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Chapter 1: Introduction and Background

Adolescent development is accompanied by increases in responsibilities,
demands, and independence. As a result, a substantial proportion of teenagers in the U.S.
are not getting adequate sleep on a regular basis. Adequate sleep duration has been
shown to have a protective effect on many different health outcomes, including cognitive
performance, immunity, and metabolic processes (1-7). Therefore, research should
elucidate which factors lead to sleep deprivation among adolescents in order to inform
the design of policies and interventions to address these needs. In addition, knowledge
about any disparities in sleep duration is useful so that public health initiatives can target

those who are most vulnerable to the negative consequences of sleep deprivation.

Furthermore, sleep deprivation is a possible risk factor for obesity and overweight
(8-16). Obesity increases risk for a number of conditions, including coronary heart
disease, type 2 diabetes, certain cancers (endometrial, breast, and colon), hypertension,
dyslipidemia, stroke, liver disease, gallbladder disease, sleep apnea, osteoarthritis, and
infertility (17). Due to growing prevalence over the past few decades, obesity continues
to be of major concern for public health: more than one-third of adults in the United
States and almost 17% of youth are obese (18). A recent estimate totals the cost of
obesity at about $147 billion per year across Medicare, Medicaid, and private insurers.
(19) Obesity disproportionately affects minority and low income populations; with
disparities present even among the youngest members of the population (20, 21). In
addition to inactivity and unhealthy diet, differences in sleep duration between

subpopulations may be contributing to these health disparities.



Study Aims

The purpose of this study was to contribute to knowledge on the predictors of sleep
duration in adolescents, and examine whether sleep deprivation could be a risk factor for

obesity and excess body fat among youth. The goals of this cross-sectional study were to:

1. Determine how social, environmental, and behavioral factors are correlated with

weeknight sleep duration in a diverse sample of 11th grade girls.

a. Examine whether ethnicity, family structure (single parent home status), and

neighborhood socioeconomic status were associated with sleep duration.

b. Determine whether obligations outside of school were related to sleep duration,

including paid job, “screen time” activities, and participation in sports.

c. Examine how two school-related factors, start time and distance from home,

were associated with sleep duration.

Hypothesis: socioeconomic status, minority status, part-time paid work, earlier
school start time, and longer travel time to school would be negatively associated

with sleep duration.

2. Determine whether sleep duration was significantly and inversely related to indicators

of body mass.

a. If such a correlation was found, examine whether physical activity mediated the
relationship between sleep duration and body mass index (BMI: weight

(kg)/weight (m?)) and percent body fat.



Hypothesis: sleep duration would be negatively correlated with both BMI and

body fat percentage.



Chapter 2: Literature Review

Sleep Duration and Health

One of the Healthy People objectives for 2020 is to increase the proportion of 9-
12 graders who get “sufficient sleep”, defined as 8 hours or more on a school night. As of
2009, only 30.9% met these requirements according to data from Youth Risk Behavior
Surveillance System (YRBSS) (22). However, some experts recommend 9 hours of sleep
per night for adolescents (23). In a sample of high school students in the Midwest, the
majority (91.9%) got less than 9 hours of sleep on most school nights and 10% reported
fewer than 6 hours on each week night. Perceived effects of sleep deprivation included
feeling tired during the day (93.7%), difficulty paying attention (83.6%), lower grades
(60.8%), and increased stress (59.0%); some reported engaging in harmful behaviors such

as taking sleeping pills (6.0%) or smoking a cigarette (5.7%) to help them sleep (24).

Research shows that along with pubertal development, teenagers experience
increasing daytime sleepiness even when sleeping as much as younger adolescents. These
findings suggest that older teens actually have increased need for sleep time as they
progress through puberty (5). At the same time, changes in curfews and school schedules
affect sleep patterns. For instance, most high schools have an earlier start time than local
middle or elementary schools. Additionally, as teenagers mature they typically enjoy
more independence from their parents, and are allowed to stay out and stay up later. As
other responsibilities also increase, such as homework and part time jobs, adolescents are

likely to be staying up later and waking up earlier (5).

Average sleep duration has been declining over the last century, for both

adolescents and adults (25). For teenagers, this may be explained by increased



distractions (internet, video games, smart phones) and by the increased pressure to
prepare for college — via SAT courses, volunteering, internships or jobs, and pursuing

extracurricular activities — much earlier than previous generations (5, 26).

Sleep deprivation is associated with a variety of negative outcomes.
Physiologically, shorted sleep duration can negatively impact the immune system and
lead to metabolic changes such as increased insulin resistance (27). Furthermore, sleep
deprivation impairs cognition and thus compromises academic performance, as evidenced
by several studies and reviews (4, 28-30). For instance, one study showed that teenage
boys who get less than 8 hours of sleep per night score lower on tests of reasoning ability
and overall cognitive performance, relative to those who sleep more than 8 hours. These
results remained significant even when adjusted for age, socioeconomic status, and

pubertal stage (30).

Correlates of Sleep Behaviors

Socio-demographic factors
Age
Literature consistently shows that over adolescence, sleep duration declines with age (5,

25,29, 31-33).

Gender
In a multi-level analysis of sleep correlates, gender was not a significant predictor of

weeknight sleep duration among 12-19 year olds (31). A Brazilian study of 14-21 found



that females got more sleep (32). However, an Australian study of private school students
aged 11-17 found that females reported less sleep by diary data, but there was no
significant difference between genders by actigraphy (33); meanwhile a study of
Japanese 15-18 year olds found females are more likely to have shorter sleep duration
(34). In a study of middle school students, authors found that girls got significantly more
sleep as 6™ graders, but the decline in sleep over the course of 3 years was sharper among
girls; authors suggested this result could be explained by earlier pubertal development
and an increase in grooming habits among girls (35). In summary, differences in sleep

habits between adolescent boys and girls remain ambiguous.

