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Abstract

Objective: Deficits in social cognition and communication, the processes associated with
human social behavior and interaction, have been described in individuals with eating disorder
psychopathology. The current study examined whether social communication characteristics
present in middle childhood (ages 8-14) were associated with eating disorder behaviors,
cognitions, and diagnoses across adolescence (ages 14-18) in a large, population-based sample.

Method: Participants (N = 4864) were children enrolled in the Avon Longitudinal Study of
Parents and Children (ALSPAC), a population-based, prospective study of women and their
children. Regression methods tested prospective associations between social functioning using
a facial emotion recognition task and parentally reported social communication symptoms (or
difficulties), measured by the Social Communication Disorder Checklist (SCDC), with eating
disorder symptoms and diagnoses.

Results: Misattribution of faces as sad or angry at age 8.5 was associated with purging and
anorexia nervosa diagnosis at age 14, respectively, among girls. Further, autistic-like social
communication difficulties during middle childhood were associated with bulimia nervosa
symptoms during adolescence among both girls and boys.
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Conclusions: Results did not support global associations between measured social
communication deficits and eating disorder risk in this sample, but specific difficulties with facial
emotion recognition and social communication may enhance risk for disordered eating behaviors.
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Introduction

Social cognition and communication processes refer to the mental processes underlying
human social behavior and interaction, including the ability to create mental representations
of others’ social experiences [1]. Many psychiatric conditions, and most notably autism
spectrum disorder (ASD), are characterized by impairments in these processes [2]. Recently,
there has been increasing interest the role of social cognition and social communication in
the development of eating disorders [3], along with the overlap between eating disorder risk
and ASD traits [4-6].

Some experimental studies have investigated social processes among individuals with eating
disorders, and findings suggest that those with active eating disorders demonstrate deficits
in social processing, including difficulties attending to positive facial expressions [7, 8]

and attentional bias towards angry or rejecting faces [7, 8], which may persist after eating
disorder recovery [9]. In response to socially frustrating situations, one study has also found
that individuals with anorexia nervosa (AN) demonstrate greater aggression and less focus
on social solutions [10]. Further, patients with eating disorders also self-report high levels
of alexithymia -- difficulty identifying and describing emotions [11]. While the bulk of
research on social processes among eating disorders has focused on AN, deficits in social
processing appear to be present across the range of eating pathology, including among those
with binge eating disorder [12] and bulimia nervosa (BN) [13, 14].

While clinical studies of individuals with eating disorders often demonstrate differences

in social cognition and communication processes when comparing those with eating
disorders to healthy individuals [15-17], the developmental course of these deficits remains
unclear. As eating disorders often onset during adolescence [18, 19], and can disrupt social
development and peer relationships as well as neurocognitive functioning, it is possible that
social processing deficits among those with eating disorders are primarily a consequence of,
rather than a precursor to, the disorder. Experiences of trauma and symptoms of anxiety and
depression, which commonly co-occur with eating disorders, are also associated with social
processing difficulties [20-22] and may account for social processing difficulties present in
eating disorders.

To date, a few studies have examined social processes in eating disorders in population-
based samples. Using a twin design, one investigation found greater difficulties in emotion
recognition and regulation along with attentional bias to social threat among twins affected
by an eating disorder compared to control twins [23]. Further, attentional biases to

social threat were also present in unaffected co-twins of those with BN [23]. Another
epidemiological investigation found greater presence of social cognitive difficulties among
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children whose mothers had eating disorder psychopathology [24] suggesting potential
genetic associations between social cognition and eating disorders. Further, a nationwide
investigation of individuals in Denmark found increased autism spectrum disorder risk in
families of AN probands, but indicated that this may be due to non-specific psychiatric

risk aggregating in these families [25]. In sum, there is tentative support for associations
between eating disorders and social processing difficulties in population studies, though the
specificity and nature of this shared risk remains unclear.

Additional prospective, epidemiological research is needed to delineate developmental

links between social cognition and eating disorder risk. To date, limited research has
prospectively examined either social communication deficits or performance on relevant
tasks in childhood as a predictor of eating disorders. One study on the ALSPAC sample
indicated that social communication deficits across childhood associated with a composite
measure of disordered eating behaviors at age 14. In this investigation, disordered eating
behaviors were collapsed together and examined only at a single time point and eating
disorder diagnoses were not evaluated [26], limiting conclusions related to more specific
behavior- or disorder-level processes. Another prospective cohort study, focusing on middle
childhood, identified that autistic traits at six years old were associated with picky eating and
emotional eating at age 10, specifically in girls [27]. Further, a prospective twin study did
not find elevated rates of parent-reported ASD or associated traits at age 9 among children
who went on to develop AN; however, those with acute AN did display some ASD traits at
age 18 [28], concluding that it is still in question whether social communication difficulties
among those with AN are an epiphenomenon of AN or whether the eating disorder brings to
light underlying ASD traits that were previously not captured.

