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Abstract
Loss of control (LOC) eating is characterized by a reported sense of being unable to control food intake, regardless 
of the amount of food consumed. It is the hallmark feature of binge-eating episodes, which involve consuming an 
unusually large amount of food within a discrete time frame, accompanied by a sense of LOC over eating. Some 
studies investigating the progression of LOC-eating symptoms in children and adolescents suggest that LOC-
eating may be a precursor to binge-eating disorder (BED) in adults. To explain the progression from LOC-eating in 
childhood and adolescence to BED in adulthood, Tanofsky-Kraff and her colleagues developed a theoretical model 
highlighting three main constructs: negative affectivity, reward sensitivity, and executive functioning. However, a 
thorough empirical validation of this model has not yet been performed. The current study aims to empirically 
test Tanofsky-Kraff and her colleagues’ model via structural equation modeling (SEM) and explore potential gender 
and age differences within this framework. We surveyed 969 adolescents aged 12 to 18 years from the Quebec 
City area who completed self-report questionnaires. Our findings revealed that both negative affectivity and 
reward sensitivity are significantly associated with binge-eating symptomatology, whereas self-reported executive 
functioning is not significantly associated with binge-eating symptomatology. These results support several key 
components of the proposed model and provide insights into the interactions between the variables when tested 
simultaneously. Additionally, our study underscores the importance of considering individual factors such as age 
and gender in understanding binge-eating symptomatology.

Plain English Summary
Some young people feel they can’t control how much they eat, even if they aren’t eating large amounts. This 
is called loss of control (LOC) eating. Some research suggests that LOC eating in children and adolescents 
could lead to binge-eating disorder (BED) later in life. To better understand why this might happen, experts 
have identified three key factors: struggling with negative emotions, being more sensitive to food rewards, and 
having difficulties with executive functioning. However, this idea hasn’t been fully tested yet. We surveyed 969 
teenagers, aged 12 to 18, from the Quebec City area to explore how these three factors might be linked to 
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Overeating is characterized by excessive consumption of 
food beyond the body’s needs [1] and is often associated 
with excessive body weight [2]. This behavior can occur 
passively when individuals eat without experiencing true 
hunger, often selecting overly large portions or high-cal-
orie foods [1, 3], or it can be accompanied by a loss of 
control (LOC) when individuals feel unable to stop eating 
or regulate their food intake [4, 5]. LOC eating is a key 
feature of binge-eating disorder (BED) [6].

BED is the most prevalent eating disorder, with a life-
time prevalence of 2.42% in adult women, 1.17% in adult 
men [7], and 1.32% in children and adolescents [8]. It is 
highly comorbid with psychiatric disorders, particularly 
mood, anxiety, and substance-related disorders, affect-
ing approximately 94% of individuals with the condition 
[9]; it is also associated with overweight and obesity in 
more than half of cases [10–12], as well as with increased 
risk of metabolic issues (e.g., diabetes, hypertension) and 
chronic pain conditions [9, 10, 12]. Unfortunately, BED is 
often diagnosed late, by which time its consequences and 
comorbidities are already established, and its symptoms 
tend to be more entrenched and challenging to treat.

Binge-eating symptoms exist on a continuum of sever-
ity, starting with LOC-eating as the least severe form, 
progressing through binge-eating and subthreshold 
binge-eating disorder, and culminating in BED as the 
most severe subtype [6]. Accordingly, in this study, both 
binge eating and LOC-eating are conceptualized as vary-
ing degrees of severity within the broader construct of 
binge eating symptomatology. Three longitudinal stud-
ies examined the progression of LOC-eating symptoms 
in children and adolescents from the general population. 
These studies, which were conducted in Germany or the 
United States, included participants aged 6–13 years and 
spanned periods of one to five years [13–15]. Results of 
these studies revealed three trajectories among youth 
who initially exhibited LOC-eating behaviors: some expe-
rienced remission from these behaviors, others displayed 
recurrent LOC-eating behaviors (symptoms present at 
multiple timepoints), and a small percentage maintained 
persistent LOC-eating behaviors (symptoms present at 
all timepoints). The results also suggest that LOC-eating 
may be a precursor to BED in adults since it has been 
associated with the onset of subthreshold or full-syn-
drome BED over time. While these studies are very inter-
esting in that they identify LOC-eating as a precursor to 

BED, much remains to be done to better identify which 
individuals with LOC-eating will progress to BED.

Developmental model of BED
Tanofsky-Kraff et al. [6] proposed a theoretical and 
multifactorial model that aims to explain the transi-
tion from LOC-eating in childhood and adolescence to 
BED in adulthood, thereby helping to identify youth at 
risk of developing BED. This model highlights three key 
domains: negative affectivity, sensitivity to reward, and 
executive functioning. Research has linked these con-
structs to specific brain networks [16], indicating that 
they serve as proxies for the underlying neural mecha-
nisms involved in emotion regulation, reward process-
ing, and executive functions. More specifically, the model 
posits that youth exhibiting LOC-eating symptoms, 
particularly those with high levels of negative affectiv-
ity, heightened sensitivity to reward, and executive func-
tioning difficulties—attributable to dysfunctions in their 
associated neural networks—are at greater risk of follow-
ing a pathological trajectory, especially in the absence of 
adequate intervention. Studies have provided support for 
various aspects of this model.