Ethnicity

Most studies show that minority children and adolescents get less sleep than White
children and adolescents. In a study sampling adolescents (mean age 13.7) from the
Cleveland TeenZzz Study, minority status was significantly associated with less sleep in
a multivariate model (36). Similarly, in a multilevel study of 12-19 year olds, African-
Americans had significantly shorter average sleep time on weeknights relative to Whites,
holding constant other demographics and environmental factors; there was no difference
between Whites and Asian or Hispanic individuals on sleep duration (31). In a sample of
6" graders, Whites obtained more sleep on weeknights relative to non-Whites (35).
Results of these studies suggest that ethnicity and cultural factors play a role in

determining sleep duration.

Socio-economic status (SES)
Previous adolescent studies have found a varied relationship between measures of SES

and sleep duration. In a multilevel study, family income was negatively associated with



sleep duration among 12-19 year olds, while “family economic strain” was not
significantly related (31). In a study sampling middle school students, those eligible for
free or reduced price lunch obtained more weeknight sleep, while mother’s educational
status was not significantly correlated (35). Another multilevel study, which sampled 7"
graders in New England, found that SES (factor composed of family income, parental
education, number of working adults, and percentage single family homes in
neighborhoods) was associated with later school night sleep onset, fewer minutes of
sleep, and greater inconsistency in sleep patterns (37). In the Cleveland TeenZzz Study
sample, parent education and parent income were both associated with sleep in the

univariate analyses, but not in the multivariate model (36).

Neighborhood and Family Environment:

Neighborhood

Neighborhood factors have been proposed to affect sleep quality via psychosocial stress,
and thus may also affect sleep duration (38). It is also possible that neighborhoods of
lower SES might impact sleep due to increased noise pollution (38). Only two studies
have examined neighborhood-level factors as a predictor of sleep duration. In the
Cleveland TeenZzz Study sample, neighborhood distress (census tract % poverty, %
female headed households, % high school dropouts, and % males disengaged from
workforce) was associated with less total sleep and more variability in sleep time.
However, in the multivariate model with minority status as a predictor, neighborhood
distress was no longer significant (36). In a sample of 7" graders, poorer neighborhood
conditions were associated with a discrepancy in school night vs. weekend sleep time, but

not with average school night sleep duration (37).



Family structure

Few studies have examined family-related factors as predictors of sleep. In one large
study, sleep duration on weeknights was negatively associated with married couple
status, and positively correlated to parental rules (31). In another study, “number of
people in home” was the only variable related to family environment, and had no

association with weeknight sleep duration or variability in sleep time (37).

School-related Factors

Start time

In a study of sophomores and juniors at two high schools in Wisconsin with different
start times, researchers showed that students attending the 8:35 am school averaged 11.3
minutes more sleep per night than students at the 7:50 am school. While there were no
significant difference in scores on Epworth sleepiness scale (ESS) between the two
schools, the earlier school students average was in the clinical range of sleepiness scores,
but later school students were not (39). Another study showed that high school seniors
transitioning from summer vacation to school decrease their weeknight sleep duration
from 8.7 hours to 7 hours on average, and begin to exhibit, on average, a 30 minute
difference between weeknight and weekend sleep duration (40). Adam et. al. also found
school start time to be a significant predictor of weeknight sleep duration in a
multivariate model (31). Additionally, in a study on academic achievement among first
year students at US Air Force Academy, participants who started the school day 50
minutes later had significantly better GPA, class rank, and SAT scores; these findings

were attributed to increased sleep time (28).



Distance to school

Both studies that looked at school-level variables and sleep duration found a significant
association with travel time. The Japanese study showed that a commuting time of more
than two hours predicted shorter sleep duration (34). Similarly, a multilevel study showed
that traveling time to school was negatively associated with sleep duration among 12-19

year olds (31).

Behavioral Factors

Paid work

Literature on part-time work and adolescent sleep duration is inconsistent. An early study
showed that teenagers who work more than 20 hours per week for pay sleep less, have a
later bed time, experience more daytime sleepiness, and consume more caffeine and
alcohol (5). Adam’s 2007 cross-sectional analysis did not find work to be a significant
predictor of weeknight sleep duration, but their sample encompassed adolescents aged 12
to 19 and there may not have been enough workers among participants to detect a real
association (31). In a study of students attending evening classes in Sao Paulo (aged 14-
21), paid work actually predicated longer sleep duration as a binary variable (32). In the
study of Japanese students, part time workers were not significantly more likely to have

short sleep duration when adjusting for other variables (34).

Sport Participation
Only one study has looked at sport participation as a predictor of sleep duration in
adolescents. Adam. et. al found no significant relationship between time spent playing

sports on weekdays and weeknight sleep duration among a combined sample of children



and adolescents; sports also did not predict weeknight sleep duration in the multivariate
model for 12-19 year olds (31). As explained in part C of this literature review, moderate-
vigorous physical activity (MVPA) might be another correlate with sleep duration, and is

discussed in greater detail within the context of sleep duration and BMI.

Screen Time Activities

Findings regarding the effects of television on sleep time have been inconsistent. For
example, television time on weekdays was a significant predictor of sleep among
children, but not among adolescents, in Adam et. al. multilevel study of sleep duration
(31). Similarly, a study of Icelandic teenagers found that late-night television watching
was linked to a decrease of total sleep time among younger adolescents, but not 16-19
year olds (41). Another recent study showed that fifth graders with access to electronic
entertainment and communication devices (including televisions, computers, and
smartphones) had significantly shorter sleep duration (42). However, in the Adam et. al.
study, computer/video game time had no significant relationship to weeknight sleep
duration among children or adolescents (31). In a study of European teens, sleeping less
than 8 hours per day was associated with more time watching TV (11). However, in an
analysis of YRBSS data, students who watched TV at least 4 hours per day actually had
higher odds of sufficient sleep than those who watched for 0 hours. In the same study,
playing video or computer games or used a computer for something not school-related for
at least 2 hours per day was associated with lower odds of sufficient sleep, relative to 0

hours per day (22).

