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Abstract

Objectives: This study reports on adolescent sleep, technology use rules in the home, and their
potential association using the 2017 California Health Interview Survey (CHIS).

Methods: CHIS cross-sectional, representative survey data was collected between June-
December 2017 via telephone. Weekday bedtimes, rise times, and nightly time in bed in the past
week, as well as whether technology use rules were implemented at home were examined among
448 adolescent residents of California (M age = 14.5, range = 12-17; 48% female).

Results: The average weekday nightly time in bed was 9.04 hours among 12-13-year-olds and
7.89 hours among 14-17-year-olds. The majority reported having technology use rules and those
who did spent 35 more minutes in bed. Although a significant relationship was found between
having technology use rules and earlier bedtime, one was not found for time in bed, when
controlling for demographics.

Conclusions: Many California adolescents do not meet recommended sleep guidelines. Yet,
technology use rules appear to be associated with earlier bedtime. Results have implications for
policy-making and adolescent sleep interventions.
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Sleep is an essential aspect of adolescent physical and mental health 1, yet many adolescents
do not meet National Sleep Foundation (NSF) recommendations that children ages 6-13
should sleep for 9 to 11 hours per night and teenagers ages 14-17 should sleep for 8 to 10
hours per night 2. Several factors may explain insufficient and poorly timed sleep in
adolescents, culminating in a “perfect storm” 3, including factors associated with later
bedtimes such as homework 4, a lack of parent-set bedtimes 6, and technology use 78;
factors that contribute to earlier rise times such as early school start times 219; as well as the
sleep/wake homeostatic processes and circadian rhythms that shift around puberty such that
adolescents prefer later bedtimes and waketimes 3. Although biological factors cannot be
intervened upon, several others can, and technology use is of recent interest for studying
adolescent sleep.
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Numerous studies show consistent relationships between technology use and poor sleep
outcomes; technology use appears to interfere with both sleep onset and duration, especially
when used at night or when present in the bedroom ’. Although causal relationships are not
confirmed, several mechanisms may explain this association: time is displaced that would
have been spent sleeping, light can effect alertness, and psychological and physical arousal
may increase 8. New research shows the relationship to be bidirectional as well, with young
people perhaps using technology when experiencing difficulty sleeping 1. Therefore,
parents may implement rules curbing media use before bedtime 12; a recent survey indicated
that about 75% of parents implemented rules about technology before sleep, with parents of
younger children enforcing more rules®. However, the use and benefits of such rules has not
been studied extensively.

The aims of this study are to report on adolescent sleep, technology use rules, and their
potential association using the largest state health survey in the US, the 2017 California
Health Interview Survey (CHIS). Until this point, the CHIS had not included measures of
sleep; this study is the first to report representative sleep data for California adolescents. An
important conversation is ongoing about adolescent sleep health in the US and in California;
the California governor recently vetoed a bill that would have implemented an 8:30AM or
later start time for most middle and high schools 13 as recommended by the American
Academy of Pediatrics 14, and policy conversations about the sleep needs for California
adolescents continue. Current descriptive data about adolescent sleep is therefore important
to inform policymakers and families.

The California Health Interview Survey

Measures

Data were obtained from the adolescent sub-sample of the 2017 CHIS, a telephone-
administered health survey representative of California’s noninstitutionalized population.
CHIS 2017 data were collected between June and December using a multi-stage sampling
design. Sleep and technology questions were only directed to adolescents. Random-digit
dialing methodology was most often used to reach landline and cellphone numbers of adults
(ages 18+), and available adolescents (ages 12-17) were consented and interviewed
separately and independently before or after adult interviews. Geographical stratification of
58 counties was used, and survey weights, based on state population estimates and
projections from the California Department of Finance, are used in this study to make the
reported data representative of the 2017 California adolescent population1®. Further
information about CHIS methodology is available elsewhere 15, SAS 9.4 programming was
used for data analysis.