The current study adds to this literature by examining whether task-based (facial emotion
recognition) and parent-report measures of social communication in childhood and early
adolescence associate with eating disorder symptoms and diagnoses across adolescence (at
ages 14, 16, and 18 years) in a large, prospective epidemiological sample of children. As
there are few existing studies that have examined these questions, the present study tests
associations in a broad, exploratory manner. While we do not have specific hypotheses
about every association to be tested, we hypothesize that a tendency to interpret faces

as more negatively-valanced in middle childhood will associate with likelihood of AN

and BN diagnoses and associated behaviors (compulsive exercise, fasting, binge eating,
purging) during adolescence. Further, we expect that parent-reported social communication
difficulties in middle childhood will associate specifically with AN diagnosis during
adolescence.

Method

Participants

Participants were children enrolled in the Avon Longitudinal Study of Parents and Children
(ALSPAC) study, an epidemiological, longitudinal study of mothers and their children
[29-31]. Women expecting to deliver a child between 15t April 1991 and 315 December
1992 in Avon, UK were invited to take part in the study, and interested expectant mothers
provided informed and written consent. Children (7= 14,062) from 14,451 pregnancies
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were enrolled. At seven years, 913 additional children were enrolled in the cohort [29]. The
study website contains details of all the data that are available through a fully searchable
data dictionary and variable search tool: http://www.bris.ac.uk/alspac/researchers/our-data/.
Ethical approval for this study was obtained from the ALSPAC Ethics and Law Committee
and the Local Research Ethics Committees and has therefore been performed in accordance
with the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments. Informed consent for the use of data collected via questionnaires and clinics
was obtained from participants following the recommendations of the ALSPAC Ethics and
Law Committee at the time. Detailed phenotypic, exposure, and socio-demographic data
were collected via self- and maternal-report, face-to-face assessments [29]. With regards

to data relevant to the current study, 7,488 children attended face-to-face data collection
waves at age 8 and 7,563 at age 10. A total of 5,938 children completed eating disorder
questionnaire measures at age 14; 5,131 at age 16; and 3,372 at age 18.

Measures

Assessments by age are presented in Supplementary Table 1.

ED Behaviors—All ED behaviors were self-reported and were measured at 14, 16, and

18 years of age. Questions about ED behaviors inquired about the previous year and were
adapted from the Youth Risk Behavior Surveillance System (YRBSS) questionnaire [32] and
validated [33]. We defined eating disorder behaviors as present or absent at each assessment
period (for details, see [34]. In addition to a rating of presence or absence of ED behaviors
at each assessment point, a lifetime variable was calculated for each behavior, such that
individuals who endorsed engaging in that behavior at any age (14, 16, or 18) were coded as
Yes (present = 1) or No (absent = 0).

ED and Related Cognitions—All of the following measures were self-reported at 14
years of age.

Body dissatisfaction was assessed using the Body Dissatisfaction Scale of the Satisfaction
and Dissatisfaction with Body Parts Scale [35] This scale asks individuals to rate their
satisfaction with nine body parts on a 5-point scale, from “‘extremely satisfied’ to ‘extremely
dissatisfied,” (Cronbach’s a. = 0.84 in the current study). A continuous score was derived for
this measure, with higher values indicating higher dissatisfaction.

Fear of weight gain was assessed through one item asking the degree to which participants
have worried about gaining a little weight (0 = not at all, 1 = a little, 2 = a lot, 3 = all the
time).

Pressure to lose weight was assessed through six items asking the degree to which
participants feel pressure to lose weight and was adapted from the Perceived Sociocultural
Pressure Scale [36].

Emotional eating, external eating, and restrained eating were assessed through using 25
items of the Dutch Eating Behaviors-Questionnaire [DEBQ; [37]], which were rated on
a five-point Likert scale. The DEBQ raw scores are totaled into three subscale scores:
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Emotional Eating (eating in reaction to emotions), External Eating (eating in reaction to
external cues), and Restrained Eating (cognitively attempting to limit one’s caloric intake).
All emotional and external eating items were used in this study; only two items of the
restraint subscale were used as a measure of restraint. Higher scores on each subscale
indicate greater symptomatology.

Thin ideal internalization was assessed using the Ideal-Body Stereotype Scale-Revised
[IBSS-R;[36]]. Questions were gender-specific; girls were asked five questions (Cronbach
a=0.56) and boys six questions (Cronbach a.=0.71 [38]).

