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Objectives: This 10-day study aimed to (1) assess the effectiveness of a text message–based sleep interven-
tion and (2) determine whether the intervention was equally effective for non-Hispanic whites and racial-
ethnic minority adolescents.
Participants: Participants were 46 (50% female) adolescents (13-18 years; mean = 15.75 years old, SD =
0.98) from a public high school in the Midwest.
Intervention: Participantswere randomly assigned to a control or textmessage intervention condition. Only
participants in the intervention condition received 2 text messages outlining individualized bedtime goals
daily, for 8 weekdays.

Measurements: All participants attended a sleep lecture, wore a sleep monitor, and completed baseline and
exit surveys that assessed demographics, subjective sleep, lifestyle, and psychosocial adjustment variables.
Results: Results of a 2 (intervention, control) × 2 (pre-intervention, postintervention) analysis of variance
test revealed no significant intervention × time interaction effect (F1,38 = 0.020, P= .889) in the full sam-
ple. This effect, however, was significantly moderated by race-ethnicity: Results indicated a significant in-
tervention × time × race interaction (F1,36 = 8.050, P= .007, partial η2 = .183) such that the intervention
significantly improved sleep hours (by approximately 1 hour) only among non-Hispanic whites (and not
among adolescents of racial-ethnic minority status).
Conclusions: Adolescents from racial-ethnic minority groups may face significant barriers that interfere

with their ability to successfully alter their sleep-wake patterns and maximize sleep hours.
© 2016 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
During adolescence, biological and psychosocial factors interact
to alter sleep-wake patterns, which result in significant sleep debt.1

Adolescents experience a biologically-driven shift toward an
eveningness circadian preference2,3; have more demanding academ-
ic and social schedules; engage in higher bedtime technology use;
and generally have more autonomy in setting their sleep-wake
schedules, relative to children.3 Notably, short sleep is implicated in
cardiovascular disease4 and compromised immune functioning.5

Short sleep also predicts more negative mood states, less effective
emotion regulation, and increased risk for suicidal behaviors.6–8 Im-
proving adolescent sleep, therefore, may help reduce the risk of
poor physical and psychological health outcomes later in the lifespan.

Researchers have devised and implemented intervention pro-
grams aimed at increasing adolescents' knowledge of good sleep
r).
of Psychology, 207 High St,
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hygiene and promoting optimal sleep behaviors.9–13 For example,
using a 4-lesson sleep education program, Blunden and colleagues14

found that among their New Zealand sample, adolescents in the in-
tervention group reported significantly longer average sleep duration
at post-intervention relative to controls. Furthermore, the effects of a
sleep treatment and education program with a US sample of univer-
sity students yielded positive changes in sleep: lower subjective sleep
problems, shortened sleep latencies, and better overall sleep
hygiene.15 Unfortunately, these successful interventions are excep-
tions to a vast number of intervention studies that have failed to
find quantifiable changes in adolescents' sleep behaviors.16 In one
study, Moseley and Gradisar17 used a randomized controlled trial
with an Australian sample of 15- to 17-year-olds to test the effective-
ness of a 4-lesson sleep intervention. Participants were assessed at
baseline, post-intervention, and 6-week follow-up. Results indicated
that although adolescents reported increased sleep knowledge, the
intervention failed to yield any behavioral changes in sleep character-
istics (eg, sleep duration). One exception was an improvement in
wake time regularity between the week and the weekend at post-
.
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intervention (but not at follow-up) and only among adolescents who
were characterized as having significant delayed sleep timing.17

In the most recent review of the sleep intervention literature,
Cassoff and colleagues18 noted that the overall trend across studies
was for an improvement in sleep knowledge but a null effect on
sleep behaviors. The authors highlight the need to devise individually-
tailored approaches to sleep interventions as one potential strategy
that may transform improved sleep knowledge into quantifiable
changes in sleep-wake behaviors.18 Notably, one recent intervention
study incorporated individualized feedback for participants on their
sleep-wake timing over the course of 7 days (baseline week) to in-
crease awareness of students' sleep-wake patterns. Participants
attended a 1-hour lecture on sleep health and then completed a
week-long daily sleep log. Results comparing baseline and
postlecture sleep characteristics showed a significant increase in
sleep duration (average of 30 minutes), a decrease in sleep onset la-
tency (average of 11minutes), and an increase in sleep efficiency (an
average of 3%) but only amongparticipantswhohad reported getting
less than 7 hours of sleep at baseline.10 This study, however, was con-
ducted among college students, and the individualized feedback
component was not integrated into the sleep intervention protocol
itself. Therefore, no existing sleep intervention protocols have specif-
ically integrated individualized sleep feedback with a high school
sample.

