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A B S T R A C T   

The association between body mass index (BMI) and binge-eating disorder (BED) is well-established. However, 
data on the extent to which BMI is associated with progression from binge-eating behavior into BED among 
adolescents are limited, which was the aim of this investigation. Participants were 9964 U.S. adolescents from 
the Adolescent Brain Cognitive Development (ABCD) Study, aged 9–13 at the time of study enrollment. A 
computerized parent-reported assessment was used to establish adolescents’ binge-eating behaviors and BED. 
Cox proportional hazards models adjusting for sociodemographic covariates were used to examine prospective 
associations between BMI and likelihood of BED onset among a) adolescents with binge-eating behavior, and b) 
adolescents with no binge-eating behavior. Of 975 adolescents who met the study criteria for binge-eating 
behavior, 89 (9.1%) subsequently met the study criteria for BED. Of 8989 adolescents with no binge-eating 
behavior, 82 (0.9%) subsequently met the study criteria for BED. BMI percentile was significantly associated 
with the likelihood of BED onset in participants with (adjusted HR = 1.03, 95% confidence interval [CI] 1.00, 
1.06) and participants without (adjusted HR = 1.05, 95% CI 1.03, 1.07) binge-eating behavior. Results were also 
significant when examining BMI as a dichotomous predictor (above and below 85th percentile) among those with 
(adjusted HR = 2.60, 95% CI 1.00, 6.68) and those without (adjusted HR = 6.01, 95% CI 3.90, 11.10) binge- 
eating behavior. Overall, results indicate that elevated BMI is prospectively associated with a greater risk for 
BED onset among U.S. adolescents with or without binge-eating behavior. Adolescents with a higher BMI may 
benefit from screening for binge eating, and prevention/early intervention strategies to mitigate the risk for 
developing BED.   

1. Introduction 

Binge-eating disorder (BED) is characterized by recurrent (at least 
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once per week for three months) episodes of consuming large amounts of 
food within a short time period along with loss of control regarding 
eating (Sarmiento & Lau, 2020). These binge-eating episodes occur in 

the absence of recurrent inappropriate compensatory behaviors and are 
associated with marked distress and characterized by several possible 
features (e.g., eating much more rapidly than normal, feeling disgusted 
or guilty after eating, eating in the absence of hunger). BED is the most 
common eating disorder in the United States (U.S.), with an estimated 
prevalence of 3–5% in the general population (Udo & Grilo, 2018). In
dividuals with BED are at higher risk for severe psychological and 
medical sequelae including depression (Araujo et al., 2010), suicidality, 
and cardiometabolic diseases (Barakat et al., 2023; Marzilli et al., 2018; 
Stice et al., 2013; Swanson et al., 2011). Furthermore, social and eco
nomic consequences of BED include significant treatment costs, loss of 
productivity of individuals and caregivers, and substantial negative 
impacts on wellbeing (Streatfeild et al., 2021). Notably, individuals also 
may engage in binge-eating behavior that does not meet the criteria for 
BED, including at a lower frequency or duration, or lacking the requisite 
number of associated features (Sarmiento & Lau, 2020). Such pre
sentations of binge-eating behavior likely increase the risk for the later 
onset of BED (Herle et al., 2020). Given that a shorter duration for un
treated eating disorders may promote better outcomes (Austin et al., 
2021), understanding binge-eating behavior and BED risk factors, 
particularly in early adolescents, is necessary to identify high-risk 
groups and support the implementation of prevention/early interven
tion strategies to curtail the adverse consequences of BED. 

The prevalence of binge-eating behavior in the U.S. has been re
ported to be 2.5% among adolescents (Swanson et al., 2011). Further
more, previous studies reported that 10–28% of U.S. adolescent girls 
experience progression from binge-eating behavior into BED over time 
(Glazer et al., 2019; Stice et al., 2013), highlighting the importance of 
adolescence as a timeframe in relation to BED onset (Kjeldbjerg & 
Clausen, 2023; Kotler et al., 2001). This developmental period is char
acterized by substantial physical and psychosocial changes (e.g., pu
bertal onset, salience of peer influences) that may impact the risk for 
binge eating (Farley & Kim-Spoon, 2014; Flament et al., 2015; Klump 
et al., 2017), and heightened stress arising from such changes may also 
exacerbate BED risk due to binge-eating behavior serving as a mal
adaptive coping mechanism (Nagata et al., 2023). 

It is well documented that higher body mass index (BMI) is a com
mon correlate of BED. Indeed, consistent with leading theories of the 
onset and maintenance of binge eating, higher BMI may serve as a risk 
factor for the onset or exacerbation of binge eating. For example, both 
the dual-pathway model and the transdiagnostic cognitive-behavioral 
theory of eating disorders propose that body image disturbances (i.e., 
dissatisfaction, overvaluation of shape/weight) promote increased risk 
for binge-eating behavior in response to dieting/weight-control 
behavior, and these processes may be especially salient for individuals 
with a higher BMI (Fairburn et al., 2003; Rohde et al., 2015). Further
more, a recently elaborated developmental framework for BED high
lights the salience of loss-of-control (LOC) eating (i.e., subjective loss of 
control over eating, regardless of the amount of food consumed) as a 

vulnerability factor in youth, with such behaviors posited as increasing 
risk for development of binge-eating behavior and excess weight gain 
(Sonneville et al., 2013; Tanofsky-Kraff et al., 2005). Consistent with 
this theory, both any (i.e., at least one past-month episode) and regular 
(i.e., at least one weekly episode for three months) occurrence of 
LOC-eating behavior has been found to be more common in adolescents 
compared to any and regular occurrence of binge-eating behavior (Derks 
et al., 2022). Moreover, the presence (versus absence) of LOC-eating 
episodes has been found to be prospectively associated with increased 
weight gain among youth over time ((Tanofsky-Kraff et al., 2009). 

Among adolescents specifically, studies have found positive associ
ations between BMI and binge-eating behavior (De Zwaan, 2001; Derks 
et al., 2022; Olsen et al., 2021). For example, a cross-sectional study 
among Danish adolescents aged 16 years reported a significant associ
ation between BMI and self-reported BED symptoms (Olsen et al., 2021). 
Moreover, a longitudinal, population-based study found that youth who 
had a higher BMI at age 10 were significantly more likely to exhibit 
binge-eating behavior (versus no BED symptoms) at age 14 (Derks et al., 
2022). 