Negative affectivity
According to Krog and Duel (2003), negative affectivity 
reflects a disposition for having negative emotional reac-
tions to one’s surroundings and to oneself [17]. Negative 
affect includes several aversive mood states, including 
anger, guilt, fear, anxiety and depression [18]. In the field 
of eating behavior research, increased negative affectivity 
is considered a trigger for episodes of binge-eating symp-
tomatology [19].

Preliminary findings in youths provide support for this 
hypothesis. To robustly establish the link between nega-
tive affect and binge-eating, longitudinal studies have 
been particularly valuable, as they allow for the examina-
tion of these associations over time. One study reported 
that initial levels of depression significantly predict LOC-
eating and binge-eating [20]. Other studies focusing on 
children and adolescents from the general population 
have shown that anxiety symptoms also predict binge-
eating [21–23]. These studies suggest that physical anxi-
ety symptoms [21, 23] and possibly social anxiety [21] 
might be key factors in the development of BED. How-
ever, a significant limitation of these studies is that most 

binge-eating symptomatology. Our results suggest that adolescents who struggle with negative emotions or feel 
strongly rewarded by food might be at higher risk to report binge-eating symptoms. These findings underscore 
the importance of teaching young people how to manage their emotions from an early age. The also highlight 
the differential role of these factors depending on age and gender, which is important for developing more 
personalized prevention and treatment strategies.
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included both children and adolescents, despite the dif-
ferent developmental stages they represent. Owing to 
their ongoing brain development, adolescents may face 
unique challenges in effectively regulating their emo-
tions, placing them at increased risk for anxiety and other 
stress-related disorders [24]. This developmental distinc-
tion could be crucial in understanding the association 
between negative affect, LOC-eating and BED. However, 
some studies have not established a clear connection 
between negative affect and binge-eating symptomatol-
ogy [25, 26]. In these studies, negative affect was mea-
sured via indicators such as guilt, anger, loneliness, and 
sadness.

Executive functioning
Executive function encompasses a range of cognitive 
processes essential for goal-directed behavior, includ-
ing planning, working memory, set-shifting, decision-
making, error monitoring and correction, sequencing 
of complex actions, inhibition of habitual responses, 
and resistance to tempting stimuli [27–29]. These func-
tions are crucial for the self-regulation of eating behav-
iors. Executive function continues to develop throughout 
adolescence, with some functions maturing more rapidly 
than others [30]. While this uneven development can be 
associated with unique challenges during this period, 
research on the relationship between executive function-
ing and binge-eating symptomatology in youth is limited 
and presents mixed findings.

Previous studies using objective measures of execu-
tive functions have found associations with binge-eating 
symptoms [31–33], others employing similar methods 
have not observed clear associations [34–35]. Similarly, 
studies using self-reported measures of executive func-
tioning, including the Behavior Rating Inventory of Exec-
utive Function (BRIEF) used in the present study, have 
yielded mixed results, with some reporting significant 
associations [14, 36–42], while others did not [e.g., 43]. 
Among those that have found a connection, inhibitory 
control, which involves the ability to suppress inappro-
priate or impulsive responses in favor of more appropri-
ate ones [44], has been associated with LOC-eating and 
binge-eating in some studies [39, 40], although this find-
ing is not generalized [43]. Recently, working memory 
and set-shifting—components of executive function that 
involve retaining task-relevant information and flexibly 
adapting to changing goals [45]—have been linked to 
binge-eating in youth [40]. Although it remains challeng-
ing to definitively determine which aspects of executive 
function are most closely associated with the severity of 
binge-eating symptomatology, there is evidence suggest-
ing that some executive function difficulties may play a 
significant role.

Reward sensitivity
Reward sensitivity is a motivational process that reflects 
an individual’s tendency to detect and pursue rewarding 
and appetizing stimuli [46]. Individuals with binge-eating 
symptomatology show increased reward sensitivity, as 
evidenced by heightened activity in neural regions asso-
ciated with reward processing (e.g., the ventral striatum 
and ventromedial prefrontal cortex) [47–49]. This height-
ened sensitivity has also been demonstrated in behavioral 
tasks [39, 50–52] and through self-reported measures 
[14, 39]. Two specific subcomponents of reward sensi-
tivity—attentional biases [49–52] and positive reinforce-
ment [14, 47, 48]—have been consistently associated with 
LOC-eating and binge-eating in previous studies. Atten-
tional bias refers to the tendency to focus on specific 
stimuli, such as food cues [53], whereas positive rein-
forcement involves the expectation of positive outcomes 
from eating [6]. However, only one study has specifically 
examined adolescents, finding that heightened activity 
in neural regions associated with reward processing was 
linked to the severity of binge-eating [48]. Although it is 
well established that reward sensitivity peaks during ado-
lescence [54], research on these associations in this age 
group remains limited. This study will therefore focus on 
the aspects of attentional biases and positive reinforce-
ment that have been previously associated with binge-
eating symptomatology.

