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ABDOMINAL ADIPOSITY AND BLOOD PRESSURE IN ADOLESCENTS AGES
16-18 WHO PARTICIPATED IN THE CLEVELAND CHILDREN’S SLEEP AND
HEALTH STUDY: A SECONDARY DATA ANALYSIS

SHAMEKA RODGERS PHILLIPS

NURSING

ABSTRACT

Introduction: Abdominal adiposity and blood pressure (BP) are two major
modifiable risk factors for cardiovascular disease (CVD), the leading cause of death in
the world. The impact of abdominal adiposity and BP on health, particularly CVD, begins
in childhood. Older adolescents tend to have the highest prevalence of abdominal
adiposity and BP in the pediatric population. Despite interventions like diet and exercise,
the prevalence of excess abdominal adiposity and elevated BP continues to increase
during late adolescence. Evidence suggests that sleep duration and sleep efficiency
impact abdominal adiposity and BP in adults and the pediatric population, but limited
studies have focused on these relationships during late adolescence. Therefore, the
purpose of this study is to determine if sleep duration and sleep efficiency influence

abdominal adiposity and BP during late adolescence.

Methods: A secondary data analysis was conducted on data extracted from the
third cohort of the Cleveland Children’s Sleep and Health Study (CCSHS). Actigraphy
data (objective sleep duration, sleep efficiency), subjective sleep duration data from sleep

diaries, waist circumference (WC) percentiles, WC and height (used to calculate waist-to-

il



height ratio [WHtR]), BP, BMI percentiles, age, race, ethnicity, and assigned sex were

extracted for analysis.

Results: Two hundred and ninety-seven adolescents ages 16.1 — 18.9 (mean
17.7+0.4) were included in this study. The majority of the participants were female
(55.6%), White (63.3%), non-Hispanic (96.0%), and normal weight (67.7%). The
participants on average had inadequate objective sleep duration, adequate subjective
sleep duration, normotensive systolic and diastolic BP, and did not have excess
abdominal adiposity. Sleep efficiency had a negative relationship with WHtR and SBP.
However, these relationships did not persist after controlling for BMI percentiles, race,

and assigned sex.

Conclusions: In this sample, there were no relationships between sleep duration
and sleep efficiency and abdominal adiposity and BP. Future research should examine the
differences between objective and subjective sleep duration in late adolescents and
differences based on BMI percentiles, race, and assigned sex. There is also a need for
research exploring whether other sleep health variables beyond duration and efficiency
(e.g., satisfaction, sleepiness, timing, behaviors) have a relationship with abdominal

adiposity or blood pressure.

Keywords: sleep duration, sleep efficiency, abdominal adiposity, blood pressure,
adolescents, late adolescence
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CHAPTER 1
INTRODUCTION

Abdominal adiposity, fat mass located in the abdominal region, and blood
pressure (BP), the amount of pressure blood exerts on the body’s vasculature, are two of
the most important modifiable risk factors for cardiovascular disease (CVD). The leading
cause of death around the world, CVD includes coronary heart disease (CHD), heart
failure, hypertension (HTN), and stroke (Virani et al., 2021; World Health Organization
[WHO], 2020). Along with mortality, CVD has a high economic burden; in the United
States, the direct cost of stroke alone was $36.7 billion in 2015 and is projected to
increase to $94.3 billion by 2035 (Virani et al., 2021). Unfortunately, the impact of
abdominal adiposity and BP on health begins in childhood (Antonakoudis et al., 2007,

Virani et al., 2021; Wu et al., 2021).

It is during childhood that the number of adipocytes, or fat cells that determine
abdominal adiposity, is set (Walker et al., 2014). This means that if a child has excess
abdominal adiposity in childhood, their chances for excess abdominal adiposity in
adulthood, regardless of adult weight loss, are increased (Walker et al., 2014).
Furthermore, elevated BP in childhood is associated with organ damage and subclinical
atherosclerosis, a beginning sign and risk for CVD (Freedman et al., 1999; Riley &
Bluhm, 2012. This is concerning since the prevalence of excess abdominal adiposity and

elevated BP continues to increase in the pediatric population and has been associated



with increased risk for CVD and other leading causes of death like type 2 diabetes and
cancer (Jackson et al., 2018; Virani et al., 2021; Xi et al., 2014). It is estimated that
36.5% of males and 44% of females ages 2 to 19 have excess abdominal adiposity (waist-
to-height ratio [WHtR] greater than 0.5) (Wang et al., 2020). Also, 1.3 million children
ages 12 to 19 have HTN (BP greater than the 90" percentile for age and gender or

130/89) (Centers for Disease Control and Prevention [CDC], 2021c; Flynn et al., 2017).

Most research on the impact of abdominal adiposity on health tends to focus on
how excess abdominal adiposity (i.e., waist circumference [WC] greater than the 70
percentile in children, WHtR greater than 0.5 across the lifespan) increases the risk for
CVD and other cardiometabolic diseases (Xi et al., 2014). The same is true for BP, since
elevated BP (i.e., 120/<80 to 129/<80 mmHg) and HTN (stage 1: 130/80 to 139/89
mmHG, stage 2: greater or equal to 140/90mm Hg) are often associated with increased
CVD risk (Virani et al., 2021). However, although excess abdominal adiposity and
elevated BP can increase health risks, some evidence suggests that normal abdominal
adiposity (WHtR below 0.5) and normotensive BP (below 120/80) can be protective or
help mitigate increased health risks in adults (Després et al., 2008; Kshirsagar et al.,

2006; Porter et al., 2009).

While developmental changes in childhood affect body systems differently
depending on age, many investigators tend to cluster several developmental stages into
one group (Campbell et al., 2012; May et al., 2012; Reinehr & Toschke, 2009). However,
it is important to explore these factors in individual developmental stages because the
impact of abdominal adiposity and BP on health or future health tends to increase with

age (Virani et al., 2021). Adolescents (ages 12—18) are at an age where CVD risk, like



excess abdominal adiposity and elevated BP, increases (Aatola et al., 2017). Since
abdominal adiposity increases with age, late adolescence (ages 16—18) potentially has the
highest prevalence of excess abdominal adiposity (Solanki et al., 2020). Evidence
suggests that adolescents with elevated BP can develop HTN within a 2-year period
(Falkner, 2010). Additionally, adolescents with increasing independence from parents
often develop lifelong habits that impact abdominal adiposity and BP, like poor diet
quality, increased sedentary behaviors, poor sleep habits, and lack of physical activity
(Ewald & Haldeman, 2016; Xi et al., 2014). Many factors that impact abdominal
adiposity and BP are based on stress, or on actual or expected external or internal stimuli
that lead to physiological, psychological, and behavioral responses typically associated
with a need to act or pay attention (Fink, 2016; Karatsoreos & McEwen, 2011; Schuler,
1980; Schulkin et al., 1994). Adolescents can have a heightened stress response to
exogenous stressors (National Academies of Sciences, Engineering, and Medicine, 2019).
However, interventions during adolescence can potentially help mediate the impact of
stressors that influence abdominal adiposity and BP (National Academies of Sciences,
Engineering, and Medicine, 2019). Furthermore, it is during late adolescence that
providers get their last chances to address health behaviors before adulthood (Alderman
etal., 2019; WHO, 2010). Therefore, there is a need to identify modifiable behavior-

related factors that impact abdominal adiposity and BP in late adolescence.

Most research on factors that influence abdominal adiposity and BP tends to focus
on diet and exercise (Falkner & Lurbe, 2020; Oude Luttikhuis et al., 2019). Despite
interventions including diet and exercise, the prevalence of excess abdominal adiposity

and elevated BP continues to increase (Virani et al., 2021). Therefore, there is a need to



look at other factors associated with abdominal adiposity and BP, especially in late

adolescence.

In adults, it is known that factors such as sleep duration (the amount of time one
sleeps after bedtime) and sleep efficiency (the ratio of time asleep compared to the time
in bed) can have a deleterious or protective influence on abdominal adiposity and BP
(Chaput, Bouchard, et al., 2014; McGrath et al., 2017; Stock et al., 2017). Also, a recent
report on the prevention of high BP in childhood notes that sleep is an often overlooked
behavior-related factor that impacts BP (Falkner & Lurbe, 2020). Furthermore,
inadequate sleep duration and poor sleep efficiency are frequently seen in childhood,
especially in adolescents (Koren et al., 2016). However, there is limited research on the
effect of sleep duration and sleep efficiency on abdominal adiposity and BP in

adolescents, especially during late adolescence.

Influences of Sleep Duration and Sleep Efficiency on Abdominal Adiposity and
Blood Pressure

Sleep duration and sleep efficiency are behavioral and physiological factors that
impact the function of all body systems (Agostini & Centofanti, 2021). As stressors,
alterations in sleep duration and sleep efficiency influence the body’s hypothalamic-
pituitary-adrenal axis (HPA axis) and autonomic nervous system (sympathetic and
parasympathetic) (Castro-Diehl et al., 2015, 2016; Karatsoreos & McEwen, 2011;
Makarem et al., 2019; McEwen, 1998b; Spiegel et al., 1999). These systems regulate
appetite, energy expenditure, inflammatory markers, BP, and insulin (Sherwood et al.,

2002, 2011; Spiegel et al.,1999, 2004), all of which impact abdominal adiposity and/or



BP (Drapeau et al., 2003; Edwards et al., 2011; Makarem et al., 2019; McEwen, 1998b;
Spiegel et al., 1999). These responses by the HPA axis and the autonomic nervous system
link poor sleep duration and sleep efficiency to an increased risk for hypertension,
obesity, CVD, and type 2 diabetes across the lifespan (Cespedes Feliciano et al., 2018;
McEwen, 1998b; Virani et al., 2021).

In the U.S., in 2015, on average, 72.7% of high school students (9""~12% grade,
typically ages 14—18) nationwide reported inadequate sleep duration at night (less than 8
hours) (Wheaton et al., 2018). Also, the number of high school adolescents experiencing
sufficient sleep duration continues to decrease with age, with the highest prevalence of
inadequate sleep duration being in 12" graders (77.6%) (Wheaton et al., 2018). However,
these findings are based on subjective, or self- or parent-reported, perceptions of sleep,
versus objective observations, collected in this case from polysomnography (PSG), the
gold standard for measuring sleep duration. Unfortunately, subjective sleep duration is
often overestimated, meaning that the prevalence of inadequate sleep duration may be
higher (Lauderdale et al., 2008; Quist et al., 2016). Yet, over the last 100 years, sleep
duration has decreased by 1 hour on average for all children and adolescents (based on
samples from across the world including the U.S., Canada, and Asia), supporting the
CDC'’s decision to consider inadequate sleep duration an endemic issue (Koren et al.,
2016; Matricciani et al., 2012).

Along with sleep duration, sleep efficiency is an important component of sleep to
consider. However, the prevalence of poor sleep efficiency is not well known (Javaheri et
al., 2008). Javaheri and colleagues (2008) estimated that 26% of children have poor sleep

efficiency, although they felt this may be underestimated since they excluded children



with comorbidities and sleep disorders. Likewise, Albqoor and Shaheen (2021), focusing
on young adults in college, reported that 27% of participants had poor sleep efficiency.
The reasons for poor sleep efficiency and inadequate sleep duration may be due, in part,
to adolescents’ tendency to have more academic requirements, increased chances for
extracurricular activities, and higher chances of working for pay (Carskadon et al.,
1998).

While most studies that investigate pediatric sleep tend to focus on inadequate
sleep duration or poor sleep efficiency, some evidence suggests that having adequate
sleep duration and sleep efficiency can be protective (Cespedes Feliciano et al., 2018;
Chaput, Leduc, et al., 2014). Also, evidence suggests that excessive sleep duration,
greater than the recommended range of sleep duration (sleep efficiency does not have a
maximum), is associated with excess abdominal adiposity and elevated BP in adults
(Hairston et al., 2010). Therefore, there is also a need to explore how the continuum of
sleep duration and sleep efficiency impact abdominal adiposity and BP in late

adolescence.

Sleep Duration, Abdominal Adiposity, and Blood Pressure

In the younger pediatric population and adults, sleep duration is associated with
abdominal adiposity and BP, but there is limited research in late adolescence (Chaput &
Dutil, 2016; Guo et al., 2013; Mezick et al., 2014; Ogilvie et al., 2016; Quist et al., 2016;
Thosar et al., 2021). Based on guidelines from The National Sleep Foundation (NSF) and
The American Academy of Sleep Medicine (AASM), adolescents’ sleep duration should

be 8 to 10 hours of sleep per night (Hirshkowitz et al., 2015; Paruthi et al., 2016). These



same panels of experts considered inadequate sleep duration in adolescents as less than 8
hours and greater than 10 hours of sleep as excessive sleep duration. More emphasis is
placed on inadequate sleep duration, but excessive sleep duration can also be problematic
(Ohayon et al., 2013). Evidence suggests that excessive sleep duration can also have a
negative impact on abdominal adiposity (Hairston et al., 2010; Padez et al., 2009) and BP

(Gottlieb et al., 2006; Guo et al., 2013; Jike et al., 2018).

Sleep Efficiency, Abdominal Adiposity, and Blood Pressure

The National Sleep Foundation defines sleep efficiency equal to or greater than
85% (example in bed for 10 hours and sleeping for 8.5 hours) as adequate, while
anything less than 85% (in bed for 8 hours and sleeping for 6 hours) is poor sleep
efficiency (Ohayon et al., 2017). Despite evidence suggesting that sleep efficiency is
important for physical health, mental health, and overall wellness, there is limited
research on the impact of sleep efficiency on abdominal adiposity and BP in adolescents
(Cespedes Feliciano et al., 2018; Ogilvie et al., 2016). Evidence suggests that sleep
efficiency has an influence on abdominal adiposity and BP in young adolescents (10—14
years of age), but there is a lack of research in late adolescence (Au et al., 2014; Cespedes
Feliciano et al., 2018; Javaheri et al., 2008). Furthermore, in adults, poor sleep efficiency
is associated with excess abdominal adiposity and BP (Hirata et al., 2019; Mezick et al.,

2014; Ogilvie et al., 2016).



Study Control Variables
Age, race, ethnicity, assigned sex, and body mass index (BMI) percentiles have
been associated with sleep duration, sleep efficiency, abdominal adiposity, and BP across
the lifespan. Much of the work has been done in children, young adolescents, and adults,
but evidence suggests that these variables must be considered for older adolescents as

well.

Age

As children age, they experience hormonal shifts and changes in behavior (e.g.,
diet changes, physical activity changes) that impact their sleep duration, sleep efficiency,
abdominal adiposity, and BP (Campbell et al., 2012; Reinehr & Toschke, 2009). Sleep
duration and sleep efficiency change as children age, especially in adolescents who
consistently decline in sleep duration as they get older (Basch et al., 2014; McLaughlin
Crabtree & Williams, 2009). These changes are notable when looking at the increasing
prevalence of inadequate sleep duration in high school adolescents, with the highest
prevalence in Grade 12 (Basch et al., 2014; Wheaton et al., 2016). Age also significantly
affects abdominal adiposity and BP across the lifespan; both increase with age (Muntner

et al., 2004; Wells et al., 2008).

Race/Ethnicity
In addition to age, race and ethnicity have also been shown to influence not only

abdominal adiposity and BP but also sleep duration and sleep efficiency. Race is a social



construct that groups people, often based on cultural backgrounds, physical appearance,
or social factors (National Human Genome Research Institute, 2022). Ethnicity is
typically collected along with race, and it is a way of grouping people based on cultural
heritage (National Library of Medicine, 2022). In the U.S., there tends to be a higher
prevalence of excess abdominal adiposity, inadequate sleep duration, poor sleep
efficiency, and elevated BP in Black and Hispanic populations than in others across the
lifespan (Guglielmo et al., 2018; Jean-Louis et al., 2015; Rao, 2016; Schiller et al., 2012;
Stamatakis et al., 2007; Virani et al., 2021). In adults, White males and females have a
higher prevalence of visceral abdominal adiposity than Black males and females, who
tend to have more subcutaneous abdominal adiposity (Katzmarzyk et al., 2010). In
addition, White adolescents tend to have stronger relationships between inadequate sleep
duration, poor sleep efficiency, and elevated BP than Black adolescents (Mezick et al.,

2012).

Assigned Sex

Assigned sex, along with race/ethnicity and age, has also been noted to impact
sleep duration, sleep efficiency, abdominal adiposity, and BP. Assigned sex, commonly
referred to as sex and previously as gender, is assigned to infants at birth based on their
visible sex organs (genitalia and other physical characteristics) (National Institute of
Health Office of Equity, Diversity, and Inclusion, n.d.). Global studies have shown that
males tend to have a greater prevalence of inadequate sleep duration than females across
the lifespan (Chaput & Dutil, 2016; El-Sheikh & Sadeh, 2015; Knutson, 2005; Sekine et

al., 2002). Also, males tend to perceive that their sleep duration is longer than what is



objectively measured (Short et al., 2012). Further, male adolescents tend to have poorer
sleep efficiency compared to females as determined by actigraphy (Sadeh et al., 2009;
Short et al., 2012). There are also sex differences in BP and abdominal adiposity. Females
tend to have a higher prevalence of elevated BP and excess overall adiposity (Virani et
al., 2021). Males, on the other hand, have more abdominal adiposity (Stevens et al.,

2010).

BMI Percentile

In the pediatric population, BMI percentiles are the standard for determining
weight status or the categorical label of one’s overall adiposity (CDC, 2021a). BMI
percentiles below the 5™ percentile are considered underweight, normal weight is above
the 5" but below the 85" percentile, BMI percentiles equal to or greater than the 85
percentile are considered overweight, and those equal to or over the 95" percentile are
considered obese (CDC, 2021a). BMI percentiles have been associated with sleep
duration, sleep efficiency, abdominal adiposity, and BP (Grandner, 2017; Gundogdu,
2008; Quist et al., 2016; Virani et al., 2021). Children who are overweight or obese have
a higher risk for elevated BP and excess abdominal adiposity and frequently have
elevated BP and excess abdominal adiposity as comorbidities (Virani et al., 2021). Also, a
person who is overweight or obese has a higher risk for inadequate sleep duration and
poor sleep efficiency (Bagley & El-Sheikh, 2013; Bawazeer et al., 2009; Lumeng et al.,

2007).
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Purpose

Evidence suggests that inadequate sleep duration, excessive sleep duration, and
poor sleep efficiency are stressors that activate the HPA axis and sympathetic nervous
system and can affect abdominal adiposity and BP. Despite this knowledge, there has
been limited research exploring the relationships among sleep duration, sleep efficiency,
abdominal adiposity, and BP during late adolescence. Therefore, the purpose of this
cross-sectional, secondary data analysis is to describe the relationships among sleep
duration, sleep efficiency, abdominal adiposity, and BP in adolescents ages 16 to 18 who
participated in the Cleveland Children’s Sleep and Health Study (CCSHS) while
controlling for age, race, ethnicity, assigned sex, and BMI percentiles. The CCSHS was a
longitudinal cohort study examining the impact of sleep disturbances on health outcomes

and pediatric sleep disorders.

