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Abstract

Purpose—The aim was to investigate the effect of sleep improvement on desire for and intake of
weight gain promoting foods in adolescents with late bedtimes.

Methods—A sample of 42 adolescents with late bedtimes was enrolled in an intervention
designed to improve sleep. Their desire for and intake of food in the morning was assessed at pre-
treatment and post-treatment.

Results—Adolescents with earlier bedtimes at post-treatment relative to pre-treatment increased
their caloric intake of low Glycemic Index, fruit and dairy foods at post-treatment. This effect was
not observed in adolescents who did not improve their bedtime at post-treatment.

Conclusions—These findings suggest that advancing bedtimes earlier can improve breakfast

choices, an important meal for obesity prevention during adolescence.
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The average adolescent in the United States sleeps approximately 7 hours during the school
year and 33% of adolescents go to bed later than 11:15pm (1). With the onset and
progression through puberty there is a biologic shift toward both going to sleep and getting
up later, often referred to as an eveningness circadian preference, which when combined
with early school start times are thought to be major contributors to this sleep deficit (2, 3).
The combined picture is of concern given that both late bedtimes and short total sleep time
(TST) are independently associated with a range of adverse outcomes (1, 4), including
higher risk of obesity (5, 6).

Rates of obesity are rising rapidly among children and adolescents (7). Eating behaviors tend
to persist from adolescence into adulthood and thus adolescence is a particularly important

Please address correspondence concerning the manuscript to Allison G. Harvey, Ph.D, University of California, Berkeley, Department
of Psychology, 2205 Tolman Hall #1650, Berkeley, CA 94720-1650, United States. Phone: (510) 642-7138. aharvey@berkeley.edu.
Lauren D. Asarnow is now at Stanford University School of Medicine, Psychiatry Department.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Asarnow et al. Page 2

period for obesity prevention (8). Increased intake of low glycemic index (GI) foods has
been linked to obesity prevention (9, 10). Gl is a measure of how quickly blood glucose
levels (i.e., blood sugar) rise after eating a particular type of food. Low GI foods promote
satiety by supporting fat instead of carbohydrate metabolism, and higher levels of the satiety
promoting hormone leptin (11). Indeed, obese children who were given high GI breakfasts
ate 53% more throughout the day than those with medium or low Gl breakfasts (12).
Moreover, a small experimental study in 9 healthy adult men indicated the timing and
amount of leptin secreted were altered by consuming high-GI meals (13).

Accumulating evidence points to late bedtimes, shorter total sleep time (TST) and daytime
sleepiness as independent risk factors for the selection and intake of more high Gl foods and
fewer low Gl foods (5, 14). Late bedtime on non-school days has been associated with
greater “fast food” consumption in adolescents (15), which may be influenced by less
availability of healthier food options at night. One experimental study involving adolescent
participants found that short TST (defined as 6.5 hours of less hours) over 5 nights resulted
in increased intake of high glycemic index foods (16). Moreover, another group of
researchers found that, in an experimental protocol, desire for weight-gain promoting foods
increased after sleep deprivation in adults and was predicted by subjective daytime
sleepiness (14).

To our knowledge, there are no published investigations as to whether sleep improvement
results in healthier food choices in adolescents. There are several reasons why it is especially
important to determine whether an intervention to improve sleep is effective in improving
food choice in adolescents with an eveningness circadian preference (a risk factor for
obesity) (5); first, food intake plays a key role in the development and maintenance of
obesity (17) and second, there are few effective treatments for obesity (18, 19).

The present study was designed within the context of a NICHD-funded trial designed to
improve sleep for 10-18 year olds with an eveningness circadian preference. The aim of the
present study was to investigate the effect of sleep improvement (indexed by three sleep and
circadian markers derived from sleep diary), following 6 sessions of either an active sleep or
control treatment, on (a) desire for and (b) intake of weight gain promoting foods in the
morning. The hypothesis tested is that sleep improvement from pre-treatment to post-
treatment, across treatment groups, will be associated with both decreased desire for and
intake of weight gain promoting foods.