Objectives and hypotheses
According to the model proposed by Tanofsky-Kraff 
and colleagues (2020), the interaction of negative affect, 
executive functioning and reward sensitivity could help 
identify young people most at risk of developing BED [6]. 
However, an empirical examination of all these compo-
nents in a model has not yet been conducted. Therefore, 
the aim of the present study is to provide a prelimi-
nary empirical validation of the key components of the 
theoretical developmental model of BED via structural 
equation modeling (SEM). Based on the literature, we 
hypothesize that binge-eating symptomatology is associ-
ated with a pattern characterized by a greater presence of 
negative emotions (measured by depressive symptoms, 
physical symptoms of anxiety and social anxiety), reward 
sensitivity (measured by food reinforcement and atten-
tional biases toward food cues), and difficulties in execu-
tive functioning. Since previous studies in adolescents 
have revealed differences in variables of interest between 
boys and girls (i.e [55–57]), as well as between different 
stages of adolescence (i.e [54, 58], a secondary aim of the 
present study is to assess the influence of gender and age 
on the configuration of the model and its relationships.
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Materials and methods
Participants and procedure
A sample of 969 adolescents (571 girls, 397 boys, and one 
missing value) was recruited from seven schools (three 
private and four public) to participate in a larger study 
on the eating behaviors of adolescents. The only inclu-
sion criterion was being aged between 12 and 18 years, 
with no exclusion criteria applied. Consent was obtained 
directly from participants aged 14 to 181, whereas paren-
tal consent was required for those younger than 14 [59]. 
Initial recruitment involved emailing the principals of 
public and private schools in Quebec city and the sur-
rounding area to gauge their interest in the study. Princi-
pals who agreed to participate distributed the survey link 
to their students. The survey was administered via Lime-
Survey [60], which is compatible with various electronic 
devices, including smartphones, tablets, and computers. 
To incentivize participation, a small financial incentive 
was offered in the form of a chance to win a $25 gift card. 
The study received approval from the Laval University 
Research Ethics Committee.

Measures
Binge-eating symptomatology severity
The Binge-Eating Scale (BES) is a 16-item self-report 
questionnaire designed to assess behavioral, cognitive, 
and emotional symptoms associated with binge-eating 
episodes [61]. For each item, the participants select one 
of four statements that best describes their situation. 
Each item is assigned a weight on the overall scale on the 
basis of its severity, ranging from 0 to 3. The total score, 
which can range from 0 to 46, is calculated by summing 
the scores of all the items. A total score of 18 or more 
indicates more severe binge-eating symptomatology. The 
scale has been validated in an adolescent sample from a 
different cultural background [62] and was effectively 
used in previous research with adolescents from non-
clinical populations [63–65]. Notably, Pasold et al. (2014) 
previously used this scale in a sample of adolescents (12–
17 years) and showed similar prevalence of binge-eating 
symptoms than previous studies, as well as correlations 
between BES and related constructs [65].

The BES was selected in this study because it assesses 
binge-eating symptom severity along a continuum. As 
outlined by Tanofsky-Kraff et al. (2020), binge-eating 
behaviors range in severity, with LOC eating represent-
ing the less severe end, followed by binge-eating, sub-
threshold binge-eating disorder, and culminating in BED 
as the most severe form [6]. The BES captures this full 
range of symptom severity, making it a valuable tool for 

1 In Canada, research ethics guidelines allow for minors aged 14 and older to 
provide their own consent in minimal-risk studies, depending on provincial 
regulations and ethics board approvals [56].

assessing both LOC-eating and more severe binge-eating 
behaviors. Supporting this conceptualization, Bodell et 
al. (2018) found strong correlations (ranging from 0.78 
to 0.80) between the BES and LOC-eating measures in 
a nonclinical sample with a mean age of 19.6 years [66]. 
These findings suggest that the BES effectively captures 
core features of LOC-eating. Given that LOC-eating is 
considered a central feature of binge-eating pathology, 
using the BES allows for a more comprehensive assess-
ment of binge-eating severity across different levels of 
symptom expression. In the present study, the question-
naire demonstrated excellent internal consistency (Cron-
bach’s alpha = 0.89).

Negative affectivity
Depressive symptoms
The Beck Depression Inventory (BDI), a 21-item self-
report questionnaire, was used to assess depressive 
symptoms experienced over the past two weeks [67]. 
Each symptom is rated on a 4-point Likert scale from 0 
(not associated with any suffering) to 3 (associated with 
intense suffering), and the total score ranges from 0 to 63. 
A score from 0 to 13 indicates normal to minimal depres-
sive symptoms, a score from 14 to 19 indicates mild to 
moderate depressive symptoms, a score from 20 to 28 
indicates moderate depressive symptoms, and a score 
from 29 to 63 indicates severe depressive symptoms. The 
BDI has demonstrated good psychometric properties 
for large-scale screening of depressive symptoms in high 
school adolescents [68–70]. In the current study, the BDI 
had a Cronbach’s alpha of 0.90, indicating good internal 
consistency.

