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Abstract

Objective: Negative and positive urgency, anxiety, and depressive symptoms are significant
factors of disordered eating (DE) symptoms in early adolescence through young adulthood.
However, it is unclear how puberty — a critical developmental milestone that is associated

with increased risk for DE symptoms — affects the relationship between these factors and DE
symptoms, given that the role of pubertal status has rarely been considered in relation to these
associations. Thus, the present study examined whether puberty moderates associations between
mood/personality factors and DE in pre-adolescent and adolescent girls.

Method: Participants included 981 girls (aged 8-16 years) from the Michigan State University
Twin Registry. Mood/personality factors, pubertal status, and DE were assessed with self-report
questionnaires.

Results: Puberty significantly moderated associations between several factors (negative urgency,
positive urgency, trait anxiety, depressive symptoms) and the cognitive symptoms of DE (e.g.,
shape/weight concerns, body dissatisfaction). Associations between mood/personality factors and
cognitive DE were stronger in girls with more advanced pubertal status. By contrast, no significant
moderation effects were detected for mood/personality-dysregulated eating (e.g., binge eating,
emotional eating) associations.

Discussion: Findings identify pubertal development as an important moderator of mood/
personality-DE symptom associations, especially for cognitive DE symptoms that are known to
predict the later onset of clinical pathology.
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Introduction

Past research has identified numerous factors for clinical eating disorders (i.e., anorexia
nervosa (AN), bulimia nervosa (BN), binge eating disorder) and their component symptoms
(e.g., dietary restraint, binge eating, weight/shape concerns) in females. Some of the
strongest factors include mood symptoms and personality characteristics, including anxiety
(Kaye et al., 2004), depressive symptoms (Pearson et al., 2017), and negative and positive
urgency (the tendency to engage in rash actions in the presence of extreme negative and
extreme positive emotions, respectively; Culbert et al., 2015; Kenny et al., 2019; Shope

et al., 2020). These factors have been linked to disordered eating (DE) symptoms in both
cross-sectional (Booth et al., 2018; Kaye et al., 2004; Schulze et al., 2009; Wallin & Rastam,
2016) and longitudinal research (Davis & Smith, 2018; Le Grange et al., 2014; Pearson et
al., 2012).

Although levels of DE symptoms are highest in late adolescence (i.e., ages 16-18) and
adulthood (Verschueren et al., 2020), DE symptoms are present earlier in childhood and
adolescence and show substantial increases in prevalence across pubertal development
(Hildebrandt et al., 2010; Klump et al., 2017; Vannucci et al., 2014). Pubertal development
is defined as the relatively brief (i.e., two-to-four-year) timespan in which youth develop
primary and secondary sexual characteristics (e.g., breast development), reach skeletal
maturity (e.g., growth spurts), and attain reproductive capability (Rogol et al., 2002; Sheehy
et al., 1999). Pubertal status refers to an individual’s current phase of pubertal development
(e.g., pre-puberty, puberty, post-puberty). The median age of pubertal onset (based on breast
gland development) in girls is 8.8-10.3 years of age (Camilla Eckert-Lind et al., 2020),
while the median age of menarche (occurs in the last stage of puberty; Petersen et al.,
1988) for girls in the United States is 12.25-12.43 years, with earlier ages of onset for

girls identifying as Black and Hispanic (Biro et al., 2018; Chumlea et al., 2003). Notably,
remarkably little research has examined whether associations between DE symptoms and
mood/personality factors also shift across the pubertal period. The lack of research has

led to knowledge gaps regarding potential changes in the strength of mood/personality-DE
associations and when mood/personality factors are most likely to predict DE symptoms. It
may be that mood/personality factors predict DE in post-puberty, but are not predictive in
pre-puberty. In this case, additional studies would be critically needed to identify the key,
early developmental factors that contribute to DE in pre-puberty, as well as how they might
differ from developmental factors that contribute to DE during or after puberty.