Methods

Participants

The data for the present study were collected as part of a larger research project. Adolescents
were eligible for the study if they scored within the lowest quartile, the cutoff for
eveningness circadian preference, on the Children’s Morningness Eveninigness Preference
Scale (20). Also, the adolescent must have had the current pattern of late bedtimes for the
last 3 months based on self and parent-report. Adolescents were ineligible to participate, if
(a) they could not communicate in English or Spanish, (b) they had an active, progressive
physical illness or neurological degenerative disease directly related to the onset and course
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of the sleep disturbance, (c) there was evidence from clinical diagnosis or report of sleep
apnea, restless legs or periodic limb movements during sleep, (d) they had an intellectual
disability, autism spectrum disorder, or any other significantly impairing pervasive
developmental disorder, (e) there was evidence from clinical diagnosis or report by youth or
parent of Bipolar Disorder or Schizophrenia, or (e) they had a history of substance
dependence in the past six months.

Participants were recruited for the current study via administrators and parent groups at local
schools as well as advertisements on list serves, Craigslist and Facebook.

All procedures were approved by the University of California, Berkeley, Committee for the
Protection of Human Subjects (Protocol 1D 2012-02-4007).

For adolescents who met eligibility criteria after an in-person assessment, seven to ten days
of sleep diary was collected. Participants then spent the night prior to the food-desire and
snack tasks in the laboratory. In the laboratory, each participant went to bed at their average
weekday bedtime and woke at their average weekday rise time as defined by their sleep
diary. In the morning, a standardized breakfast of one slice of toast and jam was provided.
The food-desire task followed by the snack task was then administered. An identical
protocol was repeated following completion of 6 weeks of intervention.

Using a computer-generated random numbers list, a research assistant conducted
randomization of adolescents to either an active sleep or psychoeducation condition,
stratified by age and sex. In the present study, adolescents were collapsed across conditions.
42 adolescents participated in the present study.

Measures of Demographic Characteristics

Demographic characteristics assessed included parent reports of the adolescents’ age,
biological sex, race/ethnicity and household income.

Investigators measured height and weight, from which BMI was calculated. BMI was
transformed into z-scores for age and sex.

Sleep Measures

Sleep Diary (21, 22)—The daily sleep diary is a valid and sensitive measure in the
detection of differences due to weekends, age, gender, sleep timing and sleep quality (23). In
the present study, trained research assistants called the adolescents to collect their sleep
diary each morning at an agreed-upon time.

While the full sleep diary was administered, based on a review of the literature (24, 25),
bedtime and TST were determined to be the strongest risk factors for weight gain promoting
food choice and thus were selected as the sleep parameters of interest for the current
investigation. Bedtime and TST difference scores were calculated by subtracting average
pre-treatment scores from average post-treatment scores. Earlier bedtimes at post-treatment
compared to pre-treatment constituted the “Bedtime Improvement Group” (n=22); the same
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or later bedtimes at post-treatment compared to pre-treatment constituted the “No Bedtime
Improvement Group” (n=20). Longer TST at post-treatment compared to pre-treatment
constituted the “TST Improvement Group” (n=24); the same or shorter TST at post-
treatment compared to pre-treatment constituted the “No TST Improvement Group” (n=18).