Anxiety symptoms
The Multidimensional Anxiety Scale for Children - Self 
Report (MASC) [71] is a 39-item self-report question-
naire utilized to evaluate emotional, cognitive, physical, 
and behavioral symptoms associated with anxiety in chil-
dren and adolescents aged 8 to 19 years. The participants 
responded to each item on a 4-point Likert scale rang-
ing from 0 (rarely true about me) to 3 (often true about 
me). These items can be categorized into four subscales: 
(1) physical symptoms, (2) social anxiety, (3) harm avoid-
ance, and (4) separation anxiety. In this study, the Physical 
Symptoms and Social Anxiety subscales were employed, 
as research has shown their distinct contributions to the 
association with binge-eating symptomatology [21, 23]. 
The subscales consist of 12 and 9 items, respectively. The 
total scores for these subscales ranged from 0 to 36 and 
0 to 27, respectively. Both subscales demonstrated good 
internal consistency, with Cronbach’s alphas of 0.86 for 
the physical symptoms’ subscale and 0.90 for the social 
anxiety subscale.
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Executive functioning
The Behavior Rating Inventory of Executive Function–
Self-Report Version (BRIEF-SR) is an 80-item self-report 
questionnaire designed to assess adolescents’ (ages 
11–19) perceptions of their executive functions or self-
regulatory strengths and weaknesses in everyday life 
[72]. The items are scored on a 3-point Likert scale rang-
ing from 1 (never) to 3 (often), reflecting the frequency 
of certain behaviors over the past six months. Responses 
can be combined into two indices: the behavioral regula-
tion index (BRI) and the metacognition index (MI). These 
indices have been independently associated with binge-
eating symptomatology in previous studies [41, 73]. The 
BRI includes subscales for inhibition, shift, emotional 
control, and monitoring, whereas the MI includes sub-
scales for working memory, planning/organizing, organi-
zation of materials, and task completion. The total scores 
for these subscales ranged from 34 to 102 and 42 to 126, 
respectively, with higher scores indicating greater dif-
ficulties. In this study, both indices demonstrated good 
internal consistency, with Cronbach’s alphas of 0.83 for 
the BRI and 0.89 for the MI.

Sensitivity to reward
The Food Craving Questionnaire–Trait (FCQ-T) [74] is 
a 37-item self-report questionnaire designed to assess 
various dimensions of food cravings. These dimensions 
include (1) having intentions and plans to consume food, 
(2) anticipation of positive reinforcement from eating, 
(3) anticipation of relief from negative states and feel-
ings through eating, (4) lack of control over eating, (5) 
thoughts or preoccupation with food, (6) craving as a 
physiological state, (7) emotions experienced before 
or during food cravings or eating, (8) cues that trigger 
food cravings, and (9) guilt from cravings and/or yield-
ing to them. In the present study, we used the subscales 
of anticipation of positive reinforcement from eating 
(comprising 5 items) and cues that trigger food cravings 
(comprising 4 items) to assess food reinforcement and 
attentional biases toward food cues. These components 
of sensitivity to reward have been consistently associ-
ated with binge-eating symptomatology [14, 49, 51]. The 
participants rated how often each statement applied to 
them generally via a five-point Likert scale ranging from 
0 (never) to 4 (always). The total scores for the food rein-
forcement subscale ranged from 0 to 20, whereas the 
total scores for the attentional biases toward food cues 
subscale ranged from 0 to 16. Both subscales demon-
strated good internal consistency, with Cronbach’s alphas 
of 0.87 for the food reinforcement subscale and 0.80 for 
the attentional biases toward food cues subscale.

Statistical analysis
In the first step, descriptive analyses were conducted via 
SPSS version 25.0. Statistical significance was set at an 
alpha level of 0.05, and effect sizes were interpreted fol-
lowing Cohen’s guidelines (2013) [75].

Next, the assumptions for multivariate analyses were 
verified before proceeding to structural equation model-
ing (SEM) [76]. Specifically, multicollinearity among the 
study variables was assessed using the variance inflation 
factor (VIF), with a threshold value of 5 [77]. Since all 
assumptions except for normality were met, we used the 
maximum likelihood (MLR) estimator, which provides 
fit indices and standard errors robust to nonnormal dis-
tributions [78]. Missing data for the examined variables 
were minimal and were handled via full information 
maximum likelihood estimation (FIML). Moreover, the 
required sample size for the study was determined on the 
basis of Bentler and Chou’s (1987) recommendation of 10 
observations per parameter [79]. Consequently, 210 par-
ticipants were necessary to adequately test the model.

