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Background: Inconsistent sleep patterns may promote excess weight gain by increasing food
cravings and loss-of-control (LOC)-eating; however, these relationships have not been elucidated
in youth.

Objective: We tested whether sleep duration and timing were associated with food cravings and
LOC-eating.

Method: For 14 days, youths wore actigraphy monitors to assess sleep and reported severity of
food cravings and LOC-eating using ecological momentary assessment. Generalized linear mixed
models tested the associations between weekly and nightly shifts in facets of sleep (i.e., duration,
onset, midpoint, and waketime) and next day food cravings and LOC-eating. Models were re-run
adjusting for relevant covariates (e.g., age, sex, adiposity).

Results: Among 48 youths (12.88+2.69 years, 68.8% female, 33.3% with overweight/obesity),
neither weekly nor nightly facets of sleep were significantly associated with food cravings
(p5=.08-.93). Youths with shorter weekly sleep duration (est. $=—0.31, p=.004), earlier weekly
midpoints (est. 3=-0.47, p=.01) and later weekly waketimes (est. $=0.49, p=.01) reported greater
LOC-eating severity; findings persisted in adjusted models.

Conclusions: In youth, weekly, but not nightly, shifts in multiple facets of sleep were associated
with LOC-eating severity; associations were not significant for food cravings. Sleep should

be assessed as a potentially modifiable target in pediatric LOC-eating and obesity prevention
programs.

Keywords
food cravings; loss-of-control eating; youth; ecological momentary assessment; sleep; actigraphy

Introduction

Loss-of-control (LOC)-eating, and the factors that promote LOC-eating, may be modifiable
targets for the prevention of obesity. LOC-eating, a subjective sense of feeling out of control
while eating, is prospectively predictive of excessive gain in BMI, the development of
overweight and obesity, and worsening of components of metabolic syndrome in youth.13
Food cravings [i.e., intense desires to eat specific food(s) or type of food]* are positively
linked to the severity of LOC-eating® as well as greater energy intake, weight gain, and
obesity in adult and pediatric samples.® One preliminary study suggests food cravings

are modifiable among youth;” therefore, the identification of factors that promote food
cravings among youth across a wide weight range could inform the enhancement of obesity
prevention programs.

One modifiable factor that may promote or exacerbate food cravings and subsequent LOC-
eating is sleep. Sleep patterns are comprised of several facets that have been linked to
obesity risk in youth. Specifically, fewer hours of nightly sleep (sleep duration),89 greater
within-person sleep duration variability (the within-subject standard deviation of average
sleep duration across a multi-day period),1%-11 and later sleep onset and wake timing (falling
asleep and waking up at a time that is later than one’s average fall asleep or wake time)12-14
have been associated with poorer dietary habits, aberrant eating behaviors, and increased
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obesity risk in youth.15 While the mechanisms linking sleep to pediatric obesity are largely
unknown, acute changes in sleep duration and timing may indirectly contribute to obesity
through a positive association with LOC-eating and with the desire to eat. However, data
exploring the link between these facets of sleep and food cravings and LOC-eating are
sparse.

Findings from the few studies examining the association between sleep and food cravings,
or food craving-related constructs (e.g., desire for food and food appeal) in youth are
inconsistent. For example, Kracht, et al. 18 cross-sectionally analyzed multiple facets of
sleep and frequency of food cravings and found that sleep efficiency (i.e., the proportion
of time one is asleep while lying in bed), but not sleep duration or variability, was related
to cravings for foods high in fat and carbohydrates. Yet, preliminary experimental studies
among adolescents have linked earlier bedtimes to lower desires for sweet foods!’ and
shorter sleep duration to increased desires for sweets.18 Although there is no consensus
regarding which facets of sleep are associated with food cravings, preliminary research
suggests a link between sleep duration/timing and food cravings.