One notable limitation of past intervention studies has been a
lack of consideration for the role of race-ethnicity in assessing the
effectiveness of sleep interventions. This is surprising given the
compelling evidence for racial disparities in sleep behaviors
across the lifespan.19–21 Racial-ethnic minorities in the United
States (eg, blacks, Hispanics) generally have shorter sleep hours and
experience poorer sleep quality relative to non-Hispanic whites.22

Given the sociocultural differences that accompany racial-ethnic
groups in the United States (eg, perceived racial discrimination), it
is important that researchers determine the extent to which race-
ethnicity and related social/lifestyle factors might modify the experi-
ence and effectiveness of sleep interventions. This is particularly rel-
evant because most intervention programs target the sociocultural
context of sleep (eg, altering day- and nighttime social activities
and changes to diet).15,17 Furthermore, although few exceptions
exist,12 the majority of sleep intervention studies have been based
on subjective sleep reports.10,14,15,17 Thus, there is a need to use ob-
jective sleep assessments to determine whether both approaches
yield consistent findings.

The purpose of the present pilot study, therefore, was to address
these notable gaps in the literature and assess whether a text
message–based sleep intervention programwould improve objective
sleep hours among a sample of adolescents and further to determine
whether the intervention would be equally effective across non-
Hispanic white and racial-ethnic minority adolescents. Furthermore,
in addition to objective sleep hours, we assessed the effect of the in-
tervention on subjectively reported sleep quality. In addition, we ex-
plored whether differences in baseline characteristics relating to
socioeconomic status, sleep environment, psychosocial adjustment,
and health/lifestyle behaviors would differentiate between racial-
ethnic groups and whether these factors account for differential
intervention effectiveness. These variables were selected because
of their significant associations with sleep characteristics among
adolescents. Specifically, past findings indicate that shorter sleep is
significantly linked with both lower parental income and African
American race-ethnicity.23 Both concurrent and longitudinal evi-
dences support the link between short sleep and higher body mass
index.24 Short sleep also has been associated with lower physical ac-
tivity and poorer neighborhood environments.25 Furthermore, both
parental warmth and family rules have been correlated with longer
sleep hours,23 whereas higher externalizing and internalizing
problems have been linked with poorer sleep outcomes.26 Lastly,
sharing a bed or bedroom was found to be associated with poorer
sleep quality among US adolescents.27

Overview of text message–based intervention protocol

The ultimate goal of the text message–based intervention was to
improve sleep duration among adolescents. The intervention proto-
col was designed with a number of factors in mind, the first of
which centered on the easewithwhich the interventionwould be in-
corporated into adolescents' day-to-day routine. Technology
use—and, in particular, the use of cell phones—is highly prevalent
among adolescents. Data from a nationally representative sample of
13- to 17-year-olds in the United States indicate that approximately
90% of adolescents either own or have access to a cell phone.28 We,
therefore, specifically designed an intervention based on a text mes-
sage protocol. Second, the intervention was designed to gradually
nudge participants to adopt earlier bedtimes to improve sleep
hours. Specifically, target bedtimes were always within 15 minutes
of average previous bedtimes, providing participants with slightly
earlier but still realistic bedtime goals. Third, target bedtimeswere in-
dividually tailored to each participant based on his/her baseline and
prior nights' sleep. Although it is well established that the optimal
number of sleep hours varies from person to person, past interven-
tion protocols have failed to incorporate this individual difference in
their interventions. Fourth, because of the known biases associated
with self-reported sleep (eg, lapses inmemory recall), we specifically
measured sleep hours using an objective sleepmonitor. Nevertheless,
heeding the importance of participant-perceived sleep, we addition-
ally assessed the effect of the intervention on perceived sleep quality.
Taken together, this unique text message–based intervention proto-
col was designed to be easily implemented, to have realistic goals,
and to account for individual differences in sleep.

