates were added, followed by ED
status and ED-by-age interactions. The results indicate whether differences are present at
birth (intercept) and whether groups differ with respect to rate of change over time. Third,
we tested sex-by-ED status and interactions of sex, ED status, and age to evaluate whether
the effect of ED status on BMI growth trajectories varied as a function of sex. These models
were probed to identify the ages at which conditional mean BMI values for each ED group
differ significantly from the no-ED group.

Missing Data.—Missing BMI measurements were handled with a full information
maximum likelihood estimator under the assumption that missing observations were
conditionally missing at random after accounting for observed BMI measures and controls.
Missing covariates were handled using multiple imputation with 20 chained imputations
under a fully conditional specification using SAS MI and MIANALY ZE procedures.

RESULTS

Nonparametric Growth Charts

Figures 1 and 2 display BMI values as a function of age, sex, and ED diagnostic status and a
nonparametric 95% confidence band for the ED group mean conditional on age. Each ED
group is contrasted with the no-ED control in Figure 1, and all groups are overlaid in Figure
2.

Boys.—On average, boys with AN had significantly lower BMIs than no-ED controls by 7
years. As a result of sparseness for the BN category in boys, confidence bands were too wide
to detect meaningfully significant differences between boys with BN and the control group,
although BMI means for the BED and PD groups were significantly higher than those for
the no-ED group starting at 9.5 years.

Girls.—Confidence bands for mean BMI began to diverge significantly for the AN group
and no-ED control group at 3 years, with lower BMIs observed in girls with AN. The
confidence bands overlapped slightly at approximately 7 years but then diverged
significantly again before 8 years. Although the BN, BED, and PD groups did not differ
significantly from one another, the mean BMI of girls with BED began to be significantly
higher than that of the no-ED controls at 7 years and the PD and BN trajectories began to
diverge from the no-ED controls at 9 years.

Parametric Growth Models

Results from the final parametric growth models with and without controlling for maternal
BMI are listed in Table 3. The significant interaction between age and ED status mirrors the
results displayed in Figures 1 and 2. Because results are not sensitive to the inclusion of
maternal prepregnancy BMI, we interpret the model with maternal BMI included as a
covariate. A linear growth model fit better than models with quadratic or cubic time trends.
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The random effects followed a variance components structure, meaning that there was
significant interindividual variation in BMI at birth and in rate of change over time, but that
these 2 random effects did not correlate with each other.

The addition of ED status contributed significantly to model fit compared with the
covariates-only model. There were few significant group differences at birth: boys who went
on to develop BN had significantly lower intercepts than boys without BN with no ED (B =
-3.22, standard error [SE] 1.38), but this trend was not significant by 2 years and is suspect
given the small number for this group. Similarly, girls who went on to develop BED has
significantly lower intercepts than girls with no ED (B = -1.05, SE 0.39), but this trend
became nonsignificant by 2 years and reversed itself by 6 years.

Anorexia Nervosa.—For boys and girls, the AN group diverged from the no-ED group at
a young age. Even after controlling for a host of potential confounds, girls who went on to
develop AN had significantly lower BMIs by 4 years (B = —0.505, SE 0.22), and boys who
went on to develop AN had significantly lower BMls by 2 years (B = —0.87, SE 0.38). These
differences increased over time.

Bulimia Nervosa.—Although there were no significant differences in BMI for boys with
BN after 2 years, BMls diverged significantly for girls with BN compared with no-ED
controls at 2 years (B = 0.74, SE 0.33), and this gap continued over time.

Binge-Eating Disorder.—Girls who went on to develop BED developed significantly
higher mean BMIs than the no-ED controls at 6 years (B = 0.88, SE 0.29), and boys who
went on to develop BED diverged from the no-ED control group at 4 years (B = 1.03, SE
0.51), and the gap between the BED and no-ED groups continued to expand with age for
boys and girls.