Sleepiness Scale (26)—The sleepiness scale is a well validated and widely used measure
used to quantify subjective sleepiness throughout the day. The sleepiness scale showed a
Pearson r test—retest reliability correlation of .65 (p<.01) and, based on the criterion of 0.70,
the internal consistency coefficients of the subscale are near (0.65) or above (0.70),
acceptable standards for the control and clinical samples, respectively (26). The sleepiness
scale asks, “During the last two weeks, have you struggled to stay awake (fought sleep) or
fallen asleep in the following situations?” It lists 10 situations (i.e. in a class at school)
scored on a 4-point likert scale ranging from “no” to “both struggled to stay awake and
fallen asleep”. The sleepiness scale was administered the night before the experimental
protocol. Sleepiness difference scores were calculated by subtracting pre-treatment scores
from post-treatment scores. Lower self-reported sleepiness at post-treatment compared to
pre-treatment constituted the “Sleepiness Improvement Group” (n=24); the same or
increased sleepiness at post-treatment compared to pre-treatment constituted the “No
Sleepiness Improvement Group” (n=14).

Food Desire and Intake Measurements

Food-Desire Task (14)—A detailed description of the Food-desire task has been
described elsewhere (14). The task was administered on a Dell Latitude E6430 laptop.
Participants were seated at a computer and instructed to rate pictures of 80 food items on a
1-4 scale according to how much they wanted that food right now. Participants were
informed that they would receive snacks following the task based on whichever items they
rated wanting more.

The food items were evenly distributed across five categories (salty, sweet, starchy, fruit or
dairy) and varied in GI. GI per serving was defined based on International Table of
Glycemic Index (27). Foods were subsequently categorized as high versus low GI based on
established cutoffs; low Gl is defined as less than 55 and high Gl is 55 or above. The mean
desire for high and low Gl foods and fruit, dairy, salt, starch, and sweet foods was then
calculated.

Snack Task (28, 29)—The snack task has been used as a measure of food intake. In the
present study, food choices were modified from previous protocols to match the foods
displayed in the food-desire task. The 10 items available corresponded to items they had
rated earlier in the food-desire task; donuts or cinnamon rolls (sweet), tortilla chips or cheese
crackers (salty), bagels or croissants (starch), grapes or strawberries (fruit), and cheddar or
mozzarella cubes (dairy). Participants were offered five bowls of food, one from each of five
food categories: sweet, starch, salty, fruit, or dairy. Within each food category, two food
items were available. The food offered in each category was based on which food the
participant rated higher in the food-desire task. Items within categories were matched for
calories per gram, GlI, texture, and size. Based on the International Table of Glycemic Index

J Adolesc Health. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Asarnow et al.

Treatment

Page 5

(27), foods in the sweet, salty and starch categories were defined as high GI and foods in the
dairy and fruit categories were defined as low GI.

All foods were unwrapped and each category of food was placed in a separate and identical
plastic bowl on a tray in front of the participant. The arrangement of the bowls on the tray
was counterbalanced to control for lateralization effects. All bowls appeared full and each
participant was given the same amount of each food item. The research assistant said to each
participant “these are the snacks you won. Feel free to eat whatever you like. Take a break
and I’ll be back in 10 minutes.” After 10 minutes the research assistant returned to the room
to retrieve the bowls.

The experimenter weighed each bowl before the participants arrived and then again after the
task was completed. Measurements were computed in number of grams and were made
using a 5-1b capacity, digital scale (with accuracy to the .10 gram). Calories consumed were
calculated based on the calorie per gram of the food and the number of grams consumed.
Food intake is defined as the number of calories of high GI, low Gl, dairy, fruit, salt, starch
and sweet foods consumed.

Treatment began one week after the pre-treatment assessment and ended the week prior to
the post-treatment assessment. Treatment involved 6 individual weekly 50-60 minute
sessions delivered during the school year. The variable “Time” is defined as the pre-
treatment and post-treatment time points.

Detailed descriptions of the active sleep (TranS-C-Youth) and Psychoeducation (PE)
conditions have been described elsewhere (30). More details regarding treatment are
available in the online supplement). All participants received at least 6 sessions of treatment.

Analysis Plan

Results

All analyses were conducted in SPSS 22 (IBM Corporation, Armonk, NY, 2013). Statistical
significance was evaluated using a 2-sided design with alpha set at 0.05.