While research has explored the association of BMI with BED or 
binge-eating behavior, data on the prospective association of BMI with 
the risk of progression from binge-eating behavior into BED are more 
limited. Such information would provide greater insight into the pro
spective risk for BED onset associated with higher body weight among 
adolescents, which would inform the utility of screening, prevention, 
and early intervention strategies. Therefore, we used data from a large 
sample of U.S. adolescents enrolled in the Adolescent Brain Cognitive 
Development (ABCD) Study, in which parents completed a computer
ized assessment to establish adolescent binge-eating behaviors and BED. 
The current investigation examined the prospective association of BMI 
with: a) risk for progression into BED among adolescents with binge- 
eating behavior, and b) risk for onset of BED among adolescents with 
no binge-eating behavior. We hypothesized that BMI would be associ
ated with a greater risk for BED onset among both those with and 
without binge-eating behavior. 

2. Method 

2.1. Participants 

The ABCD study is an ongoing longitudinal epidemiological study of 
brain development and child health in the U.S. It was established in 
2016–2018 and participants were recruited from 21 recruitment sites 
across the U.S. Further details about the ABCD study participants, 
recruitment, protocol, and measures, are reported elsewhere (Barch 
et al., 2018). The current analysis utilized pooled data from the ABCD 
study baseline, year 1, year 2, and year 3. Participants who met study 
criteria for BED at enrollment, or those with missing data for other 
variables, were excluded, resulting in a final sample of 9964 youth (aged 
9–13 years at enrollment) for the current analysis. Institutional review 
board approval was received from the University of California, San 
Diego (160,091), and the respective IRBs of each study site. Written 
assent was obtained from participants, and written informed consent 
was obtained from their caregivers. 

2.2. Measures 

2.2.1. BMI 
A trained research assistant measured each adolescent participant’s 

weight (using the Healthometer 844 KL High-Capacity Digital Bathroom 
Scale; Health o Meter Professional Scales) and height (using a carpen
ter’s square steel tape measure) three times, and an average was 
computed. Height and weight were converted to age- and sex-specific 
BMI percentiles according to the Centers for Disease Control and Pre
vention (CDC) guidelines (Kuczmarski et al., 2002). Secondary analyses 
also examined BMI as a dichotomous variable reflecting BMI percentile 

Abbreviations 

ABCD Adolescent Brain Cognitive Development Study 
BED Binge-eating disorder 
BMI Body mass index 
KSADS-5 Kiddie Schedule for Affective Disorders and 

Schizophrenia 
LOC Loss of control  
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<85th versus ≥85th (Hampl et al., 2023). 

2.2.2. Binge-eating behavior and BED 
The Kiddie Schedule for Affective Disorders and Schizophrenia 

(KSADS-5), an online tool that was developed to classify mental health 
concerns in children and adolescents consistent with DSM-5 criteria, was 
administered to parents/caregivers at baseline and years 1, 2, and 3 
(Sarmiento & Lau, 2020). Parents/caregivers completed a subset of 
KSADS-5 modules on the frequency, duration, and characteristics of 
their child’s binge-eating behaviors. Responses to the interview ques
tions were scored based on the KSADS-5 scoring system to derive the 
corresponding diagnosis of DSM-5 BED. In the current study, 
binge-eating behavior was defined by the single KSADS-5 item. Parents 
were asked to report if their child had experienced episodes of uncon
trollable overeating and consuming excessive amounts of food beyond 
their needs in the prior two weeks (Appendix 1) (Sarmiento & Lau, 
2020). 

2.2.3. Covariates 
The following variables were included as covariates in the statistical 

models: age (years), sex (female, male), race/ethnicity (White, Latino/ 
Hispanic, Black, Asian, Native American, and other), household income 
(U.S. dollars, six categories: less than $25,000, $25,000 through 
$49,999, $50,000 through $74,999, $75,000 through $99,999, 
$100,000 through $199,999, and $200,000 and greater), highest parent 
education (high school or less vs. college or more), and study site. 

2.3. Follow-up 

The current investigation utilized pooled data from assessments that 
participants and their parents/guardians completed at four timepoints: 
study enrollment, year 1, year 2, and year 3. Participants were classified 
into two groups based on the presence vs absence of binge-eating 
behavior at any of the first three assessment timepoints (enrollment, 
year 1, or year 2). The binge-eating behavior group (BE) included par
ticipants (n = 975) who met study criteria for binge-eating behavior at 
the enrollment, year 1, and/or year 2 assessments. The no binge-eating 
behavior group (No BE) included participants (n = 8989) who never met 
the study criteria for binge-eating behavior at any of the first three 
assessment timepoints. 

Within the BE group, the ‘baseline’ date was defined as the first date 
when the presence of binge-eating behavior was endorsed on the 
KSADS-5 for each participant. For example, if an adolescent exhibited 
binge-eating behavior at study enrollment, they were followed until they 
developed BED, recovered (i.e., binge-eating behavior no longer 
endorsed), were lost to follow-up, or reached the year 3 assessment. 
Participants who first met study criteria for binge-eating behavior at a 
later assessment timepoint (i.e., year 1 or year 2) were assigned that date 
as their new ‘baseline’ date. From this point, they were followed until 
they developed BED, recovered, were lost to follow-up, or until the end 
of the three years of follow-up. Finally, within the No BE group, the 
‘baseline’ date was study enrollment or a later assessment timepoint. For 
example, if the study enrollment assessment was missing, the subse
quent assessment (either in year 1 or year 2) was designated as the 
baseline. Participants were then followed until they developed BED, 
were lost to follow-up, or reached the year 3 assessment. 

2.4. Statistical analysis 

Participants who met the study criteria for BED at any point in the 
study period were first compared to those who never met BED criteria 
using students’ t-tests and chi-square tests. Among participants in the BE 
group, the Cox proportional hazard model was used to examine the 
prospective associations of ‘baseline’ BMI (i.e., BMI at the timepoint at 
which binge-eating behavior was first endorsed) with the subsequent 
onset of BED. Among participants in the No BE group, the Cox 

proportional hazard model also was used to examine the prospective 
association of baseline BMI with the onset of BED. These two models 
were then repeated using the dichotomous BMI variable (i.e., <85th 
percentile versus ≥85th percentile). Adjusted hazard ratios (adjusting 
for age, sex, race/ethnicity, household income, highest parent educa
tion, and study site) and associated 95% confidence intervals are re
ported. Data analyses were performed using Stata 18 (College Station, 
TX), and propensity weights based on the American Community Survey 
were applied (Heeringa et al., 2017). A threshold of p < 0.05 was 
considered significant. 