Significance of the Study

Excess abdominal adiposity and elevated BP in the pediatric population continue
to rise in the U.S. (Arteaga et al., 2018; CDC, 2021b; Virani et al., 2021). Evidence
suggests elevations in abdominal adiposity and BP follow a child into adulthood, which
can increase their risk for several leading causes of death in the U.S. such as CVD, type 2
diabetes, and cancer (Arteaga et al., 2018; CDC, 2021b; Cespedes Feliciano et al., 2018;
Reilly & Kelly, 2011; Virani et al., 2021). Additionally, these increases in abdominal
adiposity and BP are linked to substantial and increasing health care costs in both

children and adults (Gilmer et al., 2014; Virani et al., 2021). Understanding the influence
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of sleep duration and sleep efficiency on abdominal adiposity and BP during late
adolescence can inform interventions aimed at preventing disease or promoting health.
Also, with the increasing prevalence of children and adults with sleep problems and
associated health care costs in the U.S., there is a need to develop interventions to address
the prevalence of inadequate sleep duration, poor sleep efficiency, and related health
issues like excess adiposity and elevated BP (Ferrie et al., 2011). This research will
explore the relationships among these variables, potentially informing efforts to prevent
excess abdominal adiposity and elevated BP in adolescence and to improve sleep
duration and sleep efficiency. Furthermore, this research will provide some insight on
how to help address the following Healthy People 2030 objectives: EMC-03 — to increase
the proportion of children who get sufficient sleep; SH-04 — to increase the proportion of
high school students who get enough sleep; and NWS-04 — to reduce the proportion of
children and adolescents with obesity (Office of Disease Prevention and Health

Promotion, 2021).

Research Aims and Questions
Aim 1: Describe sleep duration and sleep efficiency in adolescents ages 16 to 18 years
who participated in the Cleveland Children’s Sleep and Health Study (CCSHS).
1. What is the mean, standard deviation, median, and range of subjective sleep
duration, objective sleep duration, and sleep efficiency of adolescents ages 16 to

18 years who participated in the CCSHS?
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2. What categories of objective and subjective sleep duration (adequate, inadequate,
and excessive) and sleep efficiency (good and poor) are present in adolescents
ages 16 to 18 years who participated in the CCSHS?

Aim 2: Describe abdominal adiposity and blood pressure in adolescents ages 16 to 18
years who participated in the CCSHS.

1. What is the mean, standard deviation, median, and range of waist circumference
(WC) percentile in adolescents ages 16 to 18 years who participated in the
CCSHS?

2. What is the mean, standard deviation, median, and range of waist-to-height ratio
(WHtR) in adolescents ages 16 to 18 years who participated in the CCSHS?

3. What categories of abdominal adiposity (not excess or excess), measured by WC
percentiles and WHtR, are present in adolescents ages 16 to 18 years who
participated in CCSHS?

4. What is the mean, standard deviation, median, and range of systolic BP (SBP) and
diastolic BP (DBP) of adolescents ages 16 to 18 years who participated in the
CCSHS?

5. What categories of SBP and DBP (i.e., normotensive, elevated BP, stage 1
hypertension, stage 2 hypertension) are evident in adolescents ages 16 to 18 years
who participated in the CCSHS?

Aim 3: Determine the influence of objective and subjective sleep duration and sleep
efficiency on abdominal adiposity and BP in adolescents ages 16 to 18 years who
participated in the CCSHS, controlling for age, race, ethnicity, assigned sex, and BMI

percentiles.
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1. What is the influence of objective sleep duration, subjective sleep duration, and
sleep efficiency on abdominal adiposity in adolescents ages 16 to 18 years who
participated in the CCSHS, controlling for age, race, ethnicity, assigned sex, and
BMI percentiles?

2. What is the influence of objective sleep duration, subjective sleep duration, and
sleep efficiency on BP in adolescents ages 16 to 18 years who participated in the
CCSHS, controlling for age, race, ethnicity, assigned sex, and BMI percentiles?

Theoretical and Conceptual Framework

McEwen’s Theory of Allostatic Load (Figure 1) is the theoretical framework that
undergirds this study. Allostatic load is the result of chronic stress on the systems that
regulate the brain and body (McEwen, 2005). When unexpected events like natural
disasters, pandemics, and other disturbances caused by the environment and society
compound pre-existing allostatic load, allostatic overload can result, increasing a person’s
risk for disease (McEwen, 2005). Examples of allostatic overload are HTN, diabetes, and
metabolic syndrome (McEwen, 1998). The Theory of Allostatic Load is based on
allostasis, or the ability of the body to remain stable through the regulation of the
autonomic nervous, neuroendocrine, and immune systems, including the activation of the
HPA axis (McEwen, 2005). Activation of the HPA axis produces allostasis mediators or
modulators (depending on what relationships are being examined) like cortisol and leptin,
which affect abdominal adiposity and BP (McEwen, 1998b; McEwen, 2005; Sterling and
Eyer, 1988). Furthermore, most of these mediators or modulators of allostasis have
activity during the sleep-wake cycle, meaning that changes in the sleep-wake cycle

impact their ability to function in the proper capacity (Karatsoreos & McEwen, 2011).
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Figure 1

McEwen's Theory of Allostatic Load
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Allostatic load

Reproduced with permission from McEwen, 1998a, Copyright Massachusetts Medical

Society

There is no physiological model describing the relationships among sleep
duration, sleep efficiency, abdominal adiposity, and BP specifically. Therefore, a model
was constructed (Figure 2) based on McEwen’s Theory of Allostatic Load. The model is
a visual aid created for this study depicting the influence of sleep duration and sleep
efficiency on abdominal adiposity and BP. Sleep duration and sleep efficiency are
stressors that can impact abdominal adiposity and BP through HPA activation and the
autonomic nervous system. Age, race, ethnicity, assigned sex, and BMI percentiles have
independent relationships with the independent and dependent variables. Therefore, these

variables were controlled during the analyses.
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Figure 2

Conceptual Model

Changes in sleep duration and sleep efficiency lead to circadian disruption, which

acts as a stressor impacting allostasis (McEwen & Karatsoreos, 2015). A few days of
inadequate sleep duration or poor sleep efficiency can lead to allostatic load, which
changes appetite (via leptin and ghrelin shifts), calorie intake, energy expenditure,
excretion of proinflammatory markers, parasympathetic and sympathetic tone, cortisol,
BP, and insulin (Ahmad & Didia, 2020; Magee & Hale, 2012; McEwen, 2005; McEwen

& Karatsoreos, 2015; Spiegel et al., 1999, 2004). These alterations can in turn impact
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abdominal adiposity and BP, which can lead to allostatic overload (seen in the form of
obesity, HTN, or CVD) (McEwen, 2005; McEwen & Karatsoreos, 2015). Unfortunately,
many humans currently live with a high allostatic load or overload; societal changes have
caused many people to have a sleep-wake cycle that is not guided by the presence or
absence of sunlight, impacting their overall sleep (Karatsoreos & McEwen, 2011;

Lederbogen et al., 2011).

Inadequate and excessive sleep duration can impact abdominal adiposity through
the HPA axis and autonomic nervous system (Chaput et al., 2011; Drapeau et al., 2003).
Both inadequate sleep duration and excessive sleep duration are stressors that activate the
HPA axis, a collection of the central nervous system and peripheral tissues that are known
to impact adipose accumulation in the abdominal region as well as the secretion of leptin,
the hormone that decreases appetite (Bjorntorp, 2001; Chaput et al., 2011; Drapeau et al.,
2003). These sleep stressors can also engage the sympathetic nervous system, which
impacts BP (Gangwisch et al., 2006; Lusardi et al., 1995).

Activation of the HPA axis increases cortisol, which is often cleared by
glucocorticoid receptors that are predominantly located in abdominal versus peripheral
adipose tissue (Drapeau et al., 2003). Therefore, it is suggested that changes in adipose
tissue are associated with the amount of cortisol that needs to be cleared; increased
cortisol can lead to increased abdominal adipose tissue to excrete the excess cortisol
(Drapeau et al., 2003). Evidence suggests that inadequate and excessive sleep duration
are associated with a higher presence of cortisol (Chaput et al., 2011). Furthermore,
changes in cortisol are directly related to changes in abdominal adiposity across the

lifespan (Donoho et al., 2011. This is especially noted in those with Cushing Syndrome, a
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disease process marked by excess cortisol levels and prominent abdominal adiposity
(Chaput et al., 2011).

Both elevated and reduced leptin may explain the relationship between sleep
duration and abdominal adiposity. Leptin secretion typically increases after eating to help
signal decreased appetite and tends to counteract the impact of cortisol release from HPA
axis activation (Drapeau et al., 2003; Spiegel et al., 2004). Therefore, during stressors
like inadequate sleep duration, leptin may increase to decrease the stress response. In
studies by Omisade and colleagues (2010) and Simpson and colleagues (2010), leptin
levels were higher in adults with inadequate sleep. Since leptin secretion is activated by
adipose tissue, increasing abdominal adipose tissue could release more leptin to dampen
HPA activation to address stressors. One study in adults found elevated leptin and
abdominal adiposity in participants with inadequate sleep (Sweatt et al., 2018). These
findings could support the association between inadequate sleep duration and abdominal

adiposity (Quist et al., 2016).

Leptin levels are generally elevated during sleep. However, changes in sleep
duration, either excessive or inadequate, can lead to decreases in leptin, which can lead to
higher caloric intake due to inadequate leptin to signal appetite decrease (Taheri et al.,
2004). Also, decrease leptin can lead to increases in adipose tissue to excrete more leptin
(Spiegel et al., 2004; Taheri et al., 2004). The decrease in leptin can also lead to higher
caloric intake due to Further, inadequate sleep duration often leads to fatigue that
decreases physical activity, limiting energy expenditure (St-Onge et al., 2016). Therefore,
decreased leptin can lead to unbalanced energy intake and expenditure, resulting in

increased abdominal adiposity (Taheri et al., 2004). In children, adequate sleep duration
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was associated with lower leptin levels, decreased food intake, and lower weight,
suggesting that adequate sleep duration can potentially be helpful in achieving and
maintaining better health (Hart et al., 2013). In young adolescents, evidence suggests that
adequate sleep duration is associated with favorable adiposity (Cespedes Feliciano et al.,
2018).

Along with the mechanisms undergirding sleep duration and abdominal adiposity,
sleep duration can also affect BP. Blood pressure typically decreases during sleep and
rises when a person wakes; however, in the presence of inadequate sleep duration, BP
tends to be elevated during the night, leading to higher daytime BP (Gangwisch et al.,
2006; Kairo et al., 2000). Inadequate sleep duration may act as a stressor that increases
sympathetic nervous system activity, a part of the autonomic system, resulting in elevated
BP (Gangwisch et al., 2006). Furthermore, stress has been linked to an increased desire
for salty foods and reduction in renal salt-fluid, which can lead to elevated BP (Folkow,
2001). Leptin can also impact vasculature and sympathetic tone that regulates BP
(Soliman et al., 2012). Excessive sleep duration has also been associated with an
increased risk for elevated BP (Guo et al., 2011; Paciencia et al., 2013), which may be
explained by the relationship that sleep duration has with leptin, as noted earlier
(Omisade et al., 2010; Simpson et al., 2010; Spiegel et al., 2004).

Poor sleep efficiency also impacts the HPA axis and has been associated with
increased levels of leptin and cortisol (Raikkonen et al., 2010; Sweatt et al., 2018).
Changes in leptin and cortisol lead to changes in abdominal adiposity (Sweatt et al.,
2018). Researchers found that in participants with poor sleep efficiency there were higher

levels of leptin and greater abdominal adiposity, but not total fat, pointing to sleep
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efficiency having a specific relationship with abdominal adiposity (Drapeau et al., 2003;
Spiegel et al., 2004; Sweatt et al., 2018). In female adolescents, researchers found that an
increase in sleep efficiency led to a decrease in leptin in those with low adiposity.
Participants with higher adiposity tended to have lower sleep efficiency and higher leptin
(Boeke et al., 2013). These findings coincide with the work of Cespedes Feliciano and
colleagues (2018), who found that, in young adolescents, poor sleep efficiency was
associated with excess abdominal adiposity, and adequate sleep efficiency was associated

with more satisfactory abdominal adiposity.

Furthermore, there is a negative relationship between sleep efficiency and
measures of the autonomic nervous system, which regulates BP (heart rate, high-
frequency variability) (Castro-Diehl et al., 2016). In contrast, sufficient sleep efficiency

has been found to have a negative association with BP (Cespedes Feliciano et al., 2018).

Assumptions
1. Pediatric health can influence adult health.
2. Sleep duration and sleep efficiency are essential for overall health.
3. Actigraphy accurately measures sleep duration and sleep efficiency in
adolescents.

4. Abdominal adiposity and BP were accurately measured in this sample.

Chapter Summary

This research project examined the influence of sleep duration and sleep

efficiency on abdominal adiposity and BP in adolescents ages 16 to 18 who participated
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in the Cleveland Children’s Sleep and Health Study. Age, assigned sex, race, ethnicity,
and BMI percentiles influence both dependent and independent variables and were
controlled during this study. McEwen’s Theory of Allostatic Load undergirds the
conceptual framework that depicts the influences of sleep duration and sleep efficiency

on abdominal adiposity and BP.
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CHAPTER 2
LITERATURE REVIEW

The purpose of this study was to describe the influence of sleep duration and sleep
efficiency on abdominal adiposity and BP in adolescents ages 16 to 18. In the following
section, a literature review of the research related to relationships among sleep duration,
sleep efficiency, abdominal adiposity, and BP was completed. This section also includes
an examination of the literature concerning the following control variables that have been
associated with sleep duration, sleep efficiency, abdominal adiposity, and BP: age,
race/ethnicity, assigned sex, and BMI percentiles. The adolescent population (ages 12—18
years), with a specific focus on late adolescence (ages 16—18 years), when literature was
available, was the primary focus of this review. However, due to the limited research on
the study variables in these populations, some sections include a variety of ages other
than adolescence (e.g., school-aged [ages 6—12 years], adults [older than 18 years]).
Furthermore, there is limited research on the concept of abdominal adiposity across the
lifespan. Therefore, overall adiposity is discussed in relation to the other study variables

when literature on abdominal adiposity was not available.

Initially, materials published by professional and national organizations such as
the American Heart Association, National Sleep Foundation, and Centers for Disease
Control and Prevention were searched for literature on the diagnosis, prevention, study,

and treatment of HTN, obesity, and sleep disorders. Additionally, the following terms
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were used in various combinations to search CINAHL, PubMed, PsycINFO and

99 ¢ 99 ¢¢ 29 ¢

SCOPUS: “sleep duration,” “sleep efficiency,” “sleep quality,” “sleep time,” “waist,”

29 ¢¢ 99 ¢¢ 29 ¢

“waist to height ratio,” “waist to hip ratio,” “abdominal adiposity,” “central adiposity,”

99 ¢¢

“visceral adiposity,” “blood pressure,” “hypertension,” “hypotension,” “children,”
“adolescents,” and “teen” (Figure 3). From the databases, 946 articles including human
subjects were found. After excluding duplicate articles, 613 articles were screened for
inclusion in the review. After title and abstract review, only 202 articles were reviewed
for inclusion based on the following criteria: a) measured study variables, b) web

available, and c) published in English. The total number of articles included was 222 after

adding 23 articles found during manual searches.
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Figure 3

PRISMA Diagram
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In the following sections, the epidemiology of the dependent variables (abdominal
adiposity and BP) and the independent variables (sleep efficiency and sleep duration) are
discussed. Literature concerning the pediatric population, especially adolescents and late

adolescents, is emphasized if information on these groups was available.

Abdominal Adiposity

The importance of abdominal adiposity was first discussed in 1956 by J. Vague

(Okosun et al., 1999). However, it was not until the late 1980s and early 1990s that
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researchers began to examine the impact on the human body of abdominal adiposity
rather than BMI, a more generalized measure of adiposity, which was the focus in the
1970s (Blackburn & Jacobs, Jr., 2014; Rexrode et al., 1998). Excess abdominal adiposity,
WHIR greater than 0.5 or WC greater than the 70" percentile, is considered obesity;
however, most research on obesity focuses on BMI (Okosun et al., 2004). In the 1990s,
researchers noted that abdominal adiposity had an independent and more significant
impact on some disease risks (e.g., metabolic syndrome and cardiovascular disease) and

mortality, compared to BMI (Okosun et al., 2004; Reis et al., 2013).

However, since most research on abdominal adiposity has only been conducted
over the last four decades, there are limited data to determine the national or worldwide
prevalence of excess abdominal adiposity, especially in the pediatric population
(Blackburn & Jacobs, Jr., 2014; Rexrode et al., 1998). In 2015-2016, 59% of U.S. adults
had excess abdominal adiposity, a prevalence that had significantly increased over the
previous 18 years (CDC, 2021a). However, since evidence suggests a positive association
between abdominal adiposity and BMLI, it is apparent that an increase in overall obesity
includes an increase in excess abdominal adiposity (Walls et al., 2011). Since the
prevalence of obesity, measured by BMI, almost doubled between 1980 and 2008, it is
expected that the prevalence of excess abdominal adiposity is similar (Araujo de Franca
et al., 2014; Elobeid et al., 2007). Yet, some evidence suggests that people who are not
obese by BMI standards can have excess abdominal adiposity (Lee et al., 2017,
Thaikruea & Thammasarot et al., 2016; Zhang et al., 2016). In particular, Solanki and
colleagues (2020) found that there was a higher prevalence of excess abdominal adiposity

in older adolescents who were normal weight by BMI standards. So, the prevalence of
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excess abdominal adiposity may surpass the prevalence of obesity as defined by a BMI

greater than the 95" percentile (CDC, 2021a; Walls et al., 2011).

Along with a potential for increasing prevalence of excess abdominal adiposity in
adolescents, there is a greater lifetime risk for excess abdominal adiposity in adulthood if
first evidenced during childhood (Reis et al., 2013). Additionally, evidence suggests that
excess abdominal adiposity is more reflective of CVD risk than overall adiposity in
adolescents because abdominal adiposity is a risk factor for arteriosclerosis development,
an underlying risk for CVD (Mokha et al., 2010; Sturm et al., 2009). Using the 90"
percentile cutoff of waist circumference, excess abdominal adiposity increased by 65.4%
and 69.4% for male and female children and adolescents, respectively, between 1988 and
2004 (Li et al., 2006). However, recent research suggests that excess abdominal adiposity
may be present at the 70" percentile, thus possibly increasing the number of adolescents

with excess abdominal adiposity (Goyal et al., 2021).

Along with the limited research on abdominal adiposity during adolescence, there
are limited data on factors that impact abdominal adiposity across the lifespan. However,
evidence suggests that abdominal adiposity is impacted by age, diet, ethnicity, race, sex,
genotype, physical activity, medications, and hormone levels (Shuster et al., 2012). There
also tends to be more abdominal adiposity in females and those who are overweight
(Shuster et al., 2012). In the pediatric population, maternal nutritional status, female
gender, BMI for age, and maternal abdominal obesity are associated with child
abdominal adiposity, regardless of socioeconomic status (Melzer et al., 2015). Further,

evidence suggests that abdominal adiposity in children is related to the risk for metabolic

26



syndrome, CVD, and type 2 diabetes in adulthood (Arteaga et al., 2018; Virani et al.,

2021).

