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Abstract

Objective: Loss-of-control (LOC) eating is associated with eating disorders and obesity, and thus 

it is imperative to understand its momentary risk factors in order to improve intervention efforts. 

Negative affect has been proposed as a momentary risk factor for LOC eating, but the evidence 

for its effects in children and adolescents is mixed. Short sleep duration (which is very common 

in youth), may be one variable that moderates the relation between negative affect and subsequent 

LOC eating. As such, we aimed to examine the moderating role of within-person sleep duration on 

the momentary relations between negative affect and subsequent LOC eating.

Method: We recruited children (N=30) with overweight/obesity ages 8–14, who completed a 

2-week ecological momentary assessment protocol assessing negative affect and LOC eating 

several times per day, while also wearing a sleep actigraphy device and completing sleep diaries.

Results: Consistent with hypotheses, within-person sleep duration moderated the next-day 

momentary relation between within-person negative affect and LOC eating, such that shorter sleep 

duration strengthened the positive relation between negative affect and loss-of-control eating.

Conclusions: Results suggest that, in children and adolescents, fluctuations in sleep duration 

may influence susceptibility to losing control over eating after experiencing negative affect. Future 

research should further investigate other metrics of sleep disturbance as they relate to emotion 
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regulation and LOC eating. Such research will set the stage for augmenting pediatric interventions 

to better target maintenance factors for LOC eating.

Introduction

Loss-of-control (LOC) eating, defined as the feeling that one cannot stop eating once 

started, is the hallmark feature of binge eating, a key behavior that can drive both eating 

disorders and obesity. LOC eating often develops during childhood and early adolescence, 

and LOC eating during this period predicts negative health (e.g., excess weight gain; Fisher 

& Birch, 2002; Tanofsky-Kraff et al., 2009) and psychological outcomes (Tanofsky-Kraff et 

al., 2011). In order to improve outcomes, research is needed to understand the maintenance 

factors of LOC eating among youth, particularly the momentary or daily factors that may 

increase susceptibility to LOC eating.

Negative affect has been proposed as a momentary variable that predicts LOC eating, as 

eating can serve a negative reinforcement function (i.e., temporarily relieving or distracting 

from negative affect; Berg et al., 2015). This model has been mostly supported in the 

adult obesity and binge eating literature (Engel et al., 2016). For example, studies using 

ecological momentary assessment (EMA; a method of repeated sampling that allows for 

near real-time data collection in one’s natural environment) have demonstrated that negative 

affect increases in the moments prior to a binge eating episode (Haedt-Matt & Keel, 2011), 

and, in some studies, decreases following the episode (Berg et al., 2017; Berg et al., 2015). 

However, these findings largely have not been replicated in pediatric samples. In fact, 

three separate studies have shown no momentary effects of negative affect on subsequent 

likelihood of LOC eating (Goldschmidt et al., 2018; Hilbert, Rief, Tuschen-Caffier, de 

Zwaan, & Czaja, 2009; Ranzenhofer et al., 2014). One reason why these relationships 

have not been consistently observed in pediatric samples may be a lack of consideration 

of moderating variables that may strengthen or weaken the momentary relations between 

negative affect and LOC in youth specifically.

One such factor that is likely to impact the relation between negative affect and LOC eating 

in youth is sleep. Sleep duration is increasingly understood as a factor that impacts appetite 

and the ability to regulate negative mood (Baum et al., 2014; Cappuccio et al., 2008). A 

growing body of research suggests that shortened sleep duration impacts one’s next-day 

ability to downregulate negative emotions adaptively and effectively (Anderson & Platten, 

2011; Gruber, Cassoff, Frenette, Wiebe, & Carrier, 2012; Zhang, Lau, & Hsiao, 2019), and 

may increase engagement in impulsive behaviors (Liu et al., 2020). Indeed, several studies 

have indicated that sleep restriction predicts next-day responsivity to food cues (Cedernaes 

et al., 2014) and overall propensity to dysregulated eating (Hart et al., 2013; Jensen et al., 

2019; Sauchelli et al., 2016; Weiss et al., 2010). Taken together, the literature suggest that 

decreased sleep duration could impact a child’s capacity for adaptive emotion regulation, 

therefore increasing the likelihood of LOC eating as a method for coping with negative 

affect. In other words, sleep duration is likely to moderate the next-day relation between 

negative affect and subsequent LOC eating, such that less sleep would strengthen the link 

between negative affect and LOC.
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To test this model, we conducted a secondary data analysis of an EMA study of children 

and young adolescents (ages 8–14) with overweight or obesity (Goldschmidt et al., 2018) 

during which participants also wore an actigraphy device that measured sleep duration. In 

the original study, no direct links were observed between sleep duration and next-day LOC 

eating (Goldschmidt et al., 2020). In the present study, we examined sleep duration (i.e., 

total sleep time; TST – partitioned into between and within-person effects) as a moderator 

of the relation between momentary levels of negative affect and subsequent LOC eating. We 

hypothesized that lower within-person TST (i.e., lower sleep duration in a night relative to 

one’s typical amount of sleep) would strengthen (i.e., moderate) the relationship between 

next day, within-person negative affect and risk for subsequent LOC eating.