10



Sleep Duration and Obesity

The link between sleep duration and BMI among pre-pubescent children is well-
established in the literature (9, 13, 43-46). However, this association seems to decline

with age: studies on adolescents and adults have not been consistent (10, 14, 16, 46-51).

Children and Adolescents: Sleep Duration and Obesity

Previous literature supports the link between sleep duration and BMI in children
and adolescents. One review article showed that 11 out of 11 cross-sectional studies
based on youth populations found a negative and statistically significant correlation
between sleep duration and BMI. Furthermore, two prospective studies found the same
correlation (46). Published more recently, an analysis of European teenagers aged 12-17
(based on data from HELENA study) found that lower sleep duration was associated with
increased BMI and higher body fat (11). However, a different prospective study of
American adolescents aged 12-18 found no association between obesity (defined as
above the 95™ percentile for children’s BMI) and sleep deprivation (52). Similarly, in a
cohort of teenagers (mean age = 14.7) followed for two years, baseline sleep duration was
not statistically associated to BMI or percent body fat at the second time point, although

the relationship percent body fat and sleep duration approached significance (47).

Adults and Young Adults: Sleep Duration and Obesity

While the strength of association between sleep duration and BMI seems to
decrease with age, a review shows that the majority of adult population-based studies also
confirm that the link exists, as found in 17 out of 23 cross-sectional studies and three out

of three longitudinal studies (46). Recently, a cross-sectional analysis examined the

11



association between sleep duration and BMI in a sample of young adults (mean age 25).
While BMI, obesity, and overweight status were inversely associated with sleep duration
among men, no significant associations were found among women (49). Another review
pointed to methodological issues in research focusing on body mass and sleep duration,
and concluded that generalizations are coming from studies with individuals receiving
very little sleep (<5 hours), suggesting that only extreme sleep deprivation has clinical
significance for weight gain (7). In summary, more research is needed to elucidate the

relationship between sleep duration and body weight.

Sleep Duration in Relation to Physical Activity

Based on a model created by Patel and Hu, sleep deprivation can cause weight
gain from two main pathways: increased energy intake and decreased expenditure (46).
Sleep deprivation can lead to decreased energy expenditure through both biological and
behavioral pathways: research has shown that sleep-deprived individuals can have altered
thermoregulation and are less likely to become physically active during the day due to
feeling fatigued (46). Several cross-sectional studies have found an association between
sleep duration and physical activity in adolescents (11, 22, 32). An analysis of the 2009
Youth Risk Behavior Survey found that students who engaged in at least 60 minutes of
physical activity daily had higher odds of sufficient sleep (22). In the large European
study, adolescents who slept less than 8 hours per day were more sedentary and had
significantly fewer minutes of moderate physical activity, relative to those who slept 8
hours or more (11). In addition, a study of Brazilian youth found that relative to active

participants, those who only engaged in exercise irregularly or were sedentary had lower

12



weeknight sleep duration (32). Findings suggest that sleep-deprived teenagers are less

likely to be physically active, perhaps due to increased fatigue.

Gaps in Literature

As evidenced by this literature review, there are many inconsistencies in findings on
predictors of sleep duration among adolescents, and this field would benefit from more
analyses in different samples. Certain factors, including neighborhood distress, family
structure, paid work, sports participation, and screen time, are especially understudied
and thus require more attention in research. Furthermore, using the Trial of Activity for

Adolescent Girls (TAAG) 2 data to assess correlates of sleep duration provides several

advantages, such as an ethnically diverse sample, variation in school type and start times,

and availability of neighborhood level data. Additionally, TAAG 2 was one of the few

studies to include objective physical activity measures among adolescent girls.
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Chapter 3: Methods

Data Source

The hypotheses were tested using a cross-sectional, secondary analysis of data collected
in 2009 for the Maryland-based Trial of Activity for Adolescent Girls (TAAG2) study.
TAAG 2 was a cross-sectional assessment of physical activity and other factors among
11™ grade girls in the Washington, D.C./Baltimore area; girls had also participated in the
original TAAG study in 2006 when they were in 8" grade. The original TAAG study
randomized 36 middle schools across the country (6 in Maryland) into a school-based
environmental intervention to promote physical activity (18 schools) or control group (18

schools) (53).

Participants

There were 589 11™ grade girls who participated in TAAG 2. Of this sample, seven girls
were excluded because they did not answer the sleep-related questions on the

questionnaire, resulting in a total of 582 participants in this study.

Measures

TAAG 2 data were collected using self-reported questionnaires, objective assessments of

body mass and physical activity, and geo-coded data.

Sleep duration. Sleep duration was based on self-reported estimates. The questionnaire
asked four questions related to sleep patterns. Respondents were asked to write down a
time for each of the following: “What time do you usually go to bed on weekdays?”
“What time do you usually wake up on weekdays?” Answers were used to calculate mean

weeknight sleep duration. For bivariate analyses, girls were categorizes as short sleepers

14



(<7 hours per night), typical sleepers (7-9 hours per night), and long sleepers (>9 hours
per night). Several participants (n=5) were identified as outliers because their average
sleep duration was less than 4 hours. They were grouped with “short sleepers” for

categorical analyses, and excluded from the correlational analyses.