To our knowledge, no studies have directly examined differences in mood/personality-DE
associations across pubertal development. However, related studies support differential
associations (Adams et al., 1993; Davis & Smith, 2018) and DE symptom changes across
pubertal development (e.g., Culbert et al., 2009; Klump et al., 2017; Pearson et al., 2012;
Vanucci et al., 2014). For example, girls in the 8th and 12th grades reported higher levels
of depression and symptoms of DE (e.g., body dissatisfaction) than girls in the 5th grade
(Adams et al., 1993). Likewise, Vanucci et al. (2014) found stronger associations between
loss of control over eating and weight/shape concerns in girls who were post-pubertal
versus pre-pubertal. Although this study did not examine mood/personality factors per

se, the observed stronger associations between loss of control eating and DE attitudes
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across pubertal phases support the possible presence of developmental differences for mood/
personality factors as well. Finally, twin research has consistently shown significant shifts

in genetic and environmental influences on DE across pubertal development in girls (i.e.,
increasing genetic and decreasing shared environmental influences; Culbert et al., 2009;
Klump, 2013; Klump et al., 2017). These findings further highlight the likely presence of
pubertal differences in mood/personality-DE associations, as genetic factors also account for
these associations (Racine et al., 2013; Slane et al., 2011).

Given the above, the present study aimed to examine potential differences in associations
between mood/personality factors and DE across pubertal status in a large, population-
based sample of girls. Various DE symptoms were examined to identify potential

differential effects of puberty across symptom type (e.g., cognitive symptoms such as body
dissatisfaction/weight concerns and dysregulated eating symptoms such as binge eating),
and we examined a range of mood (e.g., anxiety symptoms, depressive symptoms) and
personality factors (i.e., negative and positive urgency). Based on past research (e.g., Klump,
2013; Klump et al., 2017; Vanucci et al., 2014), we expected to find stronger associations
between DE symptoms and mood/personality factors in girls in later versus earlier pubertal
status.

Methods

Participants

The sample consisted of 981 female twins ages 8 to 16 (M(SD) = 11.75 (2.03)) from the
Michigan State University Twin Registry (MSUTR). Twins were recruited into the MSUTR
using birth records in collaboration with the Michigan Department of Health and Human
Services (see Klump & Burt, 2006; Burt & Klump, 2012; Burt & Klump, 2019). The present
study used archival data from the Tiwin Study of Mood, Behavior, and Hormones during
Puberty (see O’Connor et al., 2016) within the MSUTR. Because the primary aim of this
MSUTR study was to examine ovarian hormone influences on DE, twin 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). Past studies have shown
that MSUTR twins who met inclusion/exclusion criteria for this and other studies (Klump et
al., 2013a; 2013b; 2015) are not significantly different from non-participating MSUTR twins
in terms of DE symptoms (e.g., weight/shape concerns, body dissatisfaction, over-evaluation
of weight/shape, etc.; d% = .02-.14, all p> .05). The racial/ethnic identification of the
current sample (White (83.6%), Black (7.8%), Asian (0.6%), American Indian/Alaskan
Native (0.2%), multiracial (7.8%), Latinx/Hispanic (3.8%)) is also representative of the
Michigan population, while the median family income (~$60,000-$100,000) is slightly
higher (United States Census Bureau, 2019). The university Institutional Review Board
approved this study, and all participants provided informed assent and parental consent.

Measures

Disordered Eating Symptoms—Cognitive DE Symptoms were assessed using the body
dissatisfaction (BD) and weight preoccupation (WP) subscales from the Minnesota Eating
Behavior Survey (MEBS; von Ranson et al., 2005)1, and the dietary restraint and shape/
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weight concerns subscales from the Youth Eating Disorder Examination-Questionnaire
((Y)EDE-Q; Fairburn & Beglin, 1994; Goldschmidt et al., 2007). We examined both MEBS
and EDEQ constructs given previous studies (including in this dataset — see Klump et

al., 2010; Klump et al., 2012; O’Connor et al., 2020) suggesting differential associations
between weight/shape concerns and other factors in analyses of the MEBS versus YEDE-Q
scales.