3. Results 

3.1. Participant characteristics 

Among the total sample of 9964 adolescents, 48.6% were female, 
44.1% were non-white, and 54.6% came from a household with income 
<75 K (see Table 1 for complete sociodemographic characteristics). The 
mean BMI percentile at study enrollment was 61.4 (30.7). 

Among the 975 adolescents in the BE group, 89 (9.1%) experienced 
subsequent onset of BED during the follow-up (median: 12.5 months). 
Participants in the BE group who progressed into BED were 51.1% fe
male, 73.5% came from a household with income <75 K, and had a 
mean BMI percentile of 92.8 (12.8). (Table 1). Among the 8989 ado
lescents in the No BE group, 82 (0.9%) experienced subsequent onset of 
BED during follow-up (median: 35.1 months). Participants in the No BE 
group who developed BED were 58.7% male, 67.4% came from a 
household with income <75 K, and had a mean BMI percentile of 85.4 
(25.2). 

3.2. Prospective association of continuous BMI percentile with BED onset 

Among participants in the BE group, results of weighted Cox 
regression analysis showed that BMI percentile at participant baseline 
was significantly associated with risk of subsequent BED onset (adjusted 
HR = 1.03, 95% CI 1.00–1.06; see Table 2). Similarly, among partici
pants in the No BE group, results revealed that BMI percentile at 
participant baseline was significantly associated with the risk of subse
quent BED onset (adjusted HR = 1.05, 95% CI 1.03–1.07; see Table 2). 

3.3. Prospective association of dichotomous BMI percentile with BED 
onset 

Among participants in the BE group, having a BMI ≥85th percentile 
at participant baseline was significantly associated with risk of subse
quent BED onset (adjusted HR = 2.60, 95% CI 1.00–6.68; see Table 2). 
Similarly, among participants in the No BE group, having a BMI ≥85th 
percentile at participant baseline was significantly associated with risk 
of subsequent BED onset (adjusted HR = 6.01, 95% CI 3.90–11.10; see 
Table 2.) 

4. Discussion 

In this prospective cohort study that used parent reports of adoles
cents’ binge-eating behavior and BED, we found that higher BMI at 
participant baseline was significantly associated with a greater risk of 
BED onset in participants either with or without binge-eating behavior. 
These findings aligned with our study hypothesis and confirmed results 
from prior research that reported cross-sectional and prospective asso
ciations of BMI with binge-eating symptoms and BED in adolescents 
(Derks et al., 2022; Elliott et al., 2013; Olsen et al., 2021; Stice et al., 
2002). This study adds new findings to the literature and highlights BMI 
as an apparent risk factor for the development of BED, including among 
adolescents who are already engaging in binge-eating behavior. More
over, the significant association between BMI and risk for BED onset 
among adolescents without binge-eating behavior at baseline is 
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consistent with results from previous studies among adolescents (Da Luz 
et al., 2017; Jebeile et al., 2021) that found adolescents with a higher 
BMI are susceptible to the onset of eating disorders. Notably, secondary 
findings that examined BMI dichotomously showed that having an 
elevated BMI (i.e., ≥85th percentile) was particularly strongly associ
ated with risk for BED onset. 

There are numerous theoretical models of binge eating that may 
inform the potential mechanisms underlying the prospective association 
between BMI and BED risk observed in this study, largely related to 
dietary restriction/restraint. For example, restraint theory posits that 
chronic efforts to restrict food intake led to reduced awareness of in
ternal hunger cues and increased salience of external food cues. Both the 
physiological effects of reduced food intake and the greater influence of 
external stimuli (e.g., sights and smells of palatable foods) led to an 
increased risk for binge eating. Further, according to the dual-pathway 
model, internalization of the thin body ideal and pressures to be thin 
can lead to body dissatisfaction, which is particularly relevant for those 
with a higher body weight that is more discrepant from the ‘ideal’. In 
turn, body dissatisfaction can promote dieting and/or negative affect, 
both of which increase the risk for binge-eating behavior (Rohde et al., 
2015). Similarly, the transdiagnostic cognitive-behavioral theory sug
gests weight-control behaviors and strict dieting arise from an over
valuation of eating/shape/weight, which leads to an increased risk of 
binge eating (Williamson et al., 2004). Notably, evidence also suggests 

that experiences of weight stigma and weight bias internalization (i.e., 
internalization of negative weight-related stereotypes and associated 
self-disparagement), which are particularly prominent among those 
with a higher BMI, are also associated with greater binge eating and 
other adverse mental health outcomes (Durso & Latner, 2008; Puhl 
et al., 2007; Vartanian & Porter, 2016). Weight-based teasing, which can 
originate from parents, siblings, and/or peers, may also increase the risk 
for binge-eating behavior and other forms of disinhibited eating among 
youth, likely mediated at least in part by negative affect (Haines et al., 
2006; Neumark-Sztainer et al., 2002; Rubin et al., 2021). Moreover, 
behavioral susceptibility theory suggests that some youth are more 
genetically susceptible to excess weight gain, with inherited appetitive 
patterns posited to underlie the apparent link of interacting genetic and 
environmental factors with risk for overeating and weight gain (Lle
wellyn et al., 2023). Consistent with this theory, findings indicate that 
higher responsiveness to external food cues during early childhood is 
prospectively associated with greater risk for binge-eating symptoms 
(and other disinhibited and disordered eating behaviors) in adolescence 
(Derks et al., 2024). Therefore, a complex interplay of genetic and 
environmental influences along with dispositional variations in appetite 
regulation and other salient processes, may impact both eating behavior 
and body weight among adolescents, including developing binge-eating 
behavior and BED. 