Participants and methods

Of theN=50 studentswho signed up for the study, 1was exclud-
ed because of illness, 2 dropped out, and 1 had equipment failure.
Thus, the final sample comprised of n = 46 participants (mean =
15.75 years old, SD = 0.98 years; 50% female) (Table 1). Participants
were recruited from grades 9-11 at a public high school in the Mid-
west. The sample was racially-ethnically diverse: non-Hispanic
whites comprised 43.5% (n = 20) of the sample. Participants classi-
fied as racial-ethnic minority status were as follows: 32.5% (n =
15) black or African American, 11% (n = 5) mixed, 6.5% (n = 3)
Asian or Asian American, and 6.5% (n = 3) other race.

Objective sleep

Participants wore an activity/sleep monitor (Misfit Shine, Misfit
Inc) on their nondominant wrist for 10 weekdays. The Misfit Shine
activity/sleep monitor uses 3-dimensional accelerometry-based
technology to monitor physical activity across the day, from which
sleep hours are calculated. The activity/sleep monitor uses proprie-
tary algorithms developed by the company's science team to identify
normal “sleep” and “deep sleep” periods. It is important to highlight
that this measure of “deep sleep” is based solely on decreased body
movement and is not a substitute for slow wave sleep as measured
by polysomnography. The Misfit Shine sleep monitor has been vali-
dated against research-grade actigraphy, and results of sleepduration
were comparable.29 Two measures of objective sleep were obtained:
(1) sleep hours (total time in hours spent sleeping minus any periods
of waking from sleep start to sleep end) and 2) deep sleep (measured
in hours).



Table 1
Means and standard deviations for study variables by full sample, nonwhite, and racial-ethnic minority adolescents.

Full sample (N = 46) Racial-ethnic minority (n = 26) Non-Hispanic white (n = 20)

M (SD) M (SD) M (SD)

Demographics
Race/ethnicity 43.5% Non-Hispanic white NA NA
Age 15.75 (0.98) 15.80 (0.97)a 15.82 (1.00)a

Sex 50% Male 56% Malea 43% Malea

Mother education 5.96 (1.85) 5.31 (2.13)a 6.80 (0.89)b

Father education 5.74 (1.96) 4.92 (2.13)a 6.80 (1.00)b

Grades 4.17 (1.06) 3.92 (1.13)c 4.50 (0.89)d

Household income 3.80 (1.60) 3.27 (1.59)a 4.50 (1.36)b

Sleep environment
No. of family members in home 3.34 (1.91) 3.83 (2.35)c 2.80 (1.06)d

No. of bedrooms 3.41 (1.04) 3.15 (0.92)c 3.75 (1.12)d

Perceived sleep need (week) 9.04 (0.98) 8.83 (1.09)c 9.32 (0.75)d

Perceived sleep need (weekend) 9.92 (1.54) 9.54 (1.50)c 10.42 (1.51)d

Psychosocial adjustment
Parental monitoring 2.77 (0.57) 2.77 (0.58)a 2.77 (0.59)a

Strengths and difficulties subscales
Emotional problems 3.31 (2.26) 3.56 (2.40)a 3.00 (2.10)a

Conduct problems 1.61 (1.45) 1.96 (1.53)c 1.15 (1.23)d

Hyperactivity 3.67 (2.52) 3.56 (2.27)a 3.80 (2.86)a

Peer problems 2.196 (1.39) 2.46 (1.45)a 1.85 (1.27)a

Life satisfaction 2.36 (0.81) 3.73 (0.82)a 3.83 (0.68)a

Health/lifestyle
Mild exercise 89% (31.5) 80.8% (40.20)a 100% (0.00)b

Vigorous exercise 76% (43.1) 65.4% (48.50)c 90% (30.8)d

Body mass index 21.7 (1.60) 22.30 (3.28)a 20.96 (3.93)a

Perceived health quality 3.78 (0.89) 3.69 (0.88)a 3.90 (0.91)a

Superscripts a and b on the same row indicate a statistically significant difference at P b .05. Superscripts c and d on the same row indicate a trend-level finding at P b .10.
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Subjective sleep

Participants were asked, “During the past two weeks, how often
have you had trouble sleeping because you cannot get to sleepwithin
30 minutes?” Responses ranged from 1= not at all to 4 = 3+ times
per week. Perceived sleep quality comprised of 2 items: (1) “During
the past two weeks, howwould you rate your sleep quality overall?”
Responses ranged from 1 = very bad to 4 = very good. (2) “About
howmany days per week do youwake up feeling rested?” Responses
ranged from 1 = 0 day to 8 = 7 days. Scores on these 2 items were
standardized and averaged to create “perceived sleep quality.”