Mplus 8 [78] was used to conduct SEM to test the pro-
posed model, as presented in Figs.  1 and 2. Specifically, 
the model involved a multiple linear regression of nega-
tive affectivity, executive functioning, and sensitivity to 
reward on binge-eating symptomatology severity, with all 
three predictors modeled as latent variables. Indicators of 
these latent variables are presented in Figs. 1 and 2. While 
the model did not include explicit interaction terms, SEM 
accounts for shared variance among predictors, allow-
ing for the assessment of their unique and combined 
contributions to the outcome variable. Given previous 
research showing differences between boys and girls 
in key variables in adolescence (e.g [55–57]), the model 
was tested separately for each gender. The validity and 
reliability of each latent factor were assessed by calculat-
ing the average variance extracted (AVE) and composite 
reliability (CR). According to the Fornell and Larcker 
criterion (1981), the AVE values should exceed 0.500, 
and the CR values should exceed 0.700 [80]. Commonly 
used goodness-of-fit indices were examined to assess 
the acceptability of the model. Specifically, the compara-
tive fit index (CFI; ≥ 0.90 for acceptable; ≥ 0.95 for excel-
lent), the Tucker‒Lewis index (TLI; ≥ 0.90 for acceptable; 
≥ 0.95 for excellent), and the root-mean-square error of 
approximation (RMSEA; ≤ 0.08 for acceptable; ≤ 0.06 for 
excellent) with 90% CI were used [81–84]. Finally, mul-
tigroup invariance analyses were performed to deter-
mine if the structural models were equivalent across age 
groups. The participants were divided into two brackets 
on the basis of the Centers for Disease Control and Pre-
vention (CDC) chart (2022) [85]: young teens (12–14 
years; n = 349) and teenagers (15–18 years; n = 612). To 
test invariance, constrained and unconstrained mod-
els were compared by examining changes in chi-square, 
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CFI, TLI, and RMSEA. Invariance was indicated when 
the constrained and unconstrained estimated models did 
not differ significantly, as evidenced by a nonsignificant 
chi-square difference test, minimal changes in CFI and 
TLI (ΔCFI ≤ 0.01; ΔTLI ≤ 0.01), and minimal increases in 
RMSEA (ΔRMSEA ≤ 0.015) [86, 87]. In such cases, model 
fit was improved by removing one or more equality con-
straints on model parameters across age groups, resulting 
in subsequent test evaluations of partial invariance [88].

Results
The final sample consisted of 59.0% girls and 41.0% boys, 
with a mean age of 14.91 years (SD = 1.31). According to 
ethnic identity, 93.0% of the sample identified as Cauca-
sian, 1.5% Asian, 1.4% Hispanic, 1.4% Indigenous/Aborig-
inal, 1.1% African American, and 0.5% with other ethnic 
identities. According to the World Health Organization 
body mass index-for-age percentile growth charts for 
Canada [89], among the 886 participants whose height 
and weight were reported, 31 participants (3.5%) were 
at risk for underweight, 670 participants (75.6%) had a 
healthy weight, 128 participants (14.4%) were overweight, 
48 participants (5.4%) were obese, and nine participants 
(1%) had severe obesity. The distribution of this sample 
(14.4% overweight and 6.4% obesity) closely mirrored the 
rates of overweight (16.0%) and obesity (8.3%) reported 

in a Quebec survey on adolescent health and lifestyle 
conducted in 2020 and 2021 [90]. The results indicated 
that 5.8% of the participants (n = 51) scored 18 or higher 
on the BES, suggesting more severe binge-eating symp-
tomatology. Additionally, binge-eating symptomatology 
was positively associated with all the variables, with small 
to medium effect sizes. Descriptive statistics and correla-
tions between the variables are presented in Table 1.

Structural equation model (SEM)
Model fit indices of the examined models are presented 
in Table 2. Figures 1 and 2 illustrate the SEM results for 
girls and boys, respectively. The model for boys (B1) 
was saturated, resulting in perfect fit indices: CFI = 1.00, 
TLI = 1.00, and RMSEA = 0.00. The model for girls (A1) 
demonstrated an excellent fit to the data, as reflected 
by the following fit indices: CFI = 0.98, TLI = 0.96, and 
RMSEA = 0.06. Additionally, the validity and reliability of 
each latent factor were confirmed, with CR values rang-
ing from 0.76 to 0.84 for boys and 0.80 to 0.83 for girls 
and AVE values ranging from 0.71 to 0.94 for boys and 
0.69 to 0.95 for girls. The absence of multicollinearity was 
also verified, with VIF values ranging from 1.60 to 3.19.

A comparison of the models for adolescent boys and 
girls revealed several similarities. The item loadings onto 
their respective latent factors were consistently strong 

Fig. 1 Structural equation model of the severity of binge-eating symptomatology in adolescent girls (A1). Note. The one-headed arrows represent stan-
dardized regression weights, and the double-headed arrows represent correlations
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Table 1 Descriptive statistics and bivariate correlations
Variable M SD 1 2 3 4 5 6 8 9
1. Binge-eating symptomatology 5.9 6.19 -
2. Depressive symptoms 9.1 8.72 0.51** -
3. Physical symptoms of anxiety 10.1 6.87 0.44** 0.63** -
4. Social anxiety symptoms 11.0 7.30 0.36** 0.50** 0.58** -
5. Behavioral regulation 49.8 11.00 0.39** 0.63** 0.59** 0.46** -
6. Metacognition 65.3 15.09 0.31** 0.56** 0.48** 0.36** 0.70** -
7. Food reinforcement 7.0 4.86 0.45** 0.29** 0.29** 0.27** 0.30** 0.24** -
8. Attentional biases to food cues 6.8 4.00 0.49** 0.30** 0.29** 0.29** 0.26** 0.24** 0.71** -