Age, race/ethnicity, gender, and school attendance were among the demographics and
background assessed. Participant ages were divided into two groups based on NSF sleep
recommendations: ages 6-13 and 14-17. Weeknight bedtime was measured using the item,
“During the past week, on nights when you had school the next day, what time did you
usually go to bed?”. Weekday rise time was measured using the item, “During the past week,
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on school days, what time did you usually get up?”. These items were reported as clock time
(e.g., 9:25 PM), then total time in bed on weeknights was reported in the data by subtracting
the time difference between each participant’s bedtime and rise time, and reported in total
hours (e.g., 7.5 hours). Having technology use rules was measured using the item, “Do you
have rules in your home about when you are supposed to turn off or put away computers,
phones or other electronics, such as during meal times or a specific time at night?” for which
response options were yesor /0.

Analytical Approach

Results

Means and standard deviations were used to describe the sample’s demographic data.
Means, standard errors, and weighted percentages were used to report descriptive data on
sleep and technology use rules. Chi-square was used to test for differences in technology use
rules by age group and gender. Linear regression was used to test for differences in
continuous sleep outcomes by technology use rules, and age and gender were used as
covariates. Alpha was set to .05. Sampling weights (80 replicate weights) were applied using
the jackknife method of variance estimation. Therefore, denominator degrees of freedom
(DDF) for F-test analyses are 79. SAS 9.4 survey procedures were used for all analyses to
account for sample weighting.

The total sample size was 448, with a mean age of 14.49 years old (SD = 1.68, range =
12-17); 145 participants were in the younger age group of 12-13-years-old, and 303 were
14-17-years-old. Forty-eight percent were female, 48% were non-Hispanic White, 34% were
Hispanic, 7% were non-Hispanic Asian, and 4% identified another race, consistent with the
makeup of race/ethnicity in California. Gender differences were not found across age
groups, X2(1) = 2.10, p = 0.15. Eighty-two percent attended school in the last week, 9% did
not, 9% indicated they were on vacation, and less than 1% were homeschooled. Sensitivity
analyses that sought to determine any influence of school attendance are reported.

Table 1 reports outcome data, including by age and gender. The average weekday bedtime
was about 10:01PM (SE = 4.60). The average weekday rise time was about 6:19 AM (SE =
3.17). The average weeknight time in bed in the overall sample was 8.29 hours (SE = 0.08),
9.04 hours in the younger group (SE = 0.11), and 7.89 hours in the older group (SE = 0.11).
A large portion (37.21%) of the younger group did not report enough time in bed to meet the
NSF minimum recommendation of 9 hours of sleep, and a large portion (39.32%) of the
older group also reported fewer than their respective minimum recommendation of 8 hours.
Those who did not attend school in the past week reported rising two minutes earlier
(6:17AM vs. 6:19 AM), going to bed 15 minutes earlier (9:46 PM vs. 10:01 PM) and thus
spending 13 minutes more in bed on average compared to those who attended school.

The majority of the overall sample reported having technology use rules (70.20%, SE =
3.86), as well as the younger group (76.37%, SE = 7.19), and the older group (66.82%, SE =
4.56). A Chi-square test did not show significant differences in technology use rules by age
groups, X2(1) = 1.34, p=0.25, or school attendance, X2(1) = .77 p = .38; however, males
were more likely than females to report having such rules, X2(1) = 5.57 p= .02 (see Table
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1). Among those reporting having technology use rules, total sleep time was 8.47 hours, and
among those reporting not having such rules, it was 7.89 hours (a difference of 35 minutes
per night).

Table 2 presents regression analysis results. Linear regression indicated a significant
relationship between having technology use rules and earlier weekday bedtime, controlling
for age and gender. Age was also significantly related to technology use rules in the model,
however gender was not. Linear regression indicated a non-significant relationship between
having technology use rules and increased weekday total time in bed when controlling for
age and gender. Age was significantly related to technology use rules in the model, but
gender was not. Sensitivity analyses involved running these models excluding those who did
not attend school in the past week; no meaningful differences were found among any
variable or model estimate.