Along with other factors, the way abdominal adiposity is measured may impact
the prevalence of abdominal adiposity and its relationship with disease. Most research on
the relationships between abdominal adiposity and other factors tend to measure WC.
Waist circumference has been validated against the gold standard, computed tomography
(CT), and magnetic resonance imaging (MRI). However, evidence suggests that WHtR is
also an important measure of abdominal adiposity and potentially a better measure of
abdominal adiposity in the pediatric population in that it accounts for their
disproportionate growth (Nambiar et al., 2010). Furthermore, WHtR measurement and
calculation is consistent across all ages and demographics, making it easier to assess and
analyze for research. However, WHtR does not consider differences in race, ethnicity,
and sex like WC percentiles, which are factors that have been shown to impact abdominal
adiposity (Ashwell & Hsieh, 2005). Therefore, there is a need for more research to
include both WC and WHtR measures of abdominal adiposity. WC and WHtR are both
cost-effective, user-friendly measures of abdominal adiposity compared to the gold
standards. Furthermore, both measures have been validated and determined to be specific
and highly sensitive when compared to both CT and MRI (Bacopoulou et al., 2015;

Okosun et al., 2004; Shuster et al., 2012; Taylor et al., 2000).

Summary

Abdominal adiposity is a measure of the fat mass around the abdomen. In excess,
abdominal adiposity is considered obesity. However, the measure is not used as

frequently as BMI, a more general measure of obesity or overall adiposity. Yet, evidence
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suggests that abdominal adiposity is a better measure of CVD risk, the leading cause of
death, compared to BMI. There are several ways to measure abdominal adiposity, but
evidence suggests that WC and WHtR are the best measures for the pediatric population
because of their ease of use and ability to account for disproportionate growth,
respectively. Despite the awareness of the impact of abdominal adiposity, there has been
limited research quantifying the prevalence of abdominal obesity or on the factors that
impact abdominal adiposity, beyond demographics, diet, physical activity, and medical

disorders, especially during adolescence.

Blood Pressure

Elevated BP, or HTN, is the worldwide leading risk factor for disease and
disability (Rahimi et al., 2015). In the 1960s, early epidemiological evidence considered
the association between elevated BP and the risk of death (Rahimi et al., 2015). However,
it was not until the 1970s that the National Heart and Lung Institute formed a task force
that recommended treating BP to prevent and treat atherosclerosis, a risk factor for CVD
(Rahimi et al., 2015). Elevated BP in childhood, even briefly, increases the risk for HTN

in adulthood (Flynn, 2008).

The focus on elevated BP in children is relatively recent. It was not until 2004 that
researchers realized that the BP of children in the U.S. overall had increased over the
previous decade (Flynn, 2008). It is now commonly recognized that elevated BP can be
detected in the pediatric population, and that BP should be monitored starting at the age

of 3 years (Falkner, 2010). However, there tends to still be a lack of data about BP for the
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entire pediatric population. It is projected that the prevalence of elevated BP in children
will increase due to its close relationship with obesity, which is currently considered an
epidemic in the pediatric population (Falkner, 2010). Primary HTN, or elevated BP not
caused by another disease process (e.g., congenital disease, cancer, organ failure), is
typically diagnosed in adolescence (Bell et al., 2019). Unfortunately, adolescence is a
time for increased CVD risks, like increases in sedentary lifestyle and high-salt diets,
which are also risks for elevated BP (Aatola et al., 2017; Cespedes Feliciano et al., 2018).
Falkner and colleagues (2010) found in a study of 8,535 adolescents ages 13 to 15 years
that adolescents with elevated BP developed HTN within 2 years of that diagnosis. Also,
Bao and colleagues (1995) noted that, in a group of 1,505 young adults diagnosed with
HTN, 48% and 41% had an elevated systolic or diastolic BP in childhood, respectively

(Bao et al., 1995).

Much like abdominal adiposity, a complex combination of behavioral,
environmental, and genetic factors can lead to primary HTN in children (Falkner, 2010).
Elevated BP in children has been associated with a family history of HTN, lifestyle
factors (e.g., physical activity, sleep, diet quality), and obesity (Falkner, 2010). There are
limited longitudinal data to support the impact of childhood BP on adult cardiovascular
health (Falkner, 2010). However, there is some evidence to suggest a relationship
between elevated childhood BP and risk factors for cardiovascular health like left
ventricular hypertrophy, carotid artery intimal medial thickness, microalbuminuria, and

peripheral vasculature changes (Falkner, 2010).

Measurement of BP, like abdominal adiposity, is also an issue. Inaccurate

measures of BP limit the validity of BP statistics and how BP impacts other factors.
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Blood pressure should be assessed at least two times with 2-minute intervals of rest in
between (Mattoo & Fulton, 2019). Furthermore, since BP tends to change throughout the
day, it is important to take BP during different times to receive an accurate average of BP
(Flynn et al., 2017). The readings include systolic (SBP) and diastolic (DBP) blood
pressure, which are used to determine overall BP status. In children younger than 13, the
average of BP readings is used along with the child’s height, age, and gender to
determine BP percentile (Flynn et al., 2017). As with adults, absolute BP readings are

used to determine adolescents’ (greater than age 13) BP status (Flynn et al., 2017).

Summary

Blood pressure, like abdominal adiposity, is an important factor for assessing
CVD risk. Research on pediatric BP is still fairly new. However, evidence suggests that
not only is the prevalence of pediatric hypertension increasing, but childhood BP impacts
adult BP and CVD risk factors. Like abdominal adiposity, factors that impact BP, such as
diet, physical activity, adiposity, and family history, have been explored, but the
prevalence continues to increase despite interventions in these areas. Therefore, there is a
need to explore the relationships among BP and other factors. Furthermore, even though
BP is measured similarly across all age groups, sometimes clinicians or researchers do
not take multiple BP readings in one setting and throughout the day, therefore limiting

the accuracy.
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Sleep Duration

Despite the fact that sleep has received scholarly interest since recorded history
began, the epidemiology of sleep has only been examined for the last 50 years, and major
advances in sleep science have only been seen within the current century (Ferrie et al.,
2011; Ohayon et al., 2010; Pollak et al., 2010; Shepard et al., 2005). There is an
increasing focus on sleep due to its association with several aspects of life (e.g., mental
health, cardiometabolic health, occupational hazards) and the projected increase in sleep

problems (Ferrie et al., 2011).

Sleep duration, the total hours one sleeps after bedtime, is one of the easiest
components of sleep to measure (Ogilvie & Patel, 2017). In 2010, benchmarks for sleep
duration were included for the first time in the Healthy People 2020 initiatives (United
States Department of Health and Human Services, 2010). Inadequate sleep duration, less
than the recommended sleep duration (e.g., less than 8 hours in adolescents), is associated
with poor overall health (Ogilvie & Patel, 2017). In humans, inadequate sleep duration
has been linked to accidents, human errors, premature all-cause mortality, increased
biomarkers of inflammation, hormone changes, and disrupted endocrine function (Ferrie
et al., 2011). According to the National Sleep Foundation, sleep duration falls into three
categories: normal, inadequate, or excessive (Ohayon et al., 2017). However, it was not
until recently that parameters were suggested for what is considered excessive sleep.
Therefore, there is a paucity of literature that captures the continuum of sleep duration,
including excessive sleep duration. Yet, evidence suggests that sleep duration can have a

u-shaped relationship with mortality and markers of health (e.g., CVD, CVD risk

31



factors), which means that both inadequate and excessive sleep are associated with those

factors (Ferrie et al., 2011).

Compared to the adult literature, there is less research on sleep duration across the
pediatric population. However, adolescents, especially during late adolescence, have the
highest prevalence of inadequate sleep duration across the pediatric population (Chen et
al., 2006; Felden et al., 2016; Mindell et al., 1999). Furthermore, evidence suggests that
adolescent students who both work and attend school tend to have progressively
inadequate sleep during the week (Fischer et al., 2008). Additionally, older adolescents
tend to have later bedtimes, increased evening activities, and, thus, inadequate sleep

duration compared to younger adolescents (Colrain & Baker, 2011).

The factors that impact adolescent sleep duration are complex and are a mixture
of behavioral, biological, and social factors including age (Felden et al., 2016), sex
(McKnight-FEily et al., 2011), race/ethnicity (McKnight-Eily et al., 2011), BMI, physical
activity (Chen et al., 2006; McKnight-Eily et al., 2011), diet quality (Chen et al., 2006;
McKnight-Eily et al., 2011), caffeine intake (Fischer et al., 2008), stress management
(Chen et al., 2006), smoking (McKnight-Eily et al., 2011), alcohol intake (McKnight-Eily
et al., 2011), academic responsibilities (Carskadon et al., 2004), neighborhood factors
(Desantis et al., 2013), employment (Fischer et al., 2008), screen time (McKnight-Eily et
al., 2011), and acculturation (integrating into a new culture) (Whinnery et al., 2014).
Inadequate or excessive sleep duration can lead to academic, emotional, and physical
health issues in adolescents (Ogilvie & Patel, 2017). Specifically, both inadequate and

excessive sleep duration have been linked to increased risk for obesity, HTN, and type 2
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diabetes across the lifespan (Arteaga et al., 2018; Ogilvie & Patel, 2017; Virani et al.,

2021).

Discrepancies in sleep duration measurement hinder researchers from determining
accurate sleep duration. Sleep duration can be measured objectively and subjectively. The
gold standard for overall sleep duration measurement is polysomnography (PSG), an
objective method for assessing brain activity and sleep waves (Swihart et al., 2008).
However, PSG is a high-cost procedure that requires a specialized technician and an
overnight stay at a hospital or sleep center (Ancoli-Israel et al., 2003). Furthermore, PSG
only captures one night of sleep in an unfamiliar setting, so it cannot be a generalized
estimate of a person’s sleep at home (Ancoli-Israel et al., 2003). Therefore, the most
frequently used measure for objective sleep duration is actigraphy, measured by a
portable device typically worn on the wrist that captures activity and inactivity (Sadeh &
Acebo, 2002). Actigraphy has been validated against polysomnography and allows
researchers and health care providers the ability to assess a participant’s average sleep
within their home environment (Ancoli-Israel et al., 2003). However, evidence suggests
that at least 5 days of actigraphy data need to be collected per participant for researchers
to consider the data valid (Acebo et al., 1999; Sadeh & Acebo, 2002). Unfortunately,
several studies, especially those in the pediatric population, were unable to collect the
recommended days of actigraphy data, mostly due to participant noncompliance with
wearing the device (Sadeh & Acebo, 2002). Furthermore, actigraphy measures all periods
of inactivity, which may not necessarily be sleep. Therefore, some form of subjective

sleep duration is needed to better inform actigraphy results.
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Validated questionnaires and sleep diaries are the main methods for examining
subjective sleep duration (Erwin & Bashore, 2017). However, most subjective
questionnaires have not been validated or have psychometrics, and are often not tailored
to specific communities, not applicable to all age groups, and limited by participant
understanding of items (Erwin & Bashore, 2017). The easier and more commonly used
method for collecting data about subjective sleep is a sleep diary, which typically asks the
participants their bedtime, waketime, sleep duration, and any other notes about their sleep
(e.g., night awakenings) (Mazza et al., 2020). Sleep diaries in combination with an
objective measure of sleep duration can offer more details than objective sleep duration
alone, like the consistency of sleep duration throughout an extended period of time.
Unfortunately, sleep diaries like questionnaires are subject to participant bias because
often the participant is not aware of every aspect of their sleep or the time they actually
fall asleep (Mazza et al., 2020). Furthermore, in some studies of children, typically under
the age of 8, parents complete the sleep diaries for the children, further increasing the risk

for inaccuracy (Mazza et al., 2020).

Summary

Even though the concept of sleep has been discussed since the beginning of
recorded history, the focus on the epidemiology of sleep only began over the last 5
decades. Unfortunately, sleep duration, one of the most measured components of sleep,
has been associated with mortality, CVD, accidents, and occupational hazards. Despite
research suggesting that the risk for sleep-associated diseases begins in childhood, there

has been limited research on sleep duration in the pediatric population, especially
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examining the mechanisms behind the relationship between sleep duration and associated
diseases. Furthermore, adolescents have the highest prevalence of inadequate sleep
among children and tend to have the highest prevalence of excess abdominal adiposity
and BP, which are associated with sleep duration in adults. Limitations to measuring
objective and subjective sleep duration may be one of the reasons there is a paucity of

research on sleep duration in the pediatric population.

Sleep Efficiency

Sleep efficiency captures an essential aspect of sleep, spending too much time in
bed compared to being asleep (Reed & Sacco, 2016). Sleep efficiency is also the
objective reflection of one’s quality of sleep, which is vital for physical and mental health
(St-Onge et al., 2016; Yan et al., 2021). Issues with sleep efficiency are central markers
of the risk for and presence of insomnia, consistent difficulty falling and staying asleep,

the most common sleep disorder (Reed & Sacco, 2016).

Sleep efficiency has not been explored as extensively as sleep duration due to
inconsistencies in how the concept is defined (Reed & Sacco, 2016). These
inconsistencies in defining sleep efficiency have also led to gaps about its specific role in
health and the mechanisms behind its relationship with disease and risk factors (Reed &
Sacco, 2016). However, it is known that the prevalence of poor sleep efficiency increases
with age and grade level in pediatric populations, with older adolescents having the
highest prevalence (Xu et al., 2012). Furthermore, adolescence includes several

significant shifts in sleep behavior that impact sleep efficiency, like later bedtimes and
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the use of electronics directly before or during bedtime (Colrain & Baker, 2011; Magee

& Hale, 2012).

Like sleep duration, behavioral, biological, and social factors impact sleep
efficiency in the pediatric population. These factors include age (Pucci & Pereira, 2016),
sex (Galland et al., 2017), BMI, race, ethnicity, socioeconomic status (El-Sheikh et al.,
2014), caffeine intake (Lodato et al., 2013; Pucci & Pereira, 2016), family sleep behavior
(Pucci & Pereira, 2016), home environment (El-Sheikh et al., 2014), electronic and media
use (Fobian et al., 2016), and psychological health (El-Sheikh et al., 2014). Further, poor
sleep efficiency is associated with CVD risks (elevated BP and excess abdominal
adiposity) (Hirata et al., 2019), depressed mood, irritability (Jung et al., 2016), and low
energy (Wong et al., 2013). Poor sleep efficiency is also associated with diabetes, cancer,
metabolic syndrome, mood disorders (Medic et al., 2017), mortality (Kripke et al., 2011),

and neurodegenerative disorders (Lucey et al., 2021.

The gold standard for measuring sleep efficiency is PSG (Jackson et al., 2018).
However, as is the case with sleep duration, PSG is expensive and only captures one
night of sleep efficiency (Ancoli-Israel et al., 2003). Actigraphy has also been validated
against PSG as a measure of sleep efficiency, which allows for sleep efficiency to be
captured over days and is less expensive (Sadeh & Acebo, 2002). Part of the difficulty
with the measurement of sleep efficiency is the inconsistencies in defining sleep
efficiency. Sleep quality, one’s perception of the quality of their sleep, is often described
as a subjective measure of sleep efficiency (Phillips et al., 2020). However, sleep quality
may be a broader term and a more comprehensive view of overall sleep that includes

sleep efficiency (Buysse et al., 2008; Phillips et al., 2020). Furthermore, some researchers
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consider sleep efficiency an objective measure of sleep quality, which leads to the terms
being used interchangeably. Therefore, this impacts the review and assessment of the

relationships between sleep efficiency and other factors.

Summary

Sleep efficiency is another important component of sleep that has been associated
with physical health, behavior, and cognition. It is also considered one of the central
markers of insomnia, which is the leading sleep disorder. Sleep efficiency has only been
measured objectively via PSG or actigraphy, limiting its inclusion in research since there
are substantial costs associated with using these devices. Furthermore, in the pediatric
population, PSG only shows one day of efficiency, which may not be representative of
sleep efficiency. Additionally, it can be difficult to obtain consistent measures of sleep
efficiency using actigraphy with some pediatric age groups. Despite limited
measurement, evidence suggests that sleep efficiency decreases with increasing age.
Thus, older adolescents may have the highest prevalence of poor sleep efficiency in the

pediatric population.

Theoretical Frameworks

There is a lack of knowledge about the mechanisms that undergird the
relationships among sleep duration, sleep efficiency, abdominal adiposity, and BP.
Furthermore, few researchers have included information about the theories that underpin

their studies. However, there are common groupings for the mechanisms behind these
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relationships: physiological, behavioral, and ecological (Colrain & Baker, 2011;
Hagenauer et al., 2009). Given these groupings, there are two theories, Bronfenbrenner’s
Bioecological Theory of Human Development and McEwen’s Theory of Allostatic Load,
that can capture these relationships and mechanisms. In the following sections, each
theory is addressed as it relates to the relationships among sleep duration, sleep

efficiency, BP, and abdominal adiposity.

Bronfenbrenner’s Bioecological Theory of Human Development is a revision of
Bronfenbrenner’s ever-evolving Ecological Systems Model. The purpose of the theory
was to describe the relationship between a person and the different aspects of their life
(Bronfenbrenner, 1999). Furthermore, this model captures how a person’s surrounding
environment impacts their development, or changes in their biopsychological
characteristics. These aspects were captured in a tiered system starting from the
individual outward including the microsystem (family, school, peers, neighborhood, etc.),
mesosystem (religious affiliation, workplace, etc.), exosystem (economic system,
political system, etc.), macrosystem (overall beliefs and values), and the chronosystem

(the dimension of time) (Bronfenbrenner, 1999).

Several of the systems within the bioecological model impact sleep, abdominal
adiposity, and BP (Blunden et al., 2016). Most studies that utilize this model to support
sleep interventions tend to focus on the micro- and mesosystems because of the influence
of the home, family, school, and neighborhood environments on sleep (Blunden et al.,
2016). These same aspects also have been associated with abdominal adiposity and BP
(Boonpleng et al., 2013; McGrath et al., 2006). Additionally, other systems within the

model that have also been associated with sleep, abdominal adiposity, and BP, such as
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socioeconomic influence (exosystem), culture and beliefs (macrosystem), and age and
developmental stages (chronosystem), have been addressed in research (Grandner et al.,
2010). Grandner and colleagues used Bronfenbrenner’s theory to support their
exploration of the relationships between sleep and mortality, which include the
relationships among sleep duration, obesity, and hypertension. In particular, the
researchers discussed how the Bioecological Theory could undergird the mechanisms

among those relations.

A strength of the Bioecological Theory of Human Development is that it
encompasses the several levels of the environment that can affect the individual
(Bronfenbrenner & Morris, 2007). Furthermore, the theory is directed at the individual
versus disease processes. The weakness of this theory is that it does not address
physiological mechanisms. In particular, it would be difficult to use this theory to explain
the physiological mechanisms that relate sleep duration and sleep efficiency to abdominal

adiposity and BP.