ED Diagnoses—Eating disorder diagnoses (AN, BN, BED, and purging disorder [PD])
were derived using questionnaire data from the YRBSS from adolescents using DSM-5
diagnostic criteria [2, 18]. Body mass index (BMI) was an objective measure collected

at face-to-face assessment (median ages 13.8, 15.5, and 17.8 years) and was included

as a diagnostic criterion for AN. Underweight was determined using age, gender, and
BMI-specific cutoffs based on UK reference data [39] corresponding to World Health
Organization (WHO) grade 1 thinness, defined as curve passing through BMI of 18.5 (BMI
Z-score ~ —1.00) at age 18 years. Given that this was an epidemiological sample, we
included both threshold and subthreshold BN and BED cases (e.g. binge eating between
1x/wk and 1x/month) in order to capture a greater range of eating pathology.

Parental report of AN symptoms was also used at ages 14 and 16 when formulating AN
diagnoses as prior research has shown that parental report often aids in the diagnosis of AN
in adolescents due to under-reporting of AN symptoms [40].

Social Cognition and Communication Processes

Social Communication Disorders Checklist (SCDC; [41]): The SCDC is a 12-item
questionnaire that is designed to be completed by parents and that measures social
reciprocity and other verbal/nonverbal social communication difficulties, particularly those
that are typical of autism spectrum disorders. SCDC items are gender neutral, which

helps avoid gender bias and increases sensitivity of the measure. A higher SCDC score

is indicative of more deficits in social communication. Studies have found the measure to
have good internal consistency (0.93), high test-retest reliability (0.81), and high heritability
in both genders (0.74) [41]. In addition, the SCDC has been found to be predictive of
autism with a sensitivity of 0.88 and a specificity of 0.91, when using a score of =9 out

of 24 [42]. In accordance with prior work in the ALSPAC sample, we dichotomized SCDC
composite score at 29 to define social communication difficulties consistent with probable
autism diagnosis [43].

Facial Emotion Recognition: Diagnostic Analysis of Non-Verbal Accuracy

(DANVA).: Facial emaotion recognition was assessed using the faces subtest of the DANVA
at age 8.5 [44]. This computerized task measures a child’s ability to recognize emotion from
facial cues. Participants were shown photographs of children expressing happiness, sadness,
anger, or fear. Binary scores, indicating whether children made more (above cut-off) or

less (below cut-off) errors/misattributions, have been developed based on the distribution of
results in the cohort. The cut-offs were determined by ALSPAC in collaboration with the
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creator of the task, and full details have previously been published [43]. For the current
analyses, predictor variables included whether individuals were above or below cutoffs for
errors within each of the emotion categories (e.g. number of faces that were angry but not
correctly identified as such), as well as misattributions as those emotions (e.g. number of
faces during the task which were incorrectly identified as angry when in fact they showed a
different emotion).

Confounders

Maternal education and BMI at age 10 were included as covariates, as these variables may
associate with both social cognition and ED symptoms and cognitions. BMI was calculated
from objectively-measured height and weight at 10 years of age, a time point prior to age
of increased risk for eating disorder onset, and evaluated at an in-person assessment. Age
and sex-adjusted BMI Z-scores were used in analyses. Maternal education was used as a
proxy for socioeconomic status. Maternal educational level was obtained by questionnaire
at enrollment, dichotomized into: (i) ordinary-level qualifications generally obtained at age
16 years or higher; (ii) certificate of secondary school education (lowest level qualifications
generally obtained at age 16 years), vocational qualification or no qualifications.

Data Analytic Plan

Participants were included if they completed at least one measure of social cognition along
with a measure of ED behaviors at age 16 (N = 4864). Thirty percent of the sample had
complete data, with an additional 18% of the sample missing only eating disorder measures
at age 18. We used a maximum likelihood estimation procedure for analyses, a robust
procedure for handling missing data [45]

Exclusion criteria were child being deceased, having no known address, or refusing
participation in the study. Similar to other studies in the cohort, for multiple births, the
older twin was included and younger twin excluded. As social communication difficulties
and eating disorder risk are both known to vary by sex in the ALSPAC cohort [18, 43],

all analyses were stratified by gender. Analyses included logistic regression to evaluate
associations between neuropsychological and ED behavior variables, followed by ordinary
least squares regression examining the relationship between neuropsychological predictors
and ED risk at age 14. As fear of weight gain was measured with a limited number

of ordinal response points, we used ordinal logistic regression to estimate effects for

this variable. To account for multiple comparisons, a Benjamini-Hochberg correction was
applied within each set of analyses (e.g. for each social cognition variable predicting the
larger set of ED variables). Given the exploratory nature of the study, we proceeded with

a false discovery rate set to 0.20. As there was a fair degree of stability in SCDC scores
across ages (Pearson 72 range = 0.52-0.64) we followed-up on significant associations
between SCDC predictors and ED variables by introducing SCDC scores at earlier ages as a
covariate, in order to clarify the age-related specificity of these findings.
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Results