Demographic data. Demographic variables are based on the survey questions. Girls were
asked to indicate their grade level as 10, 11, or 12. Ethnicity is determined by two
questions. Girls answered either yes or no to, “Do you think of yourself as Latino or
Hispanic or Mexican American or of Spanish origin?”” and could check one or more to
options (White, Black or African-American, Asian, Native Hawaiian or other Pacific
Islander, American Indian or Alaska Native, and Other) under “Do you think of yourself
as...?” Students who selected a category other than “White,” “Black” or “Hispanic” were
categorized as “Other.” SES level was approximated by whether a participant received
free or reduced price lunch at school. Participants could answer yes, no, or “don’t know”
to “Do you get free or low-cost lunches at school?” In the analyses, the variable was

dichotomized as “yes” and “no”/“don’t know.”

Parents Living at Home. The participants were asked to check yes or no to “Does your
father live at home?” and “Does your mother live at home?”” The variable was

dichotomized as “both parents” and 0 parents or single parent-home.”

Time Unsupervised. The survey asked girls how many days a week (0, 1, 2, 3,4, or 5
days a week) and how many hours on a typical day (0, 1, 2, 3, 4, or “5 or more”) they
took care of themselves after school without an adult being there. Similar to the

methodology of a previous study using TAAG data, time unsupervised was analyzed as a

15



binary variable, with a cutoff for longer time unsupervised of at least 2 hours per day on 2

or more days per week (54).

“Screen time” activities. Approximate amount of time spent on various sedentary “screen
time” activities was determined through self-reports on the questionnaire. Girls were
asked to indicate how many hours on an average school day they on the computer or
internet, watching TV, DVD, or videos, and playing videogames, not including internet
games. For each of these activities, participants could indicate O, less than 1, 1, 2, 3,4, 5,
or 6 or more hours. Categorical variables for computer and television time were recoded
as “Less than 1 hour,” “1 hour,” “2 hours,” and “3 hours or more.” Because few girls
played videogames, the videogame variable was recoded as “Less than 1 hour,” and “1

hour or more.”

Paid Job and Hours Working for Pay. The survey asked “Do you have a job for which
you earn money?” to which participants could answer yes or no. Those who answered yes
were also asked how many hours per week they currently worked for pay, during the
school year and not during summer break. Participants could choose 1-9 hours, 10-19
hours, 20-29 hours, 30-39 hours, 40 hours, or more than 40 hours. The variable was
recoded as 0 hours (those who did not have a paid job), 1-9 hours, 10-19 hours, and 20 or

more hours.

Sports Participation. In the survey, girls were asked to indicate which sports teams they
had been on during the past year at school and outside of school. The list included
baseball or softball, basketball, field hockey, frisbee, cheerleading/dance team, golf,

gymnastics, ice hockey, lacrosse, soccer, swimming, tennis track and field, and

16



volleyball. Participants could also write in another sport. Participants who indicated any
sport team membership were placed into the “sport participation” category. If a girl did
not check off any boxes for this question or checked the box for “I didn’t participate in

any sports teams,” she was classified as, “no sport participation.”

Geographical Data

Neighborhood SES. Participants’ home addresses were geocoded and ArcGIS was used
to examine neighborhood factors at the census block-group level. Neighborhood SES was
approximated by the percentage households with an annual income below $24,999 within
the census block as measured in the year 2000. Similar methodology has previously been

applied in studies with TAAG data (55).

Distance to school. Distance to school was also calculated in ArcGIS as the radial
distance in miles from each participant’s home residence to her school address. Girls who
were homeschooled or not attending school had a distance to school of “0.” For
categorical analyses, distance to school was categorized as less than 1 mile, 1-5 miles,

and over 5 miles.

School start time. Participants were recruited from a total of 95 high schools. A research
assistant was responsible for contacting the appropriate individual for each school, and
recorded the school start time according to the bell schedule. Girls who were
homeschooled or were not attending school (n=15) were excluded from these analyses.
For categorical analyses, school start time was dichotomized as “7:30 am or earlier” and

“after 7:30 am.”

17



Anthropometry

Height, weight and triceps skinfold were assessed by trained researchers. Height was
measured without shoes using a portable stadiometer (Shorr Productions) to the nearest
0.1 cm; body weight was assessed using a digital scale (Seca 880) and measured to the
nearest 0.1 kg while the girl was dressed in light clothing without shoes. Triceps skinfold
thickness was measured three times on the right side of the body using a Lange Skinfold

caliper to the nearest millimeter.

Body Mass Index (BMI) and Weight Status. Body Mass Index (BMI -
weight(kg)/height(m)?) was calculated for each participant. Weight status is described by
“normal/underweight,” or “overweight,” by comparing height, weight, and age at
measurement time with the United States Centers for Disease Control (CDC) growth

charts (56). Participants above the 85™ percentile were classified as overweight.

Percent body fat was also estimated from physical measures (height, weight, triceps
skinfold) using an equation that was developed for use in girls in this age range; this
method is highly correlated with percent body fat measured by Dual-energy X-ray

absorptiometry (DEXA) method. Investigators used the following equation (57):

Percent fat = —23.393 + 2.269(BMI) + 1.943(triceps skinfold) —2.955 (Black =1; 0 =

Other) —0.524 (age) —0.058 (BMI*triceps skinfold)

Physical Activity
Moderate to Vigorous Physical activity (MVPA). Each participant wore a Computer

Sciences and Applications (CSA) accelerometer over their right hip for 7 days, except

18



during sleep and water activities. The CSA accelerometer collected activity counts every
30 seconds. Moderate-vigorous physical activity (MVPA) is defined as activity
exceeding 1500 counts per 30-second time point, which translates to 4.6 metabolic
equivalents (METS) (58). Average daily minutes of MVPA was calculated for each
participant. Additionally, girls were categorized as meeting or not meeting the

recommended MVPA minimum of 30 minutes per day.