A second theory, the Theory of Allostatic Load, has been used as a basis for the
examination of the mechanisms undergirding the relationships in this study (McEwen,
1998b; Karatsoreos & McEwen, 2015). Unlike the Bioecological Theory of Human
Development, some studies have examined the study variables with the Theory of
Allostatic Load; however, the variables were included in a composite score of allostatic
load (Bei et al., 2017; Carroll et al., 2015; Chen et al., 2014; Clark et al., 2014). Bei and
colleagues (2017) and Chen and others (2014) found that inadequate sleep duration was
associated with composite score of allostatic load. However, Clark et al. (2014) found

that allostatic load was associated with excessive sleep duration, while Carroll and others
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(2015) found that allostatic load was associated with both inadequate and excessive sleep
duration. No studies have used the Theory of Allostatic Load when assessing the

relationships among sleep efficiency, abdominal adiposity, and BP (Carroll et al., 2015).

The Theory of Allostatic Load is a sound theoretical underpinning for this study
because it offers a physiological mechanism that can explain the relationships among
sleep duration, sleep efficiency, abdominal adiposity, and BP. A weakness of this theory
is that it only discusses how stress can lead to the relationships among the variables. It is
possible for sleep duration and sleep efficiency to impact abdominal adiposity and BP
through other mechanisms not related to stress (Grandner et al., 2010). However, the field
of sleep research is fairly new; therefore, there are limited data on other pathways and
even more limited research on frameworks that support these relationships.
Unfortunately, no studies were found that assessed these variables with either of these
theoretical underpinnings in the pediatric population. However, both theories have been
applied to the individual variables within the pediatric population (Blunden et al., 2016;

Whelan et al., 2021).

Influences on Abdominal Adiposity

In the following section, literature that focuses on the influences of sleep duration

and sleep efficiency on abdominal adiposity will be discussed.
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Abdominal Adiposity and Sleep Duration

The influence of sleep duration on abdominal adiposity has not been widely
studied, especially in late adolescence (Theorell-Haglow et al., 2010). Many of the
studies that involved participants in late adolescence included other developmental
stages, which makes it difficult to determine the specific relationship between sleep
duration and abdominal adiposity in late adolescents. Since sleep duration and abdominal
adiposity change with age, it is important to look at these relationships during specific

developmental stages like late adolescence.

In the studies that did focus on late adolescents, researchers found that inadequate
sleep duration was associated with excess abdominal adiposity (Al-Hazzaa, 2014; Narang
et al., 2012; Shaikh et al., 2010; Skidmore et al., 2013). Yet only two of these studies, Al-
Hazzaa (2014) and Skidmore et al. (2013), included WHtR. Furthermore, none of those
studies included objective measures of sleep duration. Instead, the researchers used
questionnaires that asked participants to give an estimated average sleep duration rather
than sleep diaries, which ask participants for a sleep duration for each night of collection

to formulate an average.

Few studies have captured the relationship between excessive sleep duration and
abdominal adiposity. A longitudinal study by Ma and colleagues (2021) that included late
adolescents (ages 16—17) found that excessive sleep duration was associated with
decreased risk for excess abdominal adiposity. This study did not collect objective sleep

duration or WC percentiles but did use WHtR.
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Overall, when examining the relationship between sleep duration and abdominal
adiposity in studies that include, but do not focus on, late adolescents, there is an inverse
relationship between sleep duration and abdominal adiposity (Duan et al., 2020;
Eisenmann et al., 2006; Guo et al., 2011; Jansen et al., 2018; Jarrin et al., 2013; Lee &
Park, 2014; Nam et al., 2017; Ozturk et al., 2009; Seo & Shimm, 2019; Yu et al., 2007).
Furthermore, a meta-analysis of eight cross-sectional studies using 16 databases found an
overall negative association between sleep duration and abdominal adiposity in children
and adolescents (Quist et al., 2016). Conversely, some studies yielded no relationships
between sleep duration and abdominal adiposity (Martinez-Gomez et al., 2011; Mi et al.,
2019; Patel et al., 2012; Sung et al., 2011). When evidence was separated by
developmental stages, only relationships within the school-age range (ages 6—12 years)
were noted (Duan et al., 2020; Guo et al., 2011). The inconsistencies in results from
studies examining the influence of sleep duration on abdominal adiposity could be due to
small sample sizes and the number of participants with inadequate or excessive sleep

duration (Quist et al., 2016).

In the studies that do focus on abdominal adiposity and sleep duration, there are
inconsistencies in the instruments used to measure abdominal adiposity. Among the
studies reviewed, WC was the most commonly used measurement for abdominal
adiposity. However, evidence suggests that WHtR may be a better measure of abdominal
adiposity and overall adiposity in the pediatric population compared to WC and BMI
(Shuster et al., 2012; Taylor et al., 2000). There were also inconsistencies when
measuring sleep duration. Most studies included subjective sleep measures that, while

correlated with objective measures, can overestimate or underestimate sleep duration
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(Lauderdale et al., 2008; Quist et al., 2016). Nevertheless, some studies used actigraphy
and/or PSG, the gold standard of measuring sleep duration (Jansen et al., 2018; Mi et al.,
2019; Sung et al., 2011). Of these, only Jansen and colleagues (2018) found that
inadequate objective sleep duration was associated with excess abdominal adiposity. The

other studies did not support a relationship between the variables.

Abdominal Adiposity and Sleep Efficiency

There is a paucity of data on the influence of sleep efficiency on abdominal
adiposity in late adolescence. Evidence suggests that there is an inverse relationship
between sleep efficiency and abdominal adiposity in school-aged children (ages 9—11)
(McNeil et al., 2015) and adolescents (ages 11.9-16.6) (Cespedes Feliciano et al., 2018).
However, neither of these studies used WHtR as a measure of abdominal adiposity.
Furthermore, on average, the study by Cespedes Feliciano and colleagues (2018) enrolled
young adolescents (mean age 13.2) but did not include older adolescents. In a second
study, Simon and colleagues (2020) found that, in adolescents (ages 12-21) with
polycystic ovary syndrome (PCOS), there was an inverse relationship between sleep
efficiency and WC. However, PCOS has been associated with an increased risk for

metabolic syndrome, which typically includes excess abdominal adiposity.

In young adults (ages 21-35), the developmental stage after late adolescence,
McMahon and colleagues (2019) found that poor sleep efficiency was associated with
elevated abdominal adiposity. This study also used WHtR as a measure of abdominal

adiposity. In a wider range of adults (ages 18-91), an inverse relationship between sleep
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efficiency and abdominal adiposity has been noted (Koolhaas et al., 2019; Martinez
Aguirre-Betolaza et al., 2019; Mezick et al., 2014; Ogilvie et al., 2016; Tom et al., 2018).

However, none of these studies used WHtR to measure abdominal adiposity.

The lack of evidence on the impact of sleep efficiency on abdominal adiposity,
especially in the pediatric population, may be due to inconsistencies in the measurement
of sleep efficiency (Reed & Sacco, 2012). The gold standard for measuring sleep
efficiency, PSG, can be costly and difficult to obtain due to the scarcity of sleep centers
that are required for this measurement (Jackson et al., 2018). Actigraphy has been
validated against PSG as a suitable measurement of sleep efficiency, and it also offers an
average of sleep efficiency compared to the one night with PSG (Sadeh & Acebo, 2002).
Still, procuring actigraph devices can be costly, although cheaper than PSG. Further,
actigraph devices are often lost or not worn consistently in the pediatric population
(Sadeh & Acebo, 2002). Therefore, most researchers tend to use subjective instruments to
measure sleep efficiency. However, most studies report this concept as sleep quality,
which does not necessarily capture what is represented by objective sleep efficiency, the

ratio of time spent asleep compared to being in bed.

Summary

Overall, there has been limited research on the influence of sleep duration and
sleep efficiency on abdominal adiposity in late adolescence. However, in the studies that
have focused on sleep duration and abdominal adiposity in late adolescence, a negative

relationship between the variables was noted, with inadequate sleep duration being

44



associated with excess abdominal adiposity. Only a few of those studies included WHtR,
despite evidence suggesting that WHtR may be a better measure of abdominal adiposity
and overall adiposity in the pediatric population. Furthermore, most studies used
questionnaires as a measure of sleep duration, which only collect a subjective view and
have a higher risk for inaccuracies compared to objective measures like PSG and

actigraphy.

There were no studies that examined sleep efficiency and abdominal adiposity
specifically during late adolescence. However, the studies that did include adolescents
found an inverse relationship between the two variables. Studies in adults found similar
results. As with the studies of sleep duration and abdominal adiposity, there was a paucity
of studies that used WHtR. The absence of studies focusing on sleep efficiency and
abdominal adiposity may be due to the need to use PSG and actigraphy, which are

expensive technologies, to measure the concept.

Influences on Blood Pressure

In the following section, the literature on the influences of sleep duration and

sleep efficiency on BP will be discussed.

Blood Pressure and Sleep Duration

Much like the literature on the relationship between sleep duration and abdominal

adiposity, there are limited studies on the influence of sleep duration on BP specifically
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during late adolescence. In the studies that do focus on late adolescence, there was an
overall inverse relationship between sleep duration and BP (Countryman et al., 2013;
Mezick et al., 2012; Paciencia et al., 2013). Specifically, Paciencia and colleagues
(2016), in a longitudinal study with 1,403 adolescent participants, found that sleep
duration at 13 years of age was associated with elevated BP at 17 years old. Archbold and
colleagues (2012) completed a similar longitudinal study in 6- to 11-year-old school-aged
children and found that inadequate sleep duration was negatively associated with SBP
and DBP 5 years later. However, Mezick et al. (2012) and Archbold et al. (2012) were
the only researchers to collect objective sleep duration. Furthermore, only Mezick and
colleagues (2012) collected BP over different times of the day, which is important since
BP changes throughout the day (Bovet et al., 2003). Also, only Archbold and colleagues
(2012) analyzed SBP and DBP as separate variables, which is important because
evidence suggests that changes in SBP and DBP have different impacts on cardiovascular
health (Sun et al., 2007). Conversely, Leung and colleagues (2011) found that there was
no relationship between sleep duration and the risk for elevated BP in 6,193 adolescents

(mean age 15.2 years).

Some studies included older adolescents in their population (overall ages 10—
17.9), but the analyses were not separated by developmental stages. In those studies,
evidence suggests that inadequate sleep duration is associated with elevated BP (Au et
al., 2014; Javaheri et al., 2008; Kuciene & Dulskiene, 2014). Also, inadequate sleep
duration has been associated with elevated BP in adults (Fang et al., 2012; Gangwisch et
al., 2006; Gottlieb et al., 2006; Knutson et al., 2009; Makarem et al., 2019; Wang et al.,

2015). In fact, evidence suggests that inadequate sleep duration has a negative
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relationship with elevated BP in school-aged children and young adolescents (Guo et al.,

2011; Hjorth et al., 2016).

Although most studies focus on inadequate sleep duration, some evidence
suggests that excessive sleep duration is associated with an increased risk for elevated BP
in adults (Gottlieb et al., 2006; Guo et al., 2013). In late adolescents (ages 1518 years),
Guo and colleagues (2011) did not find a significant relationship between excessive sleep
duration and BP. Paciencia and colleagues (2013) did find that excessive sleep duration
was associated with higher BP in 13-year-old adolescents, but they measured only

subjective sleep duration.

Blood Pressure and Sleep Efficiency

Few studies have examined the relationship between sleep efficiency and BP
across the lifespan, especially in late adolescence (Cespedes Feliciano et al., 2018). The
lack of evidence about the relationships between sleep efficiency and BP may be due to
the previously mentioned inconsistencies in the terminology and sleep efficiency
measures (Reed & Sacco, 2012). One study that specifically examined the relationship
between sleep efficiency and BP in older adolescents found no relationship (Mezick et
al., 2012). However, there have been other studies on these relationships in adolescents
(overall age range of 11.9—16.6 years) that include older adolescents. Cespedes Feliciano
and colleagues (2018) noted in 829 adolescents ages 11.9 to 16.6 that higher sleep
efficiency was associated with a better BP regardless of obesity. Likewise, Javaheri and

others (2008) noted in a study of 238 adolescents ages 13 to 16 that poor sleep efficiency
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measured by actigraphy and PSG was associated with an increased risk for pre-
hypertension measured by SBP and DBP. However, Cespedes Feliciano and others

(2018) analyzed only SBP.

Studies of adults note a relationship between sleep efficiency and BP, but findings
were limited by the lack of assessment for or the presence of sleep disorders, like sleep-
disordered breathing, which can impact BP (Hirata et al., 2019; Javaheri et al., 2008).
However, Ramos and colleagues (2018) found that, in adults, reductions in sleep
efficiency were associated with increases in BP independent of sleep-disordered

breathing.

Summary

Evidence suggests there is an inverse relationship between sleep duration and BP.
However, these studies were limited by not collecting objective sleep duration.
Furthermore, there has been a paucity of studies that include or focus on excessive sleep
duration and BP. The one study that examined this relationship in older adolescents did
not find a relationship between the variables. However, evidence from one study in

young adolescents did find a relationship between excessive sleep duration and BP.

Although evidence suggests a relationship between sleep efficiency and BP in the
overall adolescent population, the one study in older adolescents did not find a
relationship between the variables. There were studies that included older adolescents but
did not separate the findings based on developmental age groups. Furthermore, one of the

studies only captured SBP versus both DBP and SBP.
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Control Variables

Age

As children age, especially during adolescence, they have hormonal shifts that
impact their sleep, adiposity, and BP (Campbell et al., 2012; Reinehr & Toschke,
2009). Studies examining the relationships among sleep duration, BP, and abdominal
adiposity were age-dependent because these variables tend to change as people age (Cao
et al., 2015; El-Sheikh et al., 2014; Marceau et al., 2019; Quist et al., 2016; Tripathi &
Mishra, 2019). A study by Yu and colleagues (2007) found that sleep duration decreased
during adolescence, reaching the lowest point between 16 and 17 years old. Furthermore,

the same study found that abdominal adiposity increased after age 12 (Yu et al., 2007).

In a study of children and adolescents between the ages of 5 and 18, researchers
found that short sleep duration increased the chances of excess abdominal adiposity in
only males between 11 and 14 years old (Guo et al., 2011). In the same study, inadequate
sleep duration was associated with risk for excess BP in only 11- to 14-year-old males,
but inadequate sleep duration was associated with less risk for elevated BP in females 15
to 18 years old (Guo et al., 2011). When examining children and adolescents between 6
and 17 years old, Duan and colleagues (2020) found an association between inadequate

sleep duration and excess abdominal adiposity only in females ages 6 to 12.

Race/Ethnicity

Race and ethnicity impact sleep, abdominal adiposity, and BP individually, and

they are typically used as a control variable when assessing these relationships (Quist et
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al., 2016). Evidence suggests that there is a relationship between sleep duration and BP in
White children, something not always noted in Black children (Mezick et al., 2012).
Quist and colleagues (2016) also noted that inconsistencies with the relationships among
sleep, BP, and abdominal adiposity between White and Black children are somewhat
attributed to the lack of significantly heterogeneous samples based on race (Quist et al.,
2016). However, the review of the literature indicates that race and ethnicity tends to be a
social construct assessed in studies only in countries that have a marked difference in race
(e.g., U.S., United Kingdom). Unfortunately, a majority of the studies reviewed did not
assess race and were based in countries with few racial differences (e.g., China, Korea,
India). Furthermore, there are some racial differences in BP and abdominal adiposity
based on race. Foreign racial/ethnic populations in comparison to those prominent in the
U.S. (e.g., Whites, Blacks, Hispanics) tend to have a lower prevalence of elevated BP and
excess abdominal adiposity. An example is that Asians tend to have the lowest
prevalence of elevated BP and excess abdominal adiposity when compared to Whites,
Blacks, and Hispanics (Tsao et al., 2022). Therefore, examining these relationships in the

U.S. could be significantly different.

Assigned Sex

There is evidence suggesting that assigned sex is associated with biological
processes that impact sleep duration, sleep efficiency, BP, and abdominal adiposity
individually, as well as the relationships among them (Quist et al., 2016; Storfer-Isser et
al. 2012; Tripathi & Mishra, 2019). Some of the relationships only become noticeable

after puberty, which is typically during adolescence (Krishnan & Collop, 2006). Results
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from several studies suggest that inadequate sleep duration is associated with higher
abdominal adiposity in male children only (Guo et al., 2011; Quist et al., 2016; Shaikh et
al., 2010). Guo and colleagues (2011) also found that inadequate sleep duration was only
associated with BP in adolescent males (Guo et al., 2011). Another study found that
adequate and excessive sleep duration (greater than 8 hours) was associated with a lower
risk for excess adiposity compared to inadequate sleep, but only in males (Azadbakht et
al., 2013). Associations between sleep efficiency and adiposity variability were only
present among female adolescents in another study (Cespedes Feliciano et al., 2018).
Brandalize and colleagues (2011) found that adequate or excessive sleep duration
was only associated with a lower DBP in adolescent females. In contrast, one study found
that excessive sleep duration was associated with a higher risk for elevated BP compared
to inadequate sleep duration in adolescent females (Paciencia et al., 2013). A study by
Dos Santos and De Souza (2020) found that in adolescents a 1-hour increase in sleep

duration led to decreased SBP in males and an increase in SBP in females.

BMI Percentiles

Evidence suggests that BMI percentiles influence the relationships among sleep
duration, sleep efficiency, BP, and abdominal adiposity (Quist et al., 2016; Virani et al.,
2021). Sleep duration was associated with abdominal adiposity independent of BMI
percentiles in a study of school-aged children (Chaput & Tremblay, 2007). Another study
found that longer sleep duration and higher sleep efficiency had a relationship with better
BP and abdominal adiposity independent of BMI in adolescents (Cespedes Feliciano et

al., 2018). Javaheri and colleagues (2008) also found that inadequate sleep duration was
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associated with an increased risk for elevated BP after adjusting for BMI in adolescents.
This is important since evidence suggests that the relationship between sleep duration and

elevated BP in adolescents is mediated by BMI (Peach et al., 2015).

Gaps Within the Literature

Although evidence suggests that sleep duration and sleep efficiency impact
abdominal adiposity and BP in adults and young adolescents, there has been limited
research across the lifespan, among specific age groups (Bailey et al., 2014). This is
particularly apparent in the late adolescent population and is concerning since older
adolescents have the highest prevalence of poor sleep efficiency and inadequate sleep
duration within the pediatric population (Chen et al., 2006; Felden et al., 2016; Mindell et
al., 1999). Further, poor sleep efficiency and inadequate sleep duration have been
associated with abdominal adiposity and BP in young adolescents (Cespedes Feliciano et
al., 2018; Javaheri et al., 2008). Since poor sleep efficiency, inadequate sleep duration,
excess abdominal adiposity, and elevated BP increase with age, it is important to
determine if these continue in late adolescence (Basch et al., 2014; McLaughlin Crabtree

& Williams, 2009; Muntner et al., 2004; Wells et al., 2008).

Much of the research on sleep duration and sleep efficiency focuses on the impact
of overall adiposity versus abdominal adiposity. Abdominal adiposity is a better marker
of risk for cardiometabolic diseases (e.g., CVD, diabetes), some of the leading causes of

death in the U.S. (Shuster et al., 2012; Taylor et al., 2000; Tsao et al., 2022). The focus
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on abdominal adiposity may be due to the more recent adoption of abdominal measures

such as WC.