The only two studies among children and adolescents examining the link between sleep
duration and LOC-eating did not find a significant association. Kelly, et al. 1° studied
adolescent girls with overweight/obesity at high-risk for type 2 diabetes and found that
self-reported sleep duration was not linked to LOC-eating. Using ecological momentary
assessment (EMA), Goldschmidt, et al. 20 failed to detect between-subject associations
among characteristics of prior night’s sleep (e.g., sleep duration, sleep efficiency, wake
after sleep onset, number of nighttime awakenings) and odds of reporting LOC-eating the
following day among 40 youth with overweight and obesity. However, given the paucity of
studies testing the associations of sleep with LOC-eating among youth across the weight
strata, examination of the link between sleep and LOC-eating in more heterogeneous
samples of youth is needed. Such data would elucidate whether insufficient and inconsistent
sleep are relevant for the development of pediatric obesity.

Inconsistent and statistically nonsignificant findings across previous studies testing the
associations among sleep, food cravings and LOC-eating may be due, in part, to multiple
methodological and statistical limitations. First, studies that rely solely on retrospective
self-reports of sleep duration and timing?”:19 are limited due to potential bias and inaccuracy
in measurement of sleep.1® Second, there are distinct yet interrelated facets of sleep linked to
pediatric obesity (e.g., timing of sleep onset, midpoint, and waketime) that may impact food
cravings and LOC-eating that have not been consistently examined in previous studies. This
is potentially problematic because going to bed later than usual but arising at one’s typical
waketime constitutes a shift or deviation from one’s average sleep onset and duration.

Yet, previous studies!6-20 have examined the effects of independent facets of sleep on

food cravings/LOC-eating without accounting for how individual facets of sleep duration
and timing relate to one-another — thereby insufficiently considering this interdependence
conceptually and statistically.

Lastly, measures of sleep duration and timing are often averaged over a one- or two-week
period, but it is possible that daily shifts in sleep acutely impact eating drives and behaviors.
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Indeed, an experimental study using a randomized and balanced within-subject design found
that, among young adult men, just one night of total sleep deprivation was associated with
greater portion size intake the next day compared to one night of adequate sleep.2! However,
to date, the effects of acute shifts in sleep on next day eating drives and behaviors have

not been examined in youth using a within-subject design. Thus, methodologically and
conceptually rigorous studies that address these limitations are necessary to clarify previous
discrepant findings.

Given the possibility that variations in sleep patterns may promote greater food cravings,
which may in turn increase LOC-eating severity, further exploration of these relationships is
warranted. We therefore utilized concurrent actigraphy (an objective measure of sleep) and
EMA (repeated measurement of current behaviors and experience in real time) to examine
associations between weekly and nightly facets of sleep duration and timing and intensity
of food cravings and LOC-eating in the natural environment during a 14-day period. We
hypothesized that after adjusting for all facets of sleep 1) youth with, on average, fewer
hours of weekly sleep and later sleep onset, midpoint, and waketimes would report greater
food cravings and LOC-eating severity, and 2) greater shifts in previous night’s sleep
duration, onset, midpoint, and waketime would be associated with greater next day food
cravings and LOC-eating severity.

Method

Participants

A secondary analysis of data collected as part of the Children’s Growth and Behavior Study
(Clinical Trials Identifier: NCT02390765) was conducted. Findings from this study related
to sleep and eating in the absence of hunger, as assessed by a self-report questionnaire,

and energy intake, as assessed by a buffet test meal, have been previously reported.22:23
However the impact of sleep on LOC-eating severity reported in one’s natural environment,
has not yet been examined. Youth in good general health were recruited to participate

in a study designed to understand the relationships between eating behaviors and body
weight in children. Youth were eligible if they were 8-17 years old, cognitively capable of
completing study procedures, and had a BMI = 5t percentile for age and sex according

to the Centers for Disease Control and Prevention 2000 US standards24. Exclusion criteria
included: history of brain injuries, major medical or psychiatric illness, current or past
pregnancy, current and regular use of illicit drugs, greater than 5% body weight reduction
during the three months prior to recruitment, or regular use of medications known to impact
eating behavior, weight, autonomic functioning, or endocrine functioning. In-person study
visits were completed at the outpatient Pediatric Clinic at the National Institutes of Health
Hatfield Clinical Research Center. The study procedures were approved by the Eunice
Kennedy Shriver National Institute of Child Health and Human Development Institutional
Review Board. Signed informed consent and assent were obtained from parents/guardians
and children, respectively. All data were collected prior to the onset of the COVID-19
pandemic.
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Ecological Momentary Assessment—~Participants were given the option to complete
a two-week EMA protocol while concurrently wearing an actigraphy watch, which was