Other theories of potential relevance to the current findings relate to 
the possible biological and neurobiological effects of higher BMI that 
may promote binge eating. For example, previous studies suggest that 
higher BMI is associated with alterations in brain regions responsible for 
executive functions and impulse control, which may underlie an 
increased risk for BED (Kittel et al., 2017; Saruco & Pleger, 2021). In 
particular, alterations in brain function during adolescence, particularly 
in areas related to inhibitory control and reward processing, may 
contribute to difficulties in controlling eating behavior, consequently 
promoting binge eating in adolescents (Kittel et al., 2017; Saruco & 
Pleger, 2021). Furthermore, consumption of ultra-processed foods by 
adolescents may alter the gut microbiota, which in turn can affect the 
production of neurotransmitters and other signaling molecules (Song 
et al., 2023). These changes may impact brain function related to 
appetite control, reward, and mood regulation, potentially increasing 

Table 1 
Sociodemographic characteristics of participants at study enrollment, ABCD study.  

N No BE No BE to BED P BE BE to BED P Total 

8907 82  886 89  9964 

Age (Mean and SD) 9.9 (0.7) 9.8 (0.7) 0.012 10.8 (1.0) 10.5 (0.6) <0.001 10.1 (0.8) 
Sex (%) 

Female 48.9% 41.3% 0.159 46.4% 51.1% 0.539 48.6% 
Male 51.1% 58.7%  53.6% 48.9%  51.4% 

Race/ethnicity (%) 
White 57.3% 53.4% 0.543 44.3% 48.7% 0.133 55.9% 
Latino 17.5% 24.4%  27.5% 21.9%  18.5% 
Black 15.3% 16.2%  16.4% 21.1%  15.5% 
Asian 5.4% 3.6%  4.9% 0.6%  5.3% 
Native American 2.8% 2.4%  4.2% 7.6%  3.0% 
Other 1.7% –  2.7% –  1.7% 

Parent education (%) 
≥ College 83.8% 81.5% 0.679 64.5% 51.7% 0.010 79.0% 
≤ High school 16.2% 18.5%  35.5% 48.3%  21.0% 

Household income (%) 
<25 K 16.6% 27.8% 0.079 21.6% 27.9% 0.105 17.3% 
25-<50 K 19.0% 16.6%  24.7% 33.1%  19.6% 
50-<75 K 17.8% 23.0%  15.5% 12.5%  17.7% 
75-<100 K 14.3% 13.0%  13.6% 14.3%  14.2% 
100-<200 K 24.3% 19.6%  18.4% 11.7%  23.6% 
≥200 K 8.1% –  6.2% 5.3%  7.8% 

BMI percentile (continuous, Mean and SD) 58.4 (30.5) 85.4 (25.2) <0.001 82.9 (22.4) 92.8 (12.8) <0.001 61.4 (30.7) 
BMI percentile (binary, %) 

BMI percentile <85th 72.7% 67.1% <0.001 32.0% 9.4% 0.001 67.7% 
BMI percentile ≥85th 27.3% 32.9%  68.0% 90.6%  32.3% 

BED = Binge-Eating Disorder, BE = Binge-Eating Behavior. 

Table 2 
Adjusted hazard ratios and 95% confidence intervals for the association between 
body mass index and risk of binge-eating disorder, ABCD study.   

No BE to BED BE to BED 

Adjusted HR (95% CI) Adjusted HR (95% CI) 

BMI percentile (continuous) 1.05 (1.03, 1.07) 1.03 (1.00, 1.06) 
BMI percentile (binary) 

BMI percentile <85th Ref Ref 
BMI percentile ≥85th 6.01 (3.90, 11.10) 2.60 (1.00, 6.68) 

Note. BMI= Body Mass Index, BE= Binge-Eating Behavior, BED= Binge-Eating 
Disorder. All models adjusted for age, sex, race/ethnicity, household income, 
highest parent education, and study site. 
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the risk for binge-eating behavior due to disrupted satiety signals and 
heightened food cravings (Song et al., 2023). 

4.1. Strength and limitations 

This study had several strengths. First, the sample of youth was large 
and diverse, and recruited nationwide within the U.S., enhancing the 
generalizability of the findings. Second, the longitudinal design of the 
study allowed for the examination of prospective associations, offering 
insights into higher BMI as a potential risk factor for the new onset of 
BED. However, the study also had limitations. First, a parent-reported 
computerized assessment was used to establish adolescents’ binge- 
eating behaviors and the other criteria for BED. Evidence suggests that 
there can be low concordance between parent and child reports of binge 
eating (Bartholdy et al., 2017; Tanofsky-Kraff et al., 2005), and parents 
of children with higher BMIs in particular may endorse greater 
binge-eating symptoms for their children than the children do them
selves (Zenlea et al., 2015). However, parents can also be important 
reporters of eating disorders in younger children and early adolescents 
given that they may have less insight regarding their eating behaviors 
(Barch et al., 2018; Braet et al., 2007). Second, there are limitations in 
the use of BMI, such as the inability to distinguish between fat and 
muscle mass, and potential inadequacy in accurately reflecting overall 
health status or accounting for racial/ethnic-specific variations. Third, 
we were not able to follow the fluctuation in the diagnoses of BED and 
BED behaviors across each year between assessments. Fourth, although 
we adjusted for numerous theoretically relevant covariates, there may 
be other salient covariates that were not assessed in this study. Fifth, due 
to the observational nature of the study, causality cannot be inferred. 
Sixth, the DSM-5 definition of binge-eating behavior (i.e., objective 
binge eating, requiring consumption of an unusually large amount of 
food) and the criteria for BED might not fully capture the nuances of 
clinically relevant disinhibited eating in adolescents, given that their 
eating patterns and nutritional needs naturally fluctuate across devel
opment (Tanofsky-Kraff et al., 2008). Future studies that evaluate the 
broader construct of LOC eating (i.e., subjective binge eating, with loss 
of control regardless of the amount of food consumed) in examining the 
associations investigated here are recommended. Finally, the number of 
participants who developed BED across the three years of follow-up was 
modest, precluding the ability to examine moderation based on poten
tially relevant sociodemographic characteristics (e.g., sex, 
race/ethnicity). 