Further, most studies address sleep duration and its effect on abdominal adiposity
and BP and focus less on sleep efficiency. However, evidence suggests that sleep
efficiency is also important to overall health, and that it influences the HPA axis and
sympathetic nervous system, which impact abdominal adiposity and BP (Raikkonen et
al., 2010; Sweatt et al., 2018). The lack of focus on sleep efficiency may be due to the
inconsistencies in defining sleep efficiency and the expenses, training, and access
required to measure it via actigraphy and PSG (Reed & Sacco, 2016; Sadeh & Acebo,

2002).

Much of the focus on sleep duration research has been on inadequate sleep
duration, with less focus on excessive sleep duration. Evidence suggests that sleep
duration has a u-shaped relationship with some diseases and risk factors like mental
health (Fitzgerald et al., 2011), insulin resistance (Koren et al., 2016), and overall
adiposity (Danielsen et al., 2010). Thus, both inadequate and excessive sleep duration
could impact abdominal adiposity and BP. These relationships also receive little attention
in older adolescents. Exploring the continuum of sleep duration and effects on abdominal
adiposity and BP could inform interventions to decrease excess abdominal adiposity and

elevated BP.

Finally, most of the studies conducted on the relationships among the study
variables were conducted in foreign countries. This is concerning since the United States
is one of the top five countries with the highest rates of CVD deaths (The American

College of Cardiology [ACC], 2020). Therefore, this study will be one of the few to
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examine these relationships in the U.S. late adolescent population. Also, in the studies
conducted in the U.S., there were smaller sample sizes compared to those in other
countries. A smaller sample size often does not allow researchers to make strong

conclusions about their results.

Chapter Summary

Overall, the study’s variables have only been recently explored within the
pediatric population. Therefore, there is limited research on the epidemiology of these
variables and the mechanisms undergirding the relationships among the variables. The
mechanisms that undergird the influence of sleep duration and sleep efficiency on
abdominal adiposity and BP are typically categorized into physiological, behavioral, and
ecological. Bronfenbrenner’s Bioecological Theory of Human Development and
McEwen’s Theory of Allostatic Load are two commonly used frameworks that support
physiological, behavioral, and/or ecological mechanisms. Despite both theories’ support
of the study’s variables, the Theory of Allostatic Load is a better fit for this study since it

includes a physiological framework.

There has been limited research on the influences of sleep duration and sleep
efficiency on abdominal adiposity and BP in older adolescents. Overall, there were
inverse relationships with the variable combinations. However, some of these studies
were limited by not collecting WHtR and objective sleep duration. Despite the limited
research in late adolescence, there were similar findings in the overall adolescent

population, school-aged children, and adults. Furthermore, these findings were impacted
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by some combination of age, race/ethnicity, assigned sex, and BMI percentiles. The gaps
in the literature support the need for this study since there is an overall lack of research
on the study’s variables in late adolescence, limited research on abdominal adiposity and
sleep efficiency across the lifespan, minimal studies that cover excessive sleep duration,

and only a few studies examining these variables within the United States.
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CHAPTER 3
METHODOLOGY
The purpose of this secondary data analysis was to explore the relationships

among sleep duration, sleep efficiency, abdominal adiposity, and BP in adolescents ages
16 to 18 who participated in the Cleveland Children’s Sleep and Health Study (CCSHS).
Evidence suggests that sleep duration and sleep efficiency influence abdominal adiposity
and BP in adults and young adolescents. However, there have been limited studies on this
relationship during late adolescence (Cespedes et al., 2014; Magee & Hale, 2012; Quist et
al., 2016). In this chapter, the parent study, methodology, research design, sample,

setting, measurements, and the data analysis of the study are addressed.

Parent Study

The CCSHS was an urban, community-based, longitudinal cohort study that
evaluated the impact of sleep disturbances on health outcomes, specifically obesity and
pediatric sleep disorders (Boeke et al., 2013; Zhang et al., 2018). This study consisted of
three exam cycles between 1998 and 2010 (first cycle: 1998-2001, second cycle: 2002—
2006, third cycle: 2006-2010) (Zhang et al., 2018). The CCSHS included children born
in three hospitals in the Cleveland, Ohio, area between 1988 and 1993; thus, participants
were between the ages of 8 and 12 during the first exam cycle and 10 to 14 in the second

exam cycle (Rosen et al., 2003). The current study will focus on Exam Cycle 3 (2006—

56



2010), when the participants were between the ages of 16 and 19 years. In the following

section, the details of the CCSHS study with an emphasis on Exam Cycle 3 are discussed.

Recruitment of CCSHS Participants

Participant recruitment in Cycle 1 included two stages (Figure 4). First, the
investigators recruited from an existing study, the Low Birth Weight-Maternal
Employment Study (LBW-MES), a longitudinal study about cognition and behavior with
a random sample of 3- to 5-year-old children stratified by prematurity (full-term, pre-
term) (Rosen et al., 2003). Participants in the LBW-MES study were pre-term or full-
term and born between 1988 and 1993 in three Cleveland area hospitals (Rosen et al.,
2003). The LBW-MES study enrolled equal numbers of 3-, 4-, and 5-year-old children
for each of the 5 consecutive birth years (Youngblut et al., 2001). Inclusion criteria for
pre-term participants were: (a) born less than 36 weeks’ gestation, (b) birth weight of less
than 2500 g, (c) birth weight appropriate for gestational age, (d) hospitalized in a Level
III NICU for greater than 1 week, and (e) survival of the child (Rosen et al., 2003;
Youngblut et al., 2001). Inclusion criteria for full-term participants were: (a) born
between 38 and 42 weeks’ gestation, (b) hospitalized in a standard nursery, and (c)
discharged home with the mother (Rosen et al., 2003; Youngblut et al., 2001).
Participants were excluded if they had developmental delays present for greater than 2
years (Rosen et al., 2003; Youngblut et al., 2001). From the LBW-MES, the investigators
recruited 664 participants for the CCSHS, which equaled 73% of the CCSHS participants

(Rosen et al., 2003).
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In the second phase of recruitment, the investigators specifically targeted African
American children since only 23% of participants from the LBW-MES were from
minority groups. Investigators contacted 48% (711) of the 1,467 eligible children born
between 1988 and 1993 in the University Hospitals of Cleveland (Rosen et al., 2003).
Fifty-two percent of the potential participants had moved or could not be located, and
10% were ineligible because of severe developmental delays like intellectual disability or
severe cerebral palsy (Rosen et al., 2003). Of the 320 eligible children who agreed to
participate, 243 (76%) completed the study, bringing the total for Exam Cycle 3 of the

CCSHS to 907 participants (Rosen et al., 2003).

Figure 4

CCSHS Recruitment and Attrition

Low Birth Weight-Maternal Employment Study (LBW-MES)

3 - 5- year-old children stratified by prematurity (full-term, pre-
term) born between 1988—1992 in three Cleveland area
hospitals

Investigators contacted 48% (711) of the 1467 eligible children
from the University Hospitals of Cleveland born between 1988 243 additional recruited with LBW-MES recruits, N=907
and 1993

N =907 (the entire first cohort) were contacted when they were 57% (N=517) agreed to follow up and were assessed at the
between 16 and 19 years of age clinical research unit

664 from LBW-MES study recruited for CCSHS equaling 73%
of the CCSHS participants



Cohort Characteristics

The original cohort (Exam Cycle 1) enrolled in the CCSHS included 490 full-term
and 417 pre-term children (Hibbs et al., 2014). During the initial examination (1998—
2001), the mean age was 9.6 + 0.7 years for full-term and 9.3 + 0.8 for pre-term. Forty-
nine percent of the participants were females, and 59% were White (Rosen et al., 2003).
Thirty percent of the full-term participants and 27% of the pre-term population had a
BMI percentile greater than 85%, categorizing them as overweight according to the CDC
guidelines (CDC, 2021a; Rosen et al., 2003). Sixteen percent in both groups were

considered obese with a BMI greater than the 95% percentile (CDC, 2021a).

Exam Cycle 3

Participants from the initial exam cycle (N = 907) were contacted when they were
between the ages of 16 and 19 to participate in the third exam cycle (Figure 4). Fifty-
seven percent of the original cohort (N = 517) agreed to the follow-up study and were
assessed at the clinical research unit. During this exam cycle, participants free from acute
illness completed an overnight PSG test and a self-reported assessment about their
demographics, medical history, food, and sleep. Actigraphy was measured 5 to 7
consecutive days before the visit. In addition, the participants were measured for height,
weight, and WC (Hibbs et al., 2014). The mean age of the participants was 17.7 + 0.43
years; 51% of the participants were male, and 59.7% were Black. Of the 517 participants,
501 did not have sleep apnea, as evidenced by an apnea-hypopnea index (AHI) less than

5 as noted on the PSG examination (Hibbs et al., 2014). Seventy percent of the

59



participants (N = 350) had their pubertal status assessed. More than 99% of the
participants with pubertal assessment were at Tanner stage five, the highest Tanner stage,

reflecting the culmination of puberty (Emmanuel & Bokor, 2017; Hibbs et al., 2014).

Measurements

One week before the clinical research unit visit, participants wore wrist actigraphy
(Octagonal Sleep Watch 2.01, Ambulatory Monitoring Inc., Ardsley, NY) to determine
objective sleep duration and sleep efficiency. They also completed daily sleep diaries for
5 to 7 consecutive days (24-hour periods) to capture subjective sleep duration (Hibbs et

al., 2014; Storfer-Isser et al., 2012 Weiss et al., 2010).

The actigraphy data were analyzed using Action-W software with the time-above-
threshold algorithm (Javaheri et al., 2008). Sleep duration via actigraphy was calculated
by observing extended periods of inactivity near the participant’s self-reported bedtime
and calculating the total hours of those inactive periods until arousal (Hibbs et al., 2014).
Sleep efficiency was measured via actigraphy by determining the ratio between these
inactive periods after bedtime versus the period of activity while still in bed (Hibbs et al.,

2014).

Subjective sleep duration was measured by self-reported sleep diaries that
accompanied the actigraphy. Participants recorded their bedtime and waketime on each
day they wore the actigraphy. Researchers calculated the overall subjective sleep duration

via a weighted average of sleep time over weekdays and the weekend (ysleeptime hr =
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5/7 *wd_slpdur_hr + 2/7*we_slpdur hr) (National Sleep Research Resources [NSRR],

n.d.).

The clinical research examination, which included overnight PSG, began at 1700
and ended at 1100 on the following day. Lights-off, indicating the beginning of the sleep
period, began at 2200 and ended at 0700. Prior to PSG, the participants and their parents
completed questionnaires about demographics (including race/ethnicity, assigned sex,
and age), medical history, and behavioral information (Hibbs et al., 2014). To measure
height and weight, research team members used a stationary stadiometer (Holtain Ltd,
Pembrokeshire, UK) and a digital scale (Health-o-meter, Shelton, CT, USA),
respectively. The investigators determined BMI percentiles, according to the CDC
growth charts, by dividing the weight in kilograms by height in meters squared and

adjusting for sex and age (Javaheri et al., 2008).

Trained team members used a cloth, inelastic tape measure to determine WC (S.
Redline, personal communication, June 21, 2021).The participant stood erect with a
relaxed abdomen, arms at the sides, and feet together. The measurement was assessed at
the natural waist or narrowest part of the torso. In participants with limited waist
narrowing (e.g., participants with obesity), the smallest horizontal circumference
measured at the area between the ribs and iliac crest was used. The measurement,
recorded to the nearest 0.1 cm, was taken at the end of a normal expiration, without the

tape compressing the skin.

Trained nurses used a calibrated sphygmomanometer to measure BP based on the
1980 American Heart Association guidelines for human BP (Javaheri et al., 2008). Three

BP readings were obtained during each BP reading, which occurred two times, once in
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the morning and once in the evening (Javaheri et al., 2008; NSRR, n.d.). There was a 10-
minute rest period between each BP reading (Javaheri et al., 2008). The researchers
calculated an average of the three BP readings collected at each time point and then

averaged those two readings to determine an overall average BP (Javaheri et al., 2008).

Current Study

The current study focused on data from participants ages 16 to 18 obtained during
the third exam cycle (2006-2010) of the CCSHS study. This section includes the sample,
setting, measurements, and data analysis for the current study. A retrospective, cross-
sectional, correlational research design using secondary data was employed to address the

study aims.

Sampling and Inclusion/Exclusion Criteria

Cases were extracted from the database based on the following inclusion criteria
for the current study: (a) aged 16—18 years, (b) complete actigraphy data, (c) complete
sleep diary, (d) available SBP and DBP readings, and (e) available height, weight, and
WC measurements. Cases were excluded if the following were absent: (a) at least 5 days
of actigraphy data, (b) at least two SBP and DBP readings, and (c) an AHI greater than 5,

which indicates sleep apnea.

Participants older than 18 years old were excluded because the American
Academy of Sleep Medicine’s sleep duration recommendations specify a range for

adolescents between 13 and 18 years old (Paruthi et al., 2016). Actigraphy data were used
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to determine objective sleep duration and sleep efficiency. The sleep diary information
was used to determine subjective sleep duration. Average SBP and DBP readings were
extracted to determine SBP and DBP. Also, height, weight, and WC data were used to
determine abdominal adiposity. Previous pediatric actigraphy studies suggest that at least
5 or more nights of usable recordings are needed to obtain accurate sleep data in children
and adolescents (Acebo et al., 1999). Therefore, cases with fewer than 5 days of
actigraphy were excluded. The mean of two BP readings is needed to calculate an
accurate BP (Mattoo & Fulton, 2019). Therefore, participants without two BP readings
were excluded. Sleep apnea, diagnosed by an AHI of greater than 5, increases the
incidence of elevated BP across the lifespan (Enright et al., 2003; Marcus et al., 1998).
Therefore, participants with an AHI of greater than 5 were excluded in order to measure
the influence of sleep duration and sleep efficiency on BP in an essentially well

population without sleep apnea.

Data Extraction

Data from the CCSHS were made publicly available by the National Resource for

Sleep Research (www.sleepdata.org). This is a repository of several sleep-related cohort

studies funded by the National Institutes of Health (Zhang et al., 2018). After completing

a proposal to access data, permission was received on February 23, 2021.
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Human Subjects Protections

Approval to complete Non-Human Subjects Research from the University of
Alabama at Birmingham Institutional Review Board was obtained (see Appendix A).
This approval was based on having de-identified data without the ability to identify
individual participants from the included data. This study fits the criteria for Non-Human
Subjects Research according to the Office for Human Research Protections (OHRP,

2020).

Variable Definitions and Operationalization

The independent variables of this study are objective and subjective sleep
duration and sleep efficiency. Dependent variables include SBP, DBP, and abdominal
adiposity (as measured by WC and WHtR). Control variables are age, race, ethnicity, sex,

and BMI percentiles.

Independent Variables

The independent variables of this study are objective sleep duration, subjective
sleep duration, and objective sleep efficiency. Objective and subjective sleep duration are
the number of hours spent asleep after bedtime (Ohayon et al., 2017). Subjective sleep
duration is a self-report of the amount of sleep a participant thinks they had after bedtime.
The measurement of objective sleep duration is derived from actigraphy data by

averaging the hours of inactivity between the self-reported bedtime and waketime.
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Adolescents, beginning at age 13, should obtain between 8 and 10 hours of sleep;
inadequate sleep duration is less than 8 hours, and excessive sleep duration is more than
10 hours (Ohayon et al., 2017). Sleep efficiency is the ease of falling asleep and returning
to sleep (Buysse, 2014). Sleep efficiency is objectively determined by using actigraphy
data to measure the ratio of time spent asleep versus time in bed (Ohayon et al., 2017).
Adolescents with less than 85% sleep efficiency have poor sleep efficiency (Javaheri et

al., 2008; Ohayon et al., 2017).

Data from actigraphy were used to capture objective sleep duration and sleep
efficiency. The precalculated actigraphy data were extracted for mean objective sleep
duration and efficiency. The researchers precalculated the average subjective sleep
duration using the participant’s sleep diary; these data were extracted for subjective sleep

duration.

Dependent Variables

The dependent variables for this study are SBP, DBP, and abdominal adiposity.

Abdominal Adiposity. For this study, abdominal adiposity was determined by
WC data. Waist circumference percentiles were extracted from the data, and the WHtR
was calculated. Abdominal adiposity was determined by WC percentiles and WHtR.
Abdominal adiposity status was determined by the presence or absence of excess

abdominal adiposity with either measure.
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Waist Circumference Percentile. In the pediatric population, percentiles are often
used to compare a child’s growth to a national average, adjusting for sex and age. A WC
percentile greater than the 90™ percentile is considered excess abdominal adiposity
(obesity) (Bassali et al., 2010). However, excess abdominal adiposity may be present at
lower percentiles, even as low as the 70 percentile (Goyal et al., 2021; Katzmarzyk et
al., 2004). Therefore, for this study, the cutoff for excess abdominal adiposity was the

70" percentile or greater.

Waist-to-Height Ratio. WHtR was calculated using the measured WC in
centimeters divided by height in centimeters. WHtR measures are consistent across all
ages, sexes, races, and ethnicities (Brady, 2017). A WHtR of 0.5 or greater indicates

excess abdominal adiposity (Yoo, 2016).

Blood Pressure. Averaged BP readings (average of morning and night readings
combined) were extracted. Based on 2017 BP guidelines for children and youth, in
adolescents greater than the age of 13, a normotensive BP reading is below 120/80
mmHg. A BP reading is considered in the elevated BP category if the BP is 120/<80 to
129/<80 mmHg (Flynn et al., 2017). There are two stages of hypertension: Stage 1, a BP
reading of 130/80 to 139/89 mmHg, and Stage 2, a BP reading greater than or equal to

140/90 mmHg.
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Control Variables

The control variables for this study are race, ethnicity, age, assigned sex, and BMI
percentiles. The data for the participant’s age, assigned sex, race, and ethnicity were
extracted from the self-reported demographic questionnaires. Age was a continuous
variable based on their date of birth and the examination date. Assigned sex was
categorized as male or female. Race was classified as African American/Black, White, or
other (Asian, Indigenous, and other), and ethnicity was Hispanic or non-Hispanic. The
original investigators calculated the BMI percentiles. The BMI percentiles were
categorized into weight status for those considered overweight and obese. The BMI
percentiles were used to categorize participants’ weight as normal weight, underweight,
overweight, or obese. A BMI greater than or equal to the 85™ percentile but less than the
95 percentile is considered overweight (CDC, 2021a). A BMI percentile greater than or
equal to the 95™ percentile is considered obese (CDC, 2021a). A normal BMI is between
the 85™ and 5™ percentile, with percentiles lower than the 5" percentile considered

underweight (CDC, 2021a).