Demographics and socioeconomic status

Participants indicated their age, sex (0=male 1 = female), race,
and ethnicity as part of the online baseline survey. Parent education
was based on 2 separate items assessing mother's and father's
highest level of educational attainment; responses ranged from
1= did not finish high school to 8= completed professional degree,
PhD, JD, or MD. Household incomewas assessed with 1 item: “Which
group best matches the total income for you family in the last calen-
dar year?” Responses ranged from 1 = $0-$25,000 to 6 = over
$150,000. Responses to grades on most recent report card ranged
from 1 = my classes are not graded to 9 = mostly A's.

Sleep environment

Two items assessed participants' sleep environment: (1) number of
familymembers in the home and (2) number of bedrooms in the home.

Psychosocial adjustment

Participants completed an adapted parentalmonitoring scale, a 9-
item measure that assesses the frequency with which adolescents
perceive their parents' monitoring of a number of different behaviors
(eg, cell phone use, homework, chores, and leisure time). Responses
ranged from 1 = never to 4 = often. Participants also completed
the Strengths and Difficulties Questionnaire,30 which assesses prob-
lems in 4 different areas of adjustment (5 items each): peers
(eg, “Other children or young people pick on or bully me”), conduct
(eg, “I usually do as I am told”), hyperactivity (eg, ‘I think before I
do things”), and emotional adjustment (“I am often unhappy,
down-happy or tearful”). Responses ranged from 1 = not true to
3 = certainly true, with higher scores indicating more difficulties in
each of the 4 respective areas of adjustment. Lastly, participants com-
pleted a 3-item measure of life satisfaction (eg, “I am satisfied with
my life”), with responses ranging from 1 = strongly disagree to
5 = strongly agree, where higher scores indicate higher perceived
life satisfaction.

Health and lifestyle

Mild exercise and vigorous exercise were assessed with the fol-
lowing 2 items, respectively: (1) “Please indicate whether mild exer-
cise is part of your lifestyle” and (2) “Please indicatewhether vigorous
exercise is a part of your lifestyle.” Responses were 0 = no and 1 =
yes. Body mass index was calculated from self-reported height and
weight. Subjective health quality was assessed with a single item:
“Overall, would you say that your health is…?” Responses ranged
from 1 = poor to 5 = excellent.

Procedure

Prospective participants were informed of an information session
for the “stronger sleep study” through classroom announcements,
flyers, and an e-mail to parents (via the school's listserv). The 1-
hour information session was held immediately after school at the
high school approximately 1 week prior to the start of the study. At
the information session, prospective participants were informed of
the study details, witnessed a demonstration of how to wear and
sync the sleepmonitor, andwere provided with detailed information
about the consent process. At the end of the information session,



Table 2
Main effect of time, and interactions with intervention and racial-ethnic status.

Wilks' λ F df P

Outcome: objective total sleep hours
Time .997 0.096 1, 36 .759
Intervention × time .985 0.532 1, 36 .471
Racial-ethnic minority × time .995 0.182 1, 36 .673
Intervention × time × racial-ethnic minority .817 8.050 1, 36 .007

Outcome: objective deep sleep hours
Time 1.000 0.002 1, 36 .965
Intervention × time .958 1.581 1, 36 .217
Racial-ethnic minority × time 1.000 0.002 1, 36 .961
Intervention × time × racial-ethnic minority .825 7.626 1, 36 .009

Outcome: objective bedtime
Time .951 1.855 1, 36 .182
Intervention × time .983 0.626 1, 36 .434
Racial-ethnic minority × time .991 .311 1, 36 .580
Intervention × time × racial-ethnic minority .958 1.566 1, 36 .219

Outcome: perceived trouble falling asleep
Time .888 4.673 1, 37 .037
Intervention × time .992 0.296 1, 37 .590
Racial-ethnic minority × time .886 4.775 1, 37 .035
Intervention × time × racial-ethnic minority .936 2.536 1, 37 .120

Outcome: perceived sleep quality
Time .931 2.727 1, 37 .107
Intervention × time .997 0.110 1, 37 .742
Racial-ethnic minority × time .992 0.309 1, 37 .582
Intervention × time × racial-ethnic minority .941 2.331 1, 37 .135
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Fig. 1. A, Objective total sleep hours at pre-intervention and postintervention for Non-
Hispanic white and racial-ethnic minority adolescents. B, Objective deep sleep hours
at pre-intervention and post-intervention for non-Hispanic white and racial-ethnic
minority adolescents.