an adjunctive study to the primary protocol. All participants who opted to complete the
EMA protocol were provided with a smartphone, regardless of whether they had their

own, and trained on how to complete the EMA surveys. The EMA surveys assessed
multiple cognitions and behaviors, including food cravings and LOC-eating, and were
collected using the Real Time Assessment in the Natural Environment system.2> Consistent
with prior studies in youth,>2% the EMA protocol contained three types of surveys:

signal-, interval-, and event-contingent. Randomly, around stratified daily intervals (i.e.,

at approximately 11:10am, 1:50pm, 3:30pm, 5:40pm, and 8:20pm), participants received

a notification instructing them to complete a survey (signal-contingent). On weekends,
participants received five signal-prompted surveys between the hours of 11am and 9pm.
On weekdays, participants only received three signal-prompted surveys between the hours
of 3pm and 9pm, to minimize interference with school. Participants were also asked to
complete a survey before bed and, on weekdays, immediately after the end of school
(interval-contingent), and following every time they ate or drank a meal or snack (event-
contingent). The day after their in-person visit, participants practiced completing the EMA
surveys. If compliance on this day was poor (completed < 80% of signal- and interval-
contingent surveys) youth were contacted by study personnel to solve barriers to compliance
and completed another practice day. When compliance on the practice day was satisfactory,
participants began the 14-day protocol. Participants received additional compensation for
completion of the EMA protocol.

Food Cravings.: Food cravings were assessed in all interval and signal contingent surveys,
regardless of whether an eating episode occurred. We utilized items from the Intense
Desire to Eat subscale of the Food Cravings Questionnaire-state version,2” because we were
interested in the intensity of one’s craving, rather than hunger or one’s expected outcomes
from eating food, which are assessed by all other subscales of the measure. A Likert type
scale from 1= ‘not at all’ to 5= *extremely’ was used to measure the following items: “How
strong is your desire to eat one or more specific foods?”; “How much do you crave one

or more specific foods?”; “How strongly do you want to eat one or more specific foods?”;
and “How much does your desire or craving to eat have power over you?” All items were
averaged to obtain a composite score of food cravings. Internal consistency was excellent
(Cronbach’s alpha = .96).

LOC-Eating Severity.: When an eating episode was reported, participants rated the degree
to which they experienced LOC-eating during that meal/snack, using items adapted from
the Eating Disorder Examination.?® Questions in the EMA surveys were similar to previous
studies®26 and included the following items: “How much did you lose control during this
eating episode?”; “Did you feel that you could not keep yourself from eating?”; “Did you
feel that you could not stop eating once you started?”; “During the eating episode you just
finished, how much did you feel a sense of loss of control?”; “How upset or distressed

are you about how much you just ate?”; and “How much did you feel driven to eat?”.
Participants indicated their responses on a Likert scale ranging from 1= ‘not at all’ to 5=
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‘extremely’. All items were averaged to obtain a composite score of LOC-eating severity at
each eating episode. Internal consistency was good (Cronbach’s alpha = .87).

Sleep—Wrist-worn actigraphy was used to assess sleep behavior in youth for the 14

days following their in-person visit. Participants were given an ActiGraph GT3X+ activity
monitor (ActiGraph, Pensacola, FL), which records 24-hour physical activity and sleep/wake
measurements. In young adults, the GT3X+ is a valid and reliable device for detecting sleep/
wake diurnal patterns and has good concordance with polysomnography.2® The GT3X+ has
been used in previous studies of youth ages 8-18 years.3931 To be included in analyses,
participants were required to have valid data from = 3 weekday nights of sleep and = 1
weekend night of sleep. Sleep data were downloaded from devices using Actilife software
version 6.13.3 (Actigraph, Pensacola, FL). The Sadeh sleep detection algorithm, which has
been previously validated for children and adolescents,32:33 was applied to data to detect
periods of sleep. Data were also visually inspected, and self-reported sleep logs were used to
confirm periods when the monitor was removed for contact sports, swimming, or bathing.