4.2. Conclusion 

In this national longitudinal study of U.S. adolescents, we found that 
higher BMI was associated with a greater likelihood of BED onset both in 
participants with and without binge-eating behavior. The findings of 
this study have multiple potential clinical implications for adolescents. 
For example, results support the importance of screening adolescents 
who have a higher BMI for binge-eating behavior to enhance early 
detection and timely intervention for patterns of disordered eating. 
Additionally, these findings also point towards the importance of family 
and community education about the inter-relation of higher BMI and 
eating disorder risk, particularly given the common regard that eating 
disorders are associated predominantly with low body weight. Finally, 
healthcare providers working with youth who have a higher BMI are 
encouraged to address any weight-related issues sensitively and inclu
sively, particularly given evidence supporting links of weight-based 
stigma and teasing with binge-eating and eating disorder risk. Future 
research evaluating potential behavioral, psychosocial, biological, and 
neurobiological mechanisms underlying the prospective associations 
observed in the current study is needed. Additionally, further studies are 
needed to investigate the impacts, either positive or negative, of weight 
management interventions on the prospective association of BMI with 
binge-eating behavior and BED in youth. 

Ethical statement 

Institutional review board approval was received from the University 
of California, San Diego (160,091), and the respective IRBs of each study 
site. Written assent was obtained from participants, and written 
informed consent was obtained from their caregivers. 

Funding/support 

J.M.N. was funded by the National Institutes of Health 
(K08HL159350 and R01MH135492) and the Doris Duke Charitable 
Foundation (2,022,056). 

Role of the funder/sponsor 

The funders had no role in the design and conduct of the study; 
collection, management, analysis, and interpretation of the data; prep
aration, review, or approval of the manuscript; and decision to submit 
the manuscript for publication. 

Additional information 

The ABCD Study was supported by the National Institutes of Health 
and additional federal partners under award numbers U01DA041022, 
U01DA041025, U01DA041028, U01DA041048, U01DA041089, 
U01DA041093, U01DA041106, U01DA041117, U01DA041120, 
U01DA041134, U01DA041148, U01DA041156, U01DA041174, 
U24DA041123, and U24DA041147. A full list of supporters is available 
at https://abcdstudy.org/federal-partners/. A listing of participating 
sites and a complete listing of the study investigators can be found at 
https://abcdstudy.org/principal-investigators.html. ABCD consortium 
investigators designed and implemented the study and/or provided data 
but did not necessarily participate in the analysis or writing of this 
report. 

Data code and availability statement 

Data used in the preparation of this article were obtained from the 
ABCD Study (https://abcdstudy.org), held in the NIMH Data Archive 
(NDA). 

CRediT authorship contribution statement 

Abubakr A.A. Al-shoaibi: Writing – original draft, Formal analysis, 
Data curation, Conceptualization. Jason M. Lavender: Writing – review 
& editing. Sean J. Kim: Writing – review & editing. Iris Yuefan Shao: 
Writing – review & editing. Kyle T. Ganson: Writing – review & editing. 
Alexander Testa: Writing – review & editing. Jinbo He: Writing – re
view & editing. David V. Glidden: Writing – review & editing. Fiona C. 
Baker: Writing – review & editing, Formal analysis, Data curation. 
Jason M. Nagata: Writing – review & editing, Writing – original draft, 
Formal analysis, Data curation, Conceptualization. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

The authors thank Anthony Kung, Zain Memon, and Richard Do for 
editorial assistance. 

A.A.A. Al-shoaibi et al.                                                                                                                                                                                                                        

https://abcdstudy.org/federal-partners/
https://abcdstudy.org/principal-investigators.html
https://abcdstudy.org/


Appetite 200 (2024) 107419

6

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.appet.2024.107419. 

References 

Araujo, D. M. R., Santos, G. F. D. S., & Nardi, A. E. (2010). Binge eating disorder and 
depression: A systematic review. World Journal of Biological Psychiatry, 11(2–2), 
199–207. https://doi.org/10.3109/15622970802563171 

Austin, A., Flynn, M., Richards, K., Hodsoll, J., Duarte, T. A., Robinson, P., Kelly, J., & 
Schmidt, U. (2021). Duration of untreated eating disorder and relationship to 
outcomes: A systematic review of the literature. European Eating Disorders Review, 29 
(3), 329–345. https://doi.org/10.1002/erv.2745 

Barakat, S., McLean, S. A., Bryant, E., Le, A., Marks, P., National Eating Disorder 
Research Consortium, Aouad, P., Barakat, S., Boakes, R., Brennan, L., Bryant, E., 
Byrne, S., Caldwell, B., Calvert, S., Carroll, B., Castle, D., Caterson, I., Chelius, B., 
Chiem, L., … Maguire, S. (2023). Risk factors for eating disorders: Findings from a 
rapid review. Journal of Eating Disorders, 11(1), 8. https://doi.org/10.1186/s40337- 
022-00717-4 

Barch, D. M., Albaugh, M. D., Avenevoli, S., Chang, L., Clark, D. B., Glantz, M. D., 
Hudziak, J. J., Jernigan, T. L., Tapert, S. F., Yurgelun-Todd, D., Alia-Klein, N., 
Potter, A. S., Paulus, M. P., Prouty, D., Zucker, R. A., & Sher, K. J. (2018). 
Demographic, physical and mental health assessments in the adolescent brain and 
cognitive development study: Rationale and description. Developmental Cognitive 
Neuroscience, 32, 55–66. https://doi.org/10.1016/j.dcn.2017.10.010 

Bartholdy, S., Allen, K., Hodsoll, J., O’Daly, O. G., Campbell, I. C., Banaschewski, T., 
Bokde, A. L. W., Bromberg, U., Büchel, C., Quinlan, E. B., Conrod, P. J., 
Desrivières, S., Flor, H., Frouin, V., Gallinat, J., Garavan, H., Heinz, A., Ittermann, B., 
Martinot, J.-L., … Schmidt, U. (2017). Identifying disordered eating behaviours in 
adolescents: How do parent and adolescent reports differ by sex and age? European 
Child & Adolescent Psychiatry, 26(6), 691–701. https://doi.org/10.1007/s00787-016- 
0935-1 

Braet, C., Soetens, B., Moens, E., Mels, S., Goossens, L., & Van Vlierberghe, L. (2007). Are 
two informants better than one? Parent–child agreement on the eating styles of 
children who are overweight. European Eating Disorders Review, 15(6), 410–417. 
https://doi.org/10.1002/erv.798 

Da Luz, F. Q., Sainsbury, A., Mannan, H., Touyz, S., Mitchison, D., & Hay, P. (2017). 
Prevalence of obesity and comorbid eating disorder behaviors in South Australia 
from 1995 to 2015. International Journal of Obesity, 41(7), 1148–1153. https://doi. 
org/10.1038/ijo.2017.79 