65R. Tavernier, E.K. Adam / Sleep Health 3 (2017) 62–67
prospective participants received an envelope with an assent form
and a parental consent form to take home. Participants were selected
on a first-come, first-served basis upon receipt of completed
and signed assent and consent forms, starting the next day. Then, el-
igible participants received their sleep monitor and synced the
device with their smartphones (either individually or in groups of
up to 5 students) in the presence of the first author (RT), who
outlined the study's protocol and responded to questions. Four stu-
dents had cell phones that were incompatible with the sleepmonitor
and thus were required to come in to the research office each morn-
ing to sync their sleep data to a research-designated compatible de-
vice. As part of the consent process, participants gave the research
teamdirect access to their sleepdata throughMisfit's application pro-
graming interface.

After receiving their sleep monitors, participants were e-mailed a
link to the baseline survey, which assessed demographic and socio-
economic factors, sleep environments, psychosocial adjustment,
and health/lifestyle behaviors. Baseline sleep-wake patterns were
monitored over the subsequent 3 days following the baseline survey
(days 1-3). On day 4, all participants attended a 1-hour after-school
sleep education lecture on the importance of sleep for academics,
mental and physical health, and good sleep hygiene. Participants
were then randomly assigned to the intervention or control group.
Only participants in the intervention group received 2 daily text
messages for 7 days (days 4-10). The first text message specified
the target bedtime for that particular participant for that specific
night, (eg, “Bedtime goals for tonight: Dim light at 9:30pm. Try get-
ting into bed at 10:30pm.”). The second textmessagewas a reminder,
which was sent 1 hour prior to the target bedtime (eg, “Dim your
lights now to prepare your brain to sleep. Try getting into bed at
10:30 pm.”). For eachparticipant, target bedtimeswerewithin 15mi-
nutes of the average of baseline plus previous nights' bedtime to
gradually nudge participants to adopt earlier bedtimes. On day 10,
participants completed an exit survey (similar to the baseline sur-
vey), returned their sleep monitors, and received financial compen-
sation ($60.00-$80.00). The study's procedures were approved by
the Northwestern University's institutional review board.

Results

Objective sleep

Controlling for age, sex, parental income, and education, results of a 2
(intervention, control) × 2 (pre-intervention, postintervention) analysis
of variance (ANOVA) test revealed no significant intervention × time
effect (F1,36 = 0.532, P= .471), indicating that the intervention did not
improve sleep hours in the full sample (Table 2). To assess whether the
effect of the interventionwasmoderated by race-ethnicity, we conduct-
ed a 2 (intervention, control) × 2 (pre-intervention, postintervention) ×
2 (non-Hispanic white, racial-ethnic minority) ANOVA. Results revealed
a significant intervention × time × race-ethnicity interaction effect
(F1,36 = 8.050, P = .007, partial η2 = .183). Follow-up tests indicated
that the intervention × time interaction was not significant among
racial-ethnicminority adolescents (F1,24=3.035, P N .05) butwas signif-
icant among non-Hispanic white adolescents (F1,17 = 5.738, P = .028,
partial η2=.252). Specifically, non-Hispanicwhite adolescents in the in-
tervention condition had significantly longer sleep hours (mean=7.80,
SD=0.59) thannon-Hispanicwhite adolescents in the control condition
(mean= 6.68, SD= 1.20) at post-intervention (Fig. 1A).

In addition to total sleep hours, we also assessed the effect of the
intervention on amount of deep sleep. Results of a 2 × 2 ANOVA
showed that the intervention was not significant in the full sample
(F1,36 = 1.581, P = .217). However, the intervention × time × race-
ethnicity effect was significant (F1,36, 7.626, P = .009, partial η2 =
.175), meaning that racial-ethnic minority status moderated the
effect of the intervention on deep sleep (Table 2). The pattern of
findings was similar to that of sleep hours such that the intervention
was only successful in improving deep sleep among non-Hispanic
whites who were in the intervention group (mean = 4.30 hours,
SD = 0.93) relative to control participants (mean = 3.55 hours,
SD = 0.85).