Statistical Methods
Data was analyzed using SAS 9.3 (SAS Institute Inc, Cary, NC). First, bivariate

relationships between sleep duration category and potential correlates were examined
with Chi-Square or ANOVA tests for categorical and continuous variables, respectively.
PROC CORR was then used to check for inter-correlations among all continuous and
ordinal variables, with Pearson’s » (continuous variables) or Spearman’s p (ordinal
variables) to inform the strength of each correlation. A threshold of » > |0.3| was used to
inform collinearity between two variables. Next, a multivariate linear regression model
with average week night sleep duration as the dependent variable was constructed using
PROC MIXED, with the school-level variable set as a random effect. For the second aim,
correlation between average sleep duration and BMI was also evaluated with Pearson’s r
to inform the strength of the correlation. Similar analyses were repeated with body fat

percentage and MVPA.

Human Subjects. The study design was reviewed and approved by University of

Maryland’s Institutional Review Board (IRB).
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Chapter 4: Results

Sample Description

Of the 582 who completed the sleep-related portion of the questionnaire
approximately half (49%) fell within the range of 7 to 9 hours on a typical school night,
approximately one-third (31%) slept for less than 7 hours on a typical school night, and
the remainder (21%) reported sleeping for over 9 hours on a typical school night.
Compared to a “sufficient sleep” definition of 8 hours, less than a third of the sample
(29%) met this minimum. On average, girls slept for 7.32 hours on weeknights (median

=7.33, mode = 7.00).

Descriptive characteristics of the sample are provided in Table 1. The sample was
ethnically diverse; 47% of the girls identified as non-Hispanic White, 21% as Black, 13%
as Hispanic, and 18% as “Other.” Approximately 1 in 5 (21%) indicated that they
received free or reduced price lunch at school. The majority (68%) lived with both
parents, and 40% had a paid job. Among girls who attended high school, the average

distance from home to school was 2.56 miles.

Bivariate Relationships with Sleep Duration

Chi-square tests revealed a difference in sleep duration distributions by ethnic
group (p<.0001). Fewer non-Hispanic whites fell into the short sleep duration category
(25%), compared to Blacks (37%), Hispanics (32%), and Other ethnicities (39%).
Additionally, there were fewer whites (15%) than Blacks (29%) in the long sleep duration
group. These differences are illustrated in Figure 1. Additionally, ANOVA tests revealed

significant differences in average sleep duration among ethnic groups (p = 0.0193);
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pairwise comparisons showed that girls who identified as “Other” had a significantly
shorter sleep duration (7.04 hours) than non-Hispanic Whites (7.42 hours). With the
exception of ethnic group, no other demographic variables revealed a statistically

significant bivariate relationship with sleep duration.

There were no statistically significant differences in time unsupervised by an
adult, hours working per pay, or sports participation by sleep duration category.
However, one activity was significantly associated with sleep: average time spent on the
computer for non-school purposes (p=0.0085). As illustrated in Figure 2, there was a
gradient relationship between computer time and likelihood of getting adequate sleep. Of
the girls who reported spending three or more hours on the computer on an average
weekday, 44% fell into the short sleep duration category, compared to only 22% of girls
who spent less than one hour on the computer. However, not all “screen time” activities
were significantly related to sleep. Time spent watching TV or videos had no significant
relationship to sleep duration. And while a small proportion of the sample (12%) reported
playing videogames for at least 1 hour per day, these individuals were not more likely to

fall into the short sleep duration category.

Distance to one’s own school was the only other individual-level variable to
significantly correlate with sleep duration. Chi-square tests revealed a significant
relationship (p = 0.007) between distance to school category and sleep duration. As
shown as Figure 4, more girls who lived the farthest from their high school fell into the
short sleep duration category and fewer were in the long sleep category compared to girls

who lived 5 miles or less from their school.
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School start time also made a difference with regards to sleep duration. Girls who
attended a school where the first bell was scheduled for 7:30 am or earlier were more

likely to be in the short sleep duration group than those whose first bell rang after 7:30.

Neighborhood-level SES, as approximated by the percentage of households with
an annual income below $24,999, was not significantly related to sleep duration category

or average weeknight sleep duration.

Multivariate Model Results

The multi-level model represented data from a total of 553 participants who
attended a total of 67 schools. Girls who indicated typical sleep duration below 4 hours
(n=5) and girls for whom physical activity data was missing (n=24) were excluded from
these analyses. Videogame time and body fat percentage were not included in the final
model given that they showed moderate or strong statistically significant correlations
with at least one other predictor (Table 2). Results for the full multilevel model are
provided in Table 3. Both computer time and distance to school remained significant
predictors, regardless of other variables. Additionally, the full model showed that having
both parents living at home was associated with shorter sleep duration when adjusting for

other factors (p = 0.025).

Sleep Duration, Body Mass, and Physical Activity

Average week night sleep duration had no relationship with BMI, or body fat

percentage, or physical activity in this sample.
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Post-hoc Analyses

Given that ethnicity was no longer a significant predictor of sleep time in the
multivariate model, post-hoc analyses were conducted to examine whether other factors
were associated with both ethnicity and sleep duration. Chi-square tests revealed that
school start time (p < 0.001), TV time (p < 0.001), and computer time (p < 0.001)
distributions also varied by ethnic group (Figures 5-7). There were no significant

differences in the distributions of distance to school.