Purging Disorder.—The girls who went on to develop PD had significantly higher mean
BMIs than the no-ED controls by 5 years (B = 0.58, SE 0.26), and boys who went on to
develop PD had significantly higher BMIs by 6 years (B = 1.48, SE 0.64). BMIs for the PD
group continued to diverge from the no-ED group over time.

DISCUSSION

To our knowledge, this is the largest study examining premorbid BMI trajectories for EDs.
Our analyses included ALSPAC data obtained from birth through 18 years, allowing for the
assessment of premorbid BMI trajectories up to 12.5 years, before ED onset, while
accounting for potential confounders.

Distinct developmental trajectories emerged for AN, BN, BED, and PD at a young age
compared with the no-ED control group. The crude mean BMI growth trajectories for the
AN group and all other groups began to diverge significantly starting at approximately 7
years of age for boys and much earlier for girls. After adjusting for potential confounders,
the average growth trajectories for girls who developed AN departed significantly from
those of girls who did not develop AN by approximately 4 years of age and at 2 years for
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boys. This distinction of AN premorbid BMI trajectory from others at such a young age
provides evidence for the involvement of low premorbid BMI in the etiology of AN
independent of disordered eating and subthreshold AN symptoms before AN diagnosis. Our
findings are consistent with reports of significant negative genetic correlations between BMI
and obesity and AN and support metabolic involvement in the etiology of AN.30:31

Although the mean trajectories for BN, BED, and PD were indistinguishable from one
another, all were substantially higher than the mean trajectory for AN and the no-ED
controls by middle childhood. Our results concur with previous research suggesting shared
risk factors for BED, BN, and PD9:32 and evidence of a possible causal role played by
obesity genes in relation to binge eating.1® Furthermore, it could be important to monitor
youth whose BMI trajectories are notably and persistently above the age norms for
psychological and behavioral symptoms, that might point to loss of control eating, binge
eating, and purging behaviors.33

Our results came from a large longitudinal population cohort for which extensive
demographic and anthropometric data were available. Use of prospective data is a key
strength of our study and allowed for examination of premorbid BMI in individuals who go
onto develop EDs. Although studies examining premorbid BMI in EDs in clinical settings
often include only girls because of prevalence differences between sexes, our study included
girls and boys. Availability of maternal information allowed for controlling for important
confounders such as mothers’ psychiatric history. In addition, investigation of childhood and
adolescent BMI trajectories provides key information about ED risk factors during crucial
developmental years and could have important clinical implications for detection, diagnosis,
and prevention.

Despite the strengths of our study, certain limitations should be considered. For instance,
because our analyses required at least 1 BMI measurement from birth to 12.5 years and
completed self-report ED questionnaires for all 3 time points (ie, 14, 16, and 18 years of
age), our sample was restricted to a subset of ALSPAC children. Hence, after excluding
youth with subthreshold EDs and ED behaviors/cognitions, 1,502 individuals were eligible
for the present study, and we were unable to take advantage of the entire ALSPAC sample.
Furthermore, ED symptoms and BMI at certain time points were obtained through self-
report rather than clinical records, and no information was available for eating behaviors
until 13 or 14 years. Thus, we could not assess ED status before 13 years or examine the
symptoms of avoidant/restrictive food intake disorder at any time point. However, we would
expect the prevalence of EDs before 12.5 years—when we censored BMI trajectories—to be
relatively low. Of note, the mean BMI trajectories began to diverge very early for some EDs
(ie, 3 years for girls who went onto develop AN). This observation—coupled with the
typical ED age of onset often occurring at the time of pubertal onset3*—suggests that
differences are not likely to be an artifact of early ED onset, but there might be early
metabolic or appetite dysregulation factors at play for ED susceptibility, particularly in the
case of AN and BED. However, we cannot exclude the possibility that contextual factors or
changes resulting from eating experiences early in childhood (eg, avoidant/restrictive food
intake disorder) could have played a role in the findings reported in our study. Participants in
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the ALSPAC are predominantly white, and although we adjusted for ethnicity in our
analyses, results might not be generalizable to multiethnic populations.