The MEBS 6-item BD subscale assesses discontent with body shape and size (e.g., feeling
parts of body are too big) and 8-item WP subscale assesses cognitions and behaviors related
to weight concerns (e.g., fear and monitoring of weight gain). The MEBS is appropriate for
use in children as young as eight years old (e.g., Luo et al., 2016; O’Connor et al., 2016).
Moreover, individuals with diagnosable eating disorders (e.g., AN, BN) score significantly
higher on the MEBS than controls (von Ranson et al., 2005). The BD and WP subscales

had internal consistency of .70-.85 in previous studies (von Ranson et al., 2005) and internal
consistency of .77 and .78, respectively, in the present sample.

The 36-item YEDE-Q assesses cognitive DE symptoms over the past 28 days, and includes
a shape concerns (i.e., dissatisfaction and discomfort with body shape), a weight concerns
(i.e., dissatisfaction with weight and desire to lose weight), and a dietary restraint (i.e.,
avoidance of eating and having dietary rules) subscale. In adolescent samples, the YEDE-Q
subscales had internal consistency values of .63-.95 (Jennings & Phillips, 2017; Wade et al.,
2008) and correlated highly with scores from the EDE (Binford et al., 2005). Based on prior
research (Klump et al., 2010; Wade et al., 2008) and the high correlation (= .90, p < .001)
between the shape concerns and weight concerns subscale, we combined them by averaging
their items into one shape/weight concerns subscale for all analyses. Internal consistency
was .79 for dietary restraint and .94 for shape/weight concerns in the present sample.

Dysregulated Eating Symptoms were assessed using the MEBS binge eating (BE) subscale
(von Ranson et al., 2005), the Eating in the Absence of Hunger for Children (EAH-C)
questionnaire (Tanofsky-Kraff et al., 2008), and the Emotional Eating Scale-Adapted for
Children and Adolescents (EES-C; Tanofsky-Kraff et al., 2007). We examined all three
scales to ensure that we captured the differential expression of dysregulated eating across
development (e.g., more emotional eating and loss of control over eating than binge eating
in younger versus older children/adolescents; Tanofsky-Kraff et al., 2009; Tanofsky-Kraff,
Schvey, & Grilo, 2020).

The 7-item MEBS-BE subscale assesses thoughts about and engagement in BE.. The BE
subscale showed internal consistency of .65-.69 in past samples (von Ranson et al., 2005)
and internal consistency of .68 in the present sample.

The 14-item EAH-C questionnaire (for individuals ages 6—19) assesses internal and external
reasons for eating unrelated to hunger, including negative affect (e.g., feeling sad, angry,

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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anxious), external cues (e.g., eating when others are eating), and fatigue/boredom. Eating
in the absence of hunger predicted higher self-reported binge eating during adolescence
(Balantekin et al., 2017; Tanofsky-Kraff et al., 2008). Internal consistency ranged from
.80-.88 in previous work (Tanofsky-Kraff et al., 2008) and was .87 in the present sample.

The 26-item EES-C assesses the urge to eat to cope with negative emotions (e.g.,

feeling depressed, unsettled, anxious, angry, and frustrated) and has been validated for

use with children ages 8-17 years old. The EES-C demonstrated good convergent and
discriminant validity and good test-retest reliability, with internal consistency for the
subscales ranging from .83-.95 (Tanofsky-Kraff et al., 2007). Emotional eating scores
correlate with established measures of binge eating (/s = .55-.69) (Racine et al., 2009;

van Strien, 2000). Internal consistency for the overall EES-C was .95 in the present sample.