Facets of sleep examined included sleep duration, onset, midpoint, and waketime. Sleep
duration was defined as the amount of time between sleep onset and wake time. Sleep
onset time was defined as the first 5-minute period in which activity counts were all zero
and the subsequent activity counts were determined to be sleep by the Sadeh algorithm.
Sleep midpoint was defined as halfway between sleep onset and wake time. Waketime was
similarly defined as the first 5-minute period in which activity counts were above zero and
the subsequent activity was determined by the Sadeh algorithm to be awake time.

Race and Ethnicity—Race and ethnicity were reported by the child’s parents.

Snoring—Presence or absence of participant’s snoring/known sleep apnea was reported by
parents during the physical examination.

Socioeconomic status—Socioeconomic status was determined by parents’ reported
educational and occupational status via the Hollingshead Two Factor Index of
Socioeconomic Status. Possible scores range from 8-66 with higher scores indicating higher
family socioeconomic status.34

Anthropometrics—Fasting weight was measured to the nearest 0.1 kg using a calibrated
scale. Height (to the nearest 0.1 cm) was measured in triplicate by stadiometer. Body

mass index (BMI, kg/m?) was calculated and standard deviation BMI scores (BMI.2) were
calculated following Center of Disease Control and Prevention growth standards for age
and sex?* and used to determine weight status. Given that BMI is known to inconsistently
capture differences in adiposity,3° fat mass (kg) was also assessed directly by dual-energy
x-ray absorptiometry (GE Healthcare, Madison WI).

Depressive symptoms—Depressive symptoms over the previous two weeks were

assessed by the Children’s Depressive Inventory- Second Edition3® a self-report measure
that demonstrates excellent reliability and validity among children and adolescents.3’
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Statistical Analyses

Analyses were conducted in SPSS version 25.38 EMA practice days were not included in
analyses. EMA reports and measures of sleep were matched on the date the individual

woke up. Such that if an individual went to bed on Sunday and woke up on Monday,
characteristics of that night’s sleep were matched with EMA surveys completed on Monday.
For descriptive analyses, average food craving and LOC-eating scores were computed

by aggregating ratings within persons. To account for variation in the number of EMA
surveys reported each day, daily averages in sleep duration/timing were computed. These
daily values were then aggregated within-person to obtain a single rating of average sleep
duration/timing across the two-weeks.

All weekly sleep variables represent the direction and degree to which a person’s average
sleep duration/timing deviated from the sample’s average sleep duration/timing, and nightly
sleep variables represent the direction and degree to which participants’ last night’s sleep
duration/timing deviated from their average night’s sleep duration/timing. To compute these
variables, weekly sleep duration, midpoint and waketime variables were mean-centered

by subtracting the entire sample’s average sleep duration/timing (grand means) from

each individual’s own average sleep duration/timing (individual means). Nightly shifts in
sleep were mean centered by subtracting each participant’s average sleep duration/timing
(individual means) from their previous night’s sleep duration/timing (a specific night’s sleep
duration/timing).39 Sleep onset time was the only sleep variable to demonstrate a significant
linear increase across the study, such that participants fell asleep later over the course of the
study. Therefore, sleep onset was detrended by regressing each participant’s sleep onset on
day in the study (e.g., day 3 of participation).? Then, weekly sleep onset was centered on
the individual’s intercept (sleep onset on the first day in the study) and daily sleep onset was
centered on the individual’s regression slope (predicted sleep onset).

Average sleep midpoint was significantly correlated with average bed and wake times (r =
.85 and .87, respectively). However, given the theoretical rational for examining the effect
of facets of sleep when adjusting for all other facets, all sleep variables were included a
independent variables in the final models. Two generalized linear mixed models (GLMMs)
tested the contribution of each facet of sleep while adjusting for all other sleep variables.
Outcome variables for the two models were food cravings and LOC-eating severity. In
both models, participant ID number was entered as a random effect, as sleep and eating
measurements were nested within persons. A standard variance components covariance
structure was used for random effects. Distributions of food cravings and LOC-eating
severity were positively skewed; therefore, models assumed a Gamma distribution and logit
function.