23



Chapter 5: Discussion

The majority of participants in the sample (79%) did not meet the optimal sleep
duration of 9 hours of sleep recommended for adolescents (23). Even compared to a less
conservative recommendation of 8 hours of sleep, only 29% of participants in the sample
would meet the criteria for sufficient sleep. Similarly, the prevalence of sufficient sleep
among high school students was only 31%, as measured by a nationally representative

survey in 2009 (22).

In this sample, there was no significant relationship between individual-level SES or
neighborhood-level SES and week night sleep duration. Previous findings with regards to
SES-related variables and association with sleep duration have been inconsistent. Other
researchers used different parameters to estimate SES, such as family income or parental
education level, which may be more sensitive measures than whether a student reports
receiving discounted lunch (36, 37). The only other study which used similar
methodology with regards to SES found that students who received free or reduce price
lunch had a longer week night sleep duration, although this sample consisted of middle

school students (35).

This study found that whites had significantly longer mean sleep duration than girls in
the “Other” group, but there were no significant differences in mean sleep duration in
relation to African American and Hispanic groups. The literature seems to show that
minority status is associated with shorter sleep duration (35, 36). However, little research
has examined individual ethnic groups in relation to sleep duration, and one study that

did so found a significant difference between African-Americans and whites only, which
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is not consistent with the present findings (31). For this reason, future research into sleep
duration should differentiate among specific ethnic groups rather than grouping all non-
Whites together. Furthermore, as shown in Figure 1, girls in the “minority” groups appear
less likely to reach 7 hours of sleep than whites, but also more likely to fall into the 9
hours or more category. Thus, the question of which ethnic group is least likely to reach

“sufficient sleep” may depend on the definition of sufficient sleep duration.

Given that race/ethnicity is no longer significant in the multivariate model, it is likely
that the relationship between race/ethnicity and sleep time can be explained by
differences in other factors between ethnic groups such as typical school start time,
distance to school, and time spent on the computer. Post-hoc analyses showed that a
greater proportion of White participants attended a school which began after 7:30 am,
compared to other ethnic groups, and there were significant differences in computer time
among ethnic groups. Therefore, findings are inconclusive on whether there is a real

contribution of cultural factors in determining the sleep duration of adolescents.

Having both parents living at home was associated with shorter sleep duration when
adjusting for other factors. An earlier study similarly found that married couple status
was associated with shorter sleep duration (31). However, in our study, being
unsupervised by an adult, although associated with single-parent status, was not
associated with sleep duration in bivariate analyses. This was an unexpected result, given
that adolescent sleep duration was previously linked to “parental rules” (31). One likely
explanation for this discrepancy is that parental control over bed time diminishes as

adolescents get older. In this sample, the majority of girls were in 1" grade, and less
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likely to have sleep schedules monitored or influenced by their parents than younger

samples of adolescents.

Both having a paid job and total hours working for pay during the week was not
associated with sleep duration. While it would be expected that teenagers with work
responsibilities would be less likely to get adequate sleep, previous findings on this topic
have also been inconsistent (5, 31, 32, 34), suggesting that teenagers who do not work are
not compensating with more sleep and choosing to spend time on other activities and
responsibilities instead. Another possible explanation is that some of the paid jobs require
a higher level of physical exertion, so that these girls would require more sleep due to

increased fatigue.

Like the previous study that examined sports participation among teenagers and
weeknight sleep time (31), there was no association between sleep duration and sports
participation in this sample. However, this study used a binary variable that only
distinguished between girls who participated in any sports at all and those who did not.
Varsity athletes and girls who play on intramural teams were grouped together, though
they differ in the level of involvement, with girls playing for a varsity team having more
substantial time commitments to their sport. Therefore, results do not rule out the
possibility of a real negative or positive correlation between time spent practicing sports

and sleep duration.

Computer time was the only “screen time” activity to show a significant negative
relationship with sleep duration. Some previous research also supports the link between

computer use and shorter sleep time in youth populations (59, 60). Preliminary research
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suggests that decreasing screen time among adolescents is an appropriate intervention
target in an attempt to increase sleep time: a cross-sectional study which examined the
“time budgets” of Australian teenagers found that “screen time” was a relatively elastic
behavior in terms of time commitment, compared to social time and physical activities
(61). Smartphones and tablets have become widespread in recent years, so that teenagers
have more access to internet today than ever before. There is a need for future research to
examine whether portable devices with internet access have a unique effect on sleep
duration among teenagers. However, because this is an observational cross-sectional
study, we cannot conclude that computer activities cause sleep deprivation directly. It is
possible that girls who have trouble sleeping are simply choosing to spend time on the

computer/internet when they stay up later.

While computer activities, such as internet browsing and social media, tend to be
engaging, watching TV or videos might typically be a more passive activity. A review of
the literature suggests that television has a significant effect on sleep duration among
children and younger adolescents, but not among groups of older adolescents (11, 31,
41). Interestingly, a study conducted in Belgium showed that over a third (37%) of
teenagers reported using television as a sleep aid, and some reported using computer
games as a sleep aid. However, using both types of electronic media as a sleep aid was
negatively correlated to bed on weekdays, total hours of sleep per week, and their self-
reported levels of tiredness in this sample (60). While this study was conducted abroad, it
is likely that using television and computers as a sleep aid is also a common practice

among American teenagers (60). Null findings with regard to videogames are not
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surprising, given that the majority of the sample engaged in little or no videogaming, and

among those who did, very few spent over 2 hours on a typical weekday on videogames.

Girls who lived further away from their high school were more likely to fall into the
short sleep duration category. This is consistent with the findings of previous studies
which showed that a longer commute to school is negatively associated with sleep
duration among teenagers (31, 34). This relationship is likely to be explained by an
earlier wake time for those who have longer to commute, without an earlier bed time to
compensate for the difference. Previous studies have suggested that teenagers have a
different circadian rhythm than adults, with a naturally later bedtime (62). Accordingly, it
was not surprising that an earlier school start time was also significantly correlated with
shorter sleep duration, as found by other researchers (28, 31, 39, 40). These findings thus

show support for delayed school start time policies.