Mood/Personality Factors—Trait anxiety was assessed using the State-Trait Anxiety
Inventory for Children (STAI-CH; Spielberger et al., 1983). The STAI-CH is split into the
State Anxiety and Trait Anxiety subscales. We examined only the 20-item trait anxiety
subscale to capture general proneness to anxious thoughts and behavior (e.g., worries about
making mistakes, generally feels troubled, etc.). The trait anxiety subscale had test-retest
reliability of .86 and internal consistency ranging from .59-.89 in previous work (Papay &
Hedl, 1978; Papay & Spielberger, 1986). Internal consistency for this scale was .88 in the
present sample.

Depressive symptoms were assessed using the 27-item Children’s Depression Inventory
(CDI; Kovacs, 1985; 1992). Participants endorsed one of three descriptions (for each
symptom) that best applied to them during the past two weeks (e.g., sad once in a while, sad
many times, or sad all the time). The CDI showed good test-retest reliability and construct
validity, with internal consistency ranging from .71-.89 in previous work (Kovacs, 1992;
Sitarenios & Kovacs, 1999) and internal consistency at .87 in the present sample. The
suicidal ideation item was omitted from this scale.

Negative urgency and positive urgency were assessed using the 40-item UPPS-P Impulsive
Behavior Scale for Children (Zapolski et al., 2010), which was derived from the original
59-item UPPS-P scale (Cyders et al., 2007; Whiteside & Lyman, 2001). Although the
UPPS-P assesses five impulsive personality trait facets, we focused on negative and positive
urgency, as these trait facets have shown the strongest associations with DE symptoms (e.g.,
Claes et al., 2015; Shope et al., 2020). Internal consistency for these subscales ranged from
.80-.95 in previous work (Gunn & Smith, 2010; Kenny et al., 2019; Zapolski & Smith,
2013), and was at .84 for negative urgency and .89 for positive urgency in the present
sample.

Pubertal Development—Pubertal development was measured with the self-report
Pubertal Development Scale (Petersen et al., 1988) that assesses secondary sex
characteristics (e.g., breast development, body hair). Aside from menses, which was coded
dichotomously (i.e., 1 or 4), all other items were coded using a 4-point scale (i.e.,
development (1) has not yet begun, (2) has barely started, (3) is definitely underway, or

(4) seems complete). PDS items were averaged to create a continuous PDS total score for all
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analyses (Culbert et al., 2009; O’Connor et al., 2020). Following previous work (Klump et
al., 2017), maternal reports on the PDS were used for participants with missing PDS scores
because they responded “don’t know” to any item on the PDS (n = 103, 10.5 % of total
sample; the majority between the ages of 8-10); maternal- and child-reported PDS scores
correlated highly in our sample (r=.88). PDS scores correlate with physician ratings (7=
.61-.67) and exhibited internal consistency between .76—.83 in past studies (Petersen et al.,
1988) and internal consistency of .84 in the present sample.

Covariate—Body mass index (BMI) was included as a covariate, as it is associated with
DE symptoms (Jones et al., 2001; Keel et al., 1997). 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

Results

Except for the EAH-C questionnaire, all scores were log transformed prior to analysis due
to positive skew. A square root transformation was applied to the EAH-C questionnaire, as
the log transformation did not normalize positive skew for this measure. Measures that had
<10% missing items were prorated, and measures with >10% missing items or measures that
had any missing items but had fewer than 10 items overall were coded as missing. However,
for the MEBS subscales, prorated values were used rather than coded as missing, as there
were very few missing values (< 1%), and an examination of the subscale scores with and
without prorated scores showed nearly identical means and standard deviations.

Multilevel models (MLMs) were used to examine the moderating effects of pubertal

status on associations between the mood/personality factors and each DE outcome. Family
relatedness was accounted for in MLMs by nesting a level 1 variable (individual twin)
within a level 2 unit (family). Each model included the main effect of the mood/personality
factor (e.g., trait anxiety), the main effect of the continuous PDS score, and the interaction
between the mood/personality factor and PDS score (e.g., trait anxiety x PDS score
interaction). Consistent with previous studies (e.g., Culbert et al., 2009; Klump et al.,
2017; O’Connor et al., 2020), BMI was included as a covariate in the MLMs. All
variables were standardized prior to analysis to ease interpretation of model estimates.
Significant moderation effects were further probed by conducting simple slopes analyses
(i.e., examining the relationship between the mood/personality factors and DE symptoms
at different levels of pubertal development) using the online tool specific to MLMs (see
Preacher et al., 2006). Significance was set at p < .01 for all models due to the number of
MLMs conducted.