Table 2 Model fit indices of the examined models
Models χ2(df) CFI TLI RMSEA
A1. SEM of binge-eating symptomatology in girls 45.35(15) 0.980 0.963 0.060
A2. Same as A1, grouping by age (i.e., young teens and adolescents) 75.89(34) 0.972 0.955 0.066
A3. Same as A2, with parameters constrained to be equal between age groups 139.45(48) 0.940 0.930 0.083
A4. Same as A3, with some parameters allowed to vary between age groups1 94.21(44) 0.9767 0.958 0.064
B1. SEM of binge-eating symptomatology in boys 13.03(15) 1.000 1.000 0.000
B2. Same as B1, grouping by age (i.e., young teens and adolescents) 45.72(36) 0.988 0.981 0.037
B3. Same as B2, with parameters constrained to be equal between age groups 77.33(50) 0.966 0.962 0.053
B4. Same as B3, with some parameters allowed to vary between age groups2 49.14(45) 0.995 0.994 0.022
1 The parameters allowed to vary were the associations between (1) executive functioning and binge-eating symptomatology severity, and (2) reward sensitivity 
and binge-eating symptomatology severity
2 The parameters allowed to vary were the associations between (1) executive functioning and binge-eating symptomatology severity, (2) reward sensitivity and 
binge-eating symptomatology severity, and (3) negative affectivity and binge-eating symptomatology severity

Fig. 2 Structural equation model of the severity of binge-eating symptomatology in adolescent boys (B1). Note. The one-headed arrows represent stan-
dardized regression weights, and the double-headed arrows represent correlations
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and statistically significant (p <.001) for both genders. 
Small to large correlations were also found among the 
three latent factors in both groups (p <.001). Sensitiv-
ity to reward was positively and significantly associated 
with binge-eating symptomatology in both boys (β = 0.37, 
p <.001) and girls (β = 0.39, p <.001), with a small effect 
size. However, key differences emerged between boys and 
girls. Negative affectivity was positively related to binge-
eating symptomatology in both groups, but with a small 
effect size for boys (β = 0.36, p =.036) and a medium effect 
size for girls (β = 0.79, p <.001). Furthermore, executive 
functioning was not significantly linked to binge-eating 
symptomatology in boys (β = − 0.08, p =.579), whereas 
it was significantly negatively related to binge-eating 
symptomatology in girls (β = − 0.40, p =.043). The model 
accounted for 31.7% of the variance in binge-eating 
symptomatology in boys and 52.3% in girls.

Age group invariance analyses
Finally, multigroup invariance analyses were performed 
to determine if the structural models (A1 and B1) were 
equivalent across age groups. The participants were 
divided into two brackets [85]: young teens (12–14 years; 
n = 349) and teenagers (15–18 years; n = 612). To test 
invariance, constrained (A3 and B3) and unconstrained 
models (A2 and B2) were compared. Changes in fit indi-
ces exceeded the acceptable thresholds (ΔCFI ≤ 0.010; 
ΔTLI ≤ 0.010; ΔRMSEA ≤ 0.015), and the corrected chi-
square difference tests were significant (girls: χ2 = 58.55; 
p ≤.001; and boys: χ2 = 28.98; p =.011), indicating that 
full invariance was not supported. Nevertheless, partial 
invariance was achieved when the associations between 
executive functioning and reward sensitivity with binge-
eating symptomatology were allowed to vary between 
age groups for girls (A4). Similarly, partial invariance was 
supported when associations between executive func-
tioning, reward sensitivity, and negative affectivity with 
binge-eating symptomatology were allowed to differ 
between age groups for boys (B4).

Key differences emerged between young teens and 
teenagers in the associations that were allowed to vary 
(A4 and B4). In girls, executive functioning was not sig-
nificantly related to binge-eating symptomatology in 
younger adolescents (β = − 0.35, p =.069) but were signifi-
cantly and negatively associated with these symptoms in 
older adolescents (β = − 0.49, p =.011). In boys, executive 
functioning was not a significant factor for binge-eating 
symptomatology in either younger adolescents (β = 0.15, 
p =.225) or older adolescents (β = − 0.49, p =.011). In both 
genders, reward sensitivity was unrelated to binge-eating 
symptomatology in younger adolescents (girls: β = 0.20, 
p =.136; boys: β = − 0.07, p =.704) but was significantly 
associated with these symptoms in older adolescents 
(girls: β = 0.41, p <.001; boys: β = 0.42, p <.001). Finally, for 

boys, negative affect was strongly and positively linked 
to binge-eating symptomatology in younger adolescents 
(β = 1.08 p =.003), but this association was not significant 
in older adolescents (β = 0.08, p =.562).

Discussion
The developmental model of BED proposed by Tanofsky-
Kraff et al. (2020) aims to explain and predict the tran-
sition from LOC-eating in childhood and adolescence to 
BED in adulthood [6]. In this cross-sectional study, we 
simultaneously tested the factors proposed in this model 
using data from a large sample of adolescents. Our find-
ings support key components of this model, offering 
valuable insights into the combined association of these 
variables while underscoring the importance of consid-
ering individual factors such as age and gender, as high-
lighted by Tanofsky-Kraff et al. (2020) [6].