Models were re-run adjusting for covariates that were selected a priori and included
weekend vs. weekday sleep (1 = weekday, 0 = weekend day), fat mass (kg), height (cm),
snoring®! (1 = presence, 0= absence), sex (1 = Female, 0= Male), socioeconomic status,*2
age, and race/ethnicity (1 = non-Hispanic white, 0= other) and depressive symptoms.43:44
All facets of sleep were included in analyses as continuous predictors, but to facilitate
visualization of the results, facets of sleep were dichotomized as one standard deviation
above and below the sample’s mean.
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Sample Characteristics

The opportunity to participate in the EMA protocol was first offered to youth in September
2016, approximately 18 months after protocol initiation. Of the 252 participants in the
parent study to date, 169 participants provided usable actigraphy data. Of the 120 youth
who elected to complete the optional EMA protocol, 68 concurrently wore an actigraphy
watch. Twenty participants were excluded from analyses because they reported one or fewer
eating episodes during the EMA protocol, had less than 30% compliance with EMA surveys,
or had sleep data from fewer than 3 weekdays and 2 weekends. Participants included in
analyses had a higher percentage of females (;(2 =4.68, p=.03), but did not differ from

the parent study sample on percentage of non-Hispanic White individuals ()(2: 0.30, p=
.58), age (¢=-0.84, p=.41), or BMIz (¢=-0.19, p=.85). Data from 48 boys and girls
(68.8% female; 12.8 + 2.7y; 14.6% Non-Hispanic Black or African American; 33.3% with
overweight/obesity) were analyzed. See Table 1 for final sample characteristics.

On average, EMA compliance was (M= 73.97%, SD = 17.78). Craving analyses comprised
548 nights of sleep and 2,380 craving ratings. LOC-eating analyses included 518 nights of
sleep and 1,073 eating episodes. Generally, food cravings and LOC-eating severity were
low, but varied (food cravings: M= 1.51, SD=0.72; LOC-eating: M=1.25, SD=4.17)
and weekly/daily shifts in sleep were more variable (range 0.18 — 4.25 hours). Average
food cravings, LOC-eating severity, and weekly and nightly shifts in all facets of sleep are
reported in Table 1.

Associations of Sleep with Food Cravings

Weekly and nightly measures of sleep were not significantly related to food cravings when
accounting for all facets of sleep, (est. Bs = -0.13 — 0.15, ps = .12 — .69) or when adjusting
for covariates (est. 3s = —-0.15 - 0.10, ps = .08 — .93).

Associations of Sleep with LOC-Eating Severity

When accounting for all facets of sleep, weekly sleep duration (est. 8 = -0.31, p=.004),
sleep midpoint (est. B = -0.47, p=.01), and wake time (est. 8 = 0.49, p=.01) were
associated with greater LOC-eating severity (Figure 1). Specifically, youth who had shorter
average sleep duration, an earlier average sleep midpoint, and, on average, woke up later
reported greater LOC-eating severity during the EMA period (Figure 1). Shifts in daily
facets of sleep were not significantly related to subsequent LOC-eating severity (est. s =
-0.01-0.02, ps = .11 - .92). Results remained significant after adjusting for all covariates.
Results from unadjusted and fully adjusted models are displayed in Table 2.

Discussion

The current study utilized an objective measurement of sleep and concurrent EMA to
examine the associations among weekly and daily shifts in sleep duration/timing and food
cravings and LOC-eating severity among a diverse sample of girls and boys of a broad age
and weight range. When adjusting for the effects of various facets of sleep, sleep was not
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associated with food cravings. However, in both unadjusted and adjusted models, youth with
shorter average sleep duration, earlier average sleep midpoint, and later average waketime
during the two-weeks reported greater LOC-severity. Overall, these results demonstrate that
when accounting for the entire sleep pattern, between-person differences in sleep duration
and timing may be associated with eating-disordered behaviors.