The percentage of boys and girls with DANVA errors and misattributions and SCDC scores
above cutoff is presented in Tables 1a-1b. The percentage of girls and boys reporting
different eating disorder behaviors and diagnoses at each age are presented in Tables 1c-1d.
Results on the association between autism-like social communication deficits and eating
disorder symptoms and diagnoses is presented in Table 2, and associations between DANVA
errors and missatributions and eating disorder symptoms and diagnoses are presented in
Supplemental Tables 2a-2b.

SCDC.

Several associations were present between autism-like social communication difficulties on
the parent-reported SCDC and eating pathology during adolescence. Social communication
difficulties at age eight were associated with cognitive eating disorder symptoms at age 14
for girls—namely body dissatisfaction and dietary restraint. At age 10, autism-like social
communication difficulties were associated with higher levels of lifetime fasting for girls (o
=0.004), as well as greater desire to lose weight at age 14 (p= 0.01). After accounting for
age 8 difficulties, both effects (lifetime fasting, OR = 1.75 (95% CI: 0.99, 3.09), p = 0.05;
age 14 desire to lose weight, 6= 0.23 (95% CI: -0.02, 0.48), p = 0.13) were consistent but
attenuated.

When examined at age 14, these social communication difficulties were associated with
several measures of concurrent and later adolescent eating pathology among girls, including
concurrent (age 14) body dissatisfaction (p < 0.001) and purging (p= 0.001), greater
likelihood of binge eating at age 16 (p < 0.001) as well as lifetime binge eating by age 18 (p
=0.002), and greater likelihood of a BN diagnosis at age 16 (o < 0.001). After accounting
for earlier social communication difficulties (ages 8 and 10), the associations between age
14 SCDC and these outcomes were consistent, with slightly diminished effect sizes. (body
dissatisfaction = 0.33 (95% CI: 0.09, 0.57), p = 0.008; age 16 binge eating OR = 1.95
(95% CI: 1.06, 3.57), p=0.03; lifetime binge eating OR = 2.23 (95% ClI: 1.24, 4.00), p=
0.007; age 16 BN diagnosis OR = 2.31 (95% ClI: 1.08, 4.94), p=0.03.

Given the low frequency of eating pathology among boys, several associations between
social communication difficulties and eating disorder behaviors and diagnoses were not
adequately powered for analyses. As such, we only evaluated outcomes for models that
converged (see Table 2). Among boys, autism-like social communication difficulties at age
8 were not associated with adolescent eating pathology, though these difficulties at age 10
were associated with a greater likelihood of binge eating (p = 0.004), purging (p < 0.001),
and a BN diagnosis (p = 0.002) at age 16. After controlling for age 8 SCDC, the associations
between age 10 SCDC and age 16 binge eating (OR = 3.71 [95% CI: 1.50, 9.17], p = 0.004),
purging (OR = 4.72 [95% CI: 1.16, 19.10], p = 0.029), and BN diagnosis (OR = 6.55 [95%
Cl: 2.02, 21.25], p =0.002) remained consistent. There were no associations for later (age
14) social communication difficulties and adolescent eating pathology among boys.
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DANVA Errors and Misattributions.

Overall, there were no significant associations between errors on the DANVA task at

age 8 and eating disorder behaviors, cognitions, or diagnoses during adolescence. For
DANVA missatributions, only two associations were significant after correcting for multiple
comparisons. First, more misattributions of sad faces (identifying faces as sad incorrectly)
was associated with a greater likelihood of purging for girls at age 14 (o= 0.005). In
addition, more misattributions of angry faces (identifying faces as angry incorrectly) was
associated with a greater likelihood of an AN diagnosis for girls, also at age 14 (p= 0.001).
There were no associations between DANVA misattributions and adolescent eating disorder
variables among boys.

Discussion

The current study investigated relationships between task-based facial emotion recognition
and parent-reported social communication processes in middle childhood (ages 8-14) and
adolescent eating pathology (ages 14-18). Although clinical studies indicate consistent
differences between those with and without eating pathology on measures of social
processes [3], and one study in the ALSPAC cohort indicated higher levels of parent-
reported social communication deficits across childhood and adolescence among children
reporting weekly or monthly disordered eating behaviors at age 14 [26], results from the
current investigation were not robust to suggest that deficits in social processing pre-date
eating pathology based on a combination of task-based and parent-reported data in this large,
epidemiological sample.