De Zwaan, M. (2001). Binge eating disorder and obesity. International Journal of Obesity, 
25(S1), S51–S55. https://doi.org/10.1038/sj.ijo.0801699 

Derks, I. P. M., Harris, H. A., Staats, S., Gaillard, R., Dieleman, G. C., Llewellyn, C. H., 
Swanson, S. A., & Jansen, P. W. (2022). Subclinical binge eating symptoms in early 
adolescence and its preceding and concurrent factors: A population-based study. 
Journal of Eating Disorders, 10(1), 180. https://doi.org/10.1186/s40337-022-00688- 
6 

Derks, I. P. M., Nas, Z., Harris, H. A., Kininmonth, A. R., Treasure, J., Jansen, P. W., & 
Llewellyn, C. H. (2024). Early childhood appetitive traits and eating disorder 
symptoms in adolescence: A 10-year longitudinal follow-up study in The Netherlands 
and the UK. The Lancet Child & Adolescent Health, 8(4), 270–279. https://doi.org/ 
10.1016/S2352-4642(23)00342-5 

Durso, L. E., & Latner, J. D. (2008). Understanding self-directed stigma: Development of 
the weight bias internalization Scale. Obesity, 16(S2). https://doi.org/10.1038/ 
oby.2008.448 

Elliott, C. A., Tanofsky-Kraff, M., & Mirza, N. M. (2013). Parent report of binge eating in 
Hispanic, African American and Caucasian youth. Eating Behaviors, 14(1), 1–6. 
https://doi.org/10.1016/j.eatbeh.2012.10.007 

Fairburn, C. G., Cooper, Z., & Shafran, R. (2003). Cognitive behaviour therapy for eating 
disorders: A “transdiagnostic” theory and treatment. Behaviour Research and Therapy, 
41(5), 509–528. https://doi.org/10.1016/S0005-7967(02)00088-8 

Farley, J. P., & Kim-Spoon, J. (2014). The development of adolescent self-regulation: 
Reviewing the role of parent, peer, friend, and romantic relationships. Journal of 
Adolescence, 37(4), 433–440. https://doi.org/10.1016/j.adolescence.2014.03.009 

Flament, M. F., Henderson, K., Buchholz, A., Obeid, N., Nguyen, H. N. T., 
Birmingham, M., & Goldfield, G. (2015). Weight status and DSM-5 diagnoses of 
eating disorders in adolescents from the community. Journal of the American 
Academy of Child & Adolescent Psychiatry, 54(5), 403–411.e2. https://doi.org/ 
10.1016/j.jaac.2015.01.020 

Glazer, K. B., Sonneville, K. R., Micali, N., Swanson, S. A., Crosby, R., Horton, N. J., 
Eddy, K. T., & Field, A. E. (2019). The course of eating disorders involving bingeing 
and purging among adolescent girls: Prevalence, stability, and transitions. Journal of 
Adolescent Health, 64(2), 165–171. https://doi.org/10.1016/j. 
jadohealth.2018.09.023 

Haines, J., Neumark-Sztainer, D., Eisenberg, M. E., & Hannan, P. J. (2006). Weight 
teasing and disordered eating behaviors in adolescents: Longitudinal findings from 
project EAT (eating among teens). Pediatrics, 117(2), e209–e215. https://doi.org/ 
10.1542/peds.2005-1242 

Hampl, S. E., Hassink, S. G., Skinner, A. C., Armstrong, S. C., Barlow, S. E., Bolling, C. F., 
Avila Edwards, K. C., Eneli, I., Hamre, R., Joseph, M. M., Lunsford, D., Mendonca, E., 
Michalsky, M. P., Mirza, N., Ochoa, E. R., Jr., Sharifi, M., Staiano, A. E., 
Weedn, A. E., Flinn, S. K., … Okechukwu, K. (2023). Clinical practice guideline for 

the evaluation and treatment of children and adolescents with obesity. Pediatrics, 
151(2), Article e2022060640. https://doi.org/10.1542/peds.2022-060640 

Heeringa, S., West, B. T., & Berglund, P. A. (2017). Applied survey data analysis (2nd ed.). 
CRC Press, Taylor & Francis Group.  

Herle, M., Stavola, B. D., Hübel, C., Abdulkadir, M., Ferreira, D. S., Loos, R. J. F., Bryant- 
Waugh, R., Bulik, C. M., & Micali, N. (2020). A longitudinal study of eating 
behaviours in childhood and later eating disorder behaviours and diagnoses. The 
British Journal of Psychiatry, 216(2), 113–119. https://doi.org/10.1192/ 
bjp.2019.174 

Jebeile, H., Lister, N. B., Baur, L. A., Garnett, S. P., & Paxton, S. J. (2021). Eating disorder 
risk in adolescents with obesity. Obesity Reviews, 22(5), Article e13173. https://doi. 
org/10.1111/obr.13173 

Kittel, R., Schmidt, R., & Hilbert, A. (2017). Executive functions in adolescents with 
binge-eating disorder and obesity. International Journal of Eating Disorders, 50(8), 
933–941. https://doi.org/10.1002/eat.22714 

Kjeldbjerg, M. L., & Clausen, L. (2023). Prevalence of binge-eating disorder among 
children and adolescents: A systematic review and meta-analysis. European Child & 
Adolescent Psychiatry, 32(4), 549–574. https://doi.org/10.1007/s00787-021-01850- 
2 

Klump, K. L., Culbert, K. M., O’Connor, S., Fowler, N., & Burt, S. A. (2017). The 
significant effects of puberty on the genetic diathesis of binge eating in girls. 
International Journal of Eating Disorders, 50(8), 984–989. https://doi.org/10.1002/ 
eat.22727 

Kotler, L. A., Cohen, P., Davies, M., Pine, D. S., & Walsh, B. T. (2001). Longitudinal 
relationships between childhood, adolescent, and adult eating disorders. Journal of 
the American Academy of Child & Adolescent Psychiatry, 40(12), 1434–1440. https:// 
doi.org/10.1097/00004583-200112000-00014 

Kuczmarski, R. J., Ogden, C. L., Guo, S. S., Grummer-Strawn, L. M., Flegal, K. M., Mei, Z., 
Wei, R., Curtin, L. R., Roche, A. F., & Johnson, C. L. (2002). 2000 CDC growth charts 
for the United States: Methods and development. Vital and Health Statistics. Series 11, 
Data from the National Health Survey, 246, 1–190. 