With regards to the second aim of this study, no relationship was identified between
overweight status, BMI, or body fat percentage and sleep duration, even within ethnic
group-specific strata. While these null findings were unexpected based on the literature
review, there are several explanations for this result. For one, this sample of adolescents
was relatively older than those analyzed in previous studies; other researchers have
suggested that the strength of the relationship between sleep duration and BMI declines
with age (46). Secondly, the sample was restricted to females, while a similar cross-
sectional study among young adults found this correlation only to exist among men (49).
Finally, the relationship between sleep duration and obesity risk may be more complex
than a simple inverse linear association. For instance, a study of twin pairs (ages 10-20)

conducted in China found that among female participants, both long (=9 hours) and short
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(<8 hours) sleepers tended to have higher adiposity measures than those in the medium

sleep duration category (63).

Physical activity was not related to sleep duration in this sample. Other researchers
have hypothesized that sleep deprivation causes fatigue and this makes exercise and
physical exertion less feasible (46), but the cross-sectional design of this study did not
allow for the temporal analysis of this relationship. Given that the link between reduced
physical exertion and sleep deprivation is an emerging field of study, future research
should continue to build upon several studies which have found some relationship

between these two factors (11, 22, 32).

Strengths and Limitations

This was one of few studies to use objective physical activity data when looking
at the relationship between sleep duration and BMI. Another advantage of using TAAG 2
data for this study was the ethnically diverse sample, compared to studies which took
place in the Midwest region of the U.S. or in other countries. Having school-level data

also allowed the study to examine the unique effect of school start time on sleep duration.

Because this study was cross-sectional, causal inferences cannot be made.
Another important limitation was lack of objective sleep data, given that other studies
have found differences in correlates of sleep duration when comparing diary data to
actigraph data (33). Because participants were only asked to write down the typical time
they went to bed and the typical time they “got up,” the data may also not be accurately

reflecting actual sleep duration. Finally, the study did not examine factors related to
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quality of sleep or the discrepancy between weeknight and weekend sleep duration,

which may also play an important role in adolescent health and well-being.

Conclusion

This study provided further evidence that the majority of teenagers are not reaching
optimal levels of sleep duration. Given that adequate sleep duration has benefits towards
immune and metabolic functioning, as well as cognitive performance, the findings of this
study are valuable in pointing out risk factors for short sleep: longer distance to school,
earlier school start time, and time spent on the computer. Delaying school hours so that
children and older teenagers have more time to sleep in on a daily basis might be a low-
cost way to benefit health outcomes. Furthermore, if evidence continues to link electronic
media use with short sleep time and poorer sleep quality, parents should be advised talk
to their adolescents regarding the possible negative effect of screen time activities, and to
discourage the use of such devices as sleep aids. Future research should also examine
whether the use of devices such as smartphones and tablets, which have been gaining
popularity among teenagers in recent years, has any impact on sleep duration. Finally,
while sleep deprivation was not related to overweight status or body fat in this sample,
findings do not eliminate the possibility that sleep deprivation may have contributed to

overweight or increased body fat during earlier development.
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Table 1. Sample characteristics and comparison of individual-level characteristics by
week night sleep duration category.

Total Sample <7 hours 7-9 hours >9 hours
(n=582) (n=181) (n=279) (n=122) p-value
n % Sample n % Row n % Row n % Row

Frge or reduced 0.3096

priced lunch
No / Not sure 458 79% 147  32% 212 46% 929 22%
Yes 124 21% 34 27% 67 54% 23 19%

Race/Ethnicity <.0001
Black 125 21% 46  37% 43  34% 36 29%

Other 106 18% 41 39% 38 36% 27  25%
Hispanic 75 13% 24 32% 33  44% 18  24%
White 276  47% 70  25% 165 60% 41 15%

Parents living at home 0.1722
Both parents 396 68% 123 31% 198 50% 75 19%
None/single parent 186 32% 58 31% 81 44% 47  25%

Have paid job 232  40% 63 27% 122 53% 47  20% 0.1526

Hours working per week 0.3061
0 350 60% 118  34% 157  45% 75 21%

1-9 hours 92 16% 20 22% 50 54% 22 24%
10-19 hours 83 14% 23 28% 44  53% 16 19%
20 or more hours 57 10% 20 35% 28  49% 9 16%

Unsupervised for

more than 2 days / 364 63% 120 33% 164  45% 80 22% 0.1966

week & 2 hours / day

Did not participate in ;55 390, 72 32% 112 49% 44 19% 0.7289

team sports

Computer time 0.0085
Less than 1 hour 156 27% 35 22% 82 53% 39  25%

1 hour 115 20% 30 26% 61 53% 24 21%
2 hours 157 27% 50 32% 75  48% 32 20%
3 hours or more 154  26% 66 43% 61 40% 27 18%

Television time 0.4878
Less than 1 hour 167 29% 61 37% 70  42% 36 22%

1 hour 114 20% 34  30% 60 53% 20 18%
2 hours 135 23% 36  27% 68 50% 31 23%
3 hours or more 166 29% 50 30% 81 49% 35 21%

Videogame time 0.5656

Less than 1 hour 515 88% 163  32% 247  48% 105 20%
1 hour or more 67 12% 18  27% 32 48% 17 25%

School start time <.0001
7:30 am or earlier 223  39% 93  42% 86 39% 44  20%

After 7:30 am 344  61% 86 25% 190 55% 68 20%

Overweight (>85"

. 170 29% 53 31% 74 44% 43  25% 0.2097
percentile)

Meet MVPA

guidelines 95 16% 29  31% 46  48% 20 21% 0.9911

(=30 min per day)

Distance to school 0.007
<1 mile 128 22% 32 25% 59  46% 37 29%

1-5 miles 382 65% 116 30% 190 50% 76 20%
> 5 miles 72 12% 33 46% 30 42% 9 13%
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Table 1 Continued. Sample characteristics and comparison of individual-level
characteristics (mean, standard deviation) by week night sleep duration category.