Methods

Participants and procedures

Participants were children and young adolescents with overweight or obesity who were 

enrolled in a study examining several factors associated with eating behavior in the natural 

environment (Goldschmidt et al., 2018). Participants were recruited from two academic 

institutions in Chicago, IL via advertisements, direct pediatrician referrals, and phone 

logs from previous studies. To be included, participants had to have a body mass index 

(BMI; kg/m2) ≥ 85th age- and sex-adjusted percentile and be between the ages of 8–14 

years. Exclusion criteria were: medical conditions or medications known to influence sleep, 

weight, or appetite (e.g., sleep apnea); eating disorders other than binge eating disorder (as 

assessed by diagnostic items from the Child Eating Disorder Examination; Bryant-Waugh, 

Cooper, Taylor, & Lask, 1996); inability to read and understand English fluently; and 

concurrent treatment for overweight/obesity. Caregivers of interested participants completed 

a phone screen and eligible participants and their caregiver(s) attended a baseline study visit. 

In total, 92 participants were screened via phone, 44 of whom presented to the research sites 

for a baseline evaluation, and 30 of whom provided adequate EMA data (e.g., at least 7 days 

of EMA recording) and sufficient sleep data to be considered in the current analyses. At the 

baseline assessment, participants provided written informed assent/consent, had their height 

and weight measured, and completed interviews and questionnaires assessing sleep, eating 

patterns, and psychosocial functioning. Participants and their caregivers were then trained to 

complete the EMA, actigraphy, and sleep diary protocols.

Participants were asked to complete EMA recordings after each eating occasion (event-

contingent); before bedtime (interval-contingent); and at 3–5 semi-random times throughout 

the day (signal-contingent). EMA recordings were collected when participants were not in 

school, such that signal-contingent prompts occurred between 7:00–8:00am, 3:00–4:00pm, 

and 6:00–7:00pm on weekdays and every 2–3 h between 8:00am-9:00pm on the weekends. 

In each EMA recording, participants were instructed to report on characteristics of any 

recent eating episode since the last survey. This combination of signal-, event-, and interval-

contingent recordings has been successfully implemented in previous EMA studies of 

children with overweight/obesity (Hilbert et al., 2009; Ranzenhofer et al., 2014). A 1-day 

practice period during which adherence was ≥70% made children eligible to initiate the 

14-day study period. These data were not used in statistical analyses to reduce concerns 
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about the effect of immediate reactivity to self-monitoring. Two participants were excluded 

based on low adherence during the 1-day practice period.

Participants were instructed wear wrist actigraphy monitors (Actiwatch 2, Respironics/

Phillips, Bend, OR) continuously on the non-dominant wrist throughout the 14-day protocol. 

For each night of actigraphy data collection, participants were instructed to mark the time 

they began falling asleep and the time they awakened by pressing an event marker button 

on the actigraphy monitor, which is a standard procedure. These data were supplemented by 

daily sleep diaries to confirm time in bed and time out of bed, which created windows for 

which to examine actigraphy sleep data (see “Measures” section for more details).

Participants received $50 for the intake assessment; $50 for completion of the 14-day 

protocol; and up to $50 for daily assessments prorated according to degree of response to 

random signals ($1 for each response to a total of 50 semi-random signals over the course 

of the 14-day protocol). Study procedures were approved by the appropriate Institutional 

Review Boards.

Measures

Baseline measures—Height and weight were measured via stadiometer and calibrated 

digital scale, respectively. BMI z-score was calculated using CDC growth charts (CDC, 

2000). Demographic data were reported by children and caregivers.

EMA—At eating episode recording, participants reported on the type of eating episode they 

experienced (meal, snack, or binge). Ratings for LOC eating (“While you were eating, did 

you feel a sense of loss of control?“; “While you were eating, did you feel that you could 

not stop eating once you had started?“; “While you were eating, did you feel like you could 

not resist eating?“; “While you were eating, did you feel like a car without brakes, you 

just kept eating and eating?“) were made on a 1- to 5-point Likert-type scale (1 = “no, 

not at all,” and 5 = “yes, extremely”). The four items assessing LOC eating were summed 

to form a total score (range = 4–20) based on their high internal consistency (α = 0.91). 

The Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) was 

used to assess current negative mood state. The PANAS is a widely used and well-validated 

measure (Laurent et al., 1999) that has been used in numerous EMA studies in children 

(Hilbert et al., 2009; Ranzenhofer et al., 2014). Each negative affect item (e.g., afraid, upset) 

was rated on a 5-point scale (“1” = “Not at all”; “5” = “Extremely”) and summed to form a 

composite negative affect scale (range = 0–50).

Actigraphy—Actigraphy is a well-validated measure of sleep and has been validated 

against the “gold standard” polysomnography, with agreement rates exceeding 90% for 

minute-by-minute sleep–wake identification (Ancoli-Israel et al., 2003; Sadeh & Acebo, 

2002). Actigraphy data were collected continuously and stored in 30-s epochs. Time in bed 

began with the first minute of a 10-minute bout in which the activity counts were all zero 

and wake-up time was the first minute of a 10-minute bout in which the activity counts 

were all greater than zero (Sadeh, Sharkey, & Carskadon, 1994). The “medium” threshold 

(meaning that the number of activity counts required to be considered “awake” was 40, as 

compared to 20 for the “low” threshold and 80 for the “high” threshold) was used for sleep-
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wake detection in Philips Actiware v 6.0.7 software. TST measurement was constrained to 

nighttime sleep. Sleep intervals were defined as the period between time-to-bed and wake 

time. Sleep diaries were used to inform coding of sleep and wake times during preliminary 

actigraphy analyses, such that diary data informed the identification of boundaries for 

when sleep started and ended. Participants (with caregiver assistance when necessary) were 

instructed to indicate the start and end time of all sleep episodes. Actigraphy and sleep diary 

data were used in conjunction to determine TST.

Statistical Analyses

Descriptive data and bivariate correlations were examined for demographic, EMA, and 

actigraphy variables. EMA data were matched to actigraphy-measured sleep duration (i.e., 

TST) on the previous night. Participants were considered an outlier if mean TST was > 

2 SD above or below the sample mean. One participant met this criteria; analyses were 

run without this outlier and results were equivalent, so results including the outlier are 

presented throughout for consistency. To evaluate primary study aims, generalized linear 

mixed models (GLMMs) examined previous night’s TST as a moderator of momentary 

associations between EMA-measured negative affect and LOC eating on the next day. In 

each GLMM, the fixed effects of TST and negative affect were separated into within-person 

(person-mean centered) and between-person (grand-mean centered) components. Within-

person associations indicated the degree to which changes in daily TST or momentary 

negative affect (relative to an individual’s average level of these variables) were related to 

LOC. In order to establish temporal relationships between negative affect and LOC eating, 

within-person effects of negative affect were lagged from the preceding EMA signal but not 

lagged across day. Therefore, each GLMM included fixed effects of previous night’s TST 

and negative affect (within- and between-person components) and the two-way interactions 

of within-person negative affect and previous night’s TST (within- and between-person 

components) as predictors of LOC eating. Given that the primary research question focused 

on moderating effects of sleep on momentary (within-person) associations between negative 

affect and LOC eating, interactions with between-person negative affect components were 

not evaluated. Age, z-BMI, and gender were included as covariates, and random intercepts 

were included to model variability in outcomes. GLMMs specified an AR1 covariance 

structure a gamma link function due to non-normal distributions of outcome variables. 

Analyses were conducted using SPSS version 27.

Results

A total of 30 participants (56.7% female; 60.0% African American; 20.0% White; 13.3% 

Hispanic; 3.3% Asian; 3.3% not identifying) provided sufficient actigraphy data to match 

with EMA data. These participants completed an average of 43.57±19.51 EMA signals 

over an average of 13.73±2.16 EMA days, and provided an average of 11.13±3.76 days of 

actigraphy data. A total of 346 data points were available for analyses (given that GLMMs 

were conducted at the day level). Descriptive statistics and bivariate correlations among 

continuous variables are displayed in Table 1, and GLMM results are shown in Table 2. 

With respect to covariates, age was negatively associated LOC eating (B= −.06, SE=.02, 

p=.016), such that younger participants reported higher levels of LOC. Girls also reported 
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greater LOC eating severity compared to boys (B= −.18, SE=.09, p=.040). Random intercept 

effects were significant across GLMMs (ps=.002 to .020), indicating there was significant 

variability in outcomes across participants.