To assess differences in bedtime, TST and sleepiness from pre-treatment to post-treatment
independent sample t-tests were conducted within Sleep Improvement Groups. Repeated-
measures ANOVAs were used to assess the impact of sleep improvement (separately for
bedtime improvement, TST improvement, and sleepiness improvement) on desire for and
intake of foods at pre-treatment versus post-treatment. T-tests were conducted to further
explore significant interaction effects.

Participant characteristics are presented in Table 1.

The mean bedtime, TST and sleepiness difference values for the three sets of Sleep
Improvement Groups are displayed in Table 2. The Bedtime Improvement and No Bedtime
Improvement Groups and TST Improvement and No TST Improvement Groups significantly
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differed in bedtime and TST from pre-treatment to post-treatment, but not in sleepiness. The
Sleepiness Improvement and No Sleepiness Improvement Groups significantly differed in
sleepiness from pre-treatment to post-treatment, but not in bedtime and TST.

Two-way repeated-measures ANOVAs were conducted, one for each of the food desire and
intake outcome variables!. Mean food desire and intake outcomes in the Sleep Improvement
Groups at pre-treatment and post-treatment are listed in Table 3.

There were significant main effects of Bedtime Improvement Group on high GI foods
desired A1,30)=8.07, MSE=1.58, p=.008, n?=.141, 90% CI [.006—-.323] and sweets desired,
A1,30)=4.59, MSE=4.20, p=.04, 1)2=.212, 90% CI [.034-.395]. No other main effects of
Sleep Improvement Group were observed.

Significant main effects of Time indicated that, regardless of Sleepiness Improvement
Group, adolescents desired more starch calories, A1,28)=7.08, MSE=.34, p=.01, 12=.202,
90% CI [.026-.390]. No other main effects of Time were observed.

No significant Sleep Improvement Group x Time interaction effects were observed on food
desire (all p’s>.05).

Results for Repeated-measures ANOVA'’s assessing the role of sleep improvement on food
intake in the snack task are displayed in Table 4.

There were significant main effects of Bedtime Improvement Group, such that, regardless of
Time, adolescents in the Bedtime Improvement Group ate fewer sweet and salty foods than
adolescents in the No Bedtime Improvement Group.2 No other main effects of Sleep
Improvement Group were observed.

Significant main effects of Time indicated that, regardless of Sleepiness Improvement group
adolescents ate more calories total; regardless of Bedtime, TST or Sleepiness Improvement
Group, adolescents ate more high Gl, and sweet calories, post-treatment compared to pre-
treatment.

Significant results for the Bedtime Improvement Group x Time interaction effects, following
6 sessions of either treatment condition, on food intake are displayed in Figure 1. This
indicates that the intake of low GI (Figure 1a), fruit (Figure 1b), and dairy (Figure 1c)
calories at pre-treatment and post-treatment differed by Bedtime Improvement Group. Paired
samples t-tests were performed comparing pre-treatment to post-treatment intake of low Gl,
fruit and dairy calories in the Bedtime Improvement Groups. Paired samples t-tests revealed
that adolescents in the Bedtime Improvement Group ate significantly more low GI £20)=

1Mauchly’s Test of Sphericity indicated that the assumption of sphericity had not been violated (all p’s >.05).

Follow up analyses were conducted to assess pre-treatment differences between groups. Independent samples t-tests were conducted
between the Bedtime Improvement Group and the No Bedtime Improvement Group at pre-treatment in the food desire and food intake
outcomes. Results indicate that at pre-treatment participants in the Bedtime Improvement Group ate less salty food than those in the
No Bedtime Improvement Group {40)=-2.10, p=.05. No other group differences were observed (all p’s >.05)
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-2.63, p=.02, a=.75, 95% CI [.12-1.37], and dairy calories {20)= —2.46, p=.02, ¢=.75, 95%
ClI [.12-1.37], but not fruit calories f20)= -1.48, 7>.05 at pre-treatment compared to post-
treatment. No significant differences were observed between pre-treatment and post-
treatment food intake in the No Bedtime Improvement Group, (all p’s>.05). Independent
sample t-tests revealed no significant differences between the Bedtime Improvement Group
and the No Bedtime Improvement Group in food intake at pre-treatment or post-treatment
(all p’s>.05). No other significant Sleep Improvement Group x Time interaction effects were
observed.