Some findings corroborated existing literature linking social cognitive biases and eating
disorder risk. In particular, a tendency to misattribute non-angry faces as angry at age 8
was associated with higher odds of girls having a diagnosis of AN at age 14. This specific
finding is in line with research suggesting a attentional bias towards angry faces among
those with AN [10]. Attentional bias towards angry faces aligns with heightened levels

of anxiety and perceived threat characteristic of AN [46], and may manifest in AN via
increased rigidity and intolerance of uncertainty [47]. The finding that misattribution of sad
faces was associated with purging at age 14 supports theories that high negative and low
positive emotions may lead to uptake of disordered eating behaviors, and, more generally,
supports an emotion regulation account of purging behavior [48]. Together, both of these
findings are in line with existing studies suggesting that interpretation of interpersonal
situations and others’ emotions as more negative may predict eating pathology [9, 13, 49].

In addition, this study provided a next step in clarifying potential links between social
communication difficulties and eating disorders. Our results did suggest some associations
between autistic-like social communication difficulties and eating disorder risk. For boys, a
specific link emerged between age 10 social communication difficulties and age 16 bulimic
pathology. For girls, the links between parent-reported social communication difficulties
and adolescent eating disorders (specifically BN) became strongest when the assessment
point for social communication was closer to adolescence (age 14), suggesting a potential
for reverse causation, in which eating disorder symptoms may precipitate social withdrawal
and interrupt healthy social development. As binge eating and purging can be compulsive
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behaviors that can serve emotion regulation functions, it is possible that those with autism-
like traits are more likely to find these behaviors soothing or reinforcing [50]. Further, eating
disorder psychopathology may exacerbate social communication deficits, strengthening

this relationship over time. An additional interpretation as to why parent-reported social
communication deficits in childhood and early adolescence may associate with binge

eating and purging includes that attention-deficit hyperactivity disorder (ADHD) associates
with both autism spectrum disorder [51] and BN [52, 53] and therefore may link social
communication difficulties and these specific pathological eating behaviors.

The association between social communication difficulties and bulimic-spectrum pathology
(binge eating, purging, BN diagnoses) is particularly intriguing as the majority of literature
to-date has focused on links between social communication and AN, rather than BN.

As individuals with AN may be overrepresented in more acute care settings, potential

links between BN symptoms and poor social communication, both as a precipitate and
consequence of the eating disorder, are less understood. The current study points to the

need for additional study of the etiology of social processes in the context of risk for
bulimic-spectrum eating disorders (BN, binge eating disorder, purging disorder, binge-purge
subtype AN).

Strengths of the current study included a prospective, longitudinal design with a large cohort
of children. This design allows for a robust test of whether differences at earlier ages
associate with later eating pathology. An additional strength was multiple measures of social
processing, including a task-based measure and a parent-report measure at multiple ages,
assessment of eating disorder psychopathology at multiple ages, and assessment of risk for
eating disorders among boys. Limitations of the current study include low power to detect
certain effects due to a small percentage of children, particularly boys, endorsing eating
pathology, and a relatively homogenous sample (96% Caucasian) from one geographic area.
It is possible that associations in the current study do not generalize to other populations,
and, as such, replication in other cohorts would bolster confidence in our findings. Further,
although burgeoning research demonstrates associations between autism traits and behaviors
characteristic of avoidant-restrictive food intake disorder [27, 54], we did not capture this
phenotype of eating pathology in the current study. Given that avoidant-restrictive food
intake disorder may demonstrate a younger age of onset compared with other eating
disorders [55, 56], studies examining avoidant-restrictive eating patterns, specifically, may
choose to focus on an earlier developmental window.

Overall, current findings clarify literature that demonstrates associations between eating
disorders and social processes. As a whole, emotion recognition and social communication
difficulties are not strongly associated with adolescent eating pathology among this

sample. Though not explicitly tested in this study, this brings to light the possibility that
research that recruits clinical samples of individuals with eating disorders may include an
overrepresentation of those with symptoms of social communication disorders, as compared
to rates found in the overall population. We did find evidence for specific associations
between social communication difficulties and bulimic-spectrum pathology along with
limited support for the hypothesis that bias toward negatively-valanced interpretation

of social stimuli associates prospectively with eating disorder risk. Further longitudinal
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research will aid in clarifying whether mechanisms of association between social processing
deficits and eating disorder risk are unidirectional, bidirectional or influenced by broader
underlying vulnerability that is differentially expressed across development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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