Data Analysis

All data were analyzed using IBM SPSS Version 28. Descriptive statistics were
calculated to determine the means, standard deviations, medians, ranges, frequencies, and
proportion of each variable as appropriate. To explore the differences or relationships

between the control variables with the independent or dependent variables the following
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analysis techniques were used: a) one-way ANOVA for race, b) ¢-tests for ethnicity and
assigned sex, and c) simple linear regressions to calculate Pearson’s Correlation
Coefficients for age and BMI percentiles. Multiple linear regressions were conducted for
the following scenarios: a) to assess if the findings from univariate analysis persisted
when analyzed together (e.g., BMI percentiles and race with sleep efficiency), and b) to
determine if the relationships between the dependent and independent variables persisted
after controlling for the control variables. The p-values, effect sizes, and confidence
intervals were calculated to determine scientific and clinical significance, respectively.

The following section includes the data analysis for each research question, as applicable.

Aim 1: Describe sleep duration and sleep efficiency in adolescents ages 16 to 18

years who participated in the CCSHS

RQ 1.1 What is the mean, standard deviation, median, and range for subjective sleep
duration, objective sleep duration, and sleep efficiency of adolescents ages 16 to 18 years
who participated in the CCSHS?

Descriptive statistics (mean, standard deviation, median and ranges) were
calculated for objective sleep duration, objective sleep efficiency, and subjective sleep
duration. Univariate testing techniques, (one-way ANOVA, ¢-tests, simple linear
regression), were used to assess the differences or relationships between each individual
independent variable and each control variable. A multivariate model was produced to
determine if the differences or relationships between the significant control variables and

each respective independent variable remained significant when analyzed together.
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RQ 1.2 What categories of objective sleep duration (adequate, inadequate, and
excessive) and sleep efficiency (good and poor) are present in adolescents ages 16 to 18
years who participated in the CCSHS?

The objective and subjective sleep duration and sleep efficiency data were
categorized into adequate, inadequate, or excessive sleep duration and good or poor sleep
efficiency, respectively. These categories were determined by guidelines from the
National Sleep Foundation (Ohayon et al., 2017). The frequencies and proportions of the

categorical sleep variables were determined to describe the sample.

Aim 2: Describe blood pressure and abdominal adiposity in adolescents ages 16 to

18 years who participated in the CCSHS

RQ 2.1 What is the mean, standard deviation, median, and range of waist circumference
(WC) percentile in adolescents ages 16 to 18 years who participated in the CCSHS?
Descriptive statistics for WC percentiles were calculated to determine the mean,
standard deviation, median, and range for abdominal adiposity. In addition, univariate
testing, as previously described, was used to determine the relationships between WC
percentile and each control variable. A multivariate model was used to determine if the
differences and relationships found between the control variables and WC percentiles

were significant when analyzed together.
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RQ 2.2 What is the mean, median, standard deviation, and range of waist-to-height ratio
(WHtR) in adolescents ages 16 to 18 years who participated in the CCSHS?

Mean, standard deviation, median, and range of WHtR were calculated to
describe the sample. Next, univariate statistical techniques were used to determine the
differences and correlations between WHtR and each control variable. A multivariate
model was produced to determine if the differences and relationships between WHtR and

significant control variables persisted after examining them together.

RQ 2.3 What categories of abdominal adiposity (not excess or excess), measured by
waist circumference percentiles and waist-to-height ratio, are present in adolescents
ages 16 to 18 years who participated in CCSHS?

The WC percentiles (0.70 cutoff) and WHtR (0.50 cutoff) were recoded into
categories of not excess or excess abdominal adiposity. The categorical variables were
used to describe the frequency and percentage of participants not having excess or having

excess abdominal adiposity in this population.

RQ 2.4 What is the mean, standard deviation, median, and range of SBP and DBP of
adolescents ages 16 to 18 years who participated in the CCSHS?

The mean, standard deviation, median, and range for SBP and DBP were
calculated to describe the sample. Univariate analyses were conducted to determine the
differences and relationships between SBP and DBP with each control variable. Multiple
linear models were developed to determine if the relationship between the significant

control variables and SBP and DBP individually remained when analyzed together.
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RQ 2.5 What categories of SBP and DBP (i.e., normotensive, elevated BP, stage 1
hypertension, stage 2 hypertension) are evident in adolescents ages 16 to 18 years who
participated in the CCSHS?

In addition to the continuous variables of SBP and DBP percentiles, the data were
recoded into BP status (normotensive, elevated BP, hypertension [stage 1 and stage 2])
according to the pediatric guidelines published in 2017 (Flynn et al., 2017; Riley et al.,
2018). These categorical variables were used to describe the frequency and proportions of

the BP categories present in this sample.

Aim 3: Determine the influence of objective and subjective sleep duration and sleep
efficiency on abdominal adiposity and BP in adolescents ages 16 to 18 years who
participated in the CCSHS, controlling for age, race, ethnicity, assigned sex, and

BMI percentiles

RQ 3.1 What is the influence of objective sleep duration, subjective sleep duration, and
sleep efficiency on abdominal adiposity in adolescents ages 16 to 18 years who
participated in the CCSHS, controlling for age, race, ethnicity, assigned sex, and BMI
percentiles?

Simple linear regressions were conducted to determine how much of the variance
in abdominal adiposity, measured by WC percentile and WHtR individually, was
influenced by objective sleep duration, subjective sleep duration, and sleep efficiency.

Hierarchical multiple linear regressions were conducted to determine how much of the
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variance in the dependent variables was due to the independent variables when
controlling for other associated variables found during Aims 1 and 2.

RQ 3.2 What is the influence of objective sleep duration, subjective sleep duration, and
sleep efficiency on BP in adolescents ages 16 to 18 years who participated in the CCSHS,
controlling for age, race, ethnicity, assigned sex, and BMI percentiles?

To determine how much of the variance in SBP and DBP was influenced by the
independent variables, simple linear regressions were conducted. Next, hierarchical
multiple linear regression techniques were used to determine the variance in the
dependent variables attributed to the independent variables when controlling for other

associated variables determined during Aims 1 and 2.

Chapter Summary

In this chapter, the methodology for this predictive study using secondary data
was discussed. The data for this secondary analysis were extracted from the third stage of
the Cleveland Children’s Sleep and Health Study. The original researchers measured
objective sleep duration and sleep efficiency with actigraphy. Subjective sleep duration
was collected from the mean self-reported sleep time recorded in sleep diaries while
participants wore actigraphy devices. A trained nurse collected anthropometrics and BP
at the clinic visit to measure abdominal adiposity and BP. Participants over 18 signed
informed consent, and participants under 18 gave assent after their parents completed
informed consent. The data analysis includes descriptive statistics, inferential analysis,
and effect size calculation to describe the sample and address the study’s research

questions.
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CHAPTER 4
FINDINGS
The purpose of this study was to examine the influence of sleep duration and
sleep efficiency on abdominal adiposity and blood pressure in adolescents ages 16 to 18
years. The primary aim of this study was to determine how much variance in abdominal
adiposity and blood pressure, respectively, was due to sleep duration or sleep efficiency
when controlling for associated control variables. This chapter describes sample

demographics and findings in relation to the study variables and research questions.

Sample and Setting

Eligible cases were selected from the National Sleep Research Resource Database
from the third cohort of the Cleveland Children’s Sleep and Health Study (N =517)
(Figure 5). There was a final sample of 297 adolescents after excluding 220 cases based
on the following exclusion criteria: greater or equal to 19 years old (n = 2), obstructive
sleep apnea (OSA) with an apnea-hypopnea index of greater than 5 (n =19), no AHI data
(n=2), no actigraphy (n = 67), less than 5 days actigraphy (n = 128), no waist
assessments (n = 1), and no sleep diary data (» = 1). Challenges with actigraphy were the

primary causes of exclusion of cases from the study.

73



Figure 5

Attrition Rates

Demographics

Extracted demographic data included participant age, race, ethnicity, assigned
sex, and BMI percentiles. Participants were between the ages of 16.1 and 18.9 years with
a mean age of 17.7+0.4 (Table 1). Most of the participants were White (63.3%), non-
Hispanic (96.0%), and females (55.6%). On average and for the majority, the participants
had normal BMI percentiles (64.1+ 27.4, 67.7%). In the cases included, there was a mean
of 6+1 days of actigraphy data, with 51.9% having 5 days of actigraphy and only 8.8%

having a week of data. Based on the inclusion criteria of an AHI of less than 5, the
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participants had a mean AHI of 0.90+ 0.98.
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Table 1

Descriptive Statistics (N = 297)

Variable n (%) Mean (SD) Median (Range)
Age (years) 17.7 (0.4) 17.7 (16.1 - 18.9)
Race
White 188 (63.3)
Black 97 (32.7)
Other 12 (4.0)
Ethnicity
Hispanic 12 (4)
Not Hispanic 285 (96)
Assigned sex
Female 165 (55.6)
Male 132 (44.4)
BMI percentiles 64.1 (27.4) 67.0(0.3-99.7)
Underweight 3(1.0)
Normal weight 201 (67.7)
Overweight 42 (14.1)
Obese 51(17.2)
AHI 0.90 (0.98) 0.57 (0—4.8)
Days of actigraphy 6 (1) 55-9

Analysis of Research Questions

Cases for the study variables were extracted from demographic, actigraphy, sleep
diaries, blood pressure, and anthropometric data collected by the original investigators. In
the following section, the analysis of the research questions will be discussed. The
section will also include a discussion of the descriptive data for the study’s independent
and dependent variables (sleep duration, sleep efficiency, abdominal adiposity, and blood
pressure), as a response to Aims 1 (RQ 1.1 —1.2) and 2 (RQ 2.1 —2.5). Cohen’s (1988)
definitions for effect sizes along with 95% confidence interval were used to further

describe the results. Relationships were statistically significant if the p-value was less
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than 0.05. Clinically meaningful relationships for BP were indicated by a reduction of at
least 2 mmHg in SBP or DBP (Mozaffarian et al., 2015). However, guidelines for
clinically meaningful changes in abdominal adiposity have not been developed due to the
absence of internationally acceptable cutoffs for WC percentiles and lack of exploration

of the impact of WHtR (Bluher et al., 2013).

RQ 1.1 What is the mean, standard deviation, median, and range of subjective sleep
duration, objective sleep duration, and sleep efficiency of adolescents ages 16 to 18

years who participated in the CCSHS?

Summary of Sleep Variables

In this sample, the average objective sleep duration measured by actigraphy
ranged from 4.7 to 10.8 hours (median 7.6) with a mean of 7.6 £ 1.0 hours (Table 2).
Based on the average subjective sleep duration, measured by self-reported sleep diaries,
participants slept a median of 8.3 hours with a range of 4.0 to 13.9 hours and a mean of
8.4 + 1.4 hours. Sleep efficiency for this sample ranged from 78.2% to 99.8% with a
median of 97% and a mean of 96.0 + 3.4 percent. Therefore, on average, this sample had
inadequate objective sleep duration, adequate subjective sleep duration, and good sleep

efficiency.
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Table 2

Descriptive Statistics for Sleep Variables

Variable N (%) Mean (SD) Median (Range)

Objective sleep duration (hours) 7.6 (1.0) 7.6 (4.7 -10.8)
Inadequate 187 (63.0)
Adequate 107 (36.0)
Excessive 3 (1.0)

Subjective sleep duration (hours) 8.4 (1.4) 8.3(4.0-13.9)
Inadequate 104 (35.0)
Adequate 168 (56.6)
Excessive 25 (8.4)

Sleep Efficiency (%) 96.0 (3.4) 97 (78.2-99.8)
Poor 5(1.7)
Good 292 (98.3)

Subgroup Analysis

Objective Sleep Duration. There was a significant difference in objective sleep
duration based on race (F2, 204= 8.889, p < 0.001). According to Cohen’s (1988)
parameters for effect sizes, the relationship had a small-medium effect size (n> = 0.057,
95% CI1[0.014, 0.111]). Post hoc tests revealed that the differences in race with objective
sleep duration were only noted when comparing White adolescents’ sleep duration to that
of Black adolescents (mean difference = 0.499 hours, 95% CI [0.217 hours, 0.782 hours];
p <0.001). White adolescents had a higher objective sleep duration than those who were
Black. There was also a significant difference in objective sleep duration based on
assigned sex (t2gs = 2.489, p = 0.013). Females had a higher objective sleep duration

compared to males (mean difference = 0.281 hours, 95% CI [0.059 hours, 0.503 hours]).
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Differences in assigned sex and race remained significant when examined during a

multiple linear regression.

Subjective Sleep Duration. There were no statistically significant differences
with race, ethnicity, or assigned sex when examining subjective sleep duration. Also, age
and BMI percentiles did not have any significant relationships with subjective sleep

duration.

Sleep Efficiency. There were significant differences in race (F2204 = 17.248, p <
0.001) and assigned sex (t2g2 = 2.615, p = 0.009) when exploring sleep efficiency. Race
had a medium to large effect on sleep efficiency (n>= 0.105, 95% CI[0.045, 0.170]).
Similar to objective sleep duration, the differences in race when exploring sleep
efficiency were only present when comparing Black adolescents to White adolescents
(mean difference = -2.353%, 95% CI [-1.4%, 1.3%]). White participants had the highest
and Black participants had the lowest sleep efficiency. Assigned sex had a small effect on
sleep efficiency. Males had poorer sleep efficiency than females (mean difference =
1.024%, 95% CI1[0.3%, 1.8%]). Also, BMI percentiles had a significant, negative
correlation with sleep efficiency, which had a small effect size (r =-0.138, 95% CI [ -
0.248, -0.25]); p = 0.017). Therefore, BMI percentiles decreased as sleep efficiency
increased. Relationships between assigned sex, race, and BMI percentiles when assessing

sleep efficiency remained significant when analyzed in a multiple linear regression.
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RQ 1.2 What categories of objective sleep duration (adequate, inadequate, and
excessive) and sleep efficiency (good and poor) are present in adolescents ages 16 to
18 years who participated in the CCSHS?

The adolescents in this sample had inadequate objective sleep duration (63.0%),
adequate subjective sleep duration (56.6%), and good sleep efficiency (98.3%) (Table 2).
Few participants had excessive objective (n = 3) and subjective (n = 25) sleep duration.
Furthermore, few participants had poor sleep efficiency (n = 25). In addition, there were
more participants who were considered to have inadequate sleep duration measured by
actigraphy (n = 187) compared to sleep diaries (n = 104). In contrast, more participants
reported adequate subjective sleep duration (n = 168) compared to what was captured

with actigraphy for objective sleep duration (n = 107).

RQ 2.1 What is the mean, standard deviation, median, and range of waist
circumference (WC) percentiles in adolescents ages 16 to 18 years who participated
in the CCSHS?

The mean and standard deviation for the participants’ waist circumference
percentiles were 41.5 + 30.2, which is normal abdominal adiposity (Table 3). The range
was from 0.1 to 97.9, with a mean of 37.9. There was a significant difference between
males and females when exploring WC percentiles (t295 = -6.207, p < 0.001; mean
difference = -20.2, 95% CI [- 26.7, -13.6]). On average, males had higher WC percentiles
compared to females. Also, BMI percentiles were found to have a large, positive
correlation with WC (r = 0.787, 95% CI [ 0.740, 0.827]; p <0.001). The higher the BMI

percentile, the higher the WC. There were no other significant relationships. Both
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assigned sex and BMI percentiles remained significant predictors of WC percentile when

examined via a multiple linear regression.

Table 3

Descriptive Statistics for Abdominal Adiposity

Variable N (%) Mean (SD) Median (Range)
WC percentiles 41.5 (30.2) (37.9)0.1-97.9
Not excess abdominal adiposity 229 (77.1)
Excess abdominal adiposity 68 (22.9)
WHtR 0.45 (0.07) (0.4)0.4-0.8
Not excess abdominal adiposity 237 (79.8)
Excess abdominal adiposity 60 (20.2)

RQ 2.2 What is the mean, standard deviation, median, and range of waist-to-height
ratio (WHtR) in adolescents ages 16 to 18 years who participated in the CCSHS?
The average WHtR for this sample was 0.45 £+ 0.07, with a range of 0.4 to 0.8 and
a median of 0.4, which is not considered excess abdominal adiposity. Bivariate analysis
suggested that only BMI percentiles had a significant correlation with WHtR (r = 0.752,
95% CI1[0.698, 0.798]; p < 0.001). The relationship was large and positive, which means

that WHtR increased as BMI percentiles increased.

RQ 2.3 What categories of abdominal adiposity (not excess or excess), measured by

waist circumference percentiles and waist-to-height ratio, are present in adolescents

ages 16 to 18 years who participated in CCSHS?
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Most of this sample did not have excess abdominal adiposity measured by WC
percentiles (77.1%) or WHtR (79.8%). Of the 24.3% of adolescents with excess
abdominal adiposity, 5.4% had excess adiposity based on one measure, and 18.9% had
excess abdominal adiposity on more than one measure. Eight more participants were
categorized by WC percentiles versus WHtR, which may mean that WC percentiles are a

more sensitive measure of abdominal adiposity (Table 3).

RQ 2.4 What is the mean, standard deviation, median, and range of systolic and

diastolic BP of adolescents ages 16 to 18 years who participated in the CCSHS?

Summary of Blood Pressure Variables
In this sample, the mean SBP was 115 £ 10 mmHg, and the mean DBP was 64 +
9 mmHg, which are both considered normotensive. The range for SBP was 90 to 160

mmHg (114 median) and 39 to 91 mmHg for DBP (64 median).

Subset Analysis

Systolic Blood Pressure. There were differences in systolic blood pressure based
on assigned sex (t2g7 = -7.80, p <0.001). The mean difference between assigned sex was -
7.8 mmHg (95% CI [0.1 mmHg, 0.33 mmHg]). Males had the highest mean SBP (118.8
+ 8.4 mmHg). Also, BMI percentiles had a significant, positive relationship with SBP
and a small to medium effect size (» = 0.223, 95% CI [0.112, 0.329]); p <0.001).

Therefore, as BMI percentiles increased, so did SBP. There were no other relationships
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with SBP. The relationships between BMI percentiles and assigned sex with SBP

remained significant after completing a multiple linear regression.

Diastolic Blood Pressure. There was a difference in DBP between females and
males (t2os = -2.188, p = 0.029). The mean difference in assigned sex was — 2.2 mmHg
(95% CI [-4.lmmHg, -0.2 mmHg]). Males had the highest mean DBP (65.2 £+ 9.4

mmHg). No other factors were found to have significant relationships with DBP.

RQ 2.5 What categories of SBP and DBP (i.e., normotensive, elevated BP, stage 1
hypertension, stage 2 hypertension) are evident in adolescents ages 16 to 18 years
who participated in the CCSHS?

The majority of this sample had a normotensive DBP (96.6%) and SBP (72.4%)
(Table 4). Only 4.4% and 0.3% of the participants had HTN as measured by SBP and
DBP, respectively. Therefore, on average, this sample was homogenous, with a majority

having a normal BP measured by both SBP and DBP.

Table 4

Descriptive Statistics for Blood Pressure

Variable N (%) Mean (SD) Median (Range)
SBP (mmHg) 115 (10) 114 (90 — 160)
Normal 215 (72.4)
Elevated BP 69 (23.2)
Stage 1 11 (3.7)
Stage 2 2(0.7)
DBP (mmHg) 64 (9) 64 (39-91)
Normal 287 (96.6)
Elevated BP 9(3)
HTN 3(0.3)
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RQ 3.1 What is the influence of objective sleep duration, subjective sleep duration,
and sleep efficiency on abdominal adiposity in adolescents ages 16 to 18 years who
participated in the CCSHS, controlling for age, race, ethnicity, assigned sex, and
BMI percentiles?