Descriptive Statistics and Pearson Correlations

Table 1 shows descriptive statistics for all variables. There was adequate variability and
severity in the level and range of DE symptoms. Means and SDs for dietary restraint and
shape/weight concerns are in line with past studies (Forsén Mantilla et al., 2017; Wade
et al., 2008), especially those that included a large age range spanning middle childhood

Int J Eat Disord. Author manuscript; available in PMC 2021 November 23.
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into adolescence. Additionally, 3.8% (2.6% in pre-puberty vs. 6.2% in puberty and/or post-
puberty) of participants scored above the MEBS total score clinical cutoff (i.e., total score
> 15.55; von Ranson et al., 2005). The percentages of girls in pre-puberty versus puberty/
post-puberty were determined using previously established (Culbert et al., 2009; Klump et
al., 2003; Petersen et al., 1988) PDS cut points, such that those who had an average PDS
score of = 2.5 were considered to be in puberty and post-puberty and those with an average
score of < 2.5 were considered to be in pre-puberty. However, it should be noted that the
PDS scores were only categorized as such to examine how our data compare to past research
that have examined how MEBS scores vary by pubertal status. Otherwise, PDS scores were
examined as a continuous variable in all other analyses. The percentages in our data are in
line with previously published data for similar age groups but are, understandably, slightly
lower than data using higher starting age ranges (e.g., 10 or 11 years) (Culbert et al., 2009;
Klump et al., 2010; O’Connor et al., 2020; Spanos et al., 2010).

Pearson correlations were computed to provide an initial indication of associations among
pubertal status, mood/personality factors, and DE symptoms (Table 2). Pubertal status was
significantly, positively correlated with all variables (e.g., BMI, mood/personality factors,
and DE symptoms; 7°s =.07-.79; p’s < .05-.001). Although associations were mainly in

the small-to-medium effect size range, this is consistent with prior studies showing that girls
who are further along in their pubertal development report higher DE symptom levels (e.g.,
Culbert et al., 2013; Klump et al., 2017; O’Connor et al., 2020; Pearson et al., 2012). All
predictor variables were also significantly and positively correlated with all DE symptoms
(r’s=.18-.47; p’'s <.001). Moreover, the intercorrelations among cognitive DE scales
(r=.46-.70, 21-48% shared variance) and dysregulated eating scales (r=.41-.45 (17%
—-20% shared variance) were moderate-to-large in magnitude. This indicates that the various
measures used capture both shared and unique variance for the different DE symptoms
assessed.

Moderation Models

Overall, puberty was found to be a stronger moderator of associations between mood/
personality factors and the cognitive DE symptoms than the dysregulated eating symptoms
(see Tables 3-4). Although there were no statistically significant effects for weight
preoccupation, pubertal status was a significant moderator of associations between dietary
restraint, shape/weight concerns, and body dissatisfaction and negative urgency, trait anxiety,
and depressive symptoms (Table 3). There was also a statistically significant pubertal status
by positive urgency interaction in the prediction of shape/weight concerns. All statistically
significant interaction effects were in the expected direction, such that girls who were at
more advanced pubertal status and reported higher scores on the mood/personality factors
reported the highest levels of cognitive DE symptoms (Figure 1). Surprisingly, there were no
statistically significant interactive effects between pubertal status and the mood/personality
factors for any of the dysregulated eating symptoms of binge eating, emotional eating, and
eating in the absence of hunger (Table 4), although the main effects of mood/personality
factors on the dysregulated eating symptoms were all statistically significant.