A significant interaction between within-person negative affect and within-person TST 

emerged in the GLMM predicting LOC eating severity (B= −.01, SE<.01, p=.025). As 

shown in Figure 1, following nights characterized by lower TST (relative to one’s average), 

higher momentary negative affect was related to higher subsequent LOC eating severity 

scores. Conversely, this association was attenuated following nights characterized by higher 

TST.

Discussion

The present study was the first to examine sleep duration as a moderator of momentary 

relationships between negative affect and subsequent LOC eating in children and young 

adolescents with overweight or obesity. Results supported the hypothesis that less sleep on 

a given night (relative to one’s usual amount of sleep) was associated with more severe 

LOC following momentary negative affect on the next day. This finding is especially 

notable given that there are no main effects of negative affect on LOC eating in this 

sample (Goldschmidt et al., 2018). In addition, longer sleep duration (relative to one’s usual 

amount) was found to be protective against LOC eating following momentary negative 

affect, such that a longer night’s sleep made LOC less likely as negative affect increased.

Our findings are overall consistent with a small but growing body of literature demonstrating 

that sleep disturbance may impact affect and affect regulation in individuals with LOC 

eating (Cerolini, Ballesio, Ferlazzo, Lucidi, & Lombardo, 2020). A distinct feature of the 

present study is that we examined within-person sleep, i.e., amount of sleep relative to one’s 

typical amount, which is distinct from raw amount of sleep. The importance of a “shift” 

from one’s typical sleep pattern (e.g., sleep variability) has been documented in the broader 

sleep literature as a negative predictor of several outcomes, such as impaired neurocognitive 

development in adolescence (Telzer, Goldenberg, Fuligni, Lieberman, & Gálvan, 2015), 

depression (Suh et al., 2012), excess caloric intake (He et al., 2015). Future eating disorder 

research should aim to compare the predictive ability of within- versus between-person 

levels of sleep disruption. Additionally, future research is needed regarding how variables 

such as sleep and negative affect develop and interact with each other over the course of 

adolescence into adulthood. For example, children with greater sleep disturbance may be 

a group vulnerable to higher levels of negative affect (and thus, more frequent subsequent 

binge eating), which over time could develop into a more severe disordered presentation 

in adulthood. Given these findings, it is possible that a behavioral intervention meant to 

reduce sleep variability in particular could improve emotion regulation capacities and in 

turn, reduce the likelihood of engaging in maladapting coping such as LOC eating. Research 

suggests that individuals with LOC or binge eating experience greater difficulties with 

emotion regulation compared to weight matched peers (Leehr et al., 2015); it is possible that 

longer sleep duration improves emotion regulation to a degree that decreases risk for LOC 

eating.
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There were several important strengths in the current study. First, we used EMA, which 

allows for understanding temporality of relationships as well as examination of within-

person relationships. Second, we used a combination of accelerometry and sleep diaries to 

objectively measure sleep duration. We also recruited a racially diverse community sample, 

which allows for greater generalizability. However, these findings must also be interpreted 

within the context of several important limitations. First, the sample was relatively small, 

limiting our statistical power. Second, linear mixed models do not allow for the calculation 

of effect sizes for interaction effects. As such, effects may be small, limiting clinical 

significance, although even small changes in LOC eating could have large effects on 

distress and impairment. Third, while EMA confers significant advantages over standard 

retrospective self-report measures, it still relies on self-report, therefore making it prone 

to several forms of bias. Relatedly, while children had completed assessments of loss-of-

control eating prior to the EMA protocol and parents/children were generally oriented to 

the assessment protocols, they were not instructed explicitly on how LOC is defined on 

the EMA, which may have led to inconsistencies in how LOC items were interpreted by 

participants. Further, there may have been unmeasured individual differences in the extent 

to which parents helped their children complete the EMA and ASA24 protocols. Lastly, 

we captured the 8–14 age group, but sleep disruption (as well as LOC eating) may be 

most prevalent in later adolescence, and as such, future research should examine these 

relationships in an older group of adolescents.

Overall, sleep duration appears to influence momentary relations between negative affect 

and LOC eating. Future research should investigate other metrics of sleep disturbance (e.g., 

sleep continuity or regularity) as they relate to emotion regulation and LOC eating.
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Highlights

• The present study examined the moderating role of previous night sleep 

duration on the momentary relationship between negative affect and LOC 

eating in children and young adolescents.

• Shorter previous night sleep duration strengthened the prospective relations 

between negative affect and subsequent LOC eating the next day.

• Findings suggest that increasing sleep duration may improve LOC eating in 

response to negative affect.
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Figure 1. 
Two-way interaction of momentary (within-person) negative affect (NA) and daily (within-

person) total sleep time (TST) predicting loss of control (LOC) eating. High and low values 

reflect 1 SD above and below individual means, respectively.
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