Llewellyn, C. H., Kininmonth, A. R., Herle, M., Nas, Z., Smith, A. D., Carnell, S., & 
Fildes, A. (2023). Behavioural susceptibility theory: The role of appetite in genetic 
susceptibility to obesity in early life. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 378(1885), Article 20220223. https://doi.org/10.1098/ 
rstb.2022.0223 

Marzilli, E., Cerniglia, L., & Cimino, S. (2018). A narrative review of binge eating 
disorder in adolescence: Prevalence, impact, and psychological treatment strategies. 
Adolescent Health, Medicine and Therapeutics, 9, 17–30. https://doi.org/10.2147/ 
AHMT.S148050 

Nagata, J. M., Chu, J., Cervantez, L., Ganson, K. T., Testa, A., Jackson, D. B., 
Murray, S. B., & Weiser, S. D. (2023). Food insecurity and binge-eating disorder in 
early adolescence. International Journal of Eating Disorders, 56(6), 1233–1239. 
https://doi.org/10.1002/eat.23944 

Neumark-Sztainer, D., Falkner, N., Story, M., Perry, C., Hannan, P., & Mulert, S. (2002). 
Weight-teasing among adolescents: Correlations with weight status and disordered 
eating behaviors. International Journal of Obesity, 26(1), 123–131. https://doi.org/ 
10.1038/sj.ijo.0801853 

Olsen, E. M., Koch, S. V., Skovgaard, A. M., & Strandberg-Larsen, K. (2021). Self-reported 
symptoms of binge-eating disorder among adolescents in a community-based Danish 
cohort—a study of prevalence, correlates, and impact. International Journal of Eating 
Disorders, 54(4), 492–505. https://doi.org/10.1002/eat.23458 

Puhl, R. M., Moss-Racusin, C. A., & Schwartz, M. B. (2007). Internalization of weight 
bias: Implications for binge eating and emotional well-being. Obesity, 15(1), 19–23. 
https://doi.org/10.1038/oby.2007.521 

Rohde, P., Stice, E., & Marti, C. N. (2015). Development and predictive effects of eating 
disorder risk factors during adolescence: Implications for prevention efforts. 
International Journal of Eating Disorders, 48(2), 187–198. https://doi.org/10.1002/ 
eat.22270 

Rubin, A. G., Schvey, N. A., Shank, L. M., Altman, D. R., Swanson, T. N., Ramirez, E., 
Moore, N. A., Jaramillo, M., Ramirez, S., Davis, E. K., Broadney, M. M., LeMay- 
Russell, S., Byrne, M. E., Parker, M. K., Brady, S. M., Kelly, N. R., Tanofsky-Kraff, M., 
& Yanovski, J. A. (2021). Associations between weight-based teasing and disordered 
eating behaviors among youth. Eating Behaviors, 41, Article 101504. https://doi.org/ 
10.1016/j.eatbeh.2021.101504 

Sarmiento, C., & Lau, C. (2020). Diagnostic and statistical manual of mental disorders, 
5th Ed.: DSM-5. In B. J. Carducci, C. S. Nave, & C. S. Nave (Eds.), The wiley 
encyclopedia of personality and individual differences (1st ed., pp. 125–129). Wiley. 
https://doi.org/10.1002/9781118970843.ch198. 

Saruco, E., & Pleger, B. (2021). A systematic review of obesity and binge eating 
associated impairment of the cognitive inhibition system. Frontiers in Nutrition, 8, 
Article 609012. https://doi.org/10.3389/fnut.2021.609012 

Song, Z., Song, R., Liu, Y., Wu, Z., & Zhang, X. (2023). Effects of ultra-processed foods on 
the microbiota-gut-brain axis: The bread-and-butter issue. Food Research 
International, 167, Article 112730. https://doi.org/10.1016/j.foodres.2023.112730 

Sonneville, K. R., Horton, N. J., Micali, N., Crosby, R. D., Swanson, S. A., Solmi, F., & 
Field, A. E. (2013). Longitudinal associations between binge eating and overeating 
and adverse outcomes among adolescents and young adults: Does loss of control 
matter? JAMA Pediatrics, 167(2), 149. https://doi.org/10.1001/2013. 
jamapediatrics.12 

Stice, E., Marti, C. N., & Rohde, P. (2013). Prevalence, incidence, impairment, and course 
of the proposed DSM-5 eating disorder diagnoses in an 8-year prospective 
community study of young women. Journal of Abnormal Psychology, 122(2), 
445–457. https://doi.org/10.1037/a0030679 

A.A.A. Al-shoaibi et al.                                                                                                                                                                                                                        