Sleep efficiency had a negative correlation with WHtR (r = -0.147, 95% CI [-
0.257,-0.034]; p =0.011). This relationship had a small effect size. Therefore, in this
sample, as sleep efficiency decreased, WHtR increased. The other relationships between
the sleep variables and abdominal adiposity measures were not significant (Table 5).
Sleep efficiency no longer had a significant relationship with WHtR when controlling for
race, assigned sex, and BMI percentiles (f = -0.046, p = 0.268) (Table 6). This sample
did not allow for age and ethnicity to be included in these models due to their lack of
variability and sample size, respectively. Sleep efficiency, race, assigned sex, and BMI
percentiles accounted for over 56% of the variance in WHtR. After including sleep
efficiency in the model, the variance did not change. Therefore, sleep efficiency did not

account for any of the variance with WHtR in this model.
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Table 5

Correlation Matrix for Abdominal Adiposity and Sleep Variables

Pearson’s r (95% CI)
1 2 3 4 5
1.0bjective Sleep Duration 1
2.Subjective Sleep Duration 0.317* 1
(0.211,
0.416)
3.Sleep Efficiency 0.195* -0.100 1
(0.083, (-0.211,
0.302) 0.014)
4.WC Percentiles -0.094 -0.029 -0.113%* 1
(-0.206, (-0.142, (-0.223,
0.020) 0.085) -0.001)
5.WHtR -0.082 -0.022 -0.147* 0.855* 1
(-0.194, (-0.135, (-0.257, (0.821,
0.032) 0.092) -0.034) 0.883)

p < 0.05
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Table 6

Hierarchical Multiple Linear Regression Between Sleep Efficiency and WHtR

Model

Constant
Other
Black
White —
Reference
Female
Male —
Reference
BMI
Percentiles

Constant
Sleep
Efficiency
Other
Black
White —
Reference
Female
Male —
Reference
BMI
Percentiles

Unstandardized
B

0.334
-0.005
0.001

0.002

0.002

0.424
-0.001

- 0.006
-0.001

0.001

0.002

Standard Beta

Error Coefficient
Model 1

0.007

0.013 -0.015

0.006 0.005

0.005 0.018

0.000 0.752
Model 2

0.082

0.001 -0.046

0.013 -0.018

0.006 -0.010

0.005 0.011

0.000 0.746

Sig.

<0.001
0.705
0.895

0.643

<0.001

<0.001
0.268

0.640
0.814

0.784

<0.001

Note. Model 1: Adjusted R? = 0.561; Model 2: Adjusted R* = 0.561

95% CI for B

[0.319, 0.348]
[-0.031, 0.021]
[-0.010,0.012]

[-0.008, 0.013]

[0.002, 0.002]

[0.263, 0.585]
[-0.003, 0.001]

[-0.033, 0.020]
[-0.013,0.010]

[-0.009, 0.012]

[0.002, 0.001]

RQ 3.2 What is the influence of objective sleep duration, subjective sleep duration,

and sleep efficiency on BP in adolescents ages 16 to 18 years who participated in the

CCSHS, controlling for age, race, ethnicity, assigned sex, and BMI percentiles?

Sleep efficiency had a significant, negative relationship with SBP (» =-0.210, p <

0.001). This relationship also had a small-medium effect size (95% CI [-0.316, 0.098]).

In this sample, as sleep efficiency decreased, SBP increased. No other relationships

between the sleep and BP variables were significant (Table 7). The relationship between

sleep efficiency and SBP was no longer significant or clinically meaningful after
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controlling for sleep efficiency, assigned sex, race, and BMI percentiles (f =-0.106, p =
0.057) with a small-medium effect size (+*= 0.218; 95% CI[0.034, 0.105]) (Table 8).
This sample did not allow for age and ethnicity to be included in these models due to
their lack of variability and sample size, respectively. Over 21% of the variance in SBP
was explained by assigned sex, race, and BMI percentiles. Adding sleep efficiency to the
model only increased the variance by 0.7%. Therefore, most of the variance in SBP was

explained by the control variables but not by sleep efficiency.

Table 7

Correlation Matrix for Blood Pressure and Sleep Variables

Pearson’s r (95% CI)

1 2 3 4 5
1. Objective sleep duration 1
2. Subjective sleep duration 0.317* 1
(0.211,
0.416)
3. Sleep efficiency 0.195* -0.100 1

(0.083,  (-0.211,
0.302) 0.014)

4. SBP -0.107 0.094 -0.210* 1
(-0.218,  (-0.020,  (-0.316,
0.007) 0.206) -0.098)

5. DBP -0.110 -0.069 0.024  0.458% 1

(-0.221,  (-0.182,  (-0.138,  (0.363,
0.004) 0.045) 0.090)  0.543)

p < 0.05
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Table 8

Hierarchical Multiple Linear Regression Between Sleep Efficiency and SBP

Model

Constant
Other
Black
White —
Reference
Female
Male —
Reference
BMI
percentiles

Constant

Sleep
Efficiency
Other
Black
White —
Reference
Female
Male —
Reference
BMI
percentiles

Unstandardi
zed B

105.629
0.130
1.846

7.779

0.074

134.889

-0.298

-0.260
1.153

7.465

0.070

Standard Beta
Error Coefficient
Model 1
1.363
0.003 2.523
0.091 1.061
0.406 0.990
0.213 0.018
Model 2
15.402
-0.106 0.156
-0.005 2.520
0.057 1.117
0.390 0.999
0.018 0.018

Sig.

<0.001
0.959
0.083

<0.001

<0.001

<0.001
0.057

0.918
0.406

<0.001

<0.001

95% CI for B

[102.947,108.312]
[-4.835, 5.095]
[-0.242, 0.934]

[5.831,9.727]

[0.039, 0.110]

[104.575,
165.204]
[-0.606, 0.010]

[-5.219, 4.699]
[-1.045, 3.352]

[5.499, 9.431]

[-0.606, 0.010]

Note. Model 1: Adjusted R=0.211; Model 2: Adjusted R° = 0.218

Chapter Summary

In this chapter, the findings from the data analysis were included. P-values, effect

sizes, and confidence intervals were calculated. This sample included 297 adolescents

who were a mean age of over 17, and the majority of whom were females, White, non-

Hispanic, with normal BMI percentiles. On average, the participants had inadequate

objective sleep duration, adequate subjective sleep duration, and good sleep efficiency.
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Objective sleep duration had a relationship with race and assigned sex. Subjective sleep
duration did not have any relationships with the control variables. Sleep efficiency had a

significant relationship with BMI percentiles, race, and assigned sex.

This sample also had a mean SBP and DBP that reflected normal blood pressure.
There were differences in SBP and DBP based on assigned sex. SBP also had a positive
relationship with BMI percentiles. For abdominal adiposity, measured by both WHtR and
WC percentiles, on average the participants did not have excess abdominal adiposity.
Body mass index percentiles were also associated with both WC percentiles and WHtR.

There were differences between females and males when assessing WC percentiles.

When examining the relationships between the independent and dependent
variables, the only significant relationships occurred between sleep efficiency and SBP
and between sleep efficiency and WHtR. Sleep efficiency had a small effect on and a
negative relationship with SBP that did not remain after controlling for race, sex assigned
at birth, and BMI percentiles. As sleep efficiency decreased, SBP increased. Sleep
efficiency also had a negative association with WHtR; as sleep efficiency decreased,
WHIR increased. This relationship had a small effect size and did not remain after

controlling for race, assigned sex, and BMI percentiles.
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CHAPTER 5
DISCUSSION
The purpose of this correlational, secondary data analysis was to explore the

influence of sleep duration and sleep efficiency on abdominal adiposity and blood
pressure in adolescents ages 16 to 18 years. In this chapter a discussion of the study’s
findings, which includes the sample, setting, demographics, study variables, and
relationships among the research questions, is included. This chapter also describes study
limitations, implications for practice and policy, and recommendations for future

research.

Sample, Setting, and Demographics

In this study, 297 cases were included, which is comparable to previous studies
examining the relationships among sleep duration, sleep efficiency, abdominal adiposity,
and blood pressure in adolescents (Javaheri et al., 2008; Mezick et al., 2012). However,
there were studies that had larger sample sizes ranging from 489 to 4,104 (Cespedes
Feliciano et al., 2018; Narang et al., 2012; Paciencia et al., 2016; Shaikh et al., 2010;
Skidmore et al., 2013). Larger sample sizes can allow for examining associations.
However, studies with larger sample sizes may not include data on objective sleep
measures, such as actigraphy or PSG, due to expense. The setting for the parent study

was in the midwestern U.S. (Ohio), a similar setting to that of the study conducted by
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Javaheri and colleagues (2008), which included the current study participants at younger
ages. Furthermore, few studies have focused on these variables within the U.S. (Cespedes
Feliciano et al., 2018; Javaheri et al., 2008; Meininger et al., 2014). Other studies on
these variables were conducted in Canada, China, Australia, India, New Zealand, and
Portugal (Guo et al., 2011; McNeil et al., 2015; Narang et al., 2012; Shaikh et al., 2010;
Short et al., 2012; Skidmore et al., 2013). Demographics can be different based on the
country and the part of each country, especially in the U.S.; geographical, cultural, and
environmental differences in the U.S. could impact sleep differently than in other
countries. Therefore, there is a need for studies based in the United States, and this study

adds to the literature in that area.

This sample included late adolescents ages 16 to 18 years; however, most of the
participants were around age 17 (mean age 17.7+0.4). Previous research addressing the
study variables during late adolescence (ages 16-18) had a mean age of 16 years (Al-
Hazzaa, 2014; Brandalize et al., 2011; Javaheri et al., 2008), and few studies included
participants over the age of 17 (Al-Hazzaa et al., 2012; Guo et al., 2011; Shaikh et al.,
2010; Short et al., 2012). Studies that included but did not separate or focus on late
adolescents tended to also include participants from the school-aged population (ages 6-
12) and early adolescence (ages 13-15) (Azadbakht et al., 2013; Brandalize et al., 2011).
Including several developmental groups in one study without separate analysis for each
group impacts the ability to determine the effect of specific developmental periods on the

relationships.

Evidence suggests that older adolescents, usually 16 to 18 years of age, have the

highest prevalence of inadequate sleep duration (Wheaton et al., 2018). Also, the instance
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of excess abdominal adiposity and elevated blood pressure increases with age, with the
highest prevalence in late adolescence (Hardy et al., 2021; Muntner et al., 2004; Wells et
al., 2008). Furthermore, older adolescents tend to have more autonomy than younger
children in developing their daily schedules, including bedtime and evening activities,
which can impact their sleep duration and sleep efficiency (Laberge et al., 2001). In this
study, only older adolescents were included to determine the influence of sleep duration

and sleep efficiency on abdominal adiposity and blood pressure in late adolescence.

Most of the participants in this sample were female. The initial database before
exclusion criteria were applied included a more even sample of males and females;
however, more male cases were excluded, due to issues with actigraphy data; an AHI of
> 5, which is indicative of OSA; or a lack of anthropometric data. Prior studies focusing
on sleep duration, sleep efficiency, blood pressure, and abdominal adiposity in
adolescents tend to have a higher percentage of males or a more equal distribution of
participants across assigned sex (Cespedes Feliciano et al., 2018; Narang et al., 2012;
Short et al., 2012; Skidmore et al., 2013). Furthermore, evidence suggests that some
relationships between sleep duration and abdominal adiposity and between sleep duration
and blood pressure were only noted in males (Guo et al., 2011; Paciencia et al., 2016;
Skidmore et al., 2013). Therefore, with the preponderance of female cases, it is possible

that some relationships were not identified because they are more prominent in males.

This sample had a higher percentage of White participants, which was nationally
representative (51% of U.S. adolescents are white) (Office of Population Affairs [OPA],
n.d.). However, this sample had more Black participants (32.7%) than the national

average of 14% (OPA, n.d.). It is difficult to compare these findings to other studies;
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studies based in other countries did not capture race because those study settings did not
have the racial diversity found in the U.S. In the few studies conducted within the U.S.,
there was a higher prevalence of White participants in two studies (Cespedes Feliciano et
al., 2018; Javaheri et al., 2008). However, one study included a higher percentage of
ethnic and racial minorities (e.g., Hispanic, Black) (Countryman et al., 2013). Mezick and
colleagues (2012) included a somewhat equal proportion of Black and White adolescents
since they wanted to assess racial differences; yet there tended to be a higher prevalence

of Black adolescents.

In addition to somewhat disproportionate representation in sex and race, there was
a higher prevalence of non-Hispanic participants in this study. However, due to there
being such a high percentage of participants who were non-Hispanic (96%), the
differences in the independent and dependent variables based on ethnicity could not be
analyzed. The concept of Hispanic or not Hispanic as a measure of ethnicity is more
central to the U.S. However, few studies within the U.S. examined ethnicity while
exploring the relationships among sleep duration, sleep efficiency, abdominal adiposity,
and BP. Those few studies revealed a higher prevalence of non-Hispanic participants

(Cespedes Feliciano et al., 2018; Meininger et al., 2014).

The average BMI percentile for this study was 64.1, which is considered normal
weight. The prevalence of obesity in this population was 17.2%, which is less than the
national prevalence of 20.6% for adolescents 12 to 19 years from 2015 to 2018, based on
National Health and Nutrition Examination Survey (NHANES) data (Sanyaolu et al.,
2019). This sample overall was cardiometabolically healthy; therefore, it is not surprising

that there were few adolescents considered obese by BMI. Also, it is notable that the
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findings suggest that more participants had excess abdominal adiposity, considered
obesity (WC percentiles — 22.9%; WHtR — 20.2%), than those categorized as obese by
BMI percentiles (17.2%). This finding is similar to those by Solanki and colleagues
(2020), who found a higher prevalence of excess abdominal adiposity in late adolescents

who had a normal BMI.

Study Variables

Sleep Duration

Both objective and subjective sleep duration were included in this study; these
variables were also addressed in studies by Cespedes Feliciano et al. (2018) and Short et
al. (2012). Subjective sleep duration is often overestimated, so measuring objective sleep
duration can help confirm amount of sleep (Quist et al., 2016; Short et al., 2012). On
average, the sample in this study had inadequate objective sleep duration, a finding also
noted in other studies in the late adolescent population (Mezick et al., 2012; Short et al.,
2012). However, few studies focus specifically on late adolescence. Many studies (Au et
al., 2014; Felden et al., 2016; Seo & Shim, 2019; Sung et al., 2008; 2011; Yu et al., 2007)
tend to include school-aged children and adolescents, two developmental groups with
different parameters for inadequate sleep duration (adolescents less than 8 hours, school-
aged children less than 9 hours). It is easy to underestimate or overestimate inadequate
sleep duration when examining two developmental groups together. Therefore, in this
study, focus only on late adolescence allowed the exact parameters for sleep duration to

be assessed.
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The average objective sleep duration for this sample was a little over 7 hours,
which is considered inadequate sleep duration and is congruent with other studies that
examined sleep duration (Cespedes Feliciano et al., 2018; Short et al., 2012). For
subjective duration, the average was slightly over 8 hours, which is considered adequate
sleep duration. Previous studies also reported an adequate subjective sleep duration of
slightly over 8 hours in adolescents (Narang et al., 2012; Paciencia et al., 2016; Short et
al., 2012). However, some studies have reported subjective sleep durations slightly over 7
hours, which would be considered inadequate sleep duration (Al-Hazzaa et al., 2012).
The participants in this study tended to report a higher subjective sleep duration versus
the objective sleep duration obtained by actigraphy. Short and colleagues (2012)
presented similar findings when they compared subjective and objective sleep duration
measured via sleep diaries and actigraphy, respectively. Thus, it is important to capture
objective and subjective sleep duration because the two measures tend to differ (Short et
al., 2012). One measure could show adequate sleep duration when the participant actually
had inadequate sleep duration. These differences are typically due to adolescents not
being aware of what time they actually fall to sleep or not recalling nighttime

awakenings, which can shorten the objective sleep duration (Quist et al., 2016).

Sleep Efficiency

The participants in this sample on average had a sleep efficiency of 96%, which is
good sleep efficiency (greater than or equal to 85%). This is different than the few studies
(Cespedes Feliciano et al., 2018; Mezick et al., 2012) that found a lower sleep efficiency.

Javaheri and colleagues (2008) found a similar sleep efficiency in a younger cohort of the
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participants used in this sample. There are limited studies that measure sleep efficiency in
the pediatric population, perhaps because of the decreased access to actigraphy and PSG
needed to measure sleep efficiency. Thus, it is difficult to compare these findings with

those of other studies.

Blood Pressure

The average SBP for this sample was 115 mmHg (less than 120 is normotensive),
and the average DBP was 64 mmHg (less than 80 is normotensive). These findings were
slightly higher than the national average for 13- to 17-year-olds based on the NHANES
(SBP - 108.4; DBP — 60.8) data from 2015-2018 (Hardy et al., 2021). Although the mean
BP for the NHANES data and this current study are considered normotensive, the
average SBP for this population is closer to the parameters for elevated BP (120 mmHg).
The NHANES data found that over 8% of adolescents ages 13 to 17 had elevated BP,
which was less than the 23% of participants with elevated SBP and higher than the 3% of
the participants who had elevated DBP in this study. However, the NHANES data did not

separate the BP findings by SBP and DBP.

In comparison to studies that examined the relationships among sleep duration,
sleep efficiency, and BP, the mean SBP for this current study was similar (Paciencia et
al., 2016; Shaikh et al., 2010). Paciencia and others (2016) reported a comparable DBP as
the current study. However, other studies found a higher average DBP that was still

qualified as normotensive (Mezick et al., 2012; Shaikh et al., 2010). In this sample, our
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participants on average had normotensive SBP and DBP, which is consistent with

previous studies in this population (Mezick et al., 2012; Shaikh et al., 2010).

Abdominal Adiposity

In this sample, most participants did not have excess abdominal adiposity as
measured by WC percentiles or WHtR. The mean WC percentile was the 41 percentile,
(70™ percentile is excess), and the mean WHIR was 0.45 (0.50 is excess). These findings
are comparable to those of previous studies that reported most participants did not have
excess WC (Cespedes Feliciano et al., 2018; Narang et al., 2012; Shaikh et al., 2010) or

excess WHtR (Al-Hazzaa et al., 2012).

Studies that capture WC percentile (Cespedes Feliciano et al., 2018; Narang et
al., 2012; Shaikh et al., 2010) tend to categorize the findings into less than or greater than
certain percentile ranges or only report the raw waist reading in centimeters. A systematic
review of excess abdominal adiposity in adolescents revealed that there are differences in
the prevalence of excess abdominal adiposity based on geographic location, cutoff points,
and measurements (de Moraes et al., 2011). For instance, NHANES data had a cutoff of
the 90" percentile; however, evidence suggests that excess abdominal adiposity can be
present at the 70" percentile. The NHANES data, considered representative of the United
States, showed that between 2011 and 2012, 18.78% of adolescents ages 12 to 18 had
excess abdominal adiposity measured by a WC greater than or equal to the 90™ percentile
(Xietal., 2014). However, 35.59% of the NHANES participants had excess abdominal

adiposity measured by a WHtR greater than or equal to 0.5 (Xi et al., 2014). Since data
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for the current study were collected around the time of the NHANES data, this sample
had higher excess WC percentiles and lower excess WHtR compared to the national
averages. Furthermore, the NHANES findings contradict those from this study indicating
that WC percentile categorized more participants as having excess abdominal adiposity

compared to WHtR (WC percentiles — 22.9%; WHtR — 20.2%)).