<7 hours 7-9 hours >9 hours

Total Sample _ _ _ ANOVA p-
(n=582) (n=181) (n=279) (n=122) value
M S.D. M S.D. M S.D. M S.D.

Distance to
own school 2.56 2.69 3.01 293 244 2.5 217  2.66 0.0161
in miles
Body fat 31.06 693 3119 686 31.06 697 3087 6.99 0.9263
percentage
BMI 23.86 5.27 23.73 4.7 23.62 5.17 24.6 6.21 0.2134
Average
d?"y 20.09 11.7 20.33 11.99 20.01 1149 1991 11.86 0.9459
minutes of
MVPA
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Table 2. Correlation matrix for ordinal/continuous variables of interest (n=577).

. Sleep duration

BMI

. Body fat percentage
. Average daily MVPA
. SES (FRPL)

. Single parent home
. Time unsupervised

. Sport participation

9. Hours working for pay
10. TV time

11. Computer time

12. Videogame time
13. Neighborhood SES
14. Distance to school

ONOGAWN=

0.0026
-0.0135
-0.0127
-0.0068
0.0836
-0.0258
-0.0671
0.0145
0.0672

-0.2181**

0.0390
0.0221

-0.1499*

0.6691**
-0.1159**
0.0159
0.0969*
0.0737
0.1147
0.0214
0.1171**
0.0109
0.085*
0.0490
-0.0101

-0.1011*
-0.0016
-0.0252
-0.0267
0.0940
-0.0224
0.0608
0.0211
-0.0007
-0.0471
0.0498

0.0789
-0.0990*
0.0076
-0.2471
-0.0452
-0.0851*
-0.0124
-0.0379
-0.0403
-0.0284

-0.0082
0.0022
0.0211
-0.0316
0.1065*
0.0138
0.3158**
0.0112
-0.0026

0.1789**
0.1086**
0.1085**
0.1195**
-0.0388
0.0190
0.1672*
0.0053

-0.0408
0.0940*
0.0620
0.0243
-0.0129
0.0933
0.0067

0.0780

0.0902* -0.0062

0.0603 -0.0950* 0.0392

0.0430 -0.0409 0.1546** 0.0600

0.1572 0.1206** 0.1189** -0.0487 0.0642

-0.0462 0.0063 -0.0520 0.0311 -0.0591 -0.0116

Note: Binary and ordinal variables were coded as follows: SES (0=high, 1 = receives free or reduced priced lunch at school); single parent home
(O=both parents, 1=single parents or no parents); time unsupervised (0=low, 1=at least 2 hours per day on 2 days per week or more); sport
participation(0=some, 1=none); hours working for pay (0=none, 1=1-9 hours, 2=10-19 hours, 3=20 or more hours); TV time (0=less than 1 hour, 1
=1 hour, 2 =2 hours, 3 = 3 or more hours); computer time (0=less than 1 hour, 1 = 1 hour, 2 = 2 hours, 3 = 3 or more hours); videogame
time(0O=less than 1 hour, 1 = 1 hour or more). Neighborhood SES is estimated by percentage of households in census block-group with a
household income less than $24,999.

*p <0.05.
**p <0.01.
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Table 3. Multi-level linear model predicting average weeknight sleep duration.

Coefficient Standard P value
Error
Intercept 7.280 0.347 <.0001
Individual-level effects
Race/ethnicity 0.216
Black -0.105 0.133
Other -0.249 0.130
Hispanic 0.027 0.152
Ref = Non-Hispanic White
BMI -0.006 0.009 0.499
Average daily MVPA in minutes 0.000 0.004 0.994
SES - High 0.036 0.111 0.749
Ref = Free / reduced price lunch
Parents - both -0.230 0.102 0.025
Ref = 0-1 Parents at home
Time Unsupervised - low 0.056 0.097 0.562
Ref = Unsupervised for at least 2 h
per day, 2+ days per week
Sports participation 0.114 0.097 0.242
Ref = none
Hours working for pay per week 0.651
None 0.168 0.161
1-9 hours 0.239 0.188
10-19 hours 0.165 0.190
Ref = 20 or more hours
TV time on typical school day 0.145
Less than 1 hour -0.060 0.124
1 hour -0.050 0.138
2 hours 0.209 0.130
Ref = 3 or more hours
Computer time on typical school day 0.001
Less than 1 hour 0.509 0.129
1 hour 0.343 0.137
2 hours 0.207 0.126
Ref = 3 or more hours
Distance to school in miles -0.055 0.017 0.002
Neighborhood SES 0.186 0.521 0.722

School-level effects

School start time (by school cluster)

Covariance Parameter

0.08737
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Figure 1. Average week night sleep duration category by ethnicity (n=582).
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Figure 2. Average week night sleep duration by time spent on the computer (n=582).
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Figure 3. Average week night sleep duration by time spent watching television or videos (n=582).
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Figure 4. Average week night sleep duration by distance to school category (n=582).
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Figure 5. Distribution of computer time categories within ethnic groups (p<0.001).
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Figure 6. Distribution of television time categories within ethnic groups (p<0.0001).
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Figure 7.

Distributions of school start-time categories within ethnic groups (p<0.0001).
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