When using objective measurement of sleep and accounting for the entire sleep pattern

and relevant covariates, shifts in weekly and nightly sleep were not associated with food
cravings. These findings are inconsistent with previous experimental studies among youth
suggesting links between weekly sleep duration and bedtime and food cravings.17-18 The
differences in the findings between our study and previous studies could be due to a
relatively small sample and analyses that adjusted for all facets of sleep. Our ability to detect
an association may have been obscured due to our inclusion of youth of various ages and
BMIs. Variability of sleep needs across development#® and weight status could be explored
in future studies as potential moderators of the associations among sleep patterns and food
cravings. Other characteristics of sleep that were not studied (e.g., sleep efficiency) may
also be linked to food cravings. Additionally, acute changes in sleep duration and timing
may influence other factors (e.g., hormones, physical activity, affect, executive function) that
promote LOC-eating in youth. The mechanisms underlying the relationships between sleep
patterns and LOC-eating are likely complex, therefore future studies among larger samples
are needed to identify the moderators and mechanisms linking interdependent facets of sleep
to LOC-eating.

The present study found shorter weekly sleep duration, later weekly midpoints, and earlier
weekly waketimes to be positively associated with LOC-eating, suggesting greater or

more frequent shifts, in sleep duration and timing across two weeks may be linked to
LOC-eating severity. Sleep midpoint is thought to be a behavioral estimation of one’s
biological preference for sleep timing such that individuals with earlier midpoints may have
a preference for earlier bedtime and waketime, while those with later midpoints may have

a later sleep preference.® Our results suggest that a discordance in later biological sleep
preference (i.e., later sleep midpoint), earlier waketime, and shorter sleep duration appears
to be linked to LOC-eating severity. More direct measures of biological sleep preference

are needed in future studies to better understand these relationships. These findings are
inconsistent with preliminary cross-sectional studies in youth at risk for type 2 diabetes

and with overweight and obesity which have failed to detect links between sleep and
LOC-eating.19:20 However, extant studies only examined the independent effects of a single
facet of sleep on drives to eat and LOC-eating,12-20 and have not disentangled the impact of
weekly and nightly shifts in sleep. Thus, differences are likely due to disparate statistical and
methodological approaches. Carefully designed experimental studies are needed to elucidate
the possible additive and interactive effects of nightly and weekly shifts in sleep duration,
timing, and biological preference and their impact on factors that promote LOC-eating.

Study strengths include the use of actigraphy to examine several facets of sleep collected
over two weeks. We also utilized EMA, which allowed for the examination of the
associations between facets of sleep and both food cravings and LOC-eating severity in
the natural environment. Additionally, EMA and sleep data were measured concurrently,
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which allowed for the examination of weekly and nightly shifts in sleep and food cravings
and LOC-eating severity. Examination of youth in generally good health enabled us to study
factors associated with LOC-eating severity prior to the development of significant eating
issues, thereby elucidating potential risk factors for the onset of obesity and related health
comorbidities.

Study limitations include small average shifts in sleep and low average severity of food
cravings and LOC-eating. Further, the craving measure used in the present study has been
validated in samples of adults, but not yet in children or adolescents. Therefore, although the
measure demonstrated good internal consistency, the low severity reports of food cravings
may suggest the need for measures of food cravings that are adapted for and validated in
youth. Moreover, it is unknown if continuous severity, rather than a specific cut-off score,

is most appropriate for detecting LOC-eating in the natural environment among youth. It

is possible that the present study identified “false positives,” such that some reports of
LOC-eating may not have met a clinical threshold. There are no empirically determined
cutoffs of LOC-eating severity in youth; therefore, we examined LOC-eating severity as

a continuous measure to maintain statistical power and consistency with previous EMA
studies in children and adolescents.>26 Future studies are needed to determine the clinical
significance of LOC-eating severity and replicate findings from the current study in samples
of youth enriched for LOC-eating. Nevertheless, detection of associations among sleep and
severity of LOC-eating, even in a sample comprising healthy youths with low scores on

this measure, supports sleep as a potentially modifiable risk factor for pediatric obesity and
disordered eating behaviors. Lastly, average sleep midpoint was strongly correlated with
average sleep onset and wake times in the present study, yet despite associations among
facets of sleep, distinct facets of sleep appear to offer unique effects on eating behaviors.
Thus, experimental studies should be carefully designed to ensure only the intended facets of
sleep are being manipulated when investigating the independent effects of different facets of
sleep on eating and weight.