Int J Eat Disord. Author manuscript; available in PMC 2021 November 23.
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Simple slopes analyses were conducted to further probe the interaction effects and determine
whether the associations were only present in one developmental period (e.g., more
advanced pubertal status) or were present across the pubertal development period, but
stronger or weaker in one or the other. All simple slopes were statistically significant at p <
.001, suggesting that the mood/personality factors were significantly related to the cognitive
DE symptoms across the full range of pubertal development. These significant associations
highlight the strength of the main effect of these factors (particularly negative urgency, trait
anxiety, and depressive symptoms) on cognitive DE symptoms. Nonetheless, results of the
simple slopes analyses (and significant interaction effects — see Tables 3-4) indicated that
associations between the mood/personality factors and the cognitive DE symptoms were
stronger with advancing pubertal development. These data suggest that girls who endorsed
higher levels of the mood/personality factors and were at more advanced pubertal status
exhibited the highest levels of cognitive DE symptoms.

Discussion

This is the first study to test pubertal status as a moderator of the relationship between key
mood/personality factors (i.e., negative and positive urgency, trait anxiety, and depressive
symptoms) and various cognitive and dysregulated DE symptoms using a population-based
sample of girls. Our analyses revealed three important findings. First, the mood/personality
variables were significant factors of cognitive and dysregulated DE symptoms across all
stages of pubertal development. These data are consistent with past studies that have shown
that some of the factors (particularly negative urgency) identified in late adolescence/early
adulthood are also important during pre-adolescence and adolescence in girls. Second, our
analyses also revealed that pubertal status significantly moderated associations between
mood/personality effects and cognitive DE symptoms, such that girls at more advanced
pubertal status and greater negative and positive urgency, trait anxiety, or depressive
symptoms showed higher levels of cognitive DE symptoms (i.e., dietary restraint, shape/
weight concerns, and body dissatisfaction). And third, puberty did not moderate associations
between mood/personality factors and dysregulated eating symptoms, suggesting a specific
effect of puberty on the cognitive symptoms of DE. Taken together, our findings underscore
the need to consider mood/personality factors in prevention and intervention programs for
youth of all ages, but also highlight the importance of puberty for specific types of cognitive
DE symptoms that are strong predictors of the later development of clinical eating pathology
(e.g., AN, BN; Jacobi, 2005; Stice & Shaw, 2002).

Moving forward, it will be important to identify the mechanisms underlying the
differential effects of pubertal status on mood/personality-DE associations. Stronger
pubertal moderation for the cognitive symptoms suggests that psychosocial, psychological,
and/or biological processes associated with puberty enhance existing mood/personality-DE
associations and lead to increased body weight/shape concerns in girls during/after puberty.
Puberty is associated with a myriad of physical (e.g., increased adiposity; Bucchianeri et
al., 2013; Siervogel et al., 2003), psychological (e.g., increased negative affect; Allen &
Matthews, 1997; Spear, 2000), and psychosocial (e.g., increased awareness of culturally-
based ideals of thinness; Croll et al., 2002; Knauss et al., 2007) changes that could
theoretically potentiate existing mood/personality-DE associations. For example, while
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negative affect may be associated with body weight/shape concerns in pre-puberty, these
associations may be even stronger during/after puberty when awareness of pressures for
thinness increases and bodily changes move girls away from Western ideals of beauty.
Indeed, the “perfect storm” of increased pressures for thinness and increased negative
affect during puberty may strengthen mood/personality-DE associations and increase levels
of body weight/shape concerns and dietary restraint in girls. Clearly, these theories are
speculative, but they offer one set of potential explanations for the highly specific effects
of puberty on mood/personality-DE associations for the DE symptoms (i.e., weight/shape
concerns, restraint) that would seemingly be most directly affected by physical and
psychosocial changes of puberty.