Discussion

This study focused on food choices in adolescents with an eveningness circadian preference,
a group at increased risk for obesity (4, 5). To our knowledge, this is the first study to a)
investigate the relationship between sleep and breakfast choices - an important, independent
risk factor for obesity in adolescents (12) and b) investigate sleep improvement as a potential
mechanism for changes in food choice in adolescents.

The aim of the present study was to evaluate the effect of sleep improvement from pre-
treatment to post-treatment on desire for and intake of weight gain promoting foods in the
morning in a sample of adolescents. Moreover, the results provide some support for our
hypothesis that sleep improvement from pre-treatment to post-treatment would be associated
with decreased desire for and intake of weight gain promoting foods. Consistently, we found
a medium to large effect (all n2>.10) such that, regardless of Time, adolescents in the
Bedtime Improvement Group desired less high Gl and sweet food and ate less salty food
than those in the No Bedtime Improvement group. In other words, adolescents who adopted
an earlier bedtime at the end of the treatment were more likely to desire and eat less
unhealthy food. While differences in salty food eaten was observed between Bedtime
Improvement Groups, no pre-treatment differences was observed in desire for high GI or
sweet food. Recall that adolescents were not randomized to Bedtime Improvement Groups,
rather they were categorized into the Bedtime Improvement and No Bedtime Improvement
Groups based on bedtime difference between pre- and post-treatment. Importantly, a robust
effect was observed (all n2>.106; ¢=.75) such that bedtime improvement was also associated
with increased intake of low Gl and dairy food at post-treatment compared to pre-treatment;
meanwhile no bedtime improvement was associated with no significant change in intake of
low GI food. These findings are consistent with research by Baron and colleagues (24) who
reported that earlier bedtime was associated with intake of more health promoting and less
weight gain promoting foods. While the underlying biological mechanisms of this shift in
bedtime remains unknown, one possibility is a functional change within the brain.
Specifically, the sleep-dependent restoration of activity in higher-order cortical regions,
helping to better regulate sub-cortical limbic responsivity, which has previously been shown
to promote the selection of weight gain promoting foods in adults (14).

Interestingly, while we found that a shift towards an earlier bedtime was associated with
healthier food choices, associations between food choices and our other sleep measures (i.e.
self-reported sleepiness; self-reported TST) were not statistically significant. Taken together,
these findings raise the possibility that bedtime is a potential target for interventions to
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improve food intake in adolescents. This is consistent with literature, which identified
bedtime as an important risk factor for weight gain, regardless of TST (5). Moreover,
appetite regulating hormone concentrations such as leptin and ghrelin follow a normal
diurnal variation strongly linked to circadian patterns (31, 32). Taken together, the literature
and the present findings point to the potential importance of circadian rhythm/timing when
studying the link between food choice and sleep.

There were several unexpected but noteworthy findings. Regardless of Sleepiness
Improvement Group, adolescents desired more starch and consumed more total calories;
regardless of Bedtime, TST or Sleepiness Improvement Group, adolescents ate more high Gl
and sweet calories at post-treatment compared to pre-treatment. Taken together, these
findings suggest that following either a sleep focused or health-focused psychoeducation
intervention, adolescents were eating more breakfast overall. On the one hand, eating regular
breakfast is considered protective against weight gain (33, 34) so this finding is positive. On
the other hand, we cannot rule out the possibility that there was a practice effect (i.e. the
adolescents knew to expect a selection of breakfast items and therefore ate more during the
task). However, in the present study within an experimental setting, the adolescents whose
sleep improvement consisted of an earlier bedtime made healthier breakfast choices, a
behavior associated with healthier weight and decreased obesity risk (11, 12).