In contrast, there were no significant main effects or interactions
on objectively measured bedtime (Table 2).
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Subjective sleep

We tested the samemodel for 2 subjectively measured sleep out-
comes: (1) trouble falling asleep within 30 minutes of going to bed
and (2) perceived sleep quality. As can be seen in Table 2, the inter-
vention did not improve either of these outcomes. However, there
was a significant main effect of time, which was qualified by a signif-
icant time × race-ethnicity minority status interaction for perceived
trouble falling asleep (F1,37, 4.775, P = .035, partial η2 = .114) such
that the main effect of time was not significant among non-
Hispanic white adolescents (P N .05) but was significant among
racial-ethnic minority adolescents (t25 = 3.666, P = .001). Adoles-
cents of racial-ethnic minority status reported significantly less trou-
ble falling asleep at post-intervention (mean = 1.423, SD = 0.58)
relative to baseline (mean= 2.19, SD = 1.20). There were no signif-
icant main effects or interactions for subjective sleep quality
(Table 2).

Differences between racial-ethnic groups at baseline

As is depicted in Table 1, results of t tests indicated that non-
Hispanic white adolescents reported significantly higher parental ed-
ucation and income and had a higher prevalence of participating in
mild exercise relative to racial-ethnic minority adolescents (all
P's b .05). Including each of these variables in themodel, in turn, how-
ever, did not reduce the intervention × time × race-ethnicity effect.
There were trends for non-Hispanic whites to live in houses with
more bedrooms and fewer family members and to report longer per-
ceived sleep need and less conduct problems relative to racial-ethnic
minority adolescents (P's b .10), but the intervention × time × race-
ethnicity effect remained significant even after accounting for these
variables in the model.

Discussion

The purpose of the present studywas to assess the effectiveness of
a text message–based sleep intervention among a US sample of ado-
lescents and further to determinewhether the interventionwould be
equally effective for non-Hispanic whites and racial-ethnic minori-
ties. Overall, the text message intervention did not improve sleep
hours among the full sample. However, this effect was significantly
moderated by race-ethnicity such that the intervention successfully
improved sleep hours only among non-Hispanic whites (and not
among adolescents from a racial-ethnic minority background). Spe-
cifically, non-Hispanic whites in the intervention condition reported
approximately 1 hour longer total sleep and 45 minutes more deep
sleep at post-intervention relative to non-Hispanic white controls.
In contrast, racial-ethnic minority adolescents in the intervention
and control groups did not differ in their sleep hours and deep
sleep before or after the intervention. Of note, although the interven-
tion was successful in improving both total sleep hours and duration
of deep sleep for non-Hispanic whites, this improvement did not ap-
pear to be due to changes in bedtimes. It is important to note, howev-
er, that this null effect may, in fact, be due to individual differences in
target bedtimes (thus, not reflected in the differences between aver-
age bedtimes at baseline and postintervention). Still, future research
is needed to assess the effect of the intervention on other important
sleep characteristics such as sleep latency, sleep efficiency, and
night awakenings. Importantly, findings indicate that the interven-
tion was successful in improving total sleep hours and deep sleep
among non-Hispanic white adolescents. Cassoff and colleagues18

identified self-efficacy as one potential factor that may account for
differences in adolescents' motivations to change their sleep behav-
iors. Accordingly, perhaps racial-ethnic differences in motivational
aspects of human behaviors may account for our findings.
Furthermore, it is possible that differences in the home (eg, parental
modeling of good sleep hygiene) and neighborhood characteristics
(eg, noise level) may account for our findings. Adolescents of a
racial-ethnic minority background came from homes with parents
who had less education and lower incomes, and lived in homes
with less bedrooms but more family members. Importantly, these
variables did not directly explain the significant race-ethnicity effect.
Nevertheless, these factors may be associated with environmental
barriers not measured in the current study (eg, neighborhood
noise), which may impede adolescents' ability to get longer
sleep.19,20,22,31 The importance of neighborhood context for sleep
was recently highlighted in a cross-sectional study by Philbrook and
El-Sheikh,25 who found that increased access to neighborhood recre-
ation facilities was associated with longer sleep through increased
physical activity.