They also provide some initial insight as to why puberty does not moderate associations
between mood/personality factors and dysregulated eating symptoms. The physical and
psychosocial changes of puberty may be less directly linked to dysregulated eating
symptoms, especially since many types of dysregulated eating (e.g., eating in the absence of
hunger, loss of control over eating) are present in children and pre-pubertal girls (Balantekin
et al., 2017; Tanofsky-Kraff et al., 2020) prior to the onset of weight/shape concerns (Jacobi
et al., 2004; O’Dea & Abraham, 1999) and increased pressures for thinness (Killen et al.,
1994; Keel & Forney, 2013; Stice & Shaw, 2002). Thus, the mechanisms of negative affect/
personality factor associations with dysregulated eating may be different and less tied to the
sociocultural changes of puberty.

One possibility is that the conceptual/empirical model of associations between puberty and
mood/personality factors is different for dysregulated eating. An alternative model examined
by others (e.g., Combs et al., 2011; Davis & Smith, 2018, Pearson et al., 2012) is that

there are mediating (instead of moderating) associations between puberty, mood/personality
factors, and dysregulated eating in girls, such that the changes of puberty lead directly to
increases in negative affect/impulsivity, which then lead to increases in dysregulated eating.
Our data are cross-sectional and are therefore not ideal for examining these hypotheses.
Nonetheless, to explore this possibility, we conducted post-hoc mediation analyses and
found that negative urgency and trait anxiety were significant, partial mediators of the
relationship between pubertal status and the dysregulated eating symptoms of emotional
eating and eating in the absence of hunger (On-line Supplemental Material Tables 1-2

and Figure 1). Significant mediation effects were also observed for shape/weight concerns;
however, model fit comparisons for this cognitive DE symptom showed that the moderation,
rather than mediation, models fit these data best (Supplemental Table 2).

Together, these findings highlight differential effects of puberty across DE symptom type,
and although exploratory, they support the possibility that puberty may lead to changes in
affect/personality characteristics that then lead to dysregulated (but not cognitive) symptoms
of DE in girls. The partial mediation effects also suggest that other (unexamined) factors
play a role in the effects of puberty on dysregulated eating. Ovarian hormones (e.g.,
estrogen, progesterone) are one set of biological factors that may be particularly important,
given that they are activated during puberty in girls and have significant effects on anxiety,
impulsivity, and dysregulated eating symptoms (Colzato et al., 2010; Diekhof, 2015; Derntl
etal., 2014; Hoyt & Falconi, 2015; Reardon et al., 2009; Klump et al., 2018; Zerwas
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et al., 2014). Furthermore, past data in women demonstrate stronger ovarian hormone
effects on binge eating than cognitive weight/shape concerns (Hildebrandt et al., 2015).

It may be that ovarian hormones are driving pubertal effects on impulsivity/anxiety and
dysregulated eating. This possibility warrants additional study using longitudinal research
that can replicate our preliminary mediation models and more clearly identify the factors
that may underlie these mediating effects.

Nonetheless, the present study may have some initial implications for clinical practice. The
differential effects of puberty across DE symptom type suggest that clinicians may want

to more strongly target mood and personality factors in older adolescent clients to enhance
outcomes for body weight and shape concerns specifically. By contrast, clinicians should
be aware that interventions for dysregulated eating more generally should target mood and
personality symptoms regardless of the child’s developmental stage, as these symptoms
contribute to dysregulated eating in girls across development. Incorporating these types of
developmentally tailored interventions may enhance treatment outcomes and contribute to
more personalized medicine approaches to client care.