Results show that negative affect was significantly asso-
ciated with the severity of binge-eating symptomatol-
ogy in both boys and girls. These results align with prior 
research showing links between binge-eating symptom-
atology and symptoms of depression [20] and anxiety 
[21–23]. Our results can be contextualized within the 
framework of affect theory, which suggests that adoles-
cents may engage in binge-eating as a means of escap-
ing or alleviating negative emotions [91]. For example, 
adolescents with depressive symptoms might resort to 
binge-eating symptomatology to improve their mood 
or counteract feelings of hopelessness, irritability, guilt, 
and worthlessness [92]. Similarly, those experiencing 
physical symptoms of anxiety might engage in binge-
eating to reduce fears related to bodily sensations and 
their perceived consequences [93], whereas adolescents 
with social anxiety might do so to ease fears of nega-
tive judgment, embarrassment, and social interactions 
[94]. To examine the relationship between negative 
affect and LOC eating many researchers have used eco-
logical momentary assessment capturing negative emo-
tions immediately preceding binge-eating episodes (e.g., 
[95–96]). Our study, which assessed general symptoms of 
depression and anxiety rather than momentary fluctua-
tions in affect, suggests that an overall heightened level 
of negative affectivity is associated with greater binge-
eating severity, even when these symptoms are not cap-
tured at the exact moment that precedes binge episodes. 
This highlights the importance of considering both stable 
affective traits and transient emotional states in under-
standing the role of negative affect in binge-eating.

The association between negative affect and binge-eat-
ing symptomatology was stronger in girls than in boys, a 
finding that has been well-documented in the literature, 
including meta-analyses and reviews [e.g., 97–98]. This 
pattern is also supported by a recent Canadian study of 
67 248 adolescents from the general population, which 
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reported higher levels of anxiety and depressive symp-
toms in cisgender girls compared to cisgender boys [56]. 
Additionally, our results revealed a strong and positive 
association between negative affect and binge-eating 
symptomatology in younger adolescents, whereas this 
relationship was weaker or not significant in older ado-
lescents. Adolescence is a developmental period marked 
by significant social, psychological, and biological 
changes, along with considerable brain reorganization in 
both structure and function [99, 100]. Furthermore, this 
period is recognized as a sensitive window for the devel-
opment of cognitive functions, including affect regula-
tion [101]. As emotion regulation capacities typically 
improve throughout adolescence, this may explain the 
weaker association between negative affect and binge-
eating symptomatology observed in older adolescents 
within our sample.

In addition, our findings revealed significant associa-
tions between both attentional biases toward food cues 
and positive reinforcement with the severity of binge-
eating symptomatology in both boys and girls. Previ-
ous studies have shown that some individuals assign 
greater incentive salience (i.e., motivational value) to 
food cues [14, 34, 44–49]. In environments with access 
to highly palatable foods, heightened reward sensitivity 
may increase the likelihood of more severe binge-eating 
symptomatology. While previous research has linked 
attentional biases to food cues and positive reinforcement 
with LOC-eating in children and binge-eating in adults 
[14, 39, 47–52], our findings contribute to the literature 
by confirming that these associations are also relevant 
in adolescents, even when accounting for other factors, 
such as negative affectivity and executive functioning.

The relation between heightened sensitivity to reward 
and binge-eating symptomatology was similar for both 
boys and girls. These results are supported by those 
reported by Altikulaç and colleagues (2019) in their study 
of 271 adolescents and young adults, which found that 
most aspects of sensitivity to reward—such as admiration 
(enjoyment of being flattered, liked, and gaining positive 
attention), passivity (enjoyment of giving others control 
over decisions), and sociability (enjoyment of engaging in 
group interactions)—were similar between girls and boys 
[55]. Additionally, we found that reward sensitivity was 
unrelated to binge-eating symptomatology in younger 
adolescents but was significantly associated with these 
symptoms in older adolescents. These evolving relation-
ships, where negative affect is more strongly associated 
with binge-eating symptomatology in younger adoles-
cents but weakens with age, while reward sensitivity is 
not linked in younger adolescents but becomes strongly 
associated in older adolescents, suggest developmental 
shifts in how these factors interact.

Finally, although univariate analyses revealed a signifi-
cant positive association between executive functioning 
difficulties and binge-eating symptomatology severity in 
our study, this association changed when negative affect 
and reward sensitivity are introduced in the multivariate 
analysis, becoming either nonsignificant for boys or neg-
ative for girls, a phenomenon known as the suppression 
effect. Given the high correlation between negative affect 
and executive functioning difficulties, it is likely that neg-
ative affect acts as the suppressor variable in this study. 
One possible explanation for our results is that self-
reported executive function difficulties may share over-
lapping variability with traits such as negative affectivity 
and sensitivity to reward. This overlap could account for 
the changes observed when these factors are examined 
together. This result suggests the hypothesis that, in 
emotionally challenging situations—where food may be 
viewed as a means of emotional relief—negative affect 
and reward sensitivity may play a more significant role in 
driving eating impulses than executive functioning alone 
in both younger and older adolescents. This perspective 
is consistent with previous research involving adult par-
ticipants, which suggests that depressive symptoms may 
play a more significant role in driving binge-eating behav-
iors than difficulties with executive functioning [102].