Discussion

This study found that many (about 40% or more of) California adolescents report time in
bed that falls short of NSF minimum recommendations for sleep durations in the past week.
On average, younger adolescents ages 12-13 only narrowly reported time in bed that
matches sleep duration minimums, with an average of 9.04 hours in bed, and older
adolescents ages 14-17 did not, with an average of 7.89 hours. Time in bed reported among
other adolescent samples indicate similar averages of 7.5-8.25 hours 1617. Most, including
younger and older adolescents alike, reported having rules in the home about putting away
technology at certain times for any specific scenario. Having such technology use rules was
associated with earlier weekday bedtimes when controlling for age and gender. Younger age
explained large amounts of variance in both earlier bedtimes and increased total time in bed,
independent of technology use rules. Technology use rules and gender also contributed to
explaining total time in bed but were non-significant predictors; descriptive data indicates
that female participants rose earlier and went to bed later than males. Males also were more
likely to report having technology use rules in the home. Adolescents in this study reporting
having technology use rules averaged 35 additional minutes in bed on school nights
compared to those without; this much additional time may be clinically relevant among
adolescents, a group that does not sleep adequate amounts on average. These results suggest
that implementing parental rules about putting away technology at a certain time (including,
but not necessarily at bedtime) may promote improved sleep outcomes for adolescents and
inform interventions. However, further study is needed to determine the effectiveness of
psychoeducational interventions for adolescent sleep outcomes, beyond the effectiveness of
reduced nighttime media use, as was the challenge of one recent intervention 18

Limitations to this study include its cross-sectional design, which only allows for
associations and not causal inferences. Further research in this area should more specifically
examine technology use rules to understand the extent to which rules are being followed; the
question in this survey did not get at this directly and did not necessarily refer specifically to
bedtime rules (only as one example). Factors such as parent-set bedtimes and parenting style
may partially explain sleep patterns of adolescents but were not measured in the study. Sleep
was self-reported and thus is subject to potential reporting biases as well as differing
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interpretations of the items. Subjective, self-report measures of sleep typically overestimate
sleep durations, especially among those with shorter durations 1°. However, self-report
measures are more common and practical, and the specific and recent recall period of the
past week may promote accuracy. Finally, although this study captures sleep opportunity that
can provide insight for how many adolescents reported insufficient sleep based on their time
in bed (about 40%), it is unclear how many of the remaining 60% may or may not get
sufficient sleep during this total time in bed. Time in bed includes shuteye latency, especially
for those using technology before sleeping 2°.

This study is the first to report sleep wake patterns from the CHIS, one of the largest
national health surveys and the largest state health survey in the US. The relationship
between technology use rules and earlier bedtimes may be informative starting points for
families and interventions. The descriptive sleep data reported in this study support the
contention that the average California adolescent does not meet recommended sleep
guidelines. Although the school start time bill was vetoed in late 2018, California State
Senator Portantino plans to “bring this important public health issue back [this] year” and
Governor Brown encouraged local communities to consider the issue of adolescent sleep 13.
Research and policy about sleep is important for adolescents everywhere. Because
California is often a role model for US state-level public health policy for adolescents, such
as indoor tanning bans 21, it is important to consider current, representative data to inform
policy for this state and adolescents broadly.
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Table 1

Sleep and Technology Rules Outcomes by Age and Gender (N = 448)

Weekday Rise Time (SE, Weeknight Bedtime (SE, Timein Bed, hrs. (SE, Technology Rules %

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

min.) min.) min.)
All (V= 448) 6:19 AM (3.17) 10:01 PM (4.60) 8.29 (.08) 70.20 (3.86)
95% C.1. 6:13 AM - 6:25 AM 9:52 PM - 10:10PM 8.13-8.46
Range 4:00 AM - 11:00 AM 7:00 PM - 5:00AM 40-11.0
Age Groups
12-13 (n=145) 6:25 AM (5.83) 9:22 PM (7.73) 9.04 (.11) 76.37 (7.19)
14-17 (n=303) 6:16 AM (3.98) 10:23 PM (6.65) 7.89 (.11) 66.82 (4.56)
Gender
Female (n=216) 6:14 AM (5.09) 10:10 PM (8.00) 8.08 (.14) 60.94 (5.90)
Male (7= 232) 6:23 AM (4.46) 9:53 PM (7.08) 8.50 (.12) 79.05 (4.97)
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Table 2
Summary of Regression Analyses for Variables Predicting Adolescents Bedtime and Total Time in Bed (N =
448)
Bedtime Timein Bed

Variable B SEB 8 t p B SEB 8 t p

Technology Rules  28.89 10.75 .18 2.69 .009 .32 18 12 1.77 .08

Age 1725 296 39 58 <0001 -32 .04 -42 -7.13 <0001

Gender (Female) 8.76 1142 .06 a7 44 31 18 12 171 .09

R? 22 24

F 4177 <0001 4572 <001
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