Before ending, we note a few limitations. First, we cannot make conclusions regarding
causality and/or the direction of effects given our use of cross-sectional data. Longitudinal
and prospective studies are a critical next step for replicating and extending our data to
examine potential risk factor/causation models. Second, we examined a population-based
sample of girls, and thus, it is unclear whether results generalize to clinical populations.
Given the very low prevalence of clinical eating pathology (e.g., AN and BN) in pre-

and early adolescence (Bulik, 2002), it would be difficult to examine our hypotheses in a
purely clinical sample of young girls. Our sample exhibited a wide range of DE attitudes
and behaviors (including clinical levels of these characteristics). Thus, these findings likely
speak to the range of DE present in the population at large. Nonetheless, additional work in
clinical samples is needed to determine the generalizability of the findings to clinical eating
disorders. Third, our sample was predominantly white and middle class and only included
girls. Additional studies of more diverse samples in terms of race, ethnicity, socioeconomic
status, and gender are needed to determine if our findings generalize across the myriad of
stressors (e.g., discrimination, disadvantage) that contribute to DE in youth.
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Pubertal status interacting with negative urgency (A Panels), trait anxiety (B Panels),
depressive symptoms (C Panels), and positive urgency (D Panel) in predicting cognitive

disordered eating symptoms
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Moderating effects of pubertal status on associations between mood/personality factors and dysregulated

eating symptoms (N = 981)

Table 4
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Binge Eating (MEBS)

Emotional Eating (Full

Eating in the Absence of

Scale) Hunger (Full Scale)
Model Predictors b (SE) t (df) b (SE) t (df) b (SE) t (df)
Negative Urgency
BMI 09(04)  2.37(75849) * -.01(04) -0.36(702.23) .02 (.04) 0.53 (899.19)
PDS .01(.04)  0.19(736.26) 08(04)  2.10(660.89) * 12 (.04) 320(87551) ***
Negative Urgency 44 (.03) 14.89(950.26) *** .30 (.03) 9.17(883.96)  *** .29 (.03) 10.24 (886.79)  ***
PDS x Negative .05(03)  1.60 (953.86) 01(03)  0.24(904.03) .02 (.03) 0.81 (840.22)
Urgency
Positive Urgency
BMI 07(04)  1.98(773.79) * -.02(04) -0.46 (728.37) .03 (.04) 0.87 (898.71)
PDS .05(.04)  1.40 (725.56) 11(04)  290(667.49) ** 15 (.04) 3.79(852.90) ***
Positive Urgency .38 (.03) 12.92(955.44) *** .24 (.03) 7.42(909.37)  AH* .23 (.03) 8.22(855.33)  ***
PDS x Positive 00(03) 0.16(948.34) * -.02(03) -0.48 (911.86) -.04(03)  -1.42(834.70)
Urgency
Trait Anxiety
BMI 11(04)  3.05(762.39) ** .00(.04)  -0.10(711.60) .06 (.04) 1.54 (897.68)
PDS .00 (.04)  -0.05 (740.07) 07(04)  1.93(671.30) * 11 (.04) 274(87491) **
Trait Anxiety 35(.03) 11.57(953.37) *** .26 (.03) 8.12(904.05)  *** .26 (.03) 8.94(883.33)  ***
PDS x Trait 07(03)  2.33(954.95) * 04(03)  1.33(913.31) .05 (.03) 1.91 (861.31)
Anxiety
Depressive
Symptoms
BMI 05(04)  1.29 (766.35) -.05(04) -1.38(722.86) .01 (.04) 0.30 (879.67)
PDS .03 (.04) 0.72 (736.58) .10 (.04) 2.62(679.08) ** 12 (.04) 3.25(851.38) **
Depressive SX 41(03) 13.63(93591) *** 28 (.03) 8.68(885.28)  *** 28 (.03) 0.67(897.87) ***
PDS x Depressive .06 (.03)  2.17 (938.78) * .07 (.03) 2.28(909.18) * .06 (.03) 2.15(853.73) *

Sx

Note. MEBS = Minnesota Eating Behavior Survey; BMI = Body Mass Index; PDS = Pubertal Development Scale; Depressive Sx = Depressive
Symptoms. Both statistically significant (p < .01) and trend level (p < .05) models are denoted with asterisks, but those with p < .01 are also bolded

for clarity.
*
p<.05,
*k
p<.01,

Aok

p<.001.
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