The results of the present study should be interpreted within the confines of several
limitations. First, objective measures for the assessment of sleep and circadian rhythms (35),
(2) were not used. However, the daily sleep diary is a widely used and well-validated
subjective measure of sleep (21, 22). Another limitation is the relatively small sample and
the fact that not all participants completed treatment. Finally, multiple comparisons were
used. According to Nakagawa and Cuthill (36), corrections for multiple comparisons such as
the use of Bonferroni procedures further reduce power, increasing a Type Il error to
unacceptable levels, and they may also contribute to publication bias, hindering the advance
of the field. Therefore we opted to include effect sizes and confidence intervals of effect
sizes as suggested by Nakagawa and Cuthill (36), rather than correct for multiple
comparisons. Indeed, effect sizes for significant findings observed throughout the present
study are considered medium to large, and are considered to be significant (CI’s do not
include zero). Moreover, it should be noted that this sample contained a majority healthy
weight participants and findings may be different if examining participants with obesity.

In summary, earlier bedtime from pre-treatment to post-treatment was associated with
increased intake of healthier foods (low GI foods, fruit and dairy) as compared to
adolescents whose bedtimes did not improve from pre-treatment to post-treatment. These
healthier eating choices, if maintained over time, could be protective against the
development of obesity. Clinically, these findings suggest that bedtime improvement can
improve breakfast choices, an important meal for obesity prevention (37) during
adolescence, which is a central developmental period in terms of obesity prevention (5).
Moreover, the current study demonstrates that both sleep and food choices are modifiable in
a high-risk sample of adolescents. Given the high rate of sleep problems and obesity in this
age group and potential impact of healthy sleep and diet on overall health and development
these findings are particularly promising.
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Implications & Contribution

The unique contribution of the present study is to investigate the relationship between
sleep and breakfast choices in adolescents, and sleep improvement as a potential
mechanism for changes in food choice. The data suggest that earlier bedtimes are
associated with an increased intake of healthier foods for breakfast.
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Figure 1a. Low GI Caloric Intake in Bedtime
Improvement and No Bedtime Improvement Groups
Pre- and Post-treatment
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Figure 1b. Fruit Caloric Intake in Bedtime
Improvement and No Bedtime Improvement Groups
Pre- and Post-treatment
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Figure 1c. Dairy Caloric Intake in Bedtime
Improvement and No Bedtime Improvement Groups
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Figure 1.

Bedtime Improvement Group x Time Interactions for (1a) Low GI, (1b) Fruit, and (1c) Dairy
Caloric Intake: Means and Standard Error Bars. GI=Glycemic Index
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Demographic characteristics at pre-treatment

Full Sample N=42

Age (years): M (SD)
Sex: % male
Race:
% Caucasian
% African American/Black
% Hispanic or Latino/Latina
% Asian
% Native Hawaiian or Pacific Islander
% Refused
% Mixed Race
Annual Income ($): % <$30,000
Z-score: M (SD)
Bedtime (hh:mm): M (SD)
TST (hours): M (SD)

1 Sleepiness: M (SD)

15.15 (1.68)
42

52.1
83
14.3
10.4
83
42
16.7
6.5
37(1.0)
1:02 AM (1.33)
6.64 (1.25)
5.97 (4.71)

Note. M=mean; SD=standard deviation; Z-score=BMI adjusted for age and sex; hh:mm=hours:minutes.

Table 1

Page 13

1 . . A -
Sleepiness scores ranged from 0 to 19 in the present sample. In the measure validation study conducted in children, 9.64 and 11.99 were the mean

scores in a control and clinical sleep disordered sample respectively (Owens, Spirito & McGuinn, 2000).
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