Interestingly, we found that adolescents of racial-ethnic minority
status reported less perceived trouble falling asleep at postinterven-
tion relative to baseline—regardless of intervention condition. This
finding may be due to an improvement in adolescents' sleep
knowledge17 as a result of the sleep education lecture, which all par-
ticipants were invited to attend. This explanation seems plausible
particularly given the trend for adolescents of racial-ethnic minority
backgrounds to report lower baseline perceived sleep need relative
to non-Hispanic whites. Increased sleep knowledge, therefore, may
have led adolescents to perceive increased ease of falling asleep, par-
ticularly if they adopted good sleep hygiene practices (eg, limited
light exposure at bedtime).

Limitations and directions for future research

Our findings should be interpreted within the context of the
study's limitations. First, we targeted sleep hours but did not assess
other sleep characteristics, including sleep efficiency and sleep laten-
cy. Second, our racial-ethnic minority group comprised of multiple
subgroups; thus, future studies with larger samples of diverse
racial-ethnic groups (and increased statistical power) should assess
whether the pattern of findings holds for subgroups of racial-ethnic
minorities. Third, although we believe that there is merit in using
text messages to communicate target bedtimes to adolescents, it
may conflict with good sleep hygiene of limiting technology use
around bedtime. Suggested modifications for future studies include
awarding incentives for going to bed prior to the reminder text mes-
sage and sending the reminder text message 2 hours (instead of 1
hour) prior to target bedtime. Fourth, we failed to measure and ac-
count for the use of sleep medications, which could serve as a con-
found. Future studies are needed to verify the clinical implications
of our protocol by assessing its effectiveness among individuals
with clinical levels of sleep problems.

Conclusion

The present study is the first to provide evidence for themoderat-
ing role of race-ethnicity in the effectiveness of a sleep intervention
among adolescents. Specifically, the text message–based interven-
tion improved objectively measured total sleep hours by over 1
hour (and deep sleep by 45 minutes) only among non-Hispanic
white adolescents but not among adolescents of racial-ethnic minor-
ity status. This finding persisted even after controlling for baseline
variables relating to socioeconomic status (eg, parent income and ed-
ucation), psychosocial functioning (eg, peer problems), and lifestyle
factors (eg, exercise)—some of which differentiated the 2 racial
groups. Interestingly, adolescents of racial-ethnic minority status re-
ported less perceived trouble falling asleep at postintervention rela-
tive to baseline irrespective of intervention condition. The present
study addressed the important and timely issue of sleep debt
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among high school students. We recruited a diverse sample of ado-
lescents, with more than 55% of the sample being of racial-ethnic mi-
nority status. We used a novel intervention protocol by providing
participants with individualized feedback on their sleep-wake pat-
terns in the form of daily target bedtimes. This approach is in keeping
with the call to account for individual differences in adolescents' per-
ceived motivations for changing their sleep behaviors.18 Devising in-
terventions that lead to quantifiable changes in sleep has proven to
be a challenging task for researchers.18 One study that used individu-
alized feedback on sleep-wake patterns to participants (albeit at
baseline) showed an increase in total sleep time, shortened sleep la-
tency, and increased sleep efficiency.10 These findings, along with
those from the present study, suggest that interventions based on in-
dividualized feedback may be fruitful. Adolescents themselves pro-
pose more interactive and engaging sessions that appeal to them on
a personal level.17 Furthermore, given the significance of peer rela-
tionships during the adolescent years, intervention protocols could
incorporate the notion of positive peer pressure by challenging ado-
lescents to encourage their peers to adopt healthy sleep hygiene
(eg, peer contracts that limit bedtime technology use).18 Importantly,
ourfindings extend the growing body of research on racial disparities
in sleep behaviors.20–22 Heeding to the importance of adequate sleep
for both physical and mental health outcomes,5–8 researchers have
investigated various sleep interventions aimed at improving adoles-
cent sleep,16,18 yet race-ethnicity has largely been ignored in past
studies. Certain groups of adolescents may face significant barriers
that interfere with their ability to successfully alter their sleep behav-
iors. Future research is needed to first identify which specific socio-
cultural and psychosocial factors serve as barriers to optimal sleep-
wake patterns and then target these factors in intervention programs
to improve sleep for adolescents across diverse racial-ethnic groups.
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