Although reliable differences emerged in BMI trajectory among groups of children who
developed different ED presentations, our results relate to group means and not to the
prediction of individual ED outcomes based on a single person’s growth curve data. That is,
the 95% CI for the predicted BMI trajectory of a single child will be wider than the 95%
confidence band for an entire group; therefore, caution is advised against particularization of
our findings to an individual child with lower weight. Nevertheless, falling off the growth
curve is a warning sign for a range of poor health outcomes.3% Observing children whose
BMI trajectories persistently and significantly deviate from the age norms for signs of
disordered eating behaviors could aid in identifying those who are at high risk when
considered in combination with other indicators. We would recommend that, during routine
recording of BMI on growth charts by pediatricians or general practitioners, persistent high
or low BMI trajectories signal the need for sensitive screening for loss of control eating,
binge eating, weight dissatisfaction, and dieting. This could facilitate early detection and
appropriate intervention.

Our observations have clinical implications. Adequate weight restoration is a critical first
step in recovery from AN. During treatment, providers typically rely on premorbid growth
charts and BMI percentile ranges—particularly for adolescents and young adults—to
determine a patient’s percentage of ideal body weight and weight goal for recovery.36 A key
question raised by these findings is how much weight gain should be considered “enough.”
Target weight is a key treatment component that can dictate level of care. In general, higher
BMI and higher fat percentage at discharge from inpatient treatment have been associated
with better outcomes and lower likelihood of relapse.37-39 Our results raise the question of
whether setting a lower weight goal consistent with a patient’s premorbid BMI trajectory is
adequate or whether weight goals should reflect a return to a BMI trajectory of individuals
without EDs. Additional research is needed to incorporate these findings to clinical decision
making.

Our results provide important clues about the etiology of EDs and their relation with
premorbid BMI. Especially for AN, premorbid persistent low weight could be a key
biological risk factor and a trait- rather than an ED-related state characteristic.
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Average Male and Female Body Mass Index (BMI) Values by Age in Years and Eating
Disorder (ED) Diagnostic Status With Nonparametric 95% Confidence Bands
Note: Each ED diagnostic status is shown separately and contrasted with the no-ED control
group. The control group is depicted with dotted lines, and the ED groups are depicted with
solid lines. AN = anorexia nervosa; BED = binge-eating disorder; BN = bulimia nervosa; PD

= purging disorder.
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Average Male and Female Body Mass Index (BMI) Values by Age in Years and Eating

Disorder (ED) Diagnostic Status (Overlaid) With Nonparametric 95% Confidence Bands
Note: The no-ED group is represented by the solid line. AN = anorexia nervosa; BED =
binge-eating disorder; BN = bulimia nervosa; PD = purging disorder.
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TABLE 1
Study Design by Sex and Eating Disorder (ED) Diagnostic Status

BM| Measurements®

Subjects nb Mean SD Min Max
AN
Girls 180 6.10 235 1 12
Boys 63 6.03 163 1 12

BN
Girls 64 638 3.19 1 12
Boys 5 580 377 2 12
BED

Girls 89 516 266 1 12

Boys 25 596 318 1 12
PD

Girls 120 539 273 1 12

Boys 13  6.85 267 2 12
No ED

Girls 438 594 228 1 12

Boys 528 6.18 234 1 12
Total

Girls 868 584 247 1 12

Boys 634 6.16 233 1 12

Note: AN = anorexia nervosa; BED = binge-eating disorder; BMI = body mass index; BN = bulimia nervosa; PD = purging disorder; Max =
maximum; Min = minimum.

a -
BMI measurements per participant before 12.5 years of age.
Number of subjects in each row sums to more than the sample total because 23 girls met criteria for more than 1 ED diagnosis over the course of

the 3 assessment points (4 AN and BN, 2 AN and BED, 3 AN and PD, 5 BN and BED, 6 BN and PD, and 3 BED and PD). Participants with more
than 1 ED were classified according to which disorder came first.
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