Relationships Among the Research Questions

Control Variables

As predicted, race, assigned sex, and BMI percentiles were associated with
different primary variables and should still be considered as control variables in future
studies. However, they were not associated with every variable. Race was only associated
with objective sleep duration and sleep efficiency. Black adolescents had lower objective
sleep duration and poorer sleep efficiency than White adolescents. These findings are
similar to those found in a literature review by Guglielmo and colleagues (2018).
Specifically, Rao and colleagues (2009) found that Black adolescents had a higher
prevalence of poor sleep efficiency compared to those who were White. Several studies
found racial differences when assessing sleep duration (Basch et al., 2014; Eaton et al.,
2010; Keyes et al., 2015; Maslowsky et al., 2014; Matthews et al., 2014). Overall, White

adolescents had a longer sleep duration than Black adolescents (Guglielmo et al., 2018).

Assigned sex was associated with objective sleep duration, sleep efficiency, SBP,
DBP, and WC percentiles. In the current study, females had a higher objective sleep

duration and sleep efficiency, and males had higher SBP, DBP, and WC percentiles.
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Evidence suggests that objective sleep duration is higher in male adolescents than
females, which contradicts the findings of this study (Guedes et al., 2016). Conversely,
Matthews and others (2014) found that males had a lower objective sleep duration than
females, which is similar to results found in the current study. A study in young adults
(ages 18-30 years) found that females had a better sleep efficiency than males, which is
consistent with the findings in the current study (Goel et al., 2005). Wang and colleagues
(2006) found that males had higher SBP and DBP in a 15-year longitudinal study,
supporting the current study’s findings. In relation to WC percentiles, females have lower

abdominal adiposity than males (Kuk & Lee, 2019; Lee et al., 2008).

In this study, BMI percentiles were associated with sleep efficiency, SBP, WC
percentiles, and WHtR. Sleep efficiency had a negative correlation with BMI percentiles,
and the relationship had a small effect size. These findings were similar to those found by
Bagley and El-Sheikh (2013), who found a negative relationship between sleep efficiency
and BMI in school-aged children. Also, in young adults (21-35 years old), there was a
negative relationship between sleep efficiency and BMI percentiles (McMahon et al.,
2019). In the current study, there was also a negative correlation between BMI
percentiles with SBP, and the effect size was small. The relationship between BMI
percentiles and SBP was similar to that found by Javaheri and colleagues (2008) and
Kuciene and Dulskiene (2014), who reported that adolescents who tended to have higher
BMI percentiles also had higher BP. Kuciene and Dulskiene (2014) also found that BMI
had a positive association with WC and WHtR in adolescents, which coincides with the
positive relationships and large effect size found between these variables in the current

study.
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Despite the previous review of the literature that supported age and ethnicity as
control variables in this study, there was not enough variability in age or ethnicity to be
assessed during analysis. In future studies, age may not need to be included as a control
variable, since the range is so narrow. However, ethnicity should be considered a control
variable in future studies because evidence suggests that there are differences based on
ethnicity, especially between those who are Hispanic and non-Hispanic (Rao et al., 2009;

Tsao et al., 2022; Virani et al., 2021).

Blood Pressure

In this study, sleep efficiency had a negative relationship with SBP. However, this
relationship did not remain after controlling for race, assigned sex, and BMI percentiles.
Similar findings were noted in the studies by Cespedes Feliciano et al. (2018) and
Javaheri et al. (2008) when examining sleep efficiency and SBP in adolescents. However,
those studies did not focus on older adolescents. Cespedes Feliciano and colleagues
(2018) included older adolescents, but the maximum age for participants was 16.6 years.
Mezick and colleagues (2012) examined the relationship between sleep efficiency and BP
in 14- to 19-year-olds but did not find relationships between the two variables. Further,
Mezick and colleagues (2012) also controlled for race, assigned sex, and BMI percentiles
and did not find that the sleep variables contributed significantly to the model. A majority
of the variance in SBP was attributed to assigned sex and BMI percentiles. It may be that
these relationships are only noted in females, in males, or in certain BMI percentiles.

Furthermore, the average SBP for this sample was normotensive. So, the association of
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sleep efficiency and BP may only be present in individuals with elevated BP after

controlling for race, assigned sex, and BMI percentiles.

This study did not find any relationships between sleep efficiency and DBP or
between sleep duration and any of the BP variables. However, earlier studies in older
adolescents found negative relationships between sleep duration and blood pressure
(Countryman et al., 2013; Mezick et al., 2012; Paciencia et al., 2016) and between sleep
efficiency and DBP (Javaheri et al., 2008). Yet, Guo and colleagues (2011) only found a
relationship between sleep duration and BP in school-aged and young adolescent boys.
Therefore, a relationship between sleep duration and BP may only be found at a certain
age or with a certain assigned sex. Furthermore, the majority of this sample was
normotensive; therefore, it is probable that associations with BP were not found because
it is only present in those with elevated BP or HTN. Also, some studies only focused on
the relationship between sleep efficiency and SBP (Cespedes Feliciano et al., 2018)
because relationships are usually found with SBP rather than DBP (Lewington et al.,
2002). Consequently, it may be that DBP is rarely correlated with diseases or risks related

to elevated BP in comparison with SBP in late adolescents (Lewington et al., 2002).

Abdominal Adiposity

In this study, a negative relationship between sleep efficiency and WHtR was
noted. Yet, this relationship did not persist after accounting for BMI percentiles, race, and
assigned sex. Although McNeil and colleagues (2015) found a negative relationship

between sleep efficiency and WHtR in young children and adolescents, there were no
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studies that specifically examined this relationship during late adolescence. In a study
examining sleep efficiency with truncal fat, Cespedes Feliciano and others (2018) found
that, in adolescents, sleep efficiency was associated with truncal fat, measured by a bone
density scan (DXA), a more direct measure of abdominal adiposity. In the current study,
most of the variance in WHtR was attributed to BMI percentiles. This finding may be due
to the use of BMI percentiles and WHtR to measure the same concept, which is plausible
since evidence suggests that WHtR 1is a better marker of overall adiposity in the pediatric
population (Nambiar et al., 2010). Conversely, BMI percentiles may be a mediator, or the
relationship between the variables may only be present in certain BMI percentile ranges

(e.g., overweight, obese).

Even though a relationship between sleep efficiency and WC percentiles was not
found in this study, other studies (Cespedes Feliciano et al., 2018; McNeil et al., 2015)
noted a negative relationship between sleep efficiency and WC percentiles in school-aged
children and adolescents. In this study, no relationships between sleep duration and WC
percentiles or WHtR were noted. However, previous studies have found negative
relationships between sleep duration and WC (Narang et al., 2012; Shaikh et al., 2010) or
WHtR (Al-Hazzaa et al., 2012). In a study by Skidmore and colleagues (2013), there was
only a negative relationship with WC and WHtR in adolescent boys. Similar findings
may have been absent in the current study because participants had normal WC
percentiles. Therefore, it may be that these relationships only exist in certain assigned sex
or in younger adolescents (the mean age in the study by Skidmore et al. was 15.8 years).

Also, most of the current study’s sample did not have excess abdominal adiposity. It is
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possible that the relationships between these variables are only present in those with

excess abdominal adiposity.

Conceptual Framework

The results of the study partially supported the conceptual framework because the
relationships between sleep efficiency and WHtR and between sleep efficiency and SBP
were significant. However, these relationships did not remain after controlling for BMI,
race, and assigned sex, which indicates that those control variables may need to be
considered moderators in the conceptual framework. Even though there were no
significant findings between sleep efficiency and the other variables, the conceptual
framework should still include abdominal adiposity and BP in its entirety. It is possible
that the other relationships were not present because the majority of the population had
normotensive DBP and normal WC percentiles. Furthermore, no relationships among
sleep duration, abdominal adiposity, and BP were noted. Relationships among these
variables may not have been observed because this sample had adequate subjective sleep
duration, normotensive blood pressure, and a lack of excess abdominal adiposity. The
variables should still be included in the conceptual framework and tested with a
population that has a more heterogenous profile for sleep duration, abdominal adiposity,
and blood pressure. It is also important to include both subjective and objective sleep

duration since this study found differences between the two measures.
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Relationships with all control variables within the conceptual framework were
not supported. Only race, assigned sex, and BMI percentiles had relationships with the
study variables and impacted the relationships between the predictor and outcome
variables. The age range of the sample was very narrow; therefore, the impact of the
variable could not be assessed. Furthermore, this sample was majority non-Hispanic, so
the impact of ethnicity could not be examined. Yet, evidence suggests that age (Campbell
et al., 2012; Reinehr & Toschke, 2009) and ethnicity (Jean-Louis et al., 2015; Rao et al.,
2009; Schiller et al., 2012) have a relationship with these variables. Therefore, age and
ethnicity should remain in the conceptual framework, and a future study can examine the
relationships among these variables in a more heterogenous sample in terms of age and

ethnicity.

Limitations

The primary limitation of this study was the lack of variability in the data.
Although the sample size for the study was similar to those of previous studies and
allowed testing of hypotheses, there was an absence of variability in sleep efficiency,
sleep duration, and abdominal adiposity data. Not having variability in the data
eliminated some opportunities to determine if the relationships among the variables exist
when the variables are abnormal (e.g., poor sleep efficiency, excess abdominal adiposity).
Most participants had normal sleep efficiency, adequate sleep duration by self-report, and
inadequate sleep duration by objective measures. However, few participants had
excessive objective or subjective sleep duration or poor sleep efficiency. Therefore, the

full continuum of sleep duration and sleep efficiency could not be assessed. It is possible
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that the relationships between the variables existed among those whose sleep duration,
sleep efficiency, abdominal adiposity, and blood pressure were not captured in this

sample (e.g., excessive sleep duration).

Location was another limitation of this study. This study was conducted in Ohio
in the midwestern United States; therefore, it is possible that the relationships only exist
in areas with higher prevalence of poor sleep and cardiometabolic health, like the
southern United States (Matthews et al., 2017). Furthermore, data on geographic location
(rural/urban) were not available. Although Cleveland, Ohio, is an urban area, participants
could have resided in rural areas and still participated in the study. There are differences
in sleep, abdominal adiposity, and BP based on geographical location (Matthews et al.,

2017).

Beyond heterogeneity in the primary variables, this study lacked variability in
ethnicity. Evidence suggests that Hispanic populations have a higher prevalence of
abdominal adiposity and blood pressure (Virani et al., 2021). However, a majority of this
population (96%) were not Hispanic. Therefore, the impact of ethnicity on the variables
could not be assessed. It is possible that the relationships between the predictor and

outcome variables only existed in those who were ethnically Hispanic.

Another limitation of this study was the lack of details about the actigraphy data.
The current study averaged 5 days, which is the period of time needed to validate
actigraphy data; however, 5 days of both weekday and weekend days may not offer the
best representation of a participant’s average weekly sleep duration, especially during
adolescence. Information about this sample did not include how many days were

weekend or weekday sleep. Since catch-up sleep, often done on the weekends, occurs
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frequently in adolescence, there is a potential for the actigraphy data to be skewed if

participants slept significantly longer on the weekends (Chung et al., 2020).

There have also been differences in the worldwide environment since these data
were initially collected. The most notable event has been the COVID-19 pandemic. The
pandemic has altered the daily schedules and habits of the pediatric population, including
older adolescents, which could impact their sleep duration, sleep efficiency, abdominal
adiposity, and blood pressure (Bates et al., 2020). Therefore, the relationships among

these variables using a more current sample may be significantly different.

Implications for Clinical Practice and Policy

The findings from this study support the importance of measuring both objective
and subjective sleep duration. Adolescents tend to overreport their sleep duration, and as
the findings suggest, there is a difference in subjective and objective sleep duration (Short
et al., 2012). This is important because, even if an adolescent reports adequate subjective
sleep duration, it is possible for them to have objectively inadequate sleep duration. If an
adolescent self-reports inadequate sleep duration, it is important for health providers to
consider referring them to a sleep specialist for further evaluation. However, it is also
important that all pediatric patients and their parents receive sleep education at least

during their annual visit.

Health care providers also need to be aware of the need to measure abdominal
adiposity in addition to a BMI reading. As previously mentioned, in this sample there was

a higher prevalence of excess abdominal adiposity than of obesity measured by BMI
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percentiles. Furthermore, abdominal adiposity should be measured via several
measurements, including WC percentiles and WHtR, because some participants had

excess abdominal adiposity based on one measurement but not the other.

The findings of this study also support the need for some policy changes. Policies
should be developed to support consistent sleep health evaluations, which include sleep
questionnaires to examine one’s subjective sleep health and their sleep hygiene (i.e.,
Children’s Report of Sleep Patterns) during primary care visits. Annual sleep health
evaluations could potentially capture abnormal sleep health before causing any long-term
impacts on health. There is also a need for policies to support education on improving
sleep duration in multiple environments often frequented by adolescents and their parents
(e.g., school, workplace, community buildings), which can help build a higher chance for
the knowledge to be seen and shared. Sleep education is needed because the sample in
this study on average had inadequate sleep duration, which has relationships with other
health and behavior outcomes (e.g., anxiety, depression, academic performance) (Short et
al., 2020; Tonetti et al., 2015). Policies could include adding sleep education to yearly
training for educators and including it in core curriculum for students each school year.
Also, there is a need for a policy that supports health care providers in measuring
abdominal adiposity along with BMI percentiles, since there is potential for a person to
have excess abdominal adiposity despite a normal BMI percentile. This is important since
evidence suggests that abdominal adiposity is risk factor for CVD (Virani et al., 2021).
These policies not only apply to an adolescent’s current lifestyle, but they help set a

standard for health when entering adulthood.
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Future Research

Future research should incorporate other variables of sleep health, which is a
fairly new concept that features a more comprehensive view of sleep (Buysse, 2014;
Meltzer et al., 2021). Sleep health includes sleep duration and sleep efficiency along with
behaviors, satisfaction, alertness, and timing. It is probable that a comprehensive sleep
health score or individual sleep variables measured as part of sleep health may have a

relationship with abdominal adiposity and blood pressure (Meltzer et al., 2021).

Furthermore, there is a need for future research to continue including both
subjective and objective measurements of sleep. Even though there were no relationships
between sleep duration and the outcome variables in this study, there were differences in
objective and subjective sleep duration. It is possible that relationships may exist with
objective versus subjective sleep duration depending on the outcome variable (Quist et
al., 2016; Short et al., 2012). Also, there is a need to assess the study’s variables in the
context of inadequate, adequate, or excessive sleep duration to see if the categories

impact the relationships.

Along with including both subjective and objective measures of sleep duration,
there is a need for more studies in pediatric actigraphy to determine the appropriate
amount of data needed to capture an overall average objective sleep duration. This study
did not examine differences between weekday and weekend sleep, but previous studies
have found that adolescents tend to have catch-up sleep on the weekends, which may
result in shorter sleep duration during the week and longer sleep duration on the weekend

(Chung et al., 2020). Significantly differing weekend and weeknight durations can skew
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the overall sleep duration, which can impact the ability to explore the relationships

between sleep duration and health outcomes or behaviors.

The significant findings of this study did not persist after controlling for BMI
percentiles, race, and assigned sex. Therefore, there is a need for research that explores
differences in the relationships among sleep duration, sleep efficiency, abdominal
adiposity, and BP based on race, assigned sex, and BMI percentiles. Since this study
found a strong correlation between WHtR and BMI percentiles, there is a need for studies
that examine whether WHtR and BMI measure the same concept or if BMI is a mediator
in the relationship between sleep efficiency and WHtR. Furthermore, there is a need for
more research to explore whether those who are considered as having abdominal obesity

also have obesity as measured by BMI percentiles.

Also, with the changes in adolescent and pediatric lifestyles since the start of the
COVID-19 pandemic, there is a need for future research that reassesses the variables
included in this study. Some of the risk factors for inadequate sleep duration, poor sleep
efficiency, excess abdominal adiposity, and elevated blood pressure (e.g., increased
screen time, increased sedentary lifestyle) have increased due to atypical restrictions ins
response to the pandemic (Bates et al., 2020). It would be helpful to determine if these
restrictions have resulted in greater abdominal adiposity, elevated BP, or less than

optimal sleep duration and/or sleep efficiency.
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Chapter Summary

The purpose of this study was to explore the relationships between sleep duration
and sleep efficiency with abdominal adiposity and blood pressure in adolescents ages 16
to 18 years old. This study was a secondary data analysis of the third cohort of the
Cleveland Children’s Sleep and Health Study (CCSHS), which was a cohort study
examining the impact of sleep disturbances on sleep disorders and health outcomes like
obesity. The majority of this population was White, non-Hispanic, female, and had
normal weight as measured by BMI percentiles. On average, this population had
inadequate objective sleep duration, adequate subjective sleep duration, normotensive

BP, and did not have excess abdominal adiposity.

After cross-sectional analysis of the data, the findings suggest that sleep
efficiency has a negative relationship with WHtR and SBP, but these relationships do not
persist after controlling for age, assigned sex, and BMI percentiles. The findings suggest
that there may not be relationships among these variables during late adolescence.
However, this study adds to the literature by being one of the few that has analyzed these
specific variables in only the late adolescence development group. It is important to
isolate age groups because it is possible for the relationships among variables to change
as adolescents age. Furthermore, this study was one of the few that utilized both
subjective and objective sleep duration during adolescence, especially during late
adolescence. Also, this study found that participants had a higher prevalence of
abdominal obesity compared to obesity measured by BMI percentiles, supporting the
narrative that abdominal obesity may be present in those who are not considered obese as

measured by BMI percentiles.
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Given the extent of inadequate sleep in this sample, health care professionals and
policy makers need to assess sleep health and incorporate and support sleep education
during clinic visits and in schools, respectively. Also, health care providers should
measure abdominal adiposity and BMI percentiles in adolescents to assess adiposity and
risk for disease. Future research should include prospective studies that: (a) examine the
influence of sleep health on health outcomes in the pediatric population; (b) analyze both
subjective and objective sleep duration in health outcomes research; (¢) determine
parameters for validated actigraphy data that give an accurate estimate of average sleep
duration in the adolescent population; (d) examine differences in sleep efficiency, sleep
duration, abdominal adiposity, and BP based on race, assigned sex, and BMI percentiles;
(e) explore the differences in abdominal obesity and overall obesity; and (f) examine the
differences in the study variables post COVID-19 pandemic. Overall, this study supports
the need for research that focuses on or separates developmental groups to examine sleep,
abdominal adiposity, and blood pressure. Relationships may only exist in certain
developmental stages or portions of the developmental stages (e.g., young adolescents

compared to older adolescents).
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