In general, our findings underscore the critical role of 
age in shaping the relationship between the studied fac-
tors. One plausible explanation for the observed age-
related differences is provided by Moore et al. (2017), 
who suggest that the rewarding effects of consuming 
large quantities of high-calorie foods decline over time 
due to decreased dopaminergic transmission in the ven-
tral striatum [103]. Consequently, older adolescents with 
binge-eating symptomatology may transition from using 
food primarily to alleviate negative emotions to using it 
as a means of reactivating a weakened reward circuit. As 
Tanofsky-Kraff et al. (2020) emphasized, emotion regula-
tion—the cognitive and behavioral processes involved in 
managing emotions and related behaviors—may be a key 
element in explaining these dynamics [6]. Specifically, 
deficits in emotion regulation could undermine adoles-
cents’ capacity to navigate negative affect and resist the 
impulse to consume highly palatable foods, particularly 
those with heightened reward sensitivity. In line with 
this hypothesis, a moderation analysis revealed a signifi-
cant interaction between negative affect and reward sen-
sitivity (β = 0.44, p <.001), indicating that the association 
between negative affect and binge-eating severity was 
stronger among individuals with higher reward sensitiv-
ity. The full results, including a graphical representation 
of this interaction, are provided in the supplementary 
material. For clinicians working with adolescents dis-
playing binge-eating behaviors, it is crucial to assess the 
underlying mechanisms driving these behaviors to design 
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tailored treatment approaches that address the unique 
contributing factors at different developmental stages. 
Finally, future longitudinal research will be instrumental 
in unraveling how these relationships evolve throughout 
adolescence.

Strenghts and limitations
This study has several strengths. First, the large sample 
size enhances the statistical power and generalizability of 
our findings. Second, the use of SEM allowed us to test 
complex relationships between variables, providing a 
more comprehensive understanding of the mechanisms 
underlying the severity of binge-eating symptomatology. 
Third, our study is firmly grounded in existing theoreti-
cal models, integrating well-established concepts from 
the literature on negative affect, reward sensitivity, and 
binge-eating. Finally, the study has important clinical 
implications, as it highlights potential targets for early 
intervention.

This study has several limitations. First, its cross-sec-
tional design does not allow for causal inferences; thus, 
longitudinal research is needed to explore the temporal 
relationships between risk factors, LOC-eating symp-
toms, and their potential progression to BED. We can-
not confirm whether participants with elevated negative 
affectivity, reward sensitivity, and executive function dif-
ficulties have developed or will develop BED, making lon-
gitudinal studies essential for these conclusions. Second, 
our model did not account for genetic, familial, cultural, 
or environmental factors, despite the acknowledgment 
that these multilevel factors surely contribute to the 
development of BED. Additionally, the constructs were 
assessed via self-reported measures, which may have 
been influenced by social desirability bias. The use of a 
self-reported measure of executive functioning (BRIEF-
SR) may have influenced our findings. While previous 
studies using objective measures have found associations 
between executive functioning and binge-eating symp-
toms [31–33], others employing similar methods have 
not observed clear associations [34–35]. Similarly, stud-
ies using self-reported measures of executive functioning 
have yielded mixed results, with some reporting signifi-
cant associations [14, 36–42], while others did not [e.g., 
43]. Although there is some conceptual overlap between 
self-report and objective tools assessing executive func-
tioning, these instruments measure related but distinct 
constructs. This distinction is reflected in the typically 
modest correlations between the BRIEF-SR and objec-
tive executive functioning tasks [35]. Some researchers 
argue that the BRIEF’s behavioral focus makes it espe-
cially relevant for understanding real-world eating behav-
iors [104], but it remains possible that different results 
would have emerged had an objective measure been used 
instead. Furthermore, the BRIEF-SR assesses perceived 

difficulties in executive functioning, which may be sub-
ject to biases related to individual differences in self-
perception. Specifically, adolescents with higher levels 
of negative affect, such as anxiety or depression, may be 
more likely to report executive functioning difficulties 
on both self-reported questionnaires [104] and perfor-
mance-based tasks [105], regardless of their actual cogni-
tive abilities. Finally, gender in our study was measured 
dichotomously as either male or female, limiting our abil-
ity to test the model’s invariance across different gender 
identities. We recommend adopting an intersectional 
approach in future research, taking into account variables 
such as gender identity and cultural identity, to explore 
whether these factors may also influence the relation-
ships between variables.

Conclusion
This study is the first to empirically assess all individual 
components of the developmental model of BED in an 
adolescent population. Our findings indicate that the 
adolescents most at risk for severe binge-eating symp-
tomatology are those with elevated negative affect and 
heightened reward sensitivity. Moreover, our findings 
suggest that binge-eating symptomatology may dif-
fer between younger and older adolescents, potentially 
reflecting distinct underlying mechanisms at each devel-
opmental stage. This research advances BED prevention 
efforts by identifying youth most at risk for more severe 
binge-eating symptoms and highlighting key constructs 
to target in preventive interventions.

Future research should expand on these findings by 
providing deeper insights into how the components of 
the model interact over time and contribute to the devel-
opment of BED in adolescents with LOC-eating symp-
toms. As we advance our knowledge in this area, we 
can better support adolescents at risk and work toward 
reducing the incidence of BED.
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