https://doi.org/10.1016/j.appet.2024.107419
https://doi.org/10.1016/j.appet.2024.107419
https://doi.org/10.3109/15622970802563171
https://doi.org/10.1002/erv.2745
https://doi.org/10.1186/s40337-022-00717-4
https://doi.org/10.1186/s40337-022-00717-4
https://doi.org/10.1016/j.dcn.2017.10.010
https://doi.org/10.1007/s00787-016-0935-1
https://doi.org/10.1007/s00787-016-0935-1
https://doi.org/10.1002/erv.798
https://doi.org/10.1038/ijo.2017.79
https://doi.org/10.1038/ijo.2017.79
https://doi.org/10.1038/sj.ijo.0801699
https://doi.org/10.1186/s40337-022-00688-6
https://doi.org/10.1186/s40337-022-00688-6
https://doi.org/10.1016/S2352-4642(23)00342-5
https://doi.org/10.1016/S2352-4642(23)00342-5
https://doi.org/10.1038/oby.2008.448
https://doi.org/10.1038/oby.2008.448
https://doi.org/10.1016/j.eatbeh.2012.10.007
https://doi.org/10.1016/S0005-7967(02)00088-8
https://doi.org/10.1016/j.adolescence.2014.03.009
https://doi.org/10.1016/j.jaac.2015.01.020
https://doi.org/10.1016/j.jaac.2015.01.020
https://doi.org/10.1016/j.jadohealth.2018.09.023
https://doi.org/10.1016/j.jadohealth.2018.09.023
https://doi.org/10.1542/peds.2005-1242
https://doi.org/10.1542/peds.2005-1242
https://doi.org/10.1542/peds.2022-060640
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref19
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref19
https://doi.org/10.1192/bjp.2019.174
https://doi.org/10.1192/bjp.2019.174
https://doi.org/10.1111/obr.13173
https://doi.org/10.1111/obr.13173
https://doi.org/10.1002/eat.22714
https://doi.org/10.1007/s00787-021-01850-2
https://doi.org/10.1007/s00787-021-01850-2
https://doi.org/10.1002/eat.22727
https://doi.org/10.1002/eat.22727
https://doi.org/10.1097/00004583-200112000-00014
https://doi.org/10.1097/00004583-200112000-00014
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref26
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref26
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref26
http://refhub.elsevier.com/S0195-6663(24)00222-8/sref26
https://doi.org/10.1098/rstb.2022.0223
https://doi.org/10.1098/rstb.2022.0223
https://doi.org/10.2147/AHMT.S148050
https://doi.org/10.2147/AHMT.S148050
https://doi.org/10.1002/eat.23944
https://doi.org/10.1038/sj.ijo.0801853
https://doi.org/10.1038/sj.ijo.0801853
https://doi.org/10.1002/eat.23458
https://doi.org/10.1038/oby.2007.521
https://doi.org/10.1002/eat.22270
https://doi.org/10.1002/eat.22270
https://doi.org/10.1016/j.eatbeh.2021.101504
https://doi.org/10.1016/j.eatbeh.2021.101504
https://doi.org/10.1002/9781118970843.ch198
https://doi.org/10.3389/fnut.2021.609012
https://doi.org/10.1016/j.foodres.2023.112730
https://doi.org/10.1001/2013.jamapediatrics.12
https://doi.org/10.1001/2013.jamapediatrics.12
https://doi.org/10.1037/a0030679


Appetite 200 (2024) 107419

7

Stice, E., Presnell, K., & Spangler, D. (2002). Risk factors for binge eating onset in 
adolescent girls: A 2-year prospective investigation. Health Psychology, 21(2), 
131–138. https://doi.org/10.1037/0278-6133.21.2.131 

Streatfeild, J., Hickson, J., Austin, S. B., Hutcheson, R., Kandel, J. S., Lampert, J. G., 
Myers, E. M., Richmond, T. K., Samnaliev, M., Velasquez, K., Weissman, R. S., & 
Pezzullo, L. (2021). Social and economic cost of eating disorders in the United States: 
Evidence to inform policy action. International Journal of Eating Disorders, 54(5), 
851–868. https://doi.org/10.1002/eat.23486 

Swanson, S. A., Crow, S. J., Le Grange, D., Swendsen, J., & Merikangas, K. R. (2011). 
Prevalence and correlates of eating disorders in adolescents: Results from the 
national comorbidity Survey replication adolescent supplement. Archives of General 
Psychiatry, 68(7), 714. https://doi.org/10.1001/archgenpsychiatry.2011.22 

Tanofsky-Kraff, M., Marcus, M. D., Yanovski, S. Z., & Yanovski, J. A. (2008). Loss of 
control eating disorder in children age 12 years and younger: Proposed research 
criteria. Eating Behaviors, 9(3), 360–365. https://doi.org/10.1016/j. 
eatbeh.2008.03.002 

Tanofsky-Kraff, M., Yanovski, S. Z., & Yanovski, J. A. (2005). Comparison of child 
interview and parent reports of children’s eating disordered behaviors. Eating 
Behaviors, 6(1), 95–99. https://doi.org/10.1016/j.eatbeh.2004.03.001 

Tanofsky-Kraff, M., Yanovski, S. Z., Schvey, N. A., Olsen, C. H., Gustafson, J., & 
Yanovski, J. A. (2009). A prospective study of loss of control eating for body weight 
gain in children at high risk for adult obesity. International Journal of Eating Disorders, 
42(1), 26–30. https://doi.org/10.1002/eat.20580 

Udo, T., & Grilo, C. M. (2018). Prevalence and correlates of DSM-5–defined eating 
disorders in a nationally representative sample of U.S. Adults. Biological Psychiatry, 
84(5), 345–354. https://doi.org/10.1016/j.biopsych.2018.03.014 

Vartanian, L. R., & Porter, A. M. (2016). Weight stigma and eating behavior: A review of 
the literature. Appetite, 102, 3–14. https://doi.org/10.1016/j.appet.2016.01.034 

Williamson, D. A., White, M. A., York-Crowe, E., & Stewart, T. M. (2004). Cognitive- 
behavioral theories of eating disorders. Behavior Modification, 28(6), 711–738. 
https://doi.org/10.1177/0145445503259853 

Zenlea, I. S., Burton, E. T., Askins, N., Milliren, C. E., Thompson-Brenner, H., & 
Rhodes, E. T. (2015). Binge eating at the start of a pediatric weight management 
program. Clinical Pediatrics, 54(6), 585–588. https://doi.org/10.1177/ 
0009922814540042 

A.A.A. Al-shoaibi et al.                                                                                                                                                                                                                        

https://doi.org/10.1037/0278-6133.21.2.131
https://doi.org/10.1002/eat.23486
https://doi.org/10.1001/archgenpsychiatry.2011.22
https://doi.org/10.1016/j.eatbeh.2008.03.002
https://doi.org/10.1016/j.eatbeh.2008.03.002
https://doi.org/10.1016/j.eatbeh.2004.03.001
https://doi.org/10.1002/eat.20580
https://doi.org/10.1016/j.biopsych.2018.03.014
https://doi.org/10.1016/j.appet.2016.01.034
https://doi.org/10.1177/0145445503259853
https://doi.org/10.1177/0009922814540042
https://doi.org/10.1177/0009922814540042

	Association of body mass index with progression from binge-eating behavior into binge-eating disorder among adolescents in  ...
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Measures
	2.2.1 BMI
	2.2.2 Binge-eating behavior and BED
	2.2.3 Covariates

	2.3 Follow-up
	2.4 Statistical analysis

	3 Results
	3.1 Participant characteristics
	3.2 Prospective association of continuous BMI percentile with BED onset
	3.3 Prospective association of dichotomous BMI percentile with BED onset

	4 Discussion
	4.1 Strength and limitations
	4.2 Conclusion

	Ethical statement
	Funding/support
	Role of the funder/sponsor
	Additional information
	Data code and availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References