Conclusion

Interactions among sleep duration and sleep timing may be important for the promotion

of LOC-eating. We did not observe statistically significant associations among facets of
sleep and food cravings. Thus, LOC-eating may be a candidate mechanism linking sleep

to excess weight gain. Longitudinal data are needed to provide clarification on how shifts

in sleep duration and timing prospectively impact appetite, eating behaviors, and onset of
obesity. Future studies that aim to determine the biological and psychological mechanisms
that promote risk for developing obesity may further elucidate how sleep can be harnessed to
maximize the efficiency of pediatric obesity prevention programs.
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Figure 1. Facets of Weekly Sleep and LOC-Eating Severity
A: Associations among LOC-eating severity and weekly sleep duration. B: Associations

among LOC-eating severity and weekly sleep midpoint. C: Associations among LOC-eating
severity and weekly waketime.

In all graphs, LOC-eating,

loss-of-control eating. To facilitate visualization, facets of sleep

were dichotomized as 1 SD below/above the average for each facet of sleep. Estimated

Betas were used to predict

LOC-eating severity at 1 SD below the mean, 1 SD above

the mean, and at the mean for each facet of sleep. Predicted values were adjusted for
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weekend/weekday sleep, fat mass, height, snoring, socioeconomic status, age, race/ethnicity,
and depressive symptoms. The Y-axis is centered on predicted LOC-eating severity at the
average shift in each facet of sleep. Therefore, the difference between LOC-eating severity
predicted for the average sleep duration, sleep midpoint, and waketime facets of sleep and 1
SD below/above means of each facet of sleep are presented.
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Table 1.

Participant Characteristics and Descriptive Statistics

Participant Characteristics n %
Sex

Girls 33 68.8

Boys 15 31.2
Race

White 24 50.0

Black 7 14.6

Asian 11 22.9

Multiracial 4 8.3

Unknown 2 4.2
Ethnicity

Non-Hispanic 41 85.4

Hispanic 6 125

Unknown 1 21
Presence of Snoring 13 27.1
Overweight or Obesity 16 333

M SD  Minimum  Maximum

Age (years) 12.88 2.69 8.00 17.00
Socioeconomic Status? 2.23 106 1.00 500
Depressive Symptoms 7.29 5.66 0.00 24.00
EMA Ratings
Food Cravings 151 0.72 1.00 4.86
LOC-eating Severity 1.25 417 1.00 3.49
Shifts in Facets of Sleep (hours)
Sleep Duration Daily -0.03 024 -1.09 0.65
Sleep Duration Weekly 0.09 090 -2.01 1.83
Sleep Onset Daily -0.01 015 -0.28 0.43
Sleep Onset Weekly 0.23 081 -2.86 3.61
Midpoint Daily -0.02 014 -0.33 0.32
Midpoint Weekly 0.07 1.08 -1.54 3.10
Waketime Daily 1.01 0.71 0.18 4.25
Waketime Weekly 0.12 1.02 -1.32 3.00

BMI_z, standardized body mass index; LOC-eating, loss-of-control eating; M, mean; SD, standard deviation.

aThree participants did not have reports of socioeconomic status. Average facets of sleep were obtained from the 548 nights of sleep analyzed in the
craving analyses. Daily averages and ranges in facets of sleep were obtained by aggregating daily shifts in sleep within persons. Weekly averages
and ranges in facets of sleep were obtained by aggregating weekly shifts within days and persons. Negative sleep duration values represent shorter
sleep duration (e.g., 6 hours vs. 8 hours). Negative sleep onset, midpoint, and waketime represent later timing (e.g., 3